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DEFINITIONS 

Amplitude: Intersection of leading pulse edge 
with smooth curve approximating top of pulse. 
Pulse width: Microseconds between 50% ampli-
txide points on leading and trailing pulse edges. 
Rise Time: Microseconds required to increase 
from 10% to 90% amplitude. 
Overshoot: Percentage by which first excursion 
uf pulse exceeds 100% amplitude. 
Droop: Percentage reduction from 100% am-
plitude a specified time after 100% amplitude 
point. 
Elackswing: Me - atine swing after trailing edge 
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• Manufactured & Guaranteed to MIL-T-210386 
• 5/16" Dia. X 3/16" Ht.; Wt. 1/20 oz. 
• Ratios-4:4:1 and 5:3:1 
• Anchored leads, withstands 10 lb. pull test 
• Printed circuit use, plastic insulated leads 
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• Input winding leads Brn-Rd ( 1-2); output winding leads Org-Yel (3-4); leads Grn-Blu (5-6) open. 
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New from Sprague! 
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tacted! 
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For complete technical data on Pacer Capacitors, write 

for Engineering Bulletins 2066 and 2067 to Technical 
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North Adams, Massachusetts. 
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The design and performance of 
band-pass filters that have a lower in-
sertion loss than the maximally flat or 
Tchebycheff designs for a given 3-db 
bandwidth and skirt selectivity are de-
scribed. This low insertion loss is par-
ticularly important when the 3-db 
bandwidth is narrow (2 percent or less). 
Other useful properties such as low 
SWR and flat time delay are also de-
scribed. 

R1 
RESONANT 
CIRCUIT 

4. • d. 4- - .10) 

RESONANT 
CIRCUIT 

2 

RESONANT 
CIRCUIT 

FIGURE I. COUPLED-CIRCUIT REPRESENTATION 
OF BAND-PASS FILTER 

R. . 1 Rcr 

FIGURE 2 LOW-PASS PROTOTYPE FILTER 

Most band-pass filters can be repre-
sented by a set of coupled resonant cir-
cuits (Figure 1) that can be converted 
to a low-pass prototype filter' ( Figure 
2) having element values (g1). Cohn" 
has shown that, if all (g,) values chosen 
for a given skirt-selectivity requirement 
are equal, the filter will have the mini-
mum possible mid-band insertion loss 
for the unloaded resonator Q's (Q„) 
that are used. A design procedure for 
equal-element filters has been devel-
oped at AIL" that gives the coupling 
coefficient (K) and decrement (d) 
values (in terms of g,) that are neces-
sary to achieve a given selectivity. This 
procedure is valid for both lossy and 
lossless resonant circuits. The design 
theory and data for filters having from 
two to eight coupled resonators are 
given. This design has been used at 
AIL to markedly reduce the mid-band 
insertion loss of filters previously de-
signed for a maximally flat and Tche-
bycheff amplitude versus frequency re-
sponse. Other characteristics such as 
input SWR and time-delay distortion 
also have been improved. 

Figure 3 shows one such filter, 
which has four coupled resonant cir-
cuits. Each resonator was formed from 
quarter-wave sections of helical coaxial 
transmission line' and had unloaded 
Q's in the vicinity of 400. The filter 
was designed for a center frequency of 
60 Mc, a 3-db bandwidth of 710 kc, 
and a 60-db skirt bandwidth of 4 Mc. 

Jesse Taub, Joseph Tardi, and Harvey Hindin of our Applied Electronics Depart-

ment describe the results of a theoretical and experimental study of band-pass 

filters having minimum mid- band insertion loss. Standing-wave ratios and time 

delay variations are also improved using these designs. The interesting results 

should suggest many other applications to the reader. 

How to Reduce Filter Insertion Loss 

.te 

FIGURE 3. 
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FIGURE 4. SWR OF FOUR- RESONATOR 
EQUAL-ELEMENT FILTER 

The measured amplitude versus fre-
quency response of this filter was in 
close agreement with the theoretical 
equal element response." The mid-band 
insertion loss was 5.2 db. The same 
filter designed on a maximally flat basis 
would have yielded a mid-band loss of 
7 db (this estimate of loss was made 
with the aid of reference 5). 

Figure 4 shows an input SWR at 
mid-band of less than 1.20; the SWR 
is under 2 over a good portion of the 
filter pass band. This result is in agree-
ment with the theoretical curve (Figure 
4). The measured mid-band SWR's of 

comparable maximally flat filters are 
usually over 1.5. Therefore, we believe 
that the equal-element design also may 
prove useful where low SWR pass 
bands are important. The need for low 
SWR's occurs: ( 1) when filters are used 
in conjunction with transistor IF am-
plifiers and (2) to reduce "pulling" ef-
fects when used directly at the outputs 
of microwave oscillators. 
The time delay versus frequency of 

equal-element filters has been analyzed 
for from two to eight resonators; for 
example, the delay for a four-resonator 
filter was found to be flat within -- 10 
percent over 80 percent of the pass 
band. This flatness is useful when the 
filter must faithfully pass pulse modu-
lation. 
The theoretical and experimental re-

sults clearly indicate that equal-ele-
ment filter designs can improve inser-
tion loss, SWR, and time delay charac-
teristics in many applications when 
compared to the more conventionally 
used maximally flat and Tchebycheff 
responses. 

If more information is desired on 
this subject. the authors will be glad to 
supply it. 

A complete bound set of our sixth 

series of articles is available on request. 
Write to Harold Hechtman at All. for 

your set. 
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Another outstanding 

development by the 

makers of BUSS fuses. 

The space-age speeded the need for 
Squib circuitry—and to meet the 
need for protection and control of 

such circuits, BUSS engineers worked closely 
with the engineers who design and produce 
Squib circuits. 

The result is a line of BUSS Squib fuses 
that have the needed electrical characteristics 
and are almost unbelievably accurate and 
dependable. 

UIAE; 

If you, too, should have a special problem 
in electrical protection . . . you can save en-
gineering hours by turning to BUSS where 
the facilities of the world's largest fuse research 
laboratory and its staff of engineers are always 
at your service. 

And don't overlook the complete line of 
BUSS fuses for your day in and day out pro-
tection needs . . . whatever your electrical 
protection needs—turn first to BUSS—it pays. 

BUSSMANN MFG. DIVISION 

ir MAKERS OF THE COMPLETE LINE OF i 
FUSES OF UNQUESTIONED HIGH QUALITY 

McGraw-Edison Co. • St. Louis 7, Mo. 
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News from Bell Telephone Laboratories 

WE'RE "FINGERPRINTING" 

VOICES...TO FIND BETTER WAYS 

OF TRANSMITTING THEM 

Acoustics scientists at Bell Telephone Laboratories study 
voices to learn how one voice differs from all others, what 
makes yours instantly recognizable to friends and family, and 
what the elements of a voice are that give it the elusive 
qualities of "naturalness." 

To enable us to examine speech closely, we devised a 
method of making spectrograms of spoken words. We call 
them voiceprints. They are actual pictures of sound, reveal-
ing the patterns of voice energy. Each pattern is distinctive 
and identifiable. They are so distinctive that voiceprints may 
have a place, along with fingerprint and handwriting identifi-
cation, as an important tool of law enforcement. 

The shape anc size of a person's mouth, throat and nasal 
cavities cause his voice energy to be concentrated into bands 
of frequencies. The pattern of these bands remains essen-

tially the same despite modifications which may result from 
loss of teeth or tonsils, the advancement of age, or attempts 
to disguise the voice. 

Study of voiceprints and recognition factors is part of our 
exploration of new techniques to extract and transmit the 
minimum essentials of a person's voice and from these recon-
struct the original voice at the receiving end, retaining its 
factors of naturalness. 

Our ultimate goal, as always, is to learn how to improve 
your telephone service and make it a better value. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 

Word Picture. This is a picture of the 
spoken word "you." By analyzing the 
sound with a spectrograph, the Labora-
tories' Lawrence G. Kersta makes a print 
of the word in graph form. Graph shows 
frequency, time taken, and intensity used 
in making speech sound. 
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ionograms give t 
tors accurate, reti 
pagation information. ( printer 
is in right fottegrourd) 

We have opportunities for 
qualified antenna and com-
munications engineers. An 
equal opportunity employer. 

PATHSOUNDER II: COMPLETE MILITARY FREQUENCY MANAGEMENT 
PATHSOUNDEB u, the outgrowth of (;/A's ionosphere sounder system 
now in world-wide use, provides the communicator with accurate prop-
agation information for frequency management. Example: Complete 
propagation information can be obtained for all possible paths of a 10 
station network in less than three minutes. 
Specifically designed for military use, PATnsousnEn u provides: 
• Mil components, construction and packaging. 
• Freedom from interference and overloading with an electronically 
tuned preselector and a new phase-corrected IF filter. 

• Maximum reliability with an integrated solid state power supply and 
a new solid state control unit. 

• An electrostatic printer which automatically delivers permanent ion-
ograms of high quality (5 shades of gray scale) in fifteen seconds. 

Your request for technical details on this equipment is welcome. 
974 COMMERCIAL STREET, PALO ALTO, CALIF. / DAVENPORT 14175 (AREA CODE 415) 
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LAPP HEAVY-DUTY 
ANTENNA INSULATORS 

... in all these standard sizes to save 

you time and money 

No. 9171, without ring or shield, for most high-strength applications. Stand-
ard "P" dimensions: 12, 16, 20, 24, 30 inches. 

No. 9172, with two grading rings to raise voltage at which corona starts, and 
to distribute voltage to reduce heating of porcelain. Standard "P" dimen-

sions: 20, 24, 30 inches. 

No. 9173, with corona ring and rain shield, preferred for vertical installa-
tions. Standard "P" dimensions: 24 and 30 inches. 

00 and 10,500 LBS. No 43812 in porcelain ( rated at 9,000 lb. 
average ultimate strength) or No. 43813 in 
steatite ( 10,500 lbs.), in standard "P" di-
mensions of 12, 14, 16, 20 inches. 

6,000 and 7,000 LBS. No. 43810 in porcelain ( rated at 6,000 lb. 
average ultimate strength) or No. 43811 

in steatite (7,000 lbs.), in standard "P" 
dimensions of 10, 12, 14, 16 inches. 

No. 43808 in porcelain ( rated at 4,000 lb. 
average ultimate strength) or No. 43809 

in steatite (5,000 lbs.), in standard "P" 
dimensions of 8, 10, 12, 14 inches. 

4,000 and 5,000 LBS. 

FLASHOVER AND RADIO RATINGS 

WET FLASHOVER 
60 w. KV elf. 

RADIO RATING 
KV eff. 

All 
except No. 

Inches No, 9172 9172 
No. 9173 

No. 
9173 

All 
except No. No. 

No. 9172 9172 9173 
No. 9173 

8 45 

10 54 

12 62 

14 70 

16 77 

20 88 

24 96 

30 108 

88 

96 

108 

60 

108 

21 

22 

23 

24 

24 

25 

27 

28 

34 

37 34 

40 38 

Steatite Insulators will have the same Flashover but twice the Radio Rating. 

WRITE for Bulletin 301-R. 
Lapp Insulator Co., Inc., 
238 Sumner Street, LeRoy, N. Y. 

<C> Meetings /2RL'E\ 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 ex h.bits. 

January 30-February 1, 1963 

Fourth Winter Convention on Mili-
tary Electronics, Ambassador Hotel, 
Los Angeles, Calif. 

Exhibits: Mr. Philip Diamond, Philip 
Diamond Enterprises, 14921 Ventura 
Blvd., Sherman Oaks, Calif. 

February 8-15, 1963 

Third International Symposium on 
Quantum Electronics, UNESCO 
Bldg. & Pare d'Exposition, Paris, 
France 

Exhibits: M. Foucoult, Federation Na-
tionale des Industries Electroniques, 23 
rue de Lubeck, Paris 16, France 

March 25-28, 1963 

International Radio & Electronics 
Show and IRE International Conven-
tion, New York Coliseum and Waldorf-
Astoria Hotel, New York, N.Y. 

Exhibits: Mr. William C. Copp. Ill -\ 
vertising Dept., 72 West 45th si.. Nc%‘ 
York 36, N.Y. 

April 17-19, 1963 

SWIRECO (Southwestern IRE Con-
ference & Electronic Show), Dal-
las .Memorial Auditorium, Dallas, 
Texas 

Exhibits: Mr. Hal Copeland, 810 Wilson 
Bldg., Dallas 1, Texas 

May 13-15, 196.3 

NAECON (National Aerospace Elec-
tronics Conference), Bi It more Ho-
tel, Dayton, Ohio 

Exhibits: IRE Dayton Office, 1414 E. 
Third St., Dayton, Ohio 

May 20-22, 1963 

National Telentetering; Conference, 
Albuquerque, N.M. 

Exhibits: Mr. F. G. MeGavock, F. G. 
McGavock Associates, 3820 E. Colorado 
Blvd., Pasadena, Calif. 

May 21-23, 1963 

Spring Joint Computer Conference, 
Cobo lail, Detroit, Mich. 

Exhibits: Mr. A. D. Meacham, American 
Data Processing, Inc., Detroit, Midi. 

May 27-28, 1963 

Seventh National Conference on 
Product Engineering & Production, 
Boston, Mass. 

Exhibits: Mr. C. W. Watt, Raytheon Co., 
Lexington, Mass. 

(Continued on page 10.4) 
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THE ONLY SIMPLE FORMULA 
FOR 

e m pLETE Ci 
INTERFERENCE 
MEASUREMENTS 

LOW FREQUENCY • Model NF-105 HIGH FREQUENCY • Model NF-112 

14 KC - 1000 MC 1000-15,000 MC 

ENTIRE 
FREQUENCY 
RANGE 

14 KC - 15 KMC 

Through years of hard field use Model NF- 105 has acquired an outstanding reputation as a noise and 

field intensity meter for the frequency range from 150 kilocycles to 1000 megacycles. The versatility 

of this instrument has now been expanded through the introduction of a new tuning unit extending 

its coverage down to 14 kilocycles. What is more, this unique measuring equipment has been 

joined by Model NF- 112 which covers the frequency range from 1000 to 15.000 megacycles. The 

same simplicity, accuracy and speed of operation and reliability of performance which made 

Model NF- 105 so successful have been designed into Model NF- 112. Each instrument uses an 

impulse generator as its calibrator; each combines in one basic unit the components common to all 

frequency ranges, including the power supply, calibrator, attenuators and metering circuits. All 

frequency determining components and circuits are contained in plug-in tuning units. Model NF- 112, 

incidentally, uses one single antenna for the entire range from 1000 to 10,000 megacycles. 

You save considerably in SIZE, WEIGHT and COST by letting these two instruments do your entire 

interference measuring job from 14 KC all the way up to 15,000 MC. 

Approved for testing under Specifications MIL- 1-11748, MIL- I- 16910A, MIL- I- 6181D, Category A and MIL- I-26600, Category A. 

For complete technical information, Plan to attend our next seminar on interference 
send for Catalog 614. instrumentation. Details upon request. 

EMPIRE DEVICES, Inc. 
AMSTERDAM, NEW YORK • VICTOR 2-8400 

MANUFACTURERS OF: FIELD INTENSITY METERS • DISTORTION ANALYZERS • IMPULSE GENERATORS • COAXIAL ATTENUATORS • CRYSTAL MIXERS 
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SCALE LENGTH 

INPUT 
IMPEDAN 

MULTIPLI 

PHYSI 
DIMENSI 

AVAILABIL 

MODEL CRV 

and MULTIPLIER 

RANGES Basic instrument 0-1 Kilovolt. 
External multipliers <mailable up to 100 Kilovolts 

ACCURACY Model CRY 1% of full stole for EMS 
and for peaks of 10 per second or foster. 

5.2 inch hand drawn mirrored scole. 

EMS = 10,000 megohms and 25 micro microfarads. 
Positive Peak = 10,000 megohms & 15 micro microfarods 

Negative Peak = 10,000 megohms & 15 micro microforods. 

-Accuracy 1%. Capacitor divider type for AC or pulsed DC. 
at steady state D.C.) Input Impeoon 

pries with the full scale ronge used 

sic instrument 13a./."x Ms" x 
2" x 9" x 271/2 " for 50 KV 
nge multiplier. 
roportionote in height with 
ange of multipliers. 

ortoble for horizontal use, 
and mounted on special order! 

Inquiries Invited 

C01 00 

—F  

RMS.CREST VOLTMETER CIRCUIT "ZOWLT(171‘ 

SENSITIVE RESEARCH 

INSTRUMENT CORPORATION 

NEW ROCHELLE, N. Y 

JAM& 

Meetings 

with Exhibits 

(Continued front page SA) 

June 4-6, 1963 

Armed Forces Communications & 
Electronics Show, Sheraton Park Ho-
tel, Washington, D.C. 

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

July 22-26, 1963 

Fifth International Conference on 
Medical Electronics, Liege, Belgium 

Exhibits: Dr. L. E. Flory, RCA Labora-
tories, Princeton, N.J. 

August 20.23, 1963 

WESCON (Western Electronics Show 
& Conference), Cow Palace, San 
Francisco, Calif. 

Exhibits: Mr. Don Larson, WESCON, 
1435 La Cienega Blvd., Los Angeles, 
Calif. 

September 9-11, 1963 

Seventh National Convention on Mili-
tary Electronics, Shoreham I loin, 
Washington, D.C. 

Exhibits: Mr. Leland D. Whitelock, 5614 
Greentree Rd., Bethesda, Md. 

September 30-October 2, 1963 

Canadian Electronics Conference, 
Toronto, Ont., Canada 

Exhibits: IRE Canadian Electronics Con-
ference, 1819 Yonge St., Toronto 7, 
Ont.. Canada 

October 1-3, 1963 

National Symposium on Space Elec-
tronics & Telemetry, Fontainebleau 
Hotel, Miami Beach, Fla. 

Exhibits: Mr. Charles H. Doersam, Jr., 
Instruments for Industry, Inc., 101 New 
South Rd., Hicksville, L.I., N.Y. 

October 7-9, 1963 

Ninth National Communications 
Symposium, Hotel Utica & Utica 
Municipal Auditorium, Utica, N.Y. 

Exhibits: Mr. R. E. Gaffney, General 
Electric Co., Light Military Electronics 
Dept., Utica, N.Y. 

Note on Professional Group Meetings: 
Some of the Professional Groups con-
duct meetings at which there are ex-
hibits. Working committeemen on these 
groups are asked to send advance data 
to this column for publicity information. 
You may address these notices to the 
Advertising Department and of course 
listings are free to IRE Professional 
Groups. 
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MAKE SURE 
OF YOUR 
FIRST COPY 
TODAY! 

is the information 

wanted today by the 
electronics 

manufacturing and 
user industries 

The NEW British monthly for the soaring 

industrial applications of electronics 

INDUSTRIAL ELECTRONICS will meet the rapidly rising demand for information 
on the practical applications of electronics in all branches of industry. 
It will show how electronic techniques can cut costs, in-
crease productivity, improve quality. It will spotlight new 
advances and applications, describing new products and 
equipment from manufacturers all over the world. INDUS-
TRIAL ELECTRONICS is a development of Electronic 
Technology; building on the unique experience of that inter-
nationally known journal, it will provide a vital service for 
production executives, works managers, buyers and direc-
tors — helping them to meet ever-increasing competition. 

IIMMIUM Min 

To: British Publications Inc. 30 East . 0th St. New York 22. N.Y. 

Enter my ow subset iptaon to INDUSTRIAL ELECTRONICS for:-

12 months ( 12 issues • W. to. 36 months ( 36 issuest $17.00. 

Check M.o. for S 

.Vanie 

.iddress 

enclosed. 

INDUSTRIAL 

ELECTRONICS 

The widest, most practical 
coverage of today's needs 
PLUS the established authority 
of ' Electronic Technology' 
Published monthly from October 1962 

TRO.IRFJ Zon,' State.. 
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The advent of integrated circuits demands new approaches to circuit and 

system designs. The new Motorola MECL* logic circuits are designed 

around the properties of integrated circuits rather than those of individual 

components, therefore capitalizing on the advantages of this new technology. 

Motorola MECL Circuits...For 3rd Generation 

Integrated Circuit Computers 
Integrated circuits offer the com-

puter industry a new and powerful 
tool for satisfying the demand for 
space-age computer designs of ever-
increasing complexity. They not only 
provide solutions for the widely publi-
cized requirements of reduced size 
and weight, improved reliability and, 
eventually, lower costs, but new cir-
cuits developed by Motorola's Semi-
conductor Products Division operate 
at higher speed and with lower power 
than standard transistor circuits. 

These benefits cannot be tclue‘ed 
merely by taking circuits designed for 
use with discrete components and 
translating them into integrated cir-
cuit form. Such redesign does not pro-
vide all of the improvements possible 
with this new technology. For, just as 
the transistor required a departure 
from tube circuit design, so the unique 
characteristics of integrated circuits 
benefit from a design approach spe-
cifically geared to their particular ad-
vantages and limitations. 

For example, the inherent proper-
ties of integrated circuits provide 
greater freedom for circuit design 
than is apparent at first glance. In 
designing integrated circuits for large-
scale production, transistors should be 
considered as no more expensive than 
diodes, and diodes, in turn, as no more 
expensive than passive elements. This, 
to some degree, will free the circuit 
designer from the economic restric-
tions of present techniques. 

On the other hand, the present 
state of the integrated circuit art also 
presents some limitations. Among 
these are: 1) inherent parasitic coup-
ling between components through a 
common semiconductor substrate; 2) 
restricted ranges of component values, 
and 3) limitations on individual com-
ponent tolerances. 

loo 

N 

• 

"MECL GATE 

  TL 

***é. 

DCTL 

..e 

1 0 1 0 

POWER DISSIPATION - mW 

Speed versus power-dissipation comparison between three prac-
tical forms of computer logic designs illustrates the higher speed 
capability and lower power consumption of MECL circuits. 

Taking into account both the addi-
tional design freedoms and limita-
tions of the integrated circuits art, 
Motorola Semiconductor engineers de-
veloped an advanced form of logic 
circuitry, called MECL circuits, which 
we believe is superior to any other cir-
cuit presently available — whether 
made from discrete components or 
integrated circuits. The series consists 
of an OR-NOR gate, a flip-flop, and a 
half-adder — all the ingredients for the 
arithmetic portion of even the most 
complex digital computer. 

1 00 

Design Considerations 
Motorola MECL circuits were the 

result of exhaustive research of all 
major logic configurations from a 
standpoint of integrated circuit com-
patibility. In every comparison, the 
current-mode logic approach demon-
strated indisputable performance su-
periority over such commonly used 
forms as DTL ( diode-transistor logic) 
and DCTL (direct-coupled transistor 
logic) circuits. 

*MECL — trademark of Motorola Inc. 
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It eliminates, for example, the par-
ameter of transistor storage time as a 
speed-limiting factor' — thus extend-
ing the maximum potential circuit 
speed beyond the limits of other logic 
forms. 

It is uniquely tolerant of compo-
nent values'. Absolute values of re-
sistors are relatively unimportant so 
long as proper ratios between circuit 
resistances is maintained. This is high-
ly compatible with integrated circuit 
processes where absolute parts values 
are difficult to achieve, but where re-
sistance ratios can be held to very 
close tolerances. 

It is non-critical of transistor par-
ameters, maintains constant power 
supply loading, has uneycelled DC 
stability, and contributes to high noise 
immunity' — factors that greatly influ-
ence performance reliability. 

In fact, the only area in which the 
basic current-mode approach suffered 
by comparison with other logic forms, 
was in the relatively large number of 
transistors it requires. While this has 
been a major economic deterrent, pre-
venting the widespread adoption of 
current-mode logic with discrete com-
ponents, it becomes an insignificant 
factor in the cost of integrated cir-
cuits. 

MECL Circuit Advantages 
Over DTL and DCTL 
The dynamic advantages of MECL 

circuits over other forms of logic are 
apparent from an examination of the 
input-output characteristics shown in 
conjunction with the schematic dia-
gram of the gate circuit. 

"MECL" F1'p-flop 

"MECL" Half-adder 

• t. 

OR and "NOR" outputs of a typical Motorola -MECL" gate 
circuit show transient response times in the order of 3.5 nano-
seconds with a fan-out of I. ( Horizontal scale = 10 nsec Div.. 
Vertical scale = 0.2 V,'Div.) 
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• High Speed Operation — Delay time 
of less than 5 nanoseconds per stage. 
Circuit speed is increased not only 
by the elimination of the storage time 
limitation, but also by the high inher-
ent feedback in the circuit which 
greatly reduces input capacitances, 
and by the low impedance of the 
common-emitter nodes which lessens 
the deteriorating effects of parasitic 
and lead capacitances. 

• High Logic Capability — The direct 
signal and its complement are both 
available from the same gate. The 
availability of both direct and com-
plementary outputs from the same cir-
cuit provides a simplification of the 
overall logic. This not only reduces 
the number of stages required, but 
further increases system speed by 
eliminating the propagation delay as-
sociated with such extra stages. 

• Large Fan-In and Fan-Out Capa-
bility — For greater logic power. Fan-
in capability is high because of the 
high input impedance resulting from 
the large amount of feedback provided 
by the common emitter resistance. 
Fan-out capability is high because of 
the low output impedance of the emit-
ter follower circuit. With a fan-out of 
12, a propagation delay of only 5.5 
nsec can be achieved. Each additional 
loading stage adds only about 0.25 
nsec to the total delay. 

e Low Noise and Crosstalk — High in-
put and low output impedances of 
MECL circuits greatly reduce both 

inductive and capacitive cross talk 
between adjacent signal lines. Noise 
generated in power supply and ground 
hues is minimized due to the constant-
current requirements of this logic 
family. 

• Fewer Interconnecting Problems — 
The simultaneous availability of com-
plementary signals reduces intercon-
necting problems by a factor of 2 or 
more. Utilization of a ten-pin header 
provides additional inputs as com-
pared to eight-pin headers. 

Speed-Power Range 
Ultra-high-speed MECL logic cir-

cuits are being made available as 
standard components with a typical 
propagation delay of only 4 nanosec-
onds. Standard circuits for operation 
at lower speeds are rated at 100 nano-
seconds with less than 1 mw power 
dissipation. Applications requiring in-
termediate speeds will be met by 
"custom-designed" MECL circuits. - 

Further information about Motorola 
MECL logic circuits can be obtained 
by writing Motorola Semiconductor 
Products Inc., Technical Information 
Department, 5005 East McDowell 
Road, Phoenix 8, Arizona. 

'Techniques Of Current-Mode Logic Switching 
— W. D. Roehr. Motorola Semiconductor Prod-
ucts Inc., Electronic Design, September 13, 1962 

MOTOROLA 
itarniconaluctor Prod.ct. Irec. 

A 511A50/AR' OF MOTOROl INC 

P X 301118 
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IRE International News  

Current IRE Statistics 
(As of October 31, 1962) 

Membership-99,948 
Sect ions*- 111 
Subsections*-35 
Professional Groups*-29 
Professional Group Chapters-304 
Student Branchest-242 

*See November, 1962 issue for a list. 
t See October, 1962 for a list. 

Calendar of Coming Events 
and Authors' Deadlines* 

1962 

Dec. 4-6: FJCC (Fall Joint Computer 
Conf.), Sheraton Hotel, Philadel-
phia, Pa. 

Dec. 6-7: 13th Nat'l Conf. on Vehicular 
Communications, Disneyland Motel, 
Anaheim, Calif. 

1963 

Jan. 8-10: Millimeter and Submitli-
meter Conf., Cherry Plaza Hotel, 
Orlando, Fla. 

Jan. 21-24: 9th Nat'l Symp. on Re-
liability and Quality Control, Shera-
ton Palace Hotel, San Francisco, 
Calif. 

Jan. 30-Feb. 1: 4th Winter Convention 
on Military Electronics, Ambassador 
Hotel, Los Angeles, Calif. 

Feb. 11-15: 3rd Internat'l Symp. on 
Quantum Electronics, UNESCO 
Bldg., Paris, France. 

Feb. 20-22: Internat'l. Solid State Cir-
cuits Conf., Sheraton Hotel and 
Univ. of Pa., Phila., Pa. 

Mar. 25-28: IEEE International Con-
vention, Coliseum and Waldorf-
Astoria Hotel, New York, N. Y. 

Apr. 10-11: 4th Symp. on Engrg. As-
pects of Magnetohydrodynamics, 
Univ. of California. 

Apr. 16-18: Symp. on Optical Masers, 
New York, N. Y. 

Apr. 17-19: (Southwestern IRE Conf. 
and Elec. Show), Dallas Memorial 
Auditorium, Dallas, Tex. 

Apr. 17-19: Internat'l Nonlinear Mag-
netics (INTERMAG) Conf., Shore-
ham Hotel, Washington, D. C. 

Apr. 24-26: 7th Region Tech. Conf., 
San Diego, Calif. 

May 2-3: 4th Nat'l Symp. on Human 
Factors in Elec. Mariott Twin 
Bridges Motel, Washington, D. C. 

May 7-9: Electronic Components Conf., 
International Inn, Washington, D. C. 

May 13-15: NAECON (Nat'l Aero-
space Electronics Conf.), Dayton, 
Ohio. 

May 17-18: Symp. on Artificial Control 
of Biology Systems, Univ. of Buffalo, 
School of Med., Buffalo, N. Y. 

May 20-22: Nat'l Symp. on Microwave 
Theory and Techniques, Miramar 
Hotel, Santa Monica, Calif. (DL*: 

* Dl. = Deadline fur submitting ab-
stracts. 

(Continued MI I 

IEEE MERGER NEWS 

The Joint Merger Committee, acting in 
behalf of the Board of Directors of Al EE and 
IRE, is currently engaged in working out the 
many details of the IEEE organization. 
While this work is in process, it is most im-
portant that the functions of Committees 
and other organizational units of the IRE 
and AIRE should not be interrupted. To 
assure continuity in these activities, IRE 
President Haggerty and AIEE President 
'[care have sent letters to all committee and 
subcommittee personnel of the two societies 
requesting their continued service in their 
present posts until such time as the IEEE 
Board of Directors issues further instruc-
tions. 

PGBTR CHICAGO CONFERENCE 
PAPERS SOLICITED 

The 1963 Chicago Spring Conference on 
Broadcast and Television Receivers is 
planned for June 18-19, 1963, and will be 
held at the O'Hara Inn, Chicago, Ill. 
Papers are sought that would be of particu-
lar interest to those in the home entertain-
ment radio and television industry. Of 
special interest are papers dealing with new 
products, and with new concepts of com-
ponent and circuit design. 

The deadline for receipt of papers is 
February 15, 1963. Potential authors are 
asked to submit a 50-100 word summary in-
cluding title of the paper, and name, com-
pany affiliation and position of the author. 
Papers should be limited to approximately 
2500 words and the presentation to twenty.. 
minutes. The papers should be submitted 
to Mr. Morman Parker, Papers Committee, 
Motorola, Incorporated, 9401 \Vest Grand 

Avenue, Franklin Park, Ill. 
Authors will be notified of the selection 

of papers early in March, 1963. Biographical 
information will be requested at that time, 
but complete papers will not be required 
until the time of presentation. Since it is ex-
pected that all the papers will be published 
in the IRE TRANSACTIONS ON BROADCAST 
AND TELEVISION RECEIVERS, authors will 
be expected to supply, before presentation, 
a transcript suitable for such submission. 

TELSTAR EXCHANGE 
BETWEEN IRE AND In]. 

On October 4, 1962, the IRE and the 
International Telecommunicat ion l 
broadcasted telephone discussions via the 
Telstar satellite. Scientists at the National 
Symposium on Space Electronics and Telem-
etry, Hotel Fontainbleau, Miami Beach, 
Fla., and officials of the International Tele-
communication Union, FIT Building, Ge-
neva, Switzerland, took part in the exchange 
from 10:34 to 10:55 A.M., Eastern Standard 
Time. The following were participants: 

George Jacobs, Chief Frequency Divi-
sion, Voice of America. 

Arthur Rudolph, Assistant Director for 
Systems Engineering, NASA; and National 
Chairman of the IRE National Symposium 
on Space Electronics and Telemetry. 

Lloyd V. Berkner, Past President, IRE. 
Warren H. Chase, Past President, IEEE. 
Manohar B. Sarwate, Deputy Secretary 

General, ITU. 
Nicolai Krasnosselski, Chairman, Inter-

national Frequency Registration Board, 

lohn H. Gayer, Vice-Chairman, litter-
national Frequency Board, ITU. 

Participants of the Reliability Training Conference held on September 24-28, 1962 in Princeton, N. J. 
Included (10 to right) are Paul Darnell, speaker on Telstar Reliability; Dr. Dirk van der Reyden, Course In-
structor: Stanley Zwerling, Vice Chairman of the Conference: and ilerman %Viler ffel, recipient of the PGRQC 
Award tor C•mtiibutiun , to the Field of Reliability. 
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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 

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

Standard 

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

48 IRE 2.S2 Standards on Antennas: Methods of Testing, 1948. Adopted by ASA. (ASA 
C16.11-1949, R 1961.)   

53 IRE 2.S1 Standards on Antennas and Waveguides: Definitions of Terms, 1953  
Reprinted from the. December. 1953, l'aoc ri,DiNG.,  

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

Reprinted froto the September, 1955, Puocruors:44s  
59 IRE 2.SI Standards on Antennas and Waveguides: Waveguide and Component Meas-

urements, 1959.  
Rr•printed from the April, l'uocEEDINGs  

53 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 thy May, 1954, l'uocEEDINGs  
56 IRE 3.S1 Standards of 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 Irrito the Miry, 1956, l'uoci.Ernsars  
58 IRE 3.S1 Standards on Audio Techniques: Definitions of Terms, 1958 

Reirrinted froto the December, 1958, Puocr Forsa; •  
50 IRE 4.S1 Standards on Circuits: Definitions of Terms in Network Topology, 1950 

Reprinted from the January, 1951, PROCEEDINGS 
53 IRE 4.S1 Standards on Circuits: Definitions of Terms in the Field of Linear Varying 

Parameter and Nonlinear Circuits, 1953. 
Reprinted front the :March, 1954, l'uocFrorscs  

60 IRE 4. SI Standards on Circuits: Definitions of Terms for Linear Signal Flow Graphs, 
1960. 

Reprinted frron the September, 1960, PiutcEEDINGS  
60 IRE 4.S2 Standards on Circuits: Definitions of Terms for Linear Passive Reciprocal 

Time Invariant Networks, 1960. 
Reprinted Iront the September, 1960, l'uocrvots:cs  

51 IRE 6.S1 Standards on Electroacoustics: Definitions of Terms, 1951. 
Reprinted trom the May, 1951, l'uocEEinxt4s  

52 IRE 7.S2 Standards on Gas-Filled Radiation Counter Tubes: Methods of Testing, 
1952. 

Reprinted froto tl•e August, 1952, PROCEED! ' GS  
57 IRE 7.S2 Standards on Electron Tubes: Definitions of Terms, 1957 

Reprinted front the derived 1957, l'uoci,Flusdrs  
62 IRE 7.SI Standards on Electron Tubes: Methods of Testing, 1962. 

Reprinted trom : Iir • September, 1962, l'uocr,FoiNGs  
56 IRE 8.SI Standards on Electronic Computers: Definitions of Terms, 1956. 

Reprinted from the Septetnber, 1956, PROCEE DI NOS 
59 IRE 8.S1 Standards on Static Magnetic Storage: Definition of Terms, 1959. (Adopted 

by ASA. (ASA C16.35-1962.) 
Reprinted from the March, 1959, l'itocEEDINGs  

43 IRE 9.S1 Standards on Facsimile: Temporary Test Standards, 1943  
56 IRE 9.SI Standards on Facsimile: Definitions of Terms, 1956. Adopted by ASA. (ASA 

C16.30-:957.) 
Reprinted from the June, 1956, l'uocEEDINcs 

55 IRE 10.S1 Standards on Industrial Electronics: Definitions of Industrial Electronics 
Terms, 1955. 

Reprinted froto tine September, 1955, Puoct,Fol•a4s  
53 IRE 11.S1 Standards on Modulation Systems: Definitions of Terms, 1953. 

Reprinted from the May, 1953, l'uocEEDisais 
58 IRE 11.S1 Standards on Information Theory: Definitions of Terms, 1958. 

Reprinted froto the September, 1958, PuocFrursa;  
54 IRE 12.S1 Standards on Radio Aids to Navigation: Definitions of Terms, 1954. 

Adopted py ASA. (ASA C16.26-1955.) 
Reprinted born the February, 1955, l'uocid,DINGs  

59 IRE 12.SI Standards on Navigation Aids: Direction Finder Measurement, 1959. 
Reirrinted from the August, 1959, PROCEEDINGS  

60 IRE 13.SI Standards on Nuclear Techniques: Definitions for the Scintillation Counter 
Field, 1960. 

Rem int‘.(1 from the August, 1960, PROCEEDINGS  
49 IRE 14.S1 Standards on Piezoelectric Crystals, 1949, Adopted by ASA. (ASA C83.3-

1951. R 1954 R 1961.) 
Reprinted horn tlw December. 1949, PROCEEDINGS  

57 IRE 14.S1 Standards on Piezoelectric Crystals-The Piezoelectric Vibrator: Defi-
nitions and Methods of Measurement, 1957. 

Reprinter! from the March, 1957, l'uoci,voimis  
58 IRE 14.SI Standards on Piezoelectric Crystals: Determination of the Elastic, Piezo-

electric and Dielectric Constants-The Electromechanical Coupling Factor, 1948. 
Reprinted froto the April, 1958, l'uoc r•FinNaiS  

61 IRE 14.SI Standards on Piezoelectric Crystals: Measurements of Piezoelectric Ce-
ramics. 1961. Adopted by ASA. (ASA C 16 C 83.24-1962.) 

Reprinted from the July, 1961, l'uocEEPiNcs 
55 IRE 15.S1 Standards on Pulses: Methods of Measurements of Pulse Quantities, 1955. 

Adopted by ASA. (ASA C16.28-1956.) 
Reprinted Iront the November, 1955, PROCEEDINGS  
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Calendar of Coming Events 
and Authors' Deadlines* 

fr,m ac, ¡/.-t 

Jan. 15, 1963. Dr. I. Kaufman, 
Space Tech. Labs. Inc., 1 Space Pk., 
Redondo Beach, Calif. 

May 26-28: Spring Joint Computer 
Conf., Washington Hilton Hotel, 
Washington, D. C. 

May 27-28: 7th Nat'l Conf. on Product 
Engrg. and Production, Boston, 
Mass. 

June 4-5: 5th Nat'l Radio Frequency 
Interference Symp., Bellevue-Strat-
ford Hotel, Philadelphia, Pa. 

June 11-13: Nat'l Symp. on Space Elec-
tronics and Telemetry, Los Angeles, 
Calif. 

June 19-21: Joint Automatic Control 
Conf., Univ. of Minnesota, Minne-
apolis, Minn. 

July 9-11: 1963 PAGAP Internat'l 
Symp., NBS, Boulder, Colo. 

July 22-26: 5th Internat'l. Conf. on 
Medical Electronics, Liege, Belgium. 

Aug. 20-23: WESCON (Western Elec. 
Show and Conf.) Cow Palace, San 
Francisco, Calif. 

Aug. 27-Sept. 4: 2nd Congress, Inter-
nat'l Fed. of Automatic Control, 
Basle, Switzerland. 

Sept. 9-11: 7th Nat'l Cony. on Military 
Electronics, Shoreham Hotel, Wash-
ington, D. C. 

Sept. 18-19: 12th Annual Industrial 
Electronics Symp., Michigan State 
Univ., East Lansing, Mich. 

Sept. 24-27: Internat'l. Telemetering 
Symp., London, England. 

Sept. 30-Oct. 2: Canadian Electronics 
Conf., Toronto, Ontario, Canada. 

Oct. 1-3: 8th Annual Symp. on Space 
Electronics, Miami Beach, Fla. 

Oct. 7-9: 9th Nat'l Communications 
Symp., Utica, N. Y. 

Oct. 21-23: East Coast Conf. on Aero-
space and Navigational Electronics 
(ECCANE), Baltimore, Md. 

Oct. 28-30: Nat'l Electronics Conf., 
McCormick Pl., Chicago, Ill. 

Oct. 29-31: 10th Annual Meeting 
PGNS and Internat'l Symp. on 
Plasma Phenomena and Measure-
ments, El Cortez Hotel, San Diego, 
Calif. 

Oct. 31-Nov. 1: 1963 Electron Devices 
Meeting, Sheraton Park Hotel, 
Washington, D. C. 

Nov. 4-6: NEREM (Northeast Research 
and Engrg. Meeting), Boston, Mass. 

Nov. 11-13: Radio Fall Meeting, Hotel 
Syracuse, Syracuse, N. Y. 

Nov. 10-14: 9th Annual Conf. on Mag-
netism and Magnetic Materials, 
Chalfonte-Haddon Hall, Atlantic 
City, N. J. 

Nov. 12-14: Fall Joint Computer Conf., 
Las Vegas Cony. Center, Las Vegas, 
Nev. 

Nov. 18-20: 16th Annual Conf. on 
Engrg. in Biology and Medicine, 
Lord Baltimore Hotel, Baltimore, 
Md. 

Dec. 5-6: 14th Nat'l Conf. on Vehicular 
Communications. 

Feb. 13-14: Internat'l Solid State Cir-
cuits Conf., Sheraton Hotel and 
Univ. of Pa., Philadelphia, Pa. 

Mar, 23-26: IEEE Internat'l Cony., 
Coliseum and Waldorf-Astoria, New 
York, N. Y. 

* Deadline for submitting ab-
stracts. 
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Zero Failures in Over a Million Tube Hours 

a proven new high 
in reliability for 
frame grid tubes 

AMPEREX, largest manufacturer of frame grid tubes, 

announces two 10,000- hour Premium Quality tubes, types 6922M and 7737M, 

with specified failure rates exceeding the reliability requirements of 

Mil Specs MIL- E- 1/1168A and MIL- E-1/1451 respectively. 

In a stringent four-year reliability testing program, the 
AMPEREX 6922M twin triode, designed for use in radar, 
oscilloscopes, computers, broadband amplifiers and critical 
airborne applications, achieved a failure rate of 0.10%/ 
1000 hours for inoperatives and 0.17%/ 1000 hours for 
total failures. 2860 tubes were each tested for 1000- hour 
periods for a total of 2,860,000 tube hours. 
DATA: TYPE 6922M: Gm- 12,500 r.mhos at 15 ma.; Ampli-
fication Factor- 53, AFR-1.0%/ 1000 hours; Mechanical 
Outline T-6 1/2 , 9- pin miniature, maximum height 
The 7737M, a ruggedized, non-microphonic version of 

the JAN 6688, was similarly tested. This Premium Quality 
pentode was designed for critical airborne applications, 

coaxial cable amplifiers and video and broadband IF am-
plifiers in communications and radar equipment. In 1962, 
the 7737M achieved a failure rate of zero %/ 1000 hours 
for inoperatives and 0.75%/ 1000 hours for total failures. 

DATA: TYPE 7737M: Gm- 16,500 // mhos at 13 ma.; Ampli-
fication Factor— 33, AFR — 1.0%/ 1000 hours; Mechanical 
Outline T-61/2 , 9- pin miniature, maximum height 11/2 ". 

The 6922M and 7737M are available in production quan-
tities, with specified failure rates, to MIL Specs MIL- E-1/ 
1168A and MIL- E-1/ 1451 respectively. To guarantee the 
Specified Failure Rates, the military specifications require 
test procedures using one acceptance figure for a cumula-
tive total of 250 tubes resulting from 5 successive samplings 

of 50 tubes each, and another acceptance figure for the 
individual 50-tube samplings. This procedure, employing 

the unusually large quantities of tubes in both the indi-
vidual samplings and the total cumulative samplings, guar-
antees the statistical significance and accuracy of the 

result. Results achieved in 10,000-hour life tests of individ-
ual lots of both tube types enable us to guarantee the 
reliability and specify the failure rates of these tubes. 

The complete story of this unparalleled achievement in tube reliability is available in a new brochure: "Guaranteed 

Reliability with AMPEREX Premium Quality Frame Grid Tubes." This new brochure describes the production 

techniques used in the manufacture of AMPEREX frame grid tubes and presents a detailed analysis of how 

AMPEREX conceived and conducted these reliability tests and life studies. Write for your free copy to: AMPEREX 

Electronic Corporation, Special Purpose Tube Department, 230 Duffy Avenue, Hicksville, Long Island, New York. 
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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 
discount will be allowed on order for 100 or more copies mailed to one address. 

Standard Cost 

58 IRE 15. TRI IRE Technical Committee Report: Methods for Testing Radiotelegraph  
Transmitters (Below 50 MC). 

Rep' lilted flow' the January, 1939, l'aoci.-FDINGs 
61 IRE 15.SI Standards on Radio Transmitters: Definitions of Terms, 1961. 

Reprinted from the February, 1961. Puoctuunm,s  
49 IRE 16.S1 Standards on Railroad and Vehicular Commun cations: Methods of Test-

ing, 1949. Adopted by ASA. (ASA C16.18-1951, R 1961.) 
Rep: jilted ti 001 the December, 1949, PnocEEtnN6s .   

47 IRE 17.S1 Standards on Radio Receivers: Methods of Testing Frequency- Modulation 
Broadcast Receivers, 1947. Adopted by ASA. (ASA C16.12-1949, R 1961, with sup-
plement C16.12a.) 

48 IRE 17.S1 Standards on Radio Receivers: Methods of Testing Amplitude-Modula-
tion Broadcast Receivers, 1948. Adopted by ASA. (ASA C16.19-1951, R 1961.) 

49 IRE 17.S1 Tests for Effects of Mistuning and for Downward Modulation. 
194') Supplement to 47 IRE 17.S1. Rem inted front the Decembet, 1949, Pnoctudnx).s 

51 IRE 17.S1 Standards on Radio Receivers: Open Field Method of Measurement of 
Spurious Radiation from Frequency Modulation and Television Broadcast Receiv-

ers, 1951. 
from the July. 1951, l'noeFFInNa.s 

52 IRE 17.S1 Standards on Receivers: Definitions of Terms, 1952. 
Reprinted hum the Decembet, 1952, ['Roo FinNt  

55 IRE 17.S1 Standards on Radio Receivers: Method of Testing Receivers Employing 
Ferrite Core Loop Antennas, 1955. 

Reprinted horn the Septembet, 1955, Puma DINGS 
60 IRE 17.S1 Standards on Television: Methods of Testing Monochrome Television 

Broadcast Receivers, 1960. Adopted by ASA. (ASA C16.13-1961.) 
Reprinted fi inn the June. 1960, PnocyFotm,s 

53 IRE 19.S1 Standards on Sound Recording and Reproducing: Methods of Measure-
ment of Noise, 1953. 

Reprinted flout the Alai], 1953, PRoct)Forsa.  
53 IRE 19.S2 Standards on Sound Recording and Reproducing: Methods for Determining 

Flutter Content, 1953. Adopted by ASA. (ASA Z57.1-1954.) 
Reptinted flout the March, 1954, PnocEnniN6s 

58 IRE 19.S1 Standards on Recording and Reproducing: Methods of Calibration of Me-
chanically-Recorded Lateral Frequency Records, 1958. Adopted by ASA. (ASA 
S4.1-1960.) 

Reprinted (tom the Decembet. 1958. l'uoctuunNcs  
51 IRE 20.S1 Standards on Pulses: Definitions of Terms-Part I, 1951  

51 

52 

58 

59 

IRE 20.S1 Standards on Pulses: Definitions of Terms-Part II, 1952. 

IRE 20.S1 Standards on Methods of Measuring Noise in Linear Twoports, 1959. 
Reprinted trom the January. 1960, Pnoci 

51 IRE 21.SI Standards on Abbreviations of Radio-Electronic Terms, 1951. 
Ret irintiil hum the April, 1931, PaocEEniN(,..;   $0. 50 

57 IRE 21.S1 Standards on Letter Symbols and Mathematical Signs, 1958. (Reprinted 
1957.) 

Reprinted from the August, 1957, PnocEEDINcs  $0.60 
57 IRE 21.S2 Standards on Reference Designations for Electrical and Electronic Equip-

ment, 1957. 
kept lilted (tom the Noyembet, 1957, PnocEEDINGs $0 . 70 

Reprinted nom the December, 1957. l'nuicmtoiixis  $0.60 
55 IRE 22.S1 Standards on Television: Definitions of Color Terms, 1955. 

Rem inted ftom the June, 1055. Pnocf.F.InNu.s 
50 IRE 23.S2 Standards on Television: Methods of Measurement of Time of Rise, Pulse 

Width, and Pulse Timing of Video Pulses in Television, 1950. 
12eprinted flout the November, 1950, ['Rom. rnsa.s  

50 IRE 23.S3 Standards on Television: Methods of Measurement of Electronically Regu-
lated Power Supplies, 1950. 

$0.60 

$0.25 

$0 . 50 

$0.50 

$1.00 

$0.25 

$0.50 

$0.60 

$0.50 

$1.00 

$0.50 

$0.75 

$0.60 

Reprinted from the June, 1951. PnocEEDINcs  $0. 50 
IRE 20.S2 Standards on Transducers: Definitions of Terms, 1951 
Reprinted from the August, 1951, PRock: E DI xis  $0. 50 

Reprinted front the May, 1932, PnocEEnt   $0. 50 
IRE 20.S1 Index to IRE Standards on Definitions of Terms, 1942-1957. 
Reprinted front the Februat y. 1958, l'uocra   $1.00 

$0.75 

57 IRE 21.S3 Standards on Graphical Symbols for Semiconductor Devices, 1957. 

54 

55 

58 

60 

60 

Reprinted from tin' Jimintry. 1951, Puoctuunrsa:s 
IRE 23.SI Standards on Television: Methods of Measurement of Aspect Ratio and 

Geometric Distortion, 1954. Adopted by ASA. (ASA C16.23-1954, R 1961.) 
Reprinted fi om the July. 1954, l'uocrFor:6s 
IRE 23.S1 Standards on Television: Definitions of Television Signal Measurement 

Terms, 1955. 
Reprinted from the May, 1955, l'uoct,FoINGs  
IRE 23.S1 Standards on Television: Measurement of Luminance Signal Levels, 1958. 
Adopted by ASA. (ASA C16.31-1959.) Revision of Part I 50 IRE 23. SI 

Reprinted Inuit the February, 1958, Pnocrynesa:s  
IRE 23.S1 Standards on Television: Measurement of Differential Gain and Differ-

ential Phase, 1960. Adopted by ASA. (ASA C16.33-1961.) 
Reprinted from the February, 1960, l'nocEEDINGs  
IRE 23.S2 Standards on Video Techniques: Measurement of Resolution of Camera 

Systems, 1961. Adopted by ASA. (ASA C16.34-1962.) Revision of Part II SO IRE 
23. SI 

Reprinted from the \ larch. 1961, Pn).CEEDINGS 

$0.60 

$0.75 

$0.75 

$0.60 

$1.00 

$0.60 

$0.60 

PLANS IN PROGRESS FOR 
IEEE WINTER GENERAL EETING 

The lirst IEEE Winter General Meeting 
will be held in New York, N. Y., on January 
27-February 1, 1962. Technical sessions will 
be held at the Slat ter Hilton and New Yorker 
I bolds, as well as at the Coliseum, the site 
of the second Electrical Engineering, E hibi-
don. .\ 00roNintatel 138 ,4•,,11,11 ait Ii, bu 

organized liv technical commit Iivs in each 
of the :\ I FT's si \ technical dis 'dort' 
t han 600 Tra ixiit m is a nd Conterence 
papers are expected to be programmed for 
t he meet Mg. 

Rooms have been set aside at both the 
Statler I ' Hunt and New Yorker I kite's, for 
members and guests attending the meeting. 
Letters ill request for reservations should be 
sent to the hotel selected, specincally re-

ferring to the A1EE meeting. 
hi addition to the technical sessions, the 

EEE Winter General Meeting Committee 
is planning social activities for the benefit of 
all participants in the meeting. An informal 
tea will be held before the formal program 
begins. on Sunday, Iiititiary 27. in the ball-
room of the Stitt ler I liituuii Hotel. The peren-
nial Smoker will be held on Tuesday evening, 
January 29, in the Grand Ballroom of the 
Statler Hilton Hotel. Requests for tickets 
should be sent to Al EE Smoker Committee, 
345 East 47 St., New York, N. Y., accom-
panied by checks made payable to that 
Committee. Th, price is $ 11.50 per ticket. 
The Annual Dinner Dance and Reception is 
scheduled for Thursday night, January 31. 
Advance reservations and ticket requests at 
815 each may be sent to lohn V. Caddell, 
L. V. hichum, Inc., 18 Lii;dsley Ave., West 
Orange, N. J. Checks should be made out to 
"Special Account, Secretary, A I EE." 
A program of inspection trips is being 

prepared, isicluding trips to Radio City 
Music Hall, Western Electric Co., Consoli-
dated Edison Company's System Operator's 
Office, The New l'ori Times, Jantes For-
restal Research Center, l'nited Nations 
General assembly, Bell Telephone Labora-
tories, Consolidated Edison Company's 
Indian Point Generating Station, Picattiny 
Arsenal, New York Stock Exchange, Public 
Service Electric and Gas Company's Se-
waren Generating Station, International 
Business Machines Corp., I lolophane light 
and Vision Co., and Brookhaven National 
Laboratories. 

Plans are being made by the Ladies 
Entertainment Commit tee for an interesting 
week of events for the kitties attending the 
Meeting. On Tuesday es ening. January 29, 
:I dinner with entertainment will be held in 
the Penn Top of the Statler Hilton Hotel, 
and a tour through Helena Rubinstein's 
Salon is planned for Wednesday, lanuary 30. 

:Members of die 1963 IEEE Winter Gen-
eral Meeting Committee are: W. G. Vieth, 
Chairman; J. G. Derse. Vice Chairman! 
W. T. Rea, Vice President District 3 and 
Budget Coordinator; II. T. Marcy, Repre-
sentative, Technical Operations I )epart-
ment ; J, J. O'Connor, Chairman, Public 

Relations Committee; \V. G. Cheney, Gen-
eral Session; R. E. Briesemeister, HOW Ac-
commodations; F. C. Reed, Jr., Registra-
tion; P. Zara kas, Inspection Trips; T. W. 
Bartlett and R. T. Weil, Jr., Student Assist-
ants; J. D. Thuerk, Smoker; II, W. Grissler, 

$0.50 Dinner Dance; Mrs. R. W. Gillette, Ladies 
Events. 
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TA RZI AN 

DESIGN 

IDEAS 

How to stop voltage transients and diode failures 
II Any circuit that is switched can generate high 
voltage spikes of harmful amplitude to semicon-

ductor devices. Sarkes Tarzian voltage transient suppressors 
(Klipvolts) offer an economical, efficient solution. 
One recurrent problem that suppressors solve is encountered 

when switching is at the primary of a transformer. Magnetizing 
currents are interrupted, causing a voltage spike many times the 
steady state value of secondary voltage. The result is failure of 

voltage sensitive devices in the circuit. 
Transient voltage spikes of very short time duration often 

l00 V 1D.0 
I.As Man 

FIELD COIL. 

1.riti•MO 

escape detection by instruments of normal sensitivity. Spikes 
occurring in control circuits where oscillation or "ringing" can 
occur are also hard to find. These transients can often be the 
reason for circuit problems that seem to have no obvious cause. 

Standard Tarzian suppressors can handle discharge currents 
as high as 430 amperes (43,000 ampere load current in a three-
phase circuit). Special types can be custom-designed for any 
practical rating. The diagrams shown here represent actual ap-
plications in which Klipvolt suppressors have been used. Your 
circuit is probably well within their wide range of application. 

4 Transient Voltages in Motor Speed Control Rectifier ( Fig. 1) 
Problem: D-58 bridge rectifier assembly with 400V diodes is used to supply 
DC to controlled speed DC motor. Switching is accomplished at primary of 

an isolation transformer. Random switching causes intermittent rectifier 
failures. Tests show transients to 600V without suppression. 

Solution: Use S-490A non-polarized Kilovolt across transformer second-

ary. Use S-244 Kilovolt across the motor field coil to limit transient spikes 

to less than 150V. 

Result: Rectifier failure eliminated. 

>RS 

5-539C 

es 
RS , 51.0/0P 

(6 REQU,ReD) 

9VOCIE. 
1250 NAP DC 

4 Voltage Transients in Electroplater ( Fig. 2) 
Problem: Three-phase center tap and six-phase star connections causing transient 

voltages several times the steady state peak value at the secondary ... in excess of 200V. 

Solution: Connect an S-539C suppressor across the secondary to reduce transients 

to below 100V. Use 100 PIV rated diodes instead of 300 PIV ratings. 

Result: Substantial cost saving on heavy current diodes. 

220 VAC 

1 Diode Failures in 

220V Circuit Breaker ( Fig. 3) 

S. 551E CIPCUIT 
BREAKER 

Problem: Failures reported even though all operating parameters are well within 

the rating of S-5774 rectifier assembly. Laboratory investigation discloses voltage 

spikes in excess of 3000V, peak to peak, above steady state value.., an oscillatory 
transient set up by the inductance and inter-turn capacity of the circuit breaker. 

Solution: Use S557E Klipvolt suppressor to dampen the superimposed peak to 
35V above steady state values. Place type S-493 Klipvolt across line to protect 

against random input transient voltages. 

Result: "Mystery" failures eliminated. 

TYPICAL TARZIAN KLIPVOLT SUPPRESSORS 

Type 

POLARIZED 
Max DC 

Volts 

Max 
PIV 

Peak Dischq. 
Amperes 

S-550 27 45 5.5 

S-550L 27 45 430 

S-554 135 225 5.5 

S-554L 135 225 430 

S-556 189 315 5.5 

S-556L 189 315 430 

S-557E 216 360 65 

NON-POLARIZED 

Type 

Max RMS 

Volts 
— 

Max 
PIV 

Peak Dischg. 
Amperes 

Single Phase 

S-487 

S-490A 
S-492L 
S-493 

35 
140 
210 
400 

50 
200 

300 
280 

2.5 
4.5 

180 
2.5 

Three Phase 

S-539C 
S-544L 

50 
210 

35 
300 

13.5 
180 

SARKES TARZIAN, Inc. 
) World's Leading Manufacturers of TV and FM Tuners • Closed Circuit TV Systems • Broadcast 

Equipment • Air Trimmers • FM Radios • Magnetic Recording Tape • Semiconductor Devices 

SEMICONDUCTOR DIVISION • BLOOMINGTON. INDIANA 

Canadian Licensee: Marsland Engineering Limited • 350 Weber Street North, Waterloo, Ontario 
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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 
discount will be allowed on order for 100 or more copies mailed to one address. 

Standard Cost 

61 IRE 23.S1 Standards on Video Techniques: Definitions of Terms Relating to Tele-
vision, 1961. Supplemtnt to S5 IRE 23. SI 

Reprinted from the July, 1961, PROCE E DI NGS  $0.50 
45 IRE 24.S1 Standards on Radio Wave Propagation: Definitions of Terms Relating to 

Guided Waves, 1945  $0.20 
50 IRE 24.S1 Standards on Wave Propagation: Definitions of Terms, 1950. 

Reprinted from tlu• :November, 1950, PnocEEDINGs   $0.60 
55 IRE 26.S1 Standards on Graphical and Letter Symbols for Feedback Control Sys-

tems, 1955. 
Reprinted from the November, 1955, PROC F I, nrs:cs   $0.25 

55 IRE 26.S2 Standards on Terminology for Feedback Control Systems, 1955. 
Reprinted from the January, 1956, PnocyFoiNa   $0.50 

61 IRE 27.SI Standards on Radio Interference: Methods of Measurement of Conducted 
Interference Output to the Power Line from FM and Television Broadcast Receivers 
in the Range of 300 KC to 25 mc, 1961. Adopted by ASA. (ASA C16.25-1962.) 

Reprinted front the September, 1961, PnocEEDINes   $0.60 
56 IRE 28.SI Standards on Letter Symbols for Semiconductor Devices, 1956. 

Reprinted front the July, 1956, PrzocEuniNGs  $0.50 
56 IRE 28.S2 Standards on Solid-State Devices: Methods of Testing Transistors, 1956. 

Reprinted front the November. 1956, PRocEEPINGs  $0.80 
58 IRE 28.SI Standards on Solid-State Devices: Methods of Testing Point-Contact 

Transistors for Large-Signal Applications, 1958. 
Reprinted fiont the May, 1958, Proceedings   $0.70 

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

Reprinted (non the October, 19(0, PRocr1:1)1N:GS   $0 . 50 
60 IRE 28.S2 Standards on Electrostatographic Devices, 1961. 

Reprinted from the March, 1961, Pnocifflutqcs $0.50 
61 IRE 28.S1 Standards on Solid-State Devices: Definitions of Terms for Nonlinear 

Capacitors, 1961. 
Reprinted from the August, 1961, PnocEEPINGs  $0.25 

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, PnocEEPINGs  $0.60 
62 IRE 28.SI Standards on Solid-State Devices: Definitions of Superconductive Elec-

tronics Terms, 1962 
Reprinted front the April, 1962, PROCF I, DI NZGS   $0.25 

61 IRE 30.RPI IRE Recommended Practices on Audio and Electroacoustics: Loud 
Speaker Measurements. 

Reprinted from the October, 1961, PROCEEDINGS  $0.60 

PAPERS SOLICITED FOR 

Sr' DIEGO SYMPOSIUM 

The Third Annual San Diego Symf-tosium 
for Biomedical Engineering will be held on 
April 22-24, 1963, in conjunction with the 
IRE 7th Region Technical Conference on 
April 24-26, 1962. The two meetings will 
take place in the same location. Technical 
sessions on Monday and Tuesday will be 
arranged by the San Diego Symposium for 
Biomedical Engineering for SI SBE regis-
trants only; those on Thursday and Friday 
will be arranged by the IRE for IRE 
registrants only; the Wednesday sessions 
will be the result of a cooperative effort by 
the two Program Committees to arrange 
sessions which will be comprehensive and of 
outstanding value to both groups. Although 
registration for the two meetings will be 
separate, registrants for either will be wel-
come at the Wednesday sessions. 

As in the past, the theme of the SDSBE 
will be interdisciplinary cooperation. Papers 
are hereby solicited in: 

(1) Medicine and biology where ad-
vances have been made possible by tech-
niques or equipment of the physical sciences 
and engineering; 

(2) The physical sciences and engineer-
ing, as applied to medicine and biology. 

Papers describing work inspired by pres-
entations at these SDSBE or similar sym-

posia, or resulting front personal contacts 
made through them are particularly in-
vited. Workers in the field of biomedical 
engineering who can offer papers describing 
significant progress, or real potential, which 
has not been reported elsewhere, are urged 
to send a title and summary to the Pro-
gram Committee immediately to assist us 
in planning. 

Prospective speakers must send full-
length drafts of their papers by December 
15, 1962 to John II. McLeod, Chairman, 
Program Committee, 8484 La Jolla Shores 
Drive, La Jolla, Calif. These drafts may be 
preliminary; an opportunity to update, 
modify, and/or correct them will be given 
before publication. But all material to be 
covered in the final version must be covered 
to approximately the same degree, and all 
tables and illustrations must be included. 
Only by careful consideration of such a com-
plete draft can the reviewers ( one each from 
the life sciences, the physical sciences, and 
the Program Committee) determine the 
relative merits of the competing papers. 

Speakers will be selected and notified by 
the first week in February, 1963. Final ver-
sions of their drafts must be in the hands of 
the Publication Committee not later than 
March 14, 1962. The Committee will work 
from these drafts and submit galley proofs 
for approval, no further work will be re-
quired of authors. 

POLYTECHNIC SYMPOSIUM 
ON OPTICAL MASERS 

The Thirteenth Annual Polytechnic In-
ternational Svinixisitim, devoted to "Optical 
Masers," will be held in New York, N. Y. 
on April 16-18, 1963. Tlw Symposium will 
attempt a comprehensive integration of the 
physics and technology bearing directly on 
the discovery, theory, and application of 
maser phenomena at optical and infrared 
frequencies. Prospective authors are in-
vited to submit papers no later than De-
cember 15, 1962. Specific topics proposed 
to be included are as follttws: 

Quantum Electrodynamics and Related 
Topics in Physics: Dispersion, coherence; 
radiative corrections, stimulated emission, 
thermodynamical implications, photon- pho-
ton scattering; bearing on and tests of 
general relativity, interactions with gravi-
tational fields. 

Materials: Solid, liquid and gaseous sys-
tems; spectroscopy, optical properties, crys-
tal growth, nonlinear effects, magneto-optic 
and electro-optic effects. 

Optical :\ laser Configurations: High 
efficiency optics, resonant structures, travel-
ling wave structures, nunlal phenomena. 

System Considerations: Communka-
tions, radar, astronomy. medicine, instru-
mentation, industrial processes, phonon 
modulation. 

The 1963 Symposium is organized by the 
Microwave Research Institute of the Poly-
technic Institute of Brooklyn in coopera-
tion with the IRE, AIEE and Optical 
Society of America. It is co-sponsored by 
the Air Force Office of Scientific Research, 
the Office of Naval Research and the Army 
Research Office. 

In keeping with tradition, the Sympo-
sium will endeavor to serve the two-fold 
purpose of providing both a review of the 
present state of research in the optical maser 
field and a forum for discussion of recent 
outstanding advances of interest to engi-
neers, chemists, and physicists involved in 
laser research and development. The pro-
gram will comprise both invited and a 
limited number of contributed papers and 
will conclude with a round-table discussion. 
Further information may be obtained front 
Professors I.. Bergstein, W. Kahn or G. 
Oster, Co-chairmen of the Symposium 
Committee. Correspondence should be ad-
dressed to Symposium Committee, Poly-
technic Institute of Brooklyn, 55 Johnson 
St., Brooklyn 1. N. Y. 

JTAC REPRINTS AVAILABLE 

The IRE Joint Technical Advisory Com-
mittee has reprinted copies of Session 29 of 
the IRE International Convention Record. 

Session 29, sponsored by PGM II. and 
PGRFI, was a panel on " Electromagnetic 
Compatibility- Its Significance to Our Sur-
vival." Members of the panel and their pa-
pers were as follows: " Basic Issues of Spec-
trum Conservation," D. G. Fink; "Spectrum 
Polution," R. I'. Gifford; "The Cost of 
Radio Frequency Interference," F. L. 
Ankenbrandt; and "System Electromagnetic 
Compatibilit)-DOD's Approach to the 
Problem," J. A. McDavid. 

The reprints may be obtained free of 
charge front: J'FAC Secretary, IRE I lead-
quarters, 1. E. 79 St., New York 21. N. Y. 
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IS THERE ANY OTHER 

ECM OSCILLATOR 
THAT CAN MATCH THE 

50%+ EFFICIENCY OF G.E.S... 

I'M NOT THEY'RE TWO DIFFERENT 

G-E VTMS. BOTH HAVE THE HIGHEST EFFICIENCY 
(PLUS LIGHTEST WEIGHT AND HIGHEST 

POWER OUTPUT) EVER AVAILABLE for ECM power oscillators. 
They differ only in frequency output. Matched intc a system, they can sweep the egtire 
range between 2.6 and 3.2 gigacycles in as little as one nanosecond. 

Here are some specs on these two VTMs that bear comparison to other ECM oscillation 
methods: 

Power output 75 watts min. 
Frequency  ZM-6046: 2.6-2.9gc 

ZM-6047: 2.9-3.2gc 
Input capacitance 40 picofarads 
Weight 6.8 lbs. 
Max. dimensions 55 x 4.6 x 3.8 inches 
Efficiency 50% min. 

Of course, these are only two from a large VIM selection. General 
Electric was first to introduce practical VTMs and remains the leader 
in this field. Its VTMs have been proven in major ECM programs. De-
velopment has been supportec by all the service arms, and G.E. is con-
tinually bringing new types out of development and into the factory. 
Well worth checking their sales office. For any electronically-swept 
oscillator application (250 rric upward), General Electric VTMs ought to 
get first consideration ... 

.BY CONTACTING 
ONE OF THE 

SALES OFFICES LISTED BELOW, 
IF YOU'LL PARDON 
THE REPETITION. 

ELECTRONICS INCLUDING IGNITRONS. HYDROGEN 

PROGRESS IN MICROWAVE TECHNOLOGY THYRATRONS, MAGNETRONS, METAL• GENERAL ELECTRIC 
CERAMIC TETRODES, TWT's, HIGH 

POWER DUPLEXERS, HIGH POWER WAVE GUIDE FILTERS, KLYSTRONS AND THERMI. 

ONIC CONVERTERS. FOR INFORMATION ON THESE PRODUCTS, WRITE SECT. 265-21, 

POWER TUBE DEPT., GENERAL ELECTRIC CO., SCHENECTADY, N. Y. OR TELEPHONE 
TODAY: SCHENEGTAry, N. Y . FBanklin 4-2211 ( Ext. 5-3433) • WASHINGTON. D. C. EXecutive 3-3600 • DAYTON, OHIO BAldwin 3-7151 • LOS ANGELES. CALIF. BRadshaw 2-8566 

SYRACUSE, N. Y. 652-5102 • CHICAGO, ILL. SPring 71600 • CLIFTON. N. J. GRegory 3-6387 • NEW YORK, N. Y. Wisconsin 7-4065 • ORLANDO, FLA. GArden 4-6280 

POWER TUBE DEPARTMENT 265-21 



W INTER INSTITUTE ON 
AUTONIATIC CONTROL 

The University of Florida, Gainesville, 
Fla., is presenting the Second Graduate 
\Vinter Institute on Optimum and Adaptive 
Control System Theory on February 18-22, 
1963. The Institute is sponsored by the 
Engineering and Industrial Experiment 
Station of the l•niversity's College of Engi-
neering. Industry, University and Govern-
ment representatives are invited to attend 
this tutorial conference on automatic con-
trol. Each participant must have at least a 
bachelor's degree in any of the fields of 
engineering or in sics, and an adequate 
background in control systems either prac-
tical or academic. 

Registration fee for the Institute is 
8100.00. -ro facilitate proper planning for the 
program it is necessary that registration 
forms be sent no later than January 15, 
1963 to: Division of General Extension, 
Florida Institute for Continuing University 
Studies, Seagle Building, Gainesville, Fla. 
Since a special ladies program is being 
planned, delegates should indicate on the 
registration form if they plan to bring their 
wives. 

The lecturers at the conference are: Dr. 
Michael Athanassiades, Professor Jens G. 
Balchen, Dr. John E. Bertram, Professor 
J. F. Coates, Dr. Pieter Eykhoff, Professor 
f. Flügge-Lotz, David L. Mellen, Professor 
Bernard Widrow, and l'rofessor 011e I. 
Elgerd. 

Dr. Athanassiades received the B.S.E.E., 
NI.S.E.E., and Ph.!). degrees from the 
University of California. At present, he is 
on the staff of the M.I.T. Lincoln Labora-
tory, conducting research in the field of 
optimal control theory with application to 
minimum tinte, minimum fuel and minimum 
energy systems. Ile is a member of IRE, 
AIEE, l'hi Beta Kappa, Eta Kappa Nu, 
and Sigma Xi. I lis lectures will cover the 
following topics: 

Exposition of the Maximum Principle 
and Hamilton-Jacobi Theory 

Derivation of Necessary Conditions on 
Optimal Control for Minimum Time, Mini-
mum Fuel, and Minimum Energy Criteria 

Design of High-Order Real- Pole Bang-
Bang Control Systems 

Minimum Time Control of Oscillatory 
Pla n ts 

)esign of Second Order Minimum-Fuel 
Systems 

Design of Nlinimum Time, Minimum 
Fuel, and Minimum Energy Self-Adjoint 
Systems. 

Professor 13alchen is Ilead Professor of 
the Division of Automatic Control at the 
Technical University of Norway, Trond-
heim. He received the Diploma Degree from 
this University in 1949, and the M.S. degree 
from Yale University. Currently, he is 
leading a research program at the Technical 
University in the general field of optimum 
control of multivariable processes. His other 
activities include membership on the Ex-
ecutive Council of the International Federa-
tion of Automatic Control. His lectures at 
the ‘Vinter Institute will concentrate on the 
following two areas: 

Optimal Control of Multivariable Proc-
esses 

Determination of System Dynamics by 
Use of Adjustable Models. 

Dr. Bertram received the B.S.E.E. de-
gree from Washington University in 1952, 
and the M.S. and Sc.D. degrees from 
Columbia University in 1955 and 1958, 
respectively. He is Manager of Control 
Systems Research at the International 
Business Machines Corporation. The object 
of his lectures is to present a tutorial dis-
cussion of the problem of stochastic optimal 
control. To motivate the topic, several 
stochastic optimal control problems with 
physical origin will be outlined. After classi-
fying these problems, a mathematical formu-
lation of the'stochastic optimization problem 
will be presented. A discussion will follow 
of some sample problems where the sto-
chastic and optimization can be treated 
separately. 

Professor Coales received his formal 
education at Cambridge University, Eng-
land, where he is presently in charge of the 
Control Group in the Engineering Depart-
ment. He has engaged in research on radio 
direction finding, ultra-short wave radar, 
computers, and all phases of control. He is a 
member of the Executive Committee of the 
National Physical Laboratory, and is a 
consultant on research and development, 
particularly in the field of automation, to a 
number of large industrial groups. His lec-
tures will cover the topics of fast-time pre-
dictor systems and the application of non-
linear filters and self-adjusting models to 
control systems. 

Dr. Eykhoff received the B.S. and M.S. 
degrees in electrical engineering from the 
Technological l"niversity in 1)elft, The 
Netherlands, and the Ph. D. degree from the 
University of California, Berkeley. Ile is a 
member of the faculty of the Technological 
University, in charge of a research group 
studying the problem of parameter estima-
tion, and building a special type of analog 
computer for simulating the nonstationary 
stochastic type of signals that occur in 
many of these estimation problems. Ile is a 
member of the IRE, AIEE, Sigma Xi, 
Royal Dutch Institute of Graduated Engi-
neers, and International Association for 
Analog Computation. Ile will devote his 
lecture series to the problem of system 
identification. A critical review of the va-
riety of methods proposed to achieve esti-
mation of system parameters will be given, 
as well as an exposition of the work being 
done at Delft. 

Dr. Flügge-Lotz received the Diplom-
Ingenieur degree in engineering mechanics 
in 1927, and the Ph.D. degree in engineering 
in 1929, from the Technical University of 
Hannover, West Germany. She joined the 
staff of Stanford University in 1949, where 
she presently is Professor of Aeronautical 
Engineering and Engineering Mechanics, 
lecturing and conducting research in fluid 
mechanics and control. She is a member of 
IRE and Sigma Xi, and an Associate 
Fellow of IAS. Her lecture topics will 
comprise: 

Ideal and Realtistic Contactors ( Re-
lays)—their use in feedback control systems 
for improving stability and performance 

General Behavior of Systems in the 
Neighborhood of Switching points—sys-
tems with and without zeros in the plant 
transfer function, controlled and uncon-
trolled chatter, design suggestions for third 
order systems 

Relation Between Optimal and Con-

tactor Control—Pontryagin's maximum 
principle and contactor control, difficulty of 
expressing the time-dependent control func-
tion as function of the phase variables, ap-
proximate switching functions which lead 
to near optimum performance. 

Dr. Widrow received the B.S., M.S., and 
Ph.D. degrees from the Massachusetts 
Institute of Technology. lie is an Associate 
Professor of Electrical Engineering, engaged 
in research and teaching in systems theory, 
control theory, adaptive logic, and adaptive 
control systems. He is also President of 
Memistor Corporation, Mountain View, 
Calif., and a member of Al EE, IRE, and 
Sigma Xi. He will lecture on the topic of 
"Pattern Recognition and Adaptive Con-
trol." 

Dr. Elgerd received the B.S.E.E. and 
Diploma Degree from the Royal Institute 
of Technology, Stockholm, and the D.Sc. 
degree from Washington University. He is 
responsible for the Graduate Control and 
Simulation Program at the University of 
Florida, and is a consultant to the Inertial 
Guidance and Control Group of The Martin 
Company and Aerospace Corporation. Ile 
is a member of the Swedish Society of 
Engineers and Architects, IRE, Al EE, and 
Sigma Xi. 

Mr. Mellen received the B.S.A.E. and 
M.S.A.E. degrees from Iowa Stale Univer-
sity. Ile is associated with M inneapolis-
Honeywell Company, as a Project Manager 
for the guidance and control system for a 
special test vehicle. He is an Associate 
Fellow of the Institute of Aerospace Sci-
ences. His lecture will discuss "The Develop-
ment and Flight Text of an Adaptive Flight 
Control System for the X-15 Vehicle." 

NATIoNAL PGPEP CoNFEREN(•E 

The IRE Professional Group on Product 
Engineering and Production, with I he co-
operation of its Boston chapter, will hold 
the 7th National Conference on Product 
Engineering and Production zit the Conti-
nental Hotel, Cambridge, Mass., May 27-28 
1963. 

The program for the Conference will 
cover advanced production techniques mi-
crominiature system and product design, 
and product designs to meet world-wide 
competition. As a special feature, there will 
be a Product Design Competition. The prod-
ucts accepted for the competition will be 
on special display. 

The Program Chairman is lack Staffer of 
Sylvania Electronic Systems, Needham 
Heights, Mass. The General Chairman for 
the Conference is Chan Watt of The Ray-
theon Company, Lexington, Mass. 

SYMPOSIUM RECORD 
AVAILABLE 

A Record of the papers presented at the 
1962 National Symposium on Space Elec-
tronics and Telemetry, held on October 2-4, 
1962 in Miami Beach, Fla., was printed and 
available for sale at the Symposium. 
A limited number of co-pies are available 

for sale at IRE Headquarters at $ 12.50 
each. Orders will be filled on a first-conic, 
first-served basis. 

Send your check to IRE Headquarters, 
1 E 79 St., New York 21, N. Y. for a copy 
of the Symposium Record. 
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Reliable Semiconductors 

from RAYTHEON-MOUNTAIN VIEW 

300°C NANOSECOND DIODE 

UN1PLANAR* construction boosts silicon diode reliability 

Wide base mount for mechanical stability 

Uniplanar* one-piece construction, produced at 
Raytheon/Mountain View (formerly Rheem Semi-
conductor), brings a major improvement to silicon 
planar diode reliability. This is demonstrated by a 
300°C storage capability, unequalled shock and 
vibration resistance, and more uniform electrical 
characteristics. 

The result of Raytheon/Rheem Uniplanar* 
construction is a one-piece unit that can't shake 
loose or become misaligned. The entire chip as-
sembly, including ohmic contact, is formed by a 
single process. This technique permits positive 

surface passivation of the entire junction area. A 
high level of uniformity is achieved, since ohmic 
contacts are chemically formed thousands at a 
time. 

300°C storage is obtained because, for the 
first time, it is possible to exclude the latent 
contaminants introduced by multi-part assembly 
techniques. 

Uniplanar* construction is available at no extra 
cost in such types as 1N914, 1N916, 1N3064, 
and 1N251. For further information, please con-
tact the nearest Raytheon Field Office. 

* Exclusive one-piece planar construction from RaytheonlMountain View 
(formerly Rheent Semiconductor). 

RAYTHEON 
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PROFESSIONAL GROUP NEWS 

At its meeting on October 16, 1962, the 
IRE Executive Committee approved the 
following chapter: PG on Broadcast and 
Television Receivers—Indianapolis Chap-
ter. 

SWIRECO CALL FOR PAPERS 

The fifteenth annual Southwestern 
IRE Conference and Electronics Show, 
SWIRECO, will be held in Dallas, Texas, 
April 17-19, 1963. The event is also the 
Region 6 IRE Meeting. Principal sessions 
tentatively scheduled are Geophysics; Space 
Electronics, including communications and 
propagation; Electronic Systems and Ap-
plications; and Bionics. Technical papers are 
sought in any of the various specialities of 
Electronics. A student paper competition is 
also planned. Abstracts of approximately 
300 words should be sent to the Technical 
Program Chairman, Al Mitchell, Graduate 
Research Center of the Southwest, P. 0. 
Box 8478, Dallas 5, Texas. All abstracts 
must be received prior to January 15, 1963, 
and acceptance notices will be provided 
within 30 days. 

The techilical program, as m-ell as 
SW I RECO's 275-booth trade exposition 
will be held in I /alias Memorial Auditorium. 
Dr. A. E. Salis, head of the Electrical Engi-
neering Department of Arlington State 

College, Arlington, Texas, is General 
Chairman of the Conference. Technical 
Program Committee members are G. B. 
Gibson, Electrical Systems Branch, 
N.A.S.A., Manned Spacecraft Center, I Ions-
ton; Dr. A. \V. Straiton, Defense Research 
Laboratory, University of Texas, Austin; 
Dr. F. E. Brooks, Temco Aerosystems Di-
vision of Ling-Temco-Vought, Incorporated, 
Dallas; and Dr. \V. Hughes, Chairman, 
Electrical Engineering Department, Okla-
homa State University, Stillwater, Okla-
homa. 

Complete information on exhibits and 
attendance is available from Hal Copeland, 
Swireco Manager, The Hal Copeland Co., 
810 Wilson Building, Dallas 1, Texas. 

ELECTROCHEMICAL SOCIETY 

CALL FOR PAPERS 

The Symposium on Thin Films for Elec-
tronic Application, sponsored jointly by the 
Electronics, Electric Insulation, and Electro-
thermics and Metallurgy Divisions, will be 
held in Pittsburgh, l'a., April 15-18, 1963. 
The objectives of the Conference are to pre-
sent a current picture of the statuts of thin 
tilm technology and to encourage the ex-
change of information on thin lihn research 
and development act ivities. 

Papers are solicited on all aspects of thin 
film technology having electronic applica-

tion. Papers can be organized, for example, 
along the lines of materials ( metals, in-
sulators, semiconductors) and combinations 
thereof (i.e., cermets); techniques for thin 
film deposition, monitoring and testing; 
materials for specific application (i.e., mag-
netic, dielectric, superconducting, tunnel-
ing); properties of thin films ( experimental 
and theoretical); ageing effects in thin films; 
compatibility of thin films with other thin 
films and various substrates; devices and 
integrated circuits employing thin films. 

Three copies each of a 75 word abstract 
and a 500-1000 word extended abstract 
should he sent to Society I leadquarters, 30 
East 42 St., New York, N. Y., not later than 
December 14, 19(2. If there are any ques-
tions concerning the Symposium, please 
contact any of the Committee Members 
mentioned below. Late news papers of a 
short ( 5-10 minute) duration describing re-
cent research results are also desired. Three 
copies of late news paper abstracts should 
be submitted to any of the Committee 
\lumbers no later than March 15, 1963. 

The Committee Members are Henry S. 
Sommers, Jr., RCA Laboratories, I )avid 
Sarnoff Research Center, Princeton, N. J.; 
Peter White, IBM Corporation, Thomas J. 
Watson Research Center, P. O. Box 218, 
Yorktown Heights, N. Y.; David Vermilyea, 
General Electric Co., Research Laboratory, 
P. 0. I3ox 1088, Schenectady, N. Y.; Arnie 
Lesk, Motorola Semiconductor 
5005 East McDowell Rd., Phoenix, Ariz. 

Millimeter and Submillimeter Conference 
CHERRY PLAZA HOTEL, ORLANDO, FLA., JANCARY 7-10, 1963 

The Millimeter and Submillimeter Con-
ference, under sponsorship of the Orlando 
Section of the IRE, will be held January 
7-10, 1963, in the Egyptian Room of the 
Cherry Plaza I lotel, Orlando, Fla. It should 
be noted that the Conference has been ex-
tended to January 7 to permit presenta-
tion of some 56 papers. Advance registration 
arrangements may be made by mailing 
S5.00 before December 21, 1962, to: H. L. 
Bassett, Registration Chairman, Millimeter 
and Submillimeter Conference, Martin 
Company—M l'-75, Orlando, Fla. 
A Conference Digest, consisting of ab-

stracts of the program papers, will be dis-
tributed at no cost to each registrant. One 
issue of the IRE TRANSACTIONS ON M ICRO-
WAVE THEORY AND TECHNIQUES Will be 
devoted to Conference papers and will serve 
as the Conference record. 

J. W. I /ees is the General Chairman of 
the Conference and J. J. Gallagher is the 
Program Chairman. The program of the 
Conference will be as follows: 

Monday Afternoon, January 7 

Introductory Remarks and Opening Ad-
dress: W. Arbuckle, Chairman, IRE Or-
lando Section, Radiation, Inc., Orlando, Fla.; 
J. 1V. Dees, Chairman, Millimeter and Sub-

millimeter Conference, Martin Company, 
Orlando, Fla. 

Opening Address: "State of the Art— 
Background and Recent Developments," 
Dr. I'. D. Coleman, Department of Electrical 
Engineering, University of Illinois, Urbana, 

Session I—Millimeter and Submillimeter 
Transmission Lines 

Moderator: Georg Goubau, USA ERDL, 
Fort Monmouth, N. J. 

"The H-Guide Concept, a Method for 
Low-Loss Transmission at MM Waves," 
F. J. Tischer, Ohio Slate University, Colum-
bus, Ohio. (Invited) 

"A Low Loss Waveguide System and 
Components," A. I'. King, Hughes Aircraft 
Company, Culver City, Calif. (Invited) 

"Transmission Methods for Short Milli-
meter Waves," F. Sobel, M. Cohn, M. King, 
and J. Willse, Electric Communication, Inc., 
Timoniuen, Md. 

"Millimeter Transmission by Oversize 
and Shielded-Beam Waveguides," G. R. 
Valenzuela, Carlyle Barton Lab., Johns 
Hopkins University, Baltimore, Md. 

"Investigations on a Beam Waveguide 
for Optical Frequencies," G. Goubau and 
J. R. Christian, USA ERDL, Fort Mon-
mouth, N. J. 

Session II—Resonant Structure and 
Quasi-Optical Techniques 

Nloderator: l'ardley Beers, National 
Bureau of Standards, Boulder, Colo. 

"Experimental Study of Spherical Mirror 
Fabrv-Perot Resonators," R. W. Limmerer, 
National Bureau if Standards, Boulder, 
Colo. ( Invited) 

"Design Problems and Performance of 
Millimeter Wave Fabrv-Perot Reflector 
Plates," II. Welling and G. Andresen, 
USA ERDL, Fort Monmouth, X. J. 

"Quasi-Optical Techniques for Milli-
meter Wave Transmission," R. G. Fellers, 
University if South Carolina, Columbia, 
S. C. (Invite(l) 

"Submillimeter Components using Over-
size Quasi-optical Waveguides" J. J. Taub, 
H. IIindin, and M. L. Wright, Airborne 
Instruments Lab., Deer Park, N. 1". 

"Lens Systems for Millimeter Wave 
Antennas," M. .4. Kott, Carlyle Barton 
Lab., Johns Hopkins University, Baltimore, 
Md. 

"Optical and Quasi-Optical Transmis-
sion Techniques and Component Systems 
for Millimeter Wavelengths," R. II. Gar--
ham, Royal Radar Establishment, Great 
Malvern, Worcester, England. 
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Only Lambda offers: 

Environment-engineered power supplies 

mass-produced at Competitive Prices  

WITHOUT METERS 

(Controls in Rear) 

LE 101 

NEW I* 1 
LE SERIES 
DC OUTPUT 
(Regulated fur hue and luad.) 

WITH METERS 
(Controls in Rear) 

LE 101-M 

Ntf 

WITH METERS 

(Front Panel Control) 

LE 101-FM 

0-36 VDC 5 Amp LE 101 $420 LE 101-M $460 LE 101-FM $470 

0-36 VDC 10 Amp LE 102 525 LE 102-M 565 LE 102-FM 575 

0-36 VDC 15 Amp LE 103 595 LE 103-M 635 LE 103-FM 645 

0-36 VDC 25 Amp LE 104 775 LE 104-M 815 LE 104-FM 825 

0-18 VDC 8 Amp LE 105 425 LE 105-M 465 LE 105-FM 475 

0- 9 VDC 10 Amp LE 109 430 LE 109-M 470 LE 109-FM 480 

REGULATED VOLTAGE: 

Regulation 

(line and load) 

Transient Response 

(line) 

(load) 

Remote Programming 

Ripple and Noise   

Temperature Coefficient . 

 Less than .05 per cent or 8 millivolts 
(whichever is greater). For input 
variations from 105-135 VAC and for 
load variations from 0 to full load. 

 Output voltage is constant within 
regulation specifications for any 15 
volt line voltage change within 105-
135 VAC. 

 Output voltage is constant within 25 
MV for load change from 0 to full 
load or full load to 0 within 50 micro-
seconds of application. 

.50 ohms/volt constant over entire 
voltage range. 

Less than 0.5 millivolt rms. 

. Less than O.015% /°C. 

SEND FOR COMPLETE 

Plus THESE FEATURES: 
• All solid state 

• Completely protected 

• Adjustable automatic 
current limiting 

• Continuously variable 

• Remotely programmable 
over entire range 

• Constant voltage/ 
constant current 

• Wide input frequency 
and voltage range 

• Convection cooled—no 
blowers 

• 50°C ambient 

• Guaranteed 5 years 

CONDENSED TENTATIVE DATA 

AC INPUT:  105-135 VAC; 45-66 CPS and 320-480 
CPS in two bands selected by switch. 

OVERLOAD PROTECTION: 

Thermal  Thermostat, reset by power switch, 
thermal overload indicator light front 
panel. 

Electrical: 
External Overload 

Protection  Adjustable, automatic electronic cur-
rent limiting. 

METERS:  Ruggedized voltmeter and ammeter 
to Mil-M- 10304B specifications on 
metered models. 

PHYSICAL DATA: 

Mounting  Standard 19" rack mounting. 

Size   LE 101, LE 105, LE 109 31/a" H x 19" W x 16" D 

LE 102   51/4 " H x 19" W x 16" D 

LE 103   7" H x 19" W x 16 1/2 " D 

LE 104  10 1/2 " H x 19" W x 16 1/2 " D 

DATA ON LE SERIES 

TJAM B D A ELECTRONICS COR P. 
515 BROAD HOLLOW ROAD • HUNTINGTON. L. I.. NEW YORK • 516 MYRTLE 4-4200 

LA133 

Western Regional Office: 230 North Lake Avenue, Pasadena, California • Phone: Code 213, MUrray 1-2544 

New England Regional Office: 275 Boston Post Road, Marlboro, Massachusetts • Phone: Code 617, HUntley 5-7122 

Middle Atlantic District Office: 515 Broad Hollow Road, Huntington, L. I., New York • Phone: Code 516, MYrtle 4-4200 

Southeastern Region: W. A. Brown 8. Associates, Inc., Engineering Representatives 

Orlando, Fla. • Fort Lauderdale, Fla. • Huntsville, Ala. • Alexandria, Va. • Winston-Salem, N. C. 



Tuesday, January 8 

Session III—Millimeter Components 

Moderator: L. L. Bertran, FXR, Inc., 
Woodside, N. Y. 
"T m E„, i,de Components in the 3 NINI 

Region," .. 11au J. Simmons, TRG Inc., East 
Boston, Mass. (Invited) 

"A Range of 2 and 1 Millimetre Wave-
guide Components," R. Meredith and G. II. 
Preece, Royal Radar Establishment, Great 
Malvern, Worcester, England. 

"Resonant Cavity Type Mode Trans-
ducer and Nlode Filter for the Circular 
TE,,2 Mode," S. Shimada, Hitachi, Central 
Research Laboratory, Kokubunji, Tokyo, 
Japan. 

"A Simple Grating System for Milli-
meter and Submillitneter Wayelengt h 
Separation," K. B. Mallory and R. II. 
Miller, Stanford University, Stanford, Calif.; 
I'. A. Szenle, Institute Technologic° de 
Aeronantica, Sao Paulo, Brazil. 

"Design of Some New 1"- Band Gmtpo-
nents," P. Il'o0.ert, Sylvania Electronic 
System- Central, Buffalo, N. Y. 

"An Automatic Swept-Frequency Smith 
Chart Plotter," Ir. F. C. deRonde, Philips 
Research Laboratories, Eindhoven, Nether-
lands. 

"Nlagnetic Nlaterials for Millimeter 
Wave Applications," P. Rodrique, .S'perry 
.1/ierowave Electronics Company, Clear-
water, Fla. (Invite(l) 

"Millimeter Resonance Isolators Utiliz-
ing Hexagonal Ferrites," G. R. Harrison, 
I). R. Taft, and L. R. Hodges, Jr., Sperry 
Microwave Electronics Company, Clear-
water, Fla. 

"Development of Gaseous Switching De-
vices at a 3.2-MM Wavelength," J. D. 
Woermbke, 7'. .11. Nelson, and S. D. Schreyer, 
Westinghouse, Baltimore, Md. 

"Status Report on In NI il-
liineter Waveguide Flange Standards," 
Tore N. Anderson, Budd-Stanley Company, 
Inc., Syosset, N. Y. 

Tuesday Afternoon 

Session IV—Millimeter Techniques 
and Measurements 

1\loderator: D. D. King, Electronic 
Communications, Inc., Timonium, .11d. 

"Microwave Type Bolometer for Sub-
millimeter Wave Measurements," J. F. 
Byrne and C. F. Cook, Motorola Inc., 
Riverside, Calif. 

"A Measurements System for 50-90 Gc," 
M. If. Long and J. C. Butterworth, Georgia 
Institute of Technology, Atlanta, Ga. 

"A Relative Amplitude and Phase 
Plotter for Millimeter Wave Fields," P. 
Wolfed and T. Schiller, Svlvania Electronic 
System- Central, Buffalo, N. I. 

"A Measurement of Detector Impedance 
at Millimeter and Submillimeter Wave-
lengths," K. B. Mallory and R. II. Miller, 
Stanford University, Stanford, Calif.; I'. A. 
Szente, Institute Technologicode .4eronautica, 
Sao Paulo, Brazil. 

"Frequency Stabilization of a Milli-
meter I3W0, 4 R. Kopeck, Sylvania Elec-
tronic System- Central, Bmffalo, y. 

"A Frequency Lock System for Nlilli-
meter Wave Klystrons," JI. Welling and 
II. G. Andresen, USA ERDL, Fort Mon-
mouth, N. J. 

"Detection of Microwave Radiation 
from the Re-Entry Plasma," D. Keren, 

RCA, Burlington, Mass. 
"Millimeter Radar Techniques for 

Studying Plasma Effects Associated with 
Hypersonic Velocity Projectiles," P. E. 
R-obillard, H. .11. Musa and R. I. Primich, 
General Motors Corp., Santa Barbara, Calif. 

"NI illimeter Wavelength Focussed Probes 
and Focussed Resonant Probes for Use in 
Studying Ionized Wakes behind Hypersonic 
Velocity Projectiles," R. I. Primich and 
R. A. Hayami, General Motors Corp., Santa 
Barbara, Calif. 

"A Narrow-Bandwidth Heterodyne De-
tection System for Millimeter Wave Nleas-
urements," S. Okamura, T. Okoshi, and 
S. Kawakami, University of Tokyo, Tokyo, 
Japan. 

"Millimeter Single-Sideband Genera-
tors," W. I'. Ernst and A. Skislak, Prince-
ton University, Princeton, N. J. 

"Some Quantum Considerations for Sub-
millimeter and Optical Communications," 
D. I'. Harris and 1V. R. Ramsay, Lockheed 
Missiles and Space Company, Palo Alto, 
Calif. 

Tuesday Evening Session 

Moderator: To be announced. 
This Session will be held open for possible 

Russian participation and/or for post dead-
line papers which represent unusual current 
interest, major achievements or advances in 
the lield of millimeter and submillimeter 
technology. 

Wednesday, January 9 

Session VA—Millimeter Sources 

Modera tor: Howard Scharfman, Spencer 
Laboratory, Raytheon Company, Burlington, 
.11ass. 

".2onventional Reflex Klystron and 
Magdetron Short MM Waves," Th. I. 
Splenger and G. H. Plantina, Phillips 
Research Laboratories, Eindhaven, Nether-
lands. (Invited) 

"Magnetic Field Reflex Klystrons and 
Frequency Multipliers for Millimeter Wave 
Generation," E. A. Ash, Standard Tele-
COMMUnication Laboratories Ltd., Ha now, 
Essex, England. 

"The Generation of High- Pulsed Power 
at Millimeter Wavelengths Using the Ubi-
trout," R..11. Phillips, General Electric 
Company, Palo Alto, Calif. 

"Production of Submillimeter Waves by 
Bunched, Relativistic Electrons," K. B. 
Mallory and R. H. Miller, Stanford Univer-
sity, Stanford, Calif., P. .4. Szente, Instituto 
Te:chnologico de Aeronautica, Sao Paulo, 
Brazil 

"Bunching of an Electron Beam by 
Deflection N od ti la t ion, " J. R. Baird and 
I'. D. Coleman, t7tramicrowave Group, 
University of Illinois, Urbana, Ill. 

"The Laddertron—A New Millimeter 
Wave Power Oscillator," K. Fujisawa, 
Osaka University, Tovonaka, Osaka, Japan. 

"New Type; of Niillimeter Wave Tubes 
with Ladder Structures," S. Aoi, S. Naka-
jima, Y. Arai and R. Higashi, Oki Electric 
Industry Company, Ltd., Tokyo, Japan. 
(I nvited) 

"Two Classes of Interaction Circuits for 
Millimeter Wave Generation and Amplifica-
tion," D. C. Buck, Westinghouse, Elmira, 

"A Racetrack Microtron for Millimeter 
and Submillimeter Wave Generation," II. 
Froelich and E. Brannen, University of 

Western Ontario, London, Canada. 
"Crossed-Field Frequency Nlultiplier 

Interaction," J. B. Thomas, Raytheon Com-
pany, Burlington, Mass. 

Wednesday Afternoon 

Session VB—Millimeter Sources 

Moderator: Howard Scharfman, Spencer 

MIabsosr.atories, Ra_ytheon Company, Burlington, 

"Cerenkov Radiation in Anisotropie Fer-
rites," F. J. Rosenbaum and P. D. Coleman, 
Ultramicrowave Group, University of Illi-
nois, Urbana, 

"A I-Watt CW-Backward Wave Oscil-
lator for the 50-75 Ge Band," R. T. Schu-
macher, Varian Associates, Palo ..1Ito, 
Calif. 

"Wide Tuning Range Swept Oscillatot 
Sources for 48-110 Ge," J. A. Noland, 
W. R. Day, and L. Sandstrom, Sperry 
Rand Corp., Gainesville, Fla. 

Session VI—Millimeter Masers 

NIoderator: Frank S. Barnes, Univer-
sity of Colorado, Boulder, Colo. 

"Extension of the Laser-Pumped Ruby 
Maser to Millimeter Wavelengths," D. P. 
Devor, Hughes Research Laboratories, Malibu, 
Calif. (Invited) 

"Multiple Quantum Effects at Nlilli-
meter Wavelengths," R. II. ¡'ante!! and 
R. G. Smith, Stamford University, Stamford, 
Calif. (I nvited) 

"Stimulated Emission in the Submilli-
meter Region," R. J. Strain and P. D. 
Coleman, Cltranticrowave Group, University 
of Illinois, Urbana, 111. 

"Packaged Tunable Traveling-Wave and 
a Maser Radiometry for the 8 MM Band," 
F. R. Arams, B. Peyton, J. Bans, and J. 
Franceschini, Airborne Instruments Labo-
ratory, Deer Park, N. I'. 

"Generation of MM-Waves by Multiple 
Quantum Transistions," H. G. Andresen, 
U.SA ERDL, Fort Monmouth, N. .1. 

"Millimeter Wave Generation by Non-
linear Quantum Susceptibility," D. F. Akin, 
R. J. Strain, and P. D. Coleman, Ultra-
microwave Group, University of Illinois, 
Urbana, 

Wednesday Evening Banquet 

Toastmaster: II. E. Webber, Director, 
il dvanced Technology, The Martin Company, 
Orlando, Fla. 

Speaker: P. A. Sip/e, Scientific Advisor, 
U. S. Army Research Office, Arlington, Va. 

Thursday, January 10 

Session VII—Harmonic Generation and 
Detection Techniques 

Moderator: J. .11. Richardson, National 
Bureau of Standards, Boulder, Colo. 

"Backward Diodes for Low-Level Milli-
meter Wave Detection," C. .4. Burrus, 
Bell Telephone Laboratories, Holmdel, N. J. 
(Invited) 

"A Universal Wall-Current Detector," 
Ir. F. C. de Ronde, Phillips Research Labora-
tories, Eindhoven, Netherlands. 

"Millimeter Wave I larmonic Generators, 
Nlixers and I)etectors," F. L. Wentworth, 
J. D. Rodgers, J. W. Dozier, and .11. Cohn, 
Electronic Communications, Inc., Timonium, 
Md. 

"Harmonic Generation by Electron 
Beam Virtual Bunching with Sweep Modu-
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To Contractors and Subcontractors 
on U.S. Government Projects 

Western Electric 

offers high reliability diodes, 

transistors and magnetrons 

• Western Electric's Laureldale, Pennsylvania, plant is now in its tenth year of 

producing semiconductor devices of ultra- high quality and reliability for government 

applications. 

• Devices designed by a resident Bell Telephone Laboratories group have performance 

standards exceeding specification requirements which are based on MIL-S- 19500B. 

• Mechanized production facilities and a comprehensive statistical quality control 
program assure uniformity and contribute to obtaining ultimate process capabilities. 

• For further information on Western Electric-Laureldale electron devices and 

magnetrons ... 

Telephone— Area Code 215 — 929-5811 

LAURELDALE PLANT 
MAKER OF ELECTRON PRODUCTS 

Wegtern Electric 
MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM 

PROCEEDINGS OF THE IRE December, 1962 27A 



lation," G. T. Flesher, General Motors 
Corp., Santa Barbara, Calif. 

"Harmonic Generation and Detection 
Theory with Field Emission Cathodes," 
G. T. Flesher, General Motors Corp., Santa 
Barbara, Calif.; E. Brannen, University of 
Western Ontario, London, Canada 

"An I n- Line Harmonic Generator," 
E.G. Wessel, l'inversity of Colorado, Boulder, 
Colo.; R. J. Strain, University of Illinois, 
Urbana, Ill. 

Session VIII—Millimeter Receivers— 
Radiometry—Propagation 

NI ()dent tor: E. W. Richter, RCA, Bur-
lington, Mass. 

"Superheterodyne Radiometers for Use 
at 70 Gr and 140 Gc," R. Meredith, F. L. 
Warner, Royal Radar Establishment, Great 
Malvern, Worcester, England. (Invited) 

"High Sensitivity 100 to 300 Gc Radio-
.11. Cohn, F. L. 11.entworth, and J. C. 
¡Vi//ce, Electronic COM 1111 ica lions, Inc., 
Timonium, Md. ( Invited) 

"Radiometry in the Submillimeter Re-
gion," R. A. Williams and W. S. C. Chang, 
Ohio State University, Columbus, Ohio. 

"Factors Affecting Earth-Satellite Milli-
meter Wavelength Communications," A. W. 
Straiton and C. W. Tolbert, University of 
Texas, Austin, Tex. (Invited) 

"A Submillimeter Superheterodyne Re-
ceiver," J. Cotten, Electronic Connnunica-
lions, Inc., Timonium, Md. 

Thursday Afternoon 

Session IX—Millimeter Spectroscopy 
and Resonance Phenomena 

i\loderator: G. Heller, .1117' Lincoln 
Laboratory, Lexington, Mass. 

"Recent Millimeter Wave Experiments 
in Solids," G. Heller, MIT Lincoln Labora-
tory, Lexington, Mass. (Invited) 

"A Submillimeter Interference Spectrom-
eter" W. K. Rivers, Jr. and M. S. Spiel, 
Georgia Institute of Technology, Atlanta, Ga. 

"Spectroscopic Techniques in the Milli-
meter Region," J. J. Gallagher, Marlin 
Company, Orlando, Fla. 

Session X—Open Discussions 

Moderator: Benjamin Lax, MIT Lin-
coln Laboratory, Lexington, Mass. 

Panel: M. W. I'. Strandberg, MIT, 
Department of Physics, Cambridge, Mass., 
II. Matz, Orford University, Oxford, Eng-
land; W. P. Ayres, Metal's, Palo Alto, 
Calif.; C. B. Wharton, General Dynamics 
Corp., San Diego, Calif. 

The papers presented at this Conference 
will encompass a wide variety of new ideas 
on millimeter wave generation, applications, 
and techniques. This session will be open 
for further discussion of these ideas and for 
a general exchange of in on milli-
meter topics. In addition, the following 

topics will be open for discussion: APPlica-
tion of High Magnetic Fields to Nlillinieter 
Problems; Millimeter Pulse Work; Future 
Trends in Millimeter and Submillimeter 
Technology. 

9th National Symposium on Reliability 
and Quality Control 

L., SAN FRAN( IS( 0, CALIF., JANI \ RV 22-24, 1963 

The Ninth National Symposium on Re-
liability and Quality Control, sponsored by 
the I kE Professional Group on Reliability 
and Quality Control, AI EE, ASQC, and 
EIA, will be held at the Sheraton- Palace 
Hotel, San Francisco, Calif., on January 
22-24,1963. The program of the Symposium 
is as follows: 

Tuesday, January 22 

Session 1—Keynote Address and 
Panel Response 

"Current Management Reliability Ob-
jectives," Lysle A. Wood, Vice President, 
General Manager, Boeing Aero-Space Divi-
sion. 

Panel Response 
Moderator: J. M. Bridges, Director, 

Office of Electronics, ODDR&E. 

Session 2A—General Management 

Moderator: L. IV. Ball, Boeing, Aero-
Space Division. 

"The Manageaient and Engineering Ap-
proach to Product Quality," A. V. Feigen-
baum, General Electric Company. 

"System Worth and Incentive Con-
tracts," W. C. Fredrick, A R INC Research 
Corporation. 

"Incentive Contracts and Product As-
surance," E. F. Dellinger, Raytheon Com-
pany. 

"The Role of the Buyer in Reliability," 
R. T. Dewey, Boeing, Aero-Space 

Session 2B—Research and Training 

Moderator: E. J. Nucci, Office of Engi-
neering Management, ODDR&E. 

"Future Needs in Research and Train-
ing," M. M. Tall, Radio Corporation of 
America. 

"Reliability Physics (The Physics of 
Failure)," D. R. Earles, A VCO Corpora-
tion and Mary F. Eddins, A vco Corpora-
tion. 

"Systems Reliability Engineering Grad-
uate Program," T. L. Regulinski, Wright-
Patterson A FB, Air Force Institute of 
Technology. 

"A Proposal Curriculum for Reliability 
Engineering," H. C. Jones, University of 
Maryland. 

Tuesday Afternoon 

Session 3A—Program Management 

Moderator: R. G. Gibson, Lockheed Mis-
siles and Space Company. 

"Military Customers Management of 
Quality Control and Reliability Programs," 
Comdr. R. W. Smiley, Bureau of Naval 
Weapons. 

"Parts Oriented Reliability Program 
Problems," C. S. Bartholonrew, The Boeing 
Company. 

"Reliability—Small Companies—Space 
Subsystems," M. D. Johnson, Santa Barbara 
Research Center. 

"The Computer Reliability Report," 
I. R. Whiteman, C- E- I- R, Inc. 

Session 3B—Systems Analysis 

Ni odera tor : L. S. Gephart, Lockheed 
Missiles and Space Company. 

"The Reliability of Repairable Systems," 
G. Nagy, Goodyear Aircraft Corporation. 

"An Easy Design Method of Haying 
Highest Systems Reliability," M. Sasaki, 
Defense Academy, Japan. 

"A Realistic Measure of Spacecraft Re-
liability, G. R. Grainger, Ill. E. Faragher, 
and É. L. Philipson, Planning Research 
Corporation. 

"Bureau of Ships Maintainability Speci-
fication," Jacob Sacks and Gerald Margulies, 
Bureau of Ships, Navy Department. 

Wednesday, January 23 

Session 4A—Electronic Parts 

Moderator: Herbert E. Morrison, Litton 
Systems, Inc. 

"Building Blocks of Reliable Circuits 
and Systems," Donald J. Harriman, Battelle 
Memorial Institute. 

"Component Parts Reliability Pro-
grams at USASRDI.," J. W. Groot, U. S. 
Army Signal Research and Development 
Laboratory, Fort Monmouth, N. J. 

"The Development of a Selective Deg-
radation Screen for Detecting Potentially 
Unreliable Silicon Transistors," Albert Fox 
and C. H. Zierdt, Jr., General Electric 
Company. 

"Separation of Accelerated Faittire 
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• Sweep audio frequencies 

high-C) filters, 

tape recorders. 

• Ultra-stable narrow 

frequency sweeps 

20 cps to 200 kc. 

• 200 cps to 200 kc in 

single frequency sweep. 

• Both linear and 

logarithmic sweeps plus 

manual sweep control. 

• Built-in audio detector. 

• Fixed and variable pulse 

type markers. 

20 CPS TO 200 KC 

ULTRA STABLE "AUDIO" 

SWEEPING OSCILLATOR 

KAY 

Soma—Sweep MODEL M 
141-C 

New Alignment Technique 
The Sona-Sweep Model M adapts the ac-
cepted techniques of r-f swept frequency 
alignment to audio and ultrasonic ( e.g., tape 
recorder) bandpass measurements and ad-
justments. In addition, the highly stable 
response curve developed by the Model M 
and the parallel display provided by its man-
ual control, give easier, more accurate checks 
of high Q filters and sharp slope devices. 

Detecting At Audio 
A major disadvantage of previous sweeping 
oscillator techniques for use at audio fre-
quencies has been the difficulty of obtaining 
a clean envelope response. Usually, no single 
audio frequency detector covers the octaves 
of the full audio range. Often, too, the large 
bypassing necessary slows down detector re-
sponse so as to make it inaccurate for 
changing ( swept) conditions. To eliminate 
this difficulty, a synchronous detector has 
been provided, giving adequate bypassing 
down to about 200 cps. 

Single Trace With Markers 
A clean, detected envelope of audio frequency 
bandpass characteristics clearly defines am-
plitude vs frequency. The increase in trace 
intensity provided by the detected signal 
(rather than by a diffused a-f pattern) 
makes it much easier to view the response 
characteristics and to monitor any adjust-
ments of the circuit under test. The sharp 
pulse type markers provided by the Model M 
precisely and clearly define critical points 
along the trace. 

Model M— A Complete System 
The Model M provides a complete measure-
ment system, including— logarithmic, linear 

and manual sweeps, or a calibrated c-w sig-
nal; sharp, "crystal," pulse type frequency 
markers and precision step attenuator. 

Variable Center Frequencies 
The Model M is a double heterodyne sweep 
generator employing three crystal controlled 
oscillators. Either linear or log sweeps are 
available with center frequencies continu-
ously variable between 20 cps and 200 kc. 
The swept output is blanked during retrace 
time, providing a zero-voltage base line. To 
eliminate phasing adjustments, a sawtooth 
voltage, synchronized with the swept output, 
is available to drive the X-axis of the scope. 

Varied Sweep Rates 
For checking high-Q circuits and low fre-
quency response characteristics, variable rep 
rates down to 0.2 cps are available. This 
wide choice of rep rates, continuous to 25 
cycles, plus a 30 cycle lock, permits selection 
of the optimum rep rate which gives an 
accurate response display of the circuit 
being tested, plus ease of viewing on the 
scope screen. 

Varied Sweep Widths 
Sweep widths are continuously variable from 
20 cps to 200 kc. In each of three steps — 
2 kc, 20 kc, 200 kc—new modulating circuits 
are switched in to provide maximum sta-
bility in each range. 

Logarithmic Sweeps 
A nominally logarithmic sweep, most useful 
for studying audio and video low pass cir-
cuits, provides an expanded view of the low 
frequency end, while showing overall fre-
quency characteristics. 

Manual Sweep 
A manually controlled swept output provides 
a means of varying cw signal in synch with 
the oscilloscope display. The manual control 
covers the same frequency range to which 
the Model M is set for electronic sweeping. 
It can be used to examine response charac-
teristics in detail, or in response to cw and 
near cw conditions. When the Sona-Sweep is 
used with an electronic counter and accurate 
voltmeter, it can perform all the checks 
where cw is preferred. In addition, it can 
utilize the counter and its scope synchroniza-
tion feature to frequency calibrate the oscil-
loscope display. 

High Level Output 
The Model M delivers a high level output of 
5 volts rms into 600 ohms over the entire 
frequency range. The built-in, precision step 
attenuator provides up to 59 db of attenua-
tion in discrete steps. An additional 6 db of 
variable attenuation is provided. Output is 
flat within ±0.5 db. 

SPECIFICATIONS 
Center Frequency Range: 20 cps to 200 kc. 
Continuously variable. 

Sweep Width — Three ranges: 20 cycles to 
2 kc., 200 cycles to 20 kc., 200 cycles to 200 kc. 

Sweep Output And Repetition Rates: 
Sawtooth for horizontal deflection of scope 
trace. Low impedance output, approx. 3 V pp. 

a. Fixed at 30 cps in Line-Lock mode. 
b. Variable 0.2 to 25 cps for logarithmic 

sweep. 
c. Three continuously variable linear 

ranges: 0.2 cps to 1 cps, 1 cps to 5 cps, 
5 cps to 25 cps. 

Output Level: 5 volts rms into 600 ohms. 

Flatness: ±- 0.5 db over widest sweep. 

Markers: (Optional): Ten crystal pulse type 
markers, positioned at customer specified fre-
quencies; e.g., 200 cycles, 500 cycles, 1 kc, 
2 kc, 5 kc, 20 kc, 50 kc, 100 kc and 200 kc. 

Markers designated for use at wide sweep 
(200 kc) are not applicable to other sweep 
widths. Specify whether for wide (200 kc) or 
narrow (less than 20 kc). 

Calibrated CW Output: 20 cps to 200 kc. 

Built- In Attenuator: Switchable steps, 3 
db, 6 db, 10 db, 20 db, 20 db, plus 6 db 
variable. 

Power Supply: Input approximately 220 
watts. 117 volts (± 10%), 60 cps B+ electron-
ically regulated. 

Dimensions: 191/4" x 107/ti" x 16Ye". 

Price: 
$1295.00 f.o.b. factory $ 1425.00 f.a.s. N.Y. 
$17.00 ea. for markers $19.00 ea. for markers 

Weight: 57 lbs. 

IICAlr ELECTRIC COMIPAIY111, 
Dept. 1.12 • MAPLE AVE., PINE BROOK, MORRIS COUNTY, N. J. • CApitol 6-4000 



Nlodes in Semiconductors, IV. D. Rowe, 
Sylvania Electronic Systems. 

Session 4B—Fabrication and Assembly 

Moderator: D. A. Hill, Hughes Aircraft 
Company. 

"The Impact of Reliability of Manu-
facturing," J. Fernbach, International Busi-
ness Machines. 

"Human Reliability Production Audit-
ing," D. Meister, General Dynamics/ Astro-
nautics. 

"Analysis of In- Plant Component Fail-
ure," R. P. Caldarone, Mary Lou Wolf, and 
J. W. Dzimianski, Westinghouse Electric 
Corporation. 

"Criteria for S(Ader joints- letallurgi-
cal Completeness, - J. D. Keller, Martin 
Marietta Corporation. 

Wednesday Afternoon 

Session 5A—Electronic Parts 

Nloderator: Clifford C. Peterson, Motor-
ola, Inc., Western Military Electronics 
Center. 

"Life Performance Observations on 
Corning Oxide Resistors," Lawrence D. 
Hines, Corning Glass Works. 

"Reliability of l'rinted Wiring Cordwood 
ulules," Thomas S. Gore, Jr. and Wel-

don 17. Lane, U. S. Army Signal Research 
and Development Laboratory, Fort Mon-
mouth, N. J. 

"Failure Analysis of Potted Electronic 
Modules," Burton S. Levi,:, Re- Entry Sys-
tems Department, General Electric Company. 

"Safeguarding Dense Electronic Pack-
ages from Human Error," Dr. Melvin 
Freitag and II. G. Frankland, Ryan Elec-
tronics/Ryan Aeronautical Company. 

Session 5B—Inspection and Screening 

Moderator: If'. X. Lamb, Bendix 
Pacific Corporation. 

"Manufacturing Reliability," B. L. 
Lubelsky, Lockheed Missiles and Space Com-
pany. 

"Infrared Techniques Enhance Elec-
tronic Reliability," Ricardo Vanzetti, Ray-
theon Company. 

"Sequential Three-Way Classification of 
Lot Quality, - J. A. Lecher and H. Ginsburg, 
Westinghouse Research Laboratories. 

"Weibull Tables for llio-Assaying and 

Fatigue Testing," H. P. Goode, and John 
H. K. Kao, Cornell University. 

Session 5C—Statistics 

Moderator: J. T. Koppenhaver, NASA. 
"Using Transfer Functions in Relia-

bility Prediction," I. Bosinoff, Sylvania 
Electronic Systems. 

"Exact Truncated Sequential Tests," 
L. A. Aroian, Reliability Staff, Space 
Technology Laboratories. 

"Monte Carlo: Reliability Tool for De-
sign Engineers," F. Harris and J. Myers, 
Aerospace Division, Hughes -Aircraft Com-
pany. 

"Reliability Models ill Space Systems 
Planning and D ecision- Making," G. II. 
Sandler, Major Systems Division, Radio 
Corporation of APIleria 

Thursday, January 24 

Session 6A—Design Review 

Moderator: E. F. King, University of 
California, Los Angles. 

"Effective Design Review Administra-
tion," J. 1'. McClure, General Dynamics 
Corporation. 

"Component Part Failure Rate Curve 
Considerations," Daniel A. Adams, Inter-
national Business Machines Corporation. 

"Reliability Assurance for Custom 
Testers," B. O. Allen and W. W. Westenan, 
Sandia Corporation. 

"Reliability Evaluations by Computer 
Simulation," E. Veitsch and G. Ashendorf, 
Radio Corporation of America. 

Session 6B—Quality Assurance 

i\ loderator: J. Condon, NA S.I. 
"How to Select Optimum Burn-in Dura-

tion for l'arts," R. II. Norris, General Elec-
tric Company. 

"Case Ilistory--Quality Engineering in 
Action," E. If. Nielsen, Minneapol is-
Honeywell Regulator Company. 

"Reliability Takes Part in a Vendor 
Rating Program, - L. G. Rado, Cannon 
Electric Company. 

"Some Pitfalls of the Weibull Distribu-
tion," Paul Gottfried and H. R. Roberts, 
Booz-Allen. 

Session 6C—Mechanical Aspects of 
Electronic Design 

Moderator: John de S. Coutinho, Grum-

man Aircraft Engineering Corporation. 
"System I »sign for Reliability," 

Henry F. Katzenstein, Solid State Radia-
tions, Inc. 

"Design, Reliability and Commercial 
Automatic Pilots," R. H. Wagner, Sperry 
Phoenix Company. 

"Environmental Chamber System Engi-
neering," A. R. Saltzman, U. S. Saltzman, 
U. S. Naval Air Development Center. 

"Process Control and Reliability, - Wal-
ter If. Friedlander, Collins Radio Company. 

Thursday Afternoon 

Session 7A—Design Testing 

1\ loderator: If'. Cox, Northrop Corpora-
tion. 

"Reliable Systems Versus Automatic 
Testing," Alan D. Swain, Sandia Corpora-
tion. 

"Sequential Testing of Electronics Sys-
tems," II'. F. Mikhail and J. If. Bailey, 
International Business Machines Corpora-
tion. 

"A Controlled Study of Automated 
Testing Techniques, - Philip R. Oyerly and 
Dewey C. King, A R INC Research Corpora-
tion. 

"Litniiiit ions of Mans Designed to Dem-
onstrate Minimum Life with high Confi-
dence, Benjamin Epstein, Consultant, Palo 
Alto, Calif., and Andrew C. Gorski, Auto-
neiCS DiViSiOn, North American Aviation, 
Inc. 

Session 7B—Maintenance and Operation 

Moderator: F. L. Ankenbrandt, Brig. 
Gem, USA F ( Ret.) Radio Corporation of 
America. 

"Relationship of Apollo Program Re-
liability to an Integrated System Checkout 
Plan," James E. Sloan, NASA. 

"Reliability Approach to the Spare 
Parts Problem," G. H. Ebel and Andrew J. 
Lang, Fairchild Camera and Instrument 
Corporal ion. 

"On the Proper Preventive Mainte-
nance," II. II. Cho, Laboratory for Elec-
tronics, Inc. 

"A Practical Approach to Maintain-
ability Prediction," G. T. Harrison, Jr., 
A R INC Research Corporation. 

"A Procedure for System Maintain-
ability Testing," B. L. Retterer and R. A. 
Miles, RCA Service Company. 
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Higher Performance Standards With 
Improved Reliability...Tung_soi 

compactrons provide several ad-
vantages that can contribute to 
lower costs and improved per-
formance. For example, the in-
creased number of pins permit 
greater heat dissipation. As a re-
sult, compactrons run cooler with 
higher reliability than conven-
tional tubes. The exhaust tubula-
tion is situated between the pins 
so that broken tips rarely occur. 
This also permits the use of top 

caps for very high voltage de-
signs. In addition, the compactron 
design readily lends itself to com-
bining multiple tube elements 
within a single envelope. 
Compactrons require less 

space on the chassis or printed 
circuit boards, less height than 
conventional tubes, less air cool-
ing volume per function. More 
space between pins improves 
element isolation, allows higher 
voltage ratings, simplifies printed 
circuit and chassis design. 

Tung- Sol compactrons are 
available in production volume for 
numerous circuit requirements, 
including radio, tv, hi-fi and 
stereo, controls and instrumenta-
tion equipment. Write for Tung-
Sol compactron data file which 
includes the following types: 
6AX3, 6GE5, 6011, 12AX3, 
12GE5, 8149, 8150 and 1AJ2. 
Other types will soon be avail-
able and special designs will be 
considered. Tung- Sol Electric 
Inc.. Newark 4, N.J. TWX: NK193. 

TUNG-SOL COMPACTRONS 

TUNG-SOL 



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, +30, 
+50, + 100, + 200, + 300, + 500, and + 1000, 
and a control 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 ph. Frequency re-
sponse is flat within 0.25% to 2 kc, within 
4% to 10 kc, within 3 db to 200 kc. Drift is 
less than ± 2.0 µV equivalent input for over 
40 hours at + 1000 gain. Equivalent input 
noise at + 1000 gain is 3 µV peak-to-peak in a 
20-cps band, 3 'iv RMS in a 50-kc band. Output 
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 

a CI> 114 UP 
IMI—EC-1-Re=e1,41C 5,11,1C 

1-GIN4 L(=>1`../ISICD 

5725 Kearny Villa Rocd, San Diego 12, Calif. 

Phone 277-6700 (Area Code 714) 
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PETITION TO FCC FOR 

CHANNELS 14 AND 15 

The Federal Comniunications Commis-
sion will be asked today to assign ultra 
high frequency television channels 14 and 
15 to two-way, land mobile radio services 
to relieve frequency congestion "seriously 
impairing" communications of public 
safety agencies, health services, and in-
dustry. 

The request will be made in a petition 
to be filed with the FCC exclusively by 
the Land Mobile Communications Section 
of the Electronic Industries Association. 

TV viewers on channels 14 and 15, the 
petition emphasized, would be protected 
against interference by forbidding mobile 
systems to operate within the coverage 
area of exising channel 14 or 15 television 
stations. 

"Many of the individual radio services 
within the Safety and Special Services 
group are presently suffering highly 
crowded conditions that have required 
stacking 20-30 users on the same fre-
quency in the same area, seriously im-
pairing the effective use of their land mo-
bile radio communications," the petition 
declared. 

William J. Weisz, El.\ Land Mobile 
Section Chairman and Vice President of 
the Communications Division of Nlotorola 
Inc., said the most seriously affected area 
of the country is Los Angeles where as 
many as 50 sy'stems are packed into the 
saine frequency. 

"Many communities, moreover, cannot 
set up needed additional public safety 
radio systems without prohibitively sac-
rificing counnunications efficiencies," Mr. 
Weisz said. " Lack of frequencies is seri-
ously hampering police and lire depart-
ments, emergency services, highway main-
tenance and other local government opera-
tions, transportation, and essential busi-
ness and industrial communications." 

Channels 14 and 15, the petition 
pointed out, "are presently being very 
sparsely used in the United States, with 
only three stations in operation on Chan-
nel 14 and five in operation on Channel 
15." 

ASSOCIATION ACTI VITIES 

EIA's brochure to interest and guide 
high school and first-year college students 
in taking advantage of career opportuni-
ties in the electronics industry is expected 
to be available for distribution in about 
two weeks, Educational Coordinat-
ing Committee Chairman Ben Edelman 
(Western Electric Co.) said last week. 1\1r. 

* The data on which these Norgs are based were 
selected by permission from Weekly Reports, issues 
of October I, 8, 15, and 22, 1962, published by the 
Electronic Industries Association, whose helpfulness 
is gratefully acknowledged. 

Edelman said the brochure, printed in 
three colors, "dramatically highlights a 
history of accomplishment in electronics 
and pictures an array of opportunities for 
career fulfillment in our industry." A key 
section, he pointed out, will tell students 
what they should do to prepare them-
selves for careers ranging from skilled 
electronics plant worker to administrator 
or scientist. Distribution plans are being 
worked out with national organizations of 
educators and arrangements will be made 
for EIA member-companies to make copies 
available to schools in their area, Mr. Edel-
man said. Single copies will be sent without 
charge from EIA to school administrators, 
guidance counsellors, and science and 
mathematics teachers. Bulk orders from 
schools will be filled at a special price, he 
said, and member-companies will be 
offered the publication, in quantity, at a 
charge which will only partially recapture 
printing costs. The brochure, " Electronics 
—Your Chance To Shape the Future," 
was prepared under the supervision of the 
Educational Coordinating Committee in 
cooperation with the IRE. 

GOVERNM ENTA I. AND LEGISLATIVE 

Dissemination of scientific and tech-
nical information generated by Govern-
ment agencies has become a national 
problem and can no longer be handled on 
an agency-by-agency basis, according to 
Dr. Jerome B. Wiesner, Director of the 
Office of Science and Technology. More 
than 35 Government departments and 
agencies carry on scientific and technical 
information activities and each must taffin-
its information system to its mission under 
separate legislative authority, Dr. \Vies-
ner told the Senate Reorganization Sub-
committee at hearings on shortcomings in 
dissemination of information. He called for 
an interlocking system of agency in-
formation activities overseen by the Fed-
eral Council for Science and Technology 
and operating under policy guidance of the 
Office of Science Li1(1 Technology. I kputy 
Defense Secretary Roswell Gilpatrick 
acknowledged a deficiency in technical in-
formation assistance in the Defense De-
partment and recommended that a single 
director be established to handle informa-
tion collection and dissemination. He 
pointed out, however, that the key issue 
is the relative value of a centrally con-
trolled information center. Referring to 
the Gilpatrick recommendation, Subcom-
mittee Chairman Hubert Humphrey ( D., 
Minn.) said he would urge DOD to. con-
sult key committees of Congress on the 
establishment of "something like a defense 
information agency." With a centralized 
agency, he said, the Pentagon will remain 
"choked with data it cannot digest." 

(Continued on page 35e1) 
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Allen-Bradley Hot Molded 

Resistors prove their 

complete reliability 
in the. beil "ant success of Telstar „ 
41" ' tok 

Type 1H 1/10 Watt 

Type CB 1/4 Watt 

Type EB 1/2 Watt 

TYPe HB 2 Watts 

ALLENSRADLEY HOT MOLDED RESISTORS ARE AVAILABLE 

IN ALL STANDARD EIA RESISTANCE VALUES AND TOLERANCES 

lYPe GB 1 Watt 

Allr, Bradley Co., 2?:' W. Greenfield Ave., Milwaukee 4, Wig. • lo Can3,Ia: Allen•Brardev Caoad, I Id., Galt Ont 

• In their latest engineering achieve-
ment, the Telstar satellite, Bell Tele-

phone Laboratories took a bold new 

design approath that emphasized 

the use of high reliability compo-

nents virtually total elimination 

of redundancy. All apparatus pack-

ages for Telstar were built " in-house" 

by Bell Labs, and they were carefully 

designed and tested for long life. 

Thus, the use of A-B Type CB 

(1/4 watz) and Type EB watt) 

hot molded resistors for this impor-

tant project dearly acknowledges their 

ability to meet the most severe oper-

ating conditions. 

Allen-Bradley resistors are made 

by a unique hot molding process— 

developed and used exclusively by 

A-B—which assures such uniform and 

stable characteristics that their per-

formance is accurately predictable in 

service . . . and they arc completely 

free from catastrophic failures. 

You can obtain this saine outstand-

ing performance only when you in-

sist on A-B fixed resistors. For full 

details on the complete line of A-B 

quality electronic components, please 

write for Publication 6021, today. 

F. ALLEN- BRADLEY 
QUALITY ELECTRONIC COMPONENTS 

The satellite Telstar was designed and built 
by American Telephone & Telegraph Co.'s 

Bell Telephone Laboratories, and AT&T paid 

for the cost of launching by NASA. 
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They're all A-B quality...your assurance of 

utmost reliability and peak performance 
A. EXCLUSIVE HOT MOLDED RESIS-
TORS are conservatively rated. 
Stable and uniform characteris-
tics assure superior perform-
ance. No known instance of cat-
astrophic failure. Rated 1/10, 
1/4, 1/2, 1, and 2 watts at 70°C. 
Values to 22 meg. To1:5, 10, 
and 20%. 

B. HOT MOLDED SOLID RESISTORS, 
hermetically sealed in ceramic 
tubes, remain stable. Rated 1/8, 
1/3, and 1 watt. Res. to 22 meg. 

C. PRECISION RESISTORS- Metal 
Grid Construction. Non-induc-
tive. Tol:*0.1, 0.25, 0.5, and 
1.0%. TC25 PPM/°C. Rated 
1/4, 1/2, and 1 watt at 100°C. 

D. ADJUSTABLE FIXED RESISTORS. 
Resistance element and termi-
nals hot molded into integral 

unit with insulated mounting 
base. Stepless adjustment. Non-
inductive. Remains fixed in 
"set" position. Watertight. 
Rated 1/4 watt at 70°C. Values 
to 2.5 meg. To1:10 and 20% 

E. TYPE .1 POTENTIOMETERS. Solid, 
hot molded resistance element. 
Smooth, quiet control which im-
proves with long life. Compact. 
Rated 2.25 watts at 70°C. Val-
ues to 5 meg. 
TYPE K POTENTIOMETERS. Same as 
the above but rated 1 watt at 
125°C; 2 watts at 100°C; and 3 
watts at 70°C. 

F. TYPE G POTENTIOMETERS are 
miniature controls with solid 
molded resistance element. Only 
1/2 " diam. Smooth control—also 
improves with age. Rated Y2 
watt at 70°C. Values to 5 meg. 

TYPE L POTENTIOMETERS are simi-
lar to Type G but rated 1/2  watt at 
100°C. Can be used up to 150°C 
with reduced "load." 

G. FERRITES in a wide range of 
"items," such as flared rings, 
quarter rounds, U cores, E cores, 
cup cores, toroids, etc., can be 
supplied for a very large variety 
of applications. Consistently uni-
form magnetic characteristics. 
Contact us for complete infor-
mation on A-B ceramic perma-
nent magnets having a high 
energy-to-weight ratio. 

H. FEED-THRU AND STAND-OFF CAPAC-

ITORS. Discoidal design elimi-
nates all parallel resonance ef-
fects at 1000 Mcps and less. 
Standard values 470 mmf20% 
and 1000 mmf GMV. Special 

values from 6.8 mmf to 1500 
mmf. Rated to 500 y DC max. 

I. HIGH FREQUENCY LOW-PASS FIL-
TERS for eliminating undesired 
radiation in the range from 100 
to 8000 Mcps. Effective filtering 
actually increases with fre-
quency over a wide band. Atten-
uation to 75 db and more. Ra-
tings to 500 v, and to 5 amp DC 
or low frequency AC current. 

J. HIGH TEMPERATURE CAPACITORS. 
Ceramic disc type—encapsula-
ted in ceramic case—for use 
where reliability and superior 
performance are important. For 
continuous operation at 500 NI 
in 150°C ambient. Values from 
2.2 to 3300 mmf. 10, 
and 20%. 

10-62.E 

ALLEN - BRADLE 
Allen-Bradley Co., 222 W. Greenfield Avenue, Milwaukee 4, Wisco In 

QUALITY 

ELECTRONIC 

COMPONENTS 

Canada: Allen-Bradley Canada Ltd., Galt, Ontario 
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Budget Bureau Director David Bell, re-
viewing his agency's plans to ease the in-
formation problem, said he would encourage 
the use of computers to handle the infor-
mation "explosion." They would be used. 
he said, for both collection and inter-
change of data. (Editor's Note: During his 
testimony, Dr. Wiesner summarized the 
information tasks of Federal agencies. A 
limited number of copies of the summary 
is available from the Marketing Services 
Department, FIA Headquarters.) Presi-
dent Kennedy last week named 13 top-
level business, professional, and labor 
figures as incorporators of the company to 
own and operate the nation's space com-
munications satellite system. The group 
will set up the corporate framework of the 
multi-million-dollar firm, arrange for stock 
offerings, an serve as the Communica-
tions Satellite Corporation's board of di-
rectors until it appoints a permanent 
board. The Communications Satellite 
Act, passed by Congress and signed by 
the President August 31, provides that the 
corporation shall be owned half by the 
public and half by communkationS car-
riers. The profit-making firm will be regu-
lated by exist:ng Government communica-
tions rulings. No representatives of the 
electronics or communications industries 
were named to the group. The appointees, 
who must be confirmed by the Senate 
were: Edgar F. Kaiser ( Kaiser Industries); 
David M. Kennedy (Board Chairman, 
Chicago's National Bank and Trust Co.); 
Philip L. Graham ( Publisher, Washington 
(D. C.) Post); Sidney Weinberg (director 
of several conipanies including Continental 
Ca Co., General Electric Co., Ford Mo-
tor Co., B. F. Goodrich Co., and Van 
Raalte Co.); Bruce G. Sundlun (partner 
in Washington law firm of Amram, Hahn 
& Sundlun); Byrne L. Litschgi (partner in 
Tampa law firm of Coles. I limpes & 
Litschgi); and Beardsley Graham ( Presi-
dent, Spindletop Research Inc.). Also, 
Leonard Woodcock (Vice President, 
United Automboile. Aircraft and Agricul-
t' •-al Workers of America); Sant Harris 
(with New York law firm of Strassner, 
Spiegelberg, Fried & Frank); George J. 
Feldman (Ctinsel and Vice President, 
Masten Co., Inc., and engaged in private 
law practice in Boston, Washington, and 
New York); Leonard E. Marks (partner 
in law firm of Cohn and Marks in Wash-
ington); John T. Connor (President, 
Merck & Co.); and George L. Killion 
(President, American President Lines). 
The Federal Communications Commission 
already has established a new Office of 
Satellite Communications in its Common 
Carrier Bureau to handle regulatory func-
tions of space communkations common 
carriers. A second round of tests of tele-
vision-for-a-fee transmissions was author-
ized for Denver by the Federal Com-
munications Conunission last week. The 
FCC granted the Gotham Broadcasting 

(Co;tinned an page 70/1) 

BALLANTINE VOLTMETER 
model 
305A 
Price $415. 

MEASURES 
PEAK 

OR PEAK-TO- PEAK PULSES 
AS SHORT AS 0.5 jis 

... at pulse rates as low as 5 pps ... v3Itages 
of 1 mV to 1000 V 

Also measures COMPLEX WAVEFORMS having fundamental 
of 5 cps to 500 kc with harmonics to 2 Mc. 

ACCURACY is 2% to 5% OF INDICATED VOLTAGE, de-
pending upon waveform and frequency. 

SCALE is the usual Ballantine log-voltage and linear db, indi-
vidually hand-calibrated for optimum precision. 

INPUT IMPEDANCE is 2 meg, shunted by 10 pF to 25 pF. 

Write for brochure q7ving many more details 

— Since 1932 

de[à BALLANTINE LABORATORIES iNC. 
Boonton, New Jersey 

CHECK WITH BALLAN-INE FIRST FOR LABORATORY AC vACUJM TUBE VOLTMETERS, REGARDLESS OF YOUR REQUIREMENTS FOR 
AMPLITUDE, FREQUENCY, OR WAVEFORM. WE HAVE A LARCE LINE, WITH ADDITIONS EACH YEAR. A..S0 Au: DC AND DC AC 
INVERTERS, CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER DIRECT-READING CAPACITANCE METER, OTHER ACCESSORIES. 

ASK ABOUT OUR LABORATORY VOLTAGE STANDARDS 10 I 000 MC. 
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ATTENUATION CALIBRATOR 

STILL THE BEST 

For 10 years the Model BA-5 Attenua-

tion Calibrator has been the most precise, 

the most advanced instrument on the mar-

ket for measuring rf and microwave attenua-

tion. It is still the only commercial instru-

ment designed specifically for that purpose 

using the audio substitution technique. 

The ïl BA-5 is versatile. It is the only 

instrument needed for attenuation measure-

ments with the Single Channel System 

and it is also a basic component in the 

Dual Channel System. Each method has a 

direct dynamic range of 35 db. With perfect 

auxiliary equipment the Single Channel 

System is capable of accuracies of -2:0.02 

db/10 db or ±- 0.02 db, whichever is greater. 

In practical production test installations, 

average system accuracy is ±-0.1 db/10 db 

or -±-0.1 db, whichever is greater. Even in 

production testing the Dual Channel Sys-

tem is capable of accuracies of -±0.02/10 db 

or -±0.01 db, whichever is greater. The range 

of either system can be extended to 55 db 

with partial rf substitution with only a slight 

deterioration in accuracy. 

Write for complete specifications on the 

BA-5. For detailed information on the tech-

niques of insertion loss measurements, re-

quest Application Notes 1 and 4. 

WEINSCHEL 
ENGINEERING 

GAITHERSBURG, MARYLAND 
TEL AREA CODE 301: 948-3434 

TV/7 301 - 926 - 3730 

SANTA MONICA, CALIFORNIA 
631 WILSHIRE BOULEVARD 

TN/7 2, 3 - /379 - 0490 

IRE People 
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Daniel G. Dow (S'53-M'57) has been 
promoted to Manager of Tube Research 
at Varian Associates' Tube Division. He 
be responsible for all basic research in 
microwave tubes and devices. 

Prior to this new appointment, he was 
a Senior Scientist in Varian's Central Re-
search Laboratory, where he was involved 
in investigation of microwave applications 
of plasma devices and in laser research. 

From 1953 to 1955 he was a Project 
Officer in the Electron Tube Branch at 
Wright Air Development Center, Dayton, 
Ohio, responsible for research and develop-
ment of microwave tubes. 

From 1955 to 1958 he was a Research 
Assistant at Stanford University, where 
he was engaged in research on high power 
traveling wave tube techniques. 

Before joining Varian in 1961, he was 
a member of the electrical engineer;lg 
faculty at California Institute of Tech-
nology. He also served as a consultant to 
the physics laboratory of the Hughes Re-
search Laboratories. 
A native of Ann Arbor, Michigan, Dr. 

Dow received the B.S. degree in engineer-
ing physics and the M.S. degree in elec-
trical engineering from the University of 
Michigan. He received the l'h.1), degree in 
electrical engineering from Stanford Uni-
versity, Calif. He holds several patents in 
the field of microwave devices and has 
published technical papers on microwave 
tubes, plasma physics and solid state 
devices. 

Donald H. Ellis (N1'60) has been named 
Section Head, Airborne Systems Equip-
ment, at Dynatronics, Inc., Orlando, Ha. 
Prior to his new appointment, he was a 
senior project engineer responsible for 
design and development of airborne telem-
etry components and systems. He headed 
a study program which led to the develop-
ment of advanced system techniques for 
aerospace PCN1 telemetry and supervised 
the development of a major PCM telem-
etry subsystem for Saturn. Other ex-
perience includes responsibility for various 
guidance and data system projects for 
both ground and airborne applications. 

Mr. Ellis received the B.E.E. degree 
from Clemson College and did graduate 
work at M.I.T. Ile is Chairman of the 
Orlando Section of the IRE Professional 
Group on Space Electronics and Telem-
etry. 

Sherman M. Fairchild (M'52), Founder 
and Board Chairman, was elected to the 
newly created post of Chairman of the 
Executive Committee of Fairchild Camera 
and Instrument Corp. 

Mr. Fairchild founded what is now 
Fairchild Camera and Instrument Corpo-

ration in 1920, with the production of an 
aerial camera designed around his inven-
tion of an extremely fast and efficient be-
tween-the-lens shutter which made ac-
curate aerial photography possible for the 
first time. In addition to the aerial camera 
shutter, developments conceived and 
sponsored by him include the cabin air-
plane, the folding wings airplane, wing 
slots and flaps, hydraulic brakes and land-
ing gear for aircraft, the cargo airplane 
and the flight-analyzer camera. 

He was a Director of Pan American 
World Airways from 1928 to 1956. Ile has 
been a Direct-or and member of the Execu-
tive Committee of International Business 
Machines since 1925, and a Director of 
Giannini Controls Corp., since 1948. Ile 
currently is Chairman of the Board of 
Fairchild Stratos Corporation. 

Richard R. Fidler 
(S'50 A'52- M'57) 
has been appointed 
an Assistant Direc-
tor of Engineering 
at the Eastern 
operation of Syl-
vania Electronic 
Systems, a division 
of Sylvania Elec-
tronic Products 
Inc. He will be in charge of the operation's 
information processing organization which 
is engaged in advanced systems analysis, 
through production of a variety of elec-
tronic products and systems. 

Since 1960, he has served as Manager 
of the Advanced Systems Laboratory, 
Needham, Mass. He joined Sylvania in 
1956 as Engineer-in-Charge of the data 
processing phase of an early anti-missile 
missile program. Previously he was à staff 
member of the Massachusetts Institute of 
Technology's Lincoln Laboratory, Lexing-
ton, and was a Project Manager for the 
Laboratory-for- Electronics, Boston. 

Mr. Fidler received the B.A. degree in 
physics from Gettysburg College, and the 
B.S. degree in electrical engineering from 
M.I.T. He served as a radar technician in 
the U. S. Navy, during World War II and 
the Korean conflict. 

Beardsley Graham 
(S'39-A'41-SNI'47) 
President of Spin-
dletop Research, 
Inc., Lexington, 
Kentucky, was 
named by Presi-
dent Kennedy as 
an incorporator of 
the Satellite Com-
munications Corpo-
ration. 

(continued on page 38A) 
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TO- 31 CASE r U II 10-9 CASE 

Investigate these Power Amplifiers 
for your VHF Communications Needs! 

CHECK THESE KEY PARAMETERS: 

Pd (1 25°C case 1 W 

BV cBc, 30 V 

BVcEo 15 V 

fr 1 Kmc 

PG @ 160 Mc 7 d b 

Cob 8 pF 

rb' Cc 60 nsec 

Sprague's ECDC technology, proven in the 2N2100 

nanosecond film memory driver, has been extended 

to amplifier or oscillator transistors covering a 

wide range of VHF communications applications. 

The ECDC process combines the benefits of electro-

chemical and diffusion technology to provide 

today's best combination of electrical character-

istics for maximum circuit efficiency. 

* * * 

For complete engineering data, write for Engineering 

Bulletins 30,409 and 30,414 to Technical Literature 

Service, Sprague Electric Company, 235 Marshall 

Street, North Adams, Massachusetts. 

SPRAGUE COMPONENTS 

TRANSISTORS 

CAPACITORS 

MAGNETIC COMPONENTS 

RESISTORS 

MICRO -CIRCUITS 

INTERFERENCE FILTERS 

PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS 

PULSE-FORMING NETWORKS 

TOROIDAL INDUCTORS 

HIGH TEMPERATURE MAGNET WIRE 

CERAMIC- BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL C RCUITS 

ELECTRIC WAVE FILTERS 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Sprague' and vy are registered trademarks of the Sprague Electric Co 
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NEW from 

DUAL-FUNCTION 

DELTA-COUPLERS 
This unique instrument is a broadband precision calibrated 
directional coupler which is adjustable from 5 to 70 db and 
may also be used as a precision variable attenuator over these 
ranges. Accuracy of the delta coupler is assured to within 
1 db of absolute attenuation over the specified frequency 

range and is displayed on a direct reading dial. 
Maximum power handling capability of this unit is 200 
watts. Other features include low VSWR, low insertion loss, 
and high directivity. The coupler is available in the following 
frequency ranges: 

AVAILABLE IN FOUR FREQUENCY RANGES 

Configuration Model No. Frequency Range 

500 - 1000 

Ferrite Isolators 

C99 1270001 

C99 2270001 

C99 1270002 

C99 3270001 

2000 - 4000 

1000 - 2000 

4000 - 8000 

Complete specifications available on request. 

Is 
Antennas Subsystems 

(mc) 

it 
• • • 

L 

"L" Band ATC and DME 
Transponder Test Sets 

>um( M ICRO-RADIONICS. INC. 
Formerly Kearfott Microwave Division 
14844 OXNARD STREET, VAN NUYS, CALIFORNIA 

STate 6-1760 TWX: VNYS 5451 

IRE People 

y 
(Continued f our page 38A) 

Richard Hodgson 
tW-17-SM'51), Ex-
ecutive Vice Presi-
dent of Fairchild 
Camera and Instru-
ment Corporation, 
has been named 
President. He joined 
Fairchild Camera 
in June, 1955. He 
was one of the or-
ganizers of Chromatic Television Labora-
tories, Inc., and was President of the firm 
when he joined Fairchild. 

His association with the military dates 
back to 1942, when he was a research 
staff member of M.I.T.'s Radiation Labo-
ratory working on micromave radar de-
velopments. In 1944 he was assigned to 
the Office of the Secretary of \Var as an 
expert consultant on radar. During this 
period he also served as civilian radar 
advisor to General Hoyt B. Vandenburg. 
He also was a consultant to the Depart-
ment of the Air Force in 1952 and 1953, 
advising on the organization of the re-
search and development program as part 
of a three-man advisory group headed by 
Lt. Gen. James H. Doolittle. This work 
led to the establishment of the Air Re-
search and Development Command. 

He has been a Director of Television 
Development for Paramount Pictures 
Corporation; Assistant Treasurer of Al-
len B. Du Mont Laboratories; Head of the 
Engineering Management Division of 
Brookhaven National Laboratory, A.E.C.; 
a senior change board engineer for Lock-
heed Aircraft Corporation and a manufac-
turing and process economic analyst for 
Standard Oil Company of California. 

Rudolf E. Kalman (S'5.3 -A'55-M '61) a 
staff scientist at the Mart iq Company's 
Research Institute for Advanced Study 
(RIAS), was named by the Maryland 
Academy of Sciences as the State's Out-
standing Young Scientist of 1962. He was 
cited for his "outstanding contributions to 
fundamental research in differential equa-
tions as applied to automatic control, and 
specifically for his discovery of the duality 
principle in control theory.' Ile receives 
an engraved plaque bearing the citation 
and a $500 cash grant. 

Before joining the staff of RIAS, he 
was employed by DuPont Corporation 
and International Business Machines Re-
search Laboratory. 

Dr. Kalman was born in Budapest and 
educated in the United States at the 
Massachusetts Institute of Technology, 
where he obtained both the B.S. and M.S. 
degrees in electrical engineering. Ile re-
ceived the l'h.D. degree at Columbia Uni-
versity in 1957. Before joining the staff of 
RIAS, Dr. Kalman was employed by 
Dul'ont Corporation and International 
Business Machines Research Laboratory. 

(Continued on page "OA) 
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SIMPLIFY 
communications 
maintenance 

T
he new i,ï, 3550A Portable Test 
Set, designed specifically for 

transmission system testing, is 

especially useful for alignment and 

maintenance of multichannel commu-

nication systems. It incorporates a 5 cps 

to 560 kc cscillator with fully floating 

output, a 1 my to 300 y 5 cps to 2 mc 

voltmeter, and attenuator and imped-

ance matching networks to individually 

match the oscillator and voltmeter to 

135, 600 and 900 ohm lines. 

The solid state instruments are 

housed in a compact case with a splash-

proof cover, arid both the oscillator and 

voltmeter operate from internai re-

chargeable batteries or from an ac line. 

The three instruments may be used sep-

arately in or oL.: of the case. 

The oscillator provides flat freqiency 

response and excellent amplitude and 

frequency stability. The highly accurate 

voltmeter provides a db scale for easy 

measurement —72 to + 52 dbm. The at-

tenuator and impedance matching unit 

includes calibrate features to eliminate 

insertion loss. Oscillator and voltmeter 

batteries recharge during ac operation. 

Check the specifications for the re-

markable versatility and convenience 

of this test set, then contact your 4e 
representative or call direct for a dem-

onstration on your bench or in the field. 

NEW 
portable 
test set 

measures 
gain, 

attenuation, 
frequency 
response 

SPECIFICATIONS 
OSCILLATOR ( 4¡) H07-2048) 

Frequency Range: 5 cps to 560 kc, 5 ranges 
Dial Accuracy: -±3% 

Frequency Response: ±3% into rated load 
Output Impedance: 600 ohms 

Output: 10 mw (2.5 y rms) into 600 ohms, 5 y rms open circuit, 
completely isolated 

Distortion: Less than 
Hum and Noise: Less than 0.05% 

Temperature Range: —20° to + 50° C 
VOLTMETER ( er 403B) 

Range: 0.001 to 300 y rms full scale; —72 to +52 dbm 
Frequency Range: 5 cps to 2 mc 

Accuracy: 0"C to 50°C, within -± 2% of full scale from 10 cps to 
1 mc, within -± 5% of full scale from 5 to 10 cps and 
1 to 2 mc ,:on 300 y range, accuracy is ± 10% from 1 to 
2 mc; AC-21A 10:1 Divider Probe allows measurements 
to 300 y in the 1 to 2 mc range with an accuracy of 

5%); 0°C to — 20°C, ± 8% of full scale from 5 cps 
to 2 mc 

Nominal Input 2 megohms, shunted by approximately 40 pf on 0.001 
Impedance: to 0.03 v ranges, 20 pf on 0.1 v to 3 v ranges, 15 pf on 

10 to 300 y ranges 
DC Isolation: Signal ground may be ± 500 v dc from external case 

Noise: Less than 4% of full scale on 1 my range, 3% on 
other ranges 
ATTENUATOR/PATCH PANEL 

Attenuation: 110 db in I db steps 
Accuracy: 10 db section, error less than :1=0.125 db at any step, 

dc to 100 kc; less than ± 0.25 db, 100 kc to 1 mc. 
100 db section, error less than ± 0.25 db at any step 
up to 70 db, less than ± 0.5 db above 70 db, from dc to 
100 kc; less than ± 0.5 db up to 70 db, less than ± 0.75 db 
above 70 db, 100 kc to 1 mc 

Impedance: 600 ohms 
Input and Output: 50 cps to 560 kc; balance better than 40 db; frequency 

response ± 0.5 db, 50 cps to 560 kc; impedance, 135, 600, 
900 ohms center tapped. Input includes 10K bridging 
impedance; insertion loss, less than 0.75 db at 1 kc; 
maximum level + 10 dbm (2.5 y into 600 ohms) 
GENERAL 

Power: Voltmeter and oscillator each use a power supply of 4 
rechargeable batteries (furnished, 40 hr. operation per 
recharge [20 hours at —20° C], up to 500 recharging 
cycles). Automatic recharging during ac operation 

Dimensions: 8%" high, 191.4" wide, 131/4 " deep. Weight 301/2 lbs. 
Price: $990.00 

Data subject to charge without notice. Price f.o.b. factory. 

HEWLETT-PACKARD COMPANY 
:501 Page Mill Road, Palo Alto, California, Area Code 415, DA 6-7000 
Sales and service representatives in all principal areas; Europe, 
-lewlett-Packard S. A., 54-54bis Route des Acacias, Geneva; Canada, 

8090 Hewlett-Packard (Canada) Ltd., 8270 Mayrand Street, Montreal 
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FERROGBE LIGHT 
DEPENDENT RESISTOR 
CONTROLS CURRENT 
FLOW AS LIGHT 
INTENSITY VARIES 

Let your creativity rur wild with this one 
... The Ferroxcube LDR is a light de-
pendent resistor offering a resistance 
ratio of 25,000 to 1 for a light intensity 
change from total darkness to 1,400 
foot candles. 

Interesting? Here's low cost (as 
low as 25C, depending upon quantity), 
compact (smaller than a dime), auto-
matic control that can serve as a relay, 
a potentiometer of Lltra-quiet charac-

teristics and high resolution, or as a 
gain limiter. Use it in TV receiver de-
sign, toys, computers, and wherever 
else light control is feasible. 

TRY IT! Order a LDR-1A Engineering 
Kit—includes 4 LDR's and complete tech-
nical data—only $10.00. Send check or 
money order to ... 

e FERROXCUBE 
CORPORATION OF AMERICA/SAUGERTIES, N.Y. 

NEWS 
New Products 

Broadband Random 
Noise Generator 

General Microwave Corp., 155 Marine 
St., Farmingdale, N. Y., announces the 
availability of the Model 503 broadband 
random noise generator. The Model 503 is 
designed for the rapid measurement of 
noise figure over the frequency range of 
from 1 to 500 mc, and features a variable 
excess noise output from 0 to 19 db. The 
noise power generated results from the 
action of two diodes operating in their 
temperature- limited regions, and is a direct 
function of the diodes' dc plate current. 

Since this current depends upon the 
power supplied to the diodes' filaments, a 
well-regulated dc filament supply is em-
ployed to ensure a stable and hum-free 
output. The plate supply is similarly well-
regulated. 

The noise output, variable from 0 to 19 
db, is indicated on a logarithmically cali-
brated meter, direct reading in decibels of 
noise figure. 

The noise output is accurate to + 0.5 
db over the frequency range and at any 
point on the meter scale. The VSWR 
measured at the output jack from 3 to 500 
mc is 1.2 maximum, and 1.5 maximum 
from 1 to 3 mc. Price is $350.00. Delivery 
is from stock. 

Thermistor Probes 
Yellow Springs Instrument Co., Box 

106, Yellow Springs, Ohio, announces the 
availability of a new form of its precise 
thermistor family. The precise thermistors 
are mounted in 2-inch Teflon ° probes 
which can be formed to any configuration 
required by the user with just finger pres-
sure. A stiffening wire in the heat sealed 
Teflon° tube may be bent with finger pres-
sure to any required shape and the entire 
probe then assumes that shape. Two #32 
tinned copper wire leads insulated from 
each other by a smaller Teflon° tube ex-

tend one-inch beyond the probe body. The 
probes, like the thermistors, follow identi-
cal resistance-temperature curves to within 
+1% over most of their — 80 to + 150°C 
useable span. Each probe is accompanied 
by numerical charts indicating resistance 
to each degree of centigrade temperature 
and curves indicating tolerances both as a 
% resistance and as a maximum indicated 
temperature variation if the probes are 
used in measurement circuits. A family of 
probes with base resistances at 25°C of 
100 ohms, 300 ohms, 10K, 30k, and 100K is 
provided. 

l'robes are part of the 44000 precise 
thermistor group. Prices are below $8.00 
each in 1-9 quantities with discounts in 
quantity. Deliveries in small quantities are 
from stock, larger quantities within 30 
days. 

Trimpot Data Sheet 

New technical data sheet on Daystrom 
301 Series Squaretrim° subminiature 
trimming potentiometers provides com-
plete specifications covering these 4" 
square adjustable potentiometers. With a 
range of 10 ohms to 65 kilohms, operating 
temperature range of — 55 to 150°C, a 
power rating of 1 watt in still air (i.e., 
without the use of a heat sink), and meet-
ing or exceeding all applicable MIL specs, 
the bottom-pin potentiometers in the 
Daystrom Squaretrim 301 Series are used 
for the delicate adjustment of computer, 
control, telemetering, missile, and other 
critical military and industrial electronic 
circuits. 

In addition to actual-size photographs, 
the technical data sheet contains detailed 
electrical, mechanical, and environmental 
specifications on the 301 Series. Modifica-
tion possibilities are also shown. Complete 
engineering drawings, power rating curve, 
and circuit diagram are given. 

Copies of the Squaretrim 301 Series 
Technical Data Sheet may be obtained by 
writing Daystrom, Incorporated, Potenti-
ometer Div., Archbald, Pa. 

(Continued on page 110A) 
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High DClain, 
High Voltage 
Amplifiers! 

30 minimum h„ 

at very low current: 
lc= 1pA. 

60 V minimum I-VcE0 

low current f,: 

15 mc minimum 
at lc= 50pA; 

Low Noise Figure: 
3 db maximum 
at lc= 10pA 

1.8 db typical. 

2112484 2N2483 
Symbol Characlei istic Min. Typ. Max. Min. Typ. Max. Units Test Cenditions 

Co' ector Emitter 60 60 Volts Ic=10mA 1=0 
Voltage 

h DC Cuiren: Gain 30 Ic=0 001rr.AVc1=5.0V 

DC Current Gain 100 500 40 120 Ic=0.01mA V.-L=5.0V 

h DC Cullen: Gain 150 60 Ic=0.5mA V. = 5.0V 
h, DC Current Gain 20 10 Ic=0.01mA 
(-55°C) 
NF Noise F gure(note El 1.8 3.0 20 40 db Ic=0 01mA V_ =5 OV 

NF Noise F.gure(note 2) 

Co, Output Capacitance 6.0 6.0 pf h=O V,=5.0V 
1.8 3.0 2.0 4.0 db Ic=0 01mA V-,= 5.0V 

Gain Eardwidth 15 12 mc Ic=50µA V.., = 5.3V 
Product t=1 mc 

NOISE HAVRE VERSUS FREQUENCY 

Note 1—R,=1CKS2: ?ower Bandwidth of 15.7 kc with 3 db points at 10 cycles and IC kc. 
Note 2—f=lkc; R,=101(2; Power Bandw dth of 200 cps 

Now available from FAIRCHILD 

2N2484: A general purpose low level amplifier featuring high 

DC gain and f- at low collector current. These advantages, plus a 

low broad band noise figure» ) make the 2N2484 ideal for general 

purpose amplifiers as well as satellite and space probe 

applications. The Fairchild PLANAR': process provides extremely 

high stability 3nd reliab lity in a military :emperature environment. 

2N2483: Has similar characteristics. except for hEE ratings. 

Both 2N2483 and 2N2484 are packaged in JEDEC TO- 18. 

A data sheet covering both dev.ces is available. 

SEMICONDUCTOR 
545 «SPAN RD, MOUNTAIN VIEW. CALIF • YORKSHIRE 6.8161 • IWX 415 96 9-916 5 

A D C.. 0 COOPOR•1104 

*PLANAR: a patented Fairchild process. 
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Special Purpose Housing 

AMERICAN ALUMINUM Custom-Crafts 

to Your Exact Needs 

American Aluminum's 50 year old specialty is 
manufacturing aluminum enclosures and related 
shapes for the electrical-electronics industry. Our 
experienced engineers will design your special 
purpose housings, chassis, racks, panels and 
other formations or they will carry on from a 
blueprint and finish anything you start. 

Join our long list of satisfied customers. You can 
rely on us for the utmost in precision where 
today's more exacting standards are met. The 
American Aluminum team will meet your specific 
needs with unsurpassed craftsmanship plus ex-
ceptional service and cooperation. 

SEND US YOUR BLUEPRINTS 

PUT YOUR PROBLEMS IN CAPABLE 

AND LONG EXPERIENCED HANDS 

COMPLETE FABRICATING FACILITIES FOR 
Deep Drawing, Heat Treating, Spinnings, Assem-
bly, Brake Work, Stampings, Anodizing, Weld-
ing Finishing 

Complete die making facilities 
Stock dies on hand for many shapes 

Complete inspection facilities 

Our new WIEDEMAN TURRET PUNCH PRESS will 
insure time and money saving benefits for you. 

Write today for complete literature on the 

services of American Aluminum 

AMERICAN ALUMINUM COMPANY 
'.'anufacturers of Aluminum products 

for Industry since 1910 

230 Sheffield Street, Mountainside, New Jersey 

ARC!5E  
 4i) , Membership 

The following transfers and admissions 
have been approved and are now ef-
fective: 

Transfer to Senior Member 

Adachi, S., Sendai, Japan 
Batman, L. R., Lutherville, Md. 

Bo R. A., Yonkers, N. Y. 
Brand, F. A., Elberon, N. J. 
Calvert, R. It.. Brookville, l'a. 

Campbell, R. E., Benson, Ariz. 

Cheney, C. L., Wichita, Kan. 

Chow. C. K.. Wayne, l'a. 
Daniels, R. E., Downers Grove, Ill. 

Durrani, S. II., Albuquerque, N. M. 

Epprecht, G. W., Baden AG, Switzer-
land 

Gabor, A., l'ort Washington, L. I., 

Glaze, (. O., Hollywood, Calif. 

Howell, M., Somerdale, N. J. 
Kalman, R. E.. Baltimore. Md. 
Lane, J. F., Lexington, Mass. 
Lathrop, R. C.. USAF Academy, Colo. 
Lyman, R. C., Monroeville, Pa. 
MacNichol, E. F., Jr., Baltimore, Md. 
McLeod. J. S., Washington, D. C. 
Olson, A. F.., Eureka, Calif. 

Radcliffe. A. J., Jr., Orlando, Fla. 
Raible, R. W., Little Rock, Ark. 

Rausch, R. H., Dewitt, N. Y. 
Reimer, R. N., Los Angeles, Calif. 
Reyling, G. F., Portola Valley, Calif. 
Say, D. L., Brookville, l'a. 
Scott, A. C., Madison, \Vis. 

Spilker, J. J., Jr., Palo Alto, Calif. 
Stephan. A., Pomona, Calif. 

Tilley, A. E., La Habra, Calif. 
Truxall, F. W., Columbus, Ohio 

Vuilleumier, R. F., Santa Monica, 
Calif. 

Wickstrom, S. T., Skokie, Ill. 
Wiseman, S. D., Littleton, Colo. 

Worthington, I). T., Rome, N. Y. 
Zimet, M. M., New York, N. Y. 

Admission to Senior Member 
Allison, E., San Pedro, Calif. 
11.ibcock, L. E., Framingham Centre, 

Mass. 

Barabaschi, S., Rome, Italy 

Bennett, \V. R., Jr.. New Haven, 
Conn. 

Bonham, \V. E., \\'arren, Ariz. 
Crawford, H. D.. Stillwater, Okla. 

David, F. E., Lutherville, Md. 
Davis, D. E., Garland. Tex. 
Dinhobel, F., Akron, Ohio 
Eichbaum, B. R., Maple Glen, l'a. 
Gaetano, A. F., Los Gatos, Calif. 
(;allagher, J. J., Orlando, Fla. 

Hemel, A., Chicago, Ill. 

Hess. G. K., Jr., Patrick AFB, Fla. 
Hollway. D. I.., Sydney, N. SW., 

Australia 
Mayburg, S., Bayside, L. I.. N. V. 
Mtisher. R. F., Ann Arbor, Mich. 

Muss. I). R.. l'ittsburgh, Pa. 

Nakahara. Y., Tokyo, Japan 

(t .,-ntinited ,a1 rage 4(A) 

AUTOMATIC 
SIGlin TRACKING 
BANDPASS FILTER 

SERIES 450 VARIES ITS 
AS SIGNAL CHANGES 
With bandpass continuously adjust-
able from 2.5 to 100 cps via a panel 
knob, this electronic signal chaser 
improves signal/noise ratio of analog 
signals that either drift or change 
frequency as a function of time. 
Signal frequency can vary from 100 
cps to 120 kc — the Series 450 Filter 
tracks it, automatically, with S/N 
improvement up to 38 db. Lost signal 
momentarily? No problem. The 450 has 
the signal. 

Output is the frequency itself, multiplied times 1, 10 or 100. Optional acces-
sories include a dc analog of the input signal frequency, wide-band detector 
to extract intelligence from the tracked signal, and a pilot acquisition con-
trol to permit phase-locking to an external pilot frequency until the signal 
itself reaches that frequency. 

CENTER FREQUENCY 

a memory — searches to re-acquire 

WRITE TO: aniedale ELECTROMCS COMPORRI1011 
707 East Vermont Ave. • Anaheim, California • Phone 714-772-2222 

(A subsidiary of Interstate Engineering Corporation) 
NATIONWIDE REPRESENTATIVES 

ANOTHER .Onteaafe SOLID- 4/ -- INSTRUMENT 
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Microwave, semiconductor and 
fast switching circuits with high 
density packaging, that hereto-
fore have been thought imprac-
tical or impossible to build 
because of their bulk or com-
plexity, are now successfully 
produced in TRI -PLATE Strip 
Transmission Line. — In bread-
boarding, packaging and quan-
tity production, what the 

concept of strip transmission 

promised, TRI-PLATE techniques 
deliver — they've made the 
concept a practical reality! D 
TRI -PLATE circuitry provides 
packaging versatility to solve the 
most difficult problems. The 

broadband mono-pulse front end 
for S-band shown below contains 
nine hybrid rings, three chan-
nel step attenuators, three bal-

Compact 
packages 

made possible 
with 

Tri- Plate® 
techniques 

be impossible to achieve with 
conventional coaxial or wave-
guide techniques. To help you 
speed the time from design to 
breadboard to prototype to pro-
duction with known character-
istics, there are more than GOO 
TRI-PLATE Modules — including 
over 150 TRI-PLATE Mounts for 
standard and advanced semi-
conductor devices — available 

from Sanders. They let you test 
new circuit ideas — no matter 

how different or daring with speed, ease and economy. 

• 

STRIP 
TRANSMISSION 

LINE 
sancta.. ••••tocIalev. Inc 

• 

You can go from paper schema-
tics to functioning circuits in 
just minutes to evaluate new 
design concepts. L And a system 
designed in TRI-PLATE Modules 
can be produced in quantity as 
an Integrated TRI-PLATE Pack-
age, with performance equal to 
if not better than that of the 
modular prototype, and with 

great savings in size and weight. 

anced mixers and six internally 

mounted 1N831 diodes in a 
multi-layer package of less than 

17 cubic inches. Engineered to 
conform to the customer's space 
and size requirements, it meas-
ures just 534" in diameter and 
is less than 5/8" thick. This is but 
one example of how TRI-PLATE 
circuitry makes possible high 
density packaging which would 

P' • 

r For more information about 
Strip Transmission Line and 
how TRI-PLATE Products have 
made it a practical reality, for 
the latest literature — includ-
ing specifications and prices — 
or for consultation regarding 
your specific requirements, 

write to Sanders Associates, 
I nc., Microwave Products Depart-
ment, Nashua, New Hampshire. 

8REO. T.M., EXTENSIVE PATENT COVERAGE. SANDERS ASSOCIATES, INC. 

CREATING NEW DIRECTIONS IN ELECTRONICS AW 
SANDERS jaw re)14 4„\\ ® STRIP TRANSMISSION LINE ziel 
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Large production gives you low prices! 

— that's why... 

keel 
Thermostatic DELAY RELAYS 

2 to 180 Seconds 
Actuated by a heater, they operate on 
A.C., D.C., or Pulsating Current. 

Hermetically sealed. Not affected by 
altitude, moisture, or climate changes. 

SPST only—normally open or closed. 

Compensated for ambient temperature 
changes from —55 ° to + 80 ° C. Heat-
ers consume approximately 2 W. and 
may be operated continuously. The units 
are rugged, explosion-proof, long-
lived, and—inexpensive! 

TYPES: Standard Radio Octal, and 9-
Pin Miniature . . List Price, $4.00. 

Also — Amperite Differential Re-
lays: Used for automatic overload, un-
der- voltage or under-current protection. 

PROBLEM? Send for 
Bulletin No. TR-8I 

BALLAST REGULATORS 
Amperite Regulators are designed to keep the 
current in a circuit automatically regulated 
at a definite value (for example, 0.5 amp.) 
.. For currents of 60 ma. to 5 amps. Operate 

on A.C., D.C., or Pulsating Current. 

o 

o 

r10 
VOLTAGE OF 2IV WITH ANIPERITI 

NA1TERY 6 CHARGER VOLTAGE VARIES 

•••1 VARIES APPROX. 

Alsest_ 

50% 
ONLY 

2'o 

no 
,ffq 
tutfr' 

/000 

AhlfPERITi 
REGULATOR 

• 

Hermetically sealed, they are not affected by changes in altitude, 
ambient temperature (-50 ° to + 70° C.), or humidity ... Rugged, 
light, compact, most inexpensive   List Price, $ 3.00. 

Write for 4-page Technical Bulletin No. AB-51 

AMPERITE 
561 Broadway, New York 12, N. Y.... CAnal 6-1446 

In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 

Membership 

(c,altinued rage i i..1) 

Nomura, K. C., Riviera Beach, Fla. 
Oberlin, R. P., Phoenix. Md. 
Panagakos, A., Albuquerque  N M  
Retina, N., Jr., Baltimore, NH. 

Reverdin, D. I.., Paris, France 
Rice, W. M., Timonium, Md. 
Riggs, L. S., El Segundo, Calif. 
Silverman. J. H., Wickliffe, Ohio 

Slotnick, D. I—, Baltimore, Md. 
Tonning, A., Oslo, Norway 

Yabrouily, G. A., Farmingdale. L. I., 

Transfer to Member 
Briscoe, il. R., Jr., Chattanooga, 

Tenn. 
Chapdelaine. .\. .1., Jr., Suitland, (Id. 

Clisch, I). F., Ottawa. Out.. Canada 

Depew. II. IL. Valley Contr. Kan. 
Eisenstein. N.. Rego l'ark. L. I.', N. V. 
Faiola, A. R., Nlatnaroneck, N. V. 

Gibbs, L. C., Los Angeles. Calif. 
Goldberg, S. D., Melrose. Mass. 

Hilsilale, F. A.. Los .\ ngeles, Calif. 
Howland, R. L.. Tucson, Ariz. 
Raya, l'.. Den Haag. Netherlands 

Knox, W. E., Jr., Anchorage. Alaska 
Richardson, R. G., Minneapolis, Minn. 
Sarris. 13. A.. Baltimore. Md. 
Schwelb, ( 1., Ottawa, Ont.. Canada 

Shook. \\-. A.. Seattle. \Vash. 

Admission to Member 
Abbott, I). \V., Baltimore, Md. 
Ahlstrom, E. R.. Neptune, N. J. 

Allen, C. L. D., Falls Church. Va. 
Allen. 1'. D., London, England 
Allen, P. E., Livermore. 

Allison, L., Jr., Cincinnati, Ohio 
Anderson, R. J.. Stockton, Calif. 
Anderson, R. B.. Huntsville, Ala. 

A,Itcroft. R. T., Webster. N. Y. 
\slim II. K., Livermore, ( alif. 
Iland, I. T.. Newport Beach, Calif. 
Barham, I). .1., Portsmouth, Va. 
Bardow, 13. It.. Stoneham, Mass. 

Baxter, R. 11.. Albuquerque, N. M. 
Beck, J. B.. Fayetteville, N. Y. 
Bled, R. A.. Madras. India 
13oilker..1. R.. Jr.. Independence, Ohio 
Boyce. C. D.. San Ysitlro, Calif. 

Bracey, M. F., Zaria, Northern Ni-

geria 
Brown, B. F., Stillwater, Okla. 

Brown, C. W., Woodland Hills, Calif. 
Bruce, M. E., Binghamton. N. V. 
Buchowski, R. A., Wheeling. Ill. 

Burns, R. W.. Carden Grove, Calif. 
Campbell, K. A., Winnipeg, Man., 

Canada 

Capri°, I. R., Buffalo, N. Y. 
Chapman, II. W.. Brooklyn. N. Y. 

Clark, W. M.. Charleston, S. C. 
Conrad, E. E.. Bethesda, Mil. 
Corlew, C. 1... New York, N. Y. 
Crowley, M„ Neptune. N. J. 

Daugherty. B. R., Springfield, Va. 

Dawes, D. I.., South Lincoln, Mass. 
Dearden, J. R., Oreland, l'a. 
Dempsey, J. L., Chicago, Ill. 
Dillon, il. C., Dallas, Tex. 
Dimitrios, 1'. P., Franklin Park, ill. 
Doering, J. W., Torrance, Calif. 

Dolan, J. L., Green Bank, \V. Va. 
Donahue, D. C.. Red Bank, N. J. 

Dunkin, T. R.. Northport, L 1., N. Y. 
Duff, I). R., Lexington, Ky. 

Burr, W. F.. Anaheim, Calif. 

Durschinger, J. A., Baltimore, Md. 
Evans. J. J., t arden Grove, Calif. 

Kelsey. C. J., Scarsdale, N. Y. 
Fi 1,-L L. T.. Joliet. Ill. 

Fi tilts, V., 1—mighorne, Pa. 
Flink, J. H., Flushing, L. I., N. Y. 

Fousel, V. L., Lancaster, Calif. 

Fox, C. E., Jr., \\'ashington, I). C. 
Freilkin. E., Maynard, Mass. 
Cates, F. K., Tiburon, Calif. 

Gatto, P. R.. Philadelphia, l'a. 
Gee, E.. East Palo Alto, Calif. 

Gilbert, J. IL. Baltimore, Md. 
Galin, il. C., E. Pepperell, Mass. 
Graf ton, le. M.. Upper NIontelair, 

N. J. 
Grantham, W. 1... Langley Field. Va. 
Grierson, J. K., Ottawa, Ont., Can-

ada 
Cutither, t. IL. \Vhippany. N. J. 
Haab, \V. G.. Garden Grove. Calif. 

lIale. D. C.. Maywood. Ill. 

Hall, S. R., Baltimore, Mil. 
Hanson, H. A., Lutherville-'Fium-

Muni. Mil. 
!larding, NI. C.. Redwood City. ( alif. 

I larper, J. C., Anaheim. ( alif. 
ITirralty, I). J., \Vayland. 'il a.-. 
Henry, J. L., Tulsa. Okla. 
I lensel, C. I.., Baltimore, \Id. 

Hersh. I). II., Lee' , Nlo. 
Iletrich, II. A.. Reading, l'a. 
I licks, NI. C. 1... Victoria. Australia 
I ligier, T., \Vashington, D. C. 

I lill, F.. San Diego, Calif. 
Holland. \V. R.. Tulsa, t kla. 
Holmes  \  Cobhain. Surrey, Eng-

land 
Holingren, G. L.. I lallas. Ti-x. 

Howard. S. 1).. lIawthorne. Calif. 
Huey, G. J., Fort \\'ayne, Ind. 

Ingle, R. K., Stanhope. N. J. 

Ingram. R. D., Baltimore. NW. 
Jarvis, P. C.. Lakewimil. Calif. 

Johnsen, O. IL. Paris, France 
Julik, A. C., Gardena. Calif. 

lull. C. \\'.. Ottawa. Ont., Canada 
Kaplan  \  , San Jose. Calif. 

Karp, A., I.os Angeles, Calif. 
Kebbell, T. A., Stevenage. Hertford-

shire. F:ngland 
Keener, G. R.. Laceys Springs. Ala. 

Kennimer. Dallas. 
Kesler, D. F.. Playa Del Rey. Calif. 
Kinton, I. IL. Camden. N. J. 
Kluck. NI. IL, Roswell. N. NI. 
Kraybill, A. V., Riverside, Ill. 

Kusuila, Z.. Takat ,ttki. Osaka. Japan 
Lange, A. C.. Oak Park. III. 

Lawrence, \V. tl.. Los 'Sits,- I,--.. Calif. 
Lecaneliar, II. L., Montreal. 

Canada 
Levine. R., Canoga Park. Calif. 
Light, E. J., New York. N. V. 
Long, J. D., No. Hollywood. Calif. 

1.ovell, R. 'Fs., \Vilinington, Del. 
Lule, M. J., l'ort 1Vashington, L. 1., 

N. Y. 
Manger, R. F.. Dayton. Ohio 

McCee, J. L., Morton ( jrove, III. 
NfcCowan, A. J., Buffalo, N. Y. 
McKeever, J. E., Beaumont, Tex. 
Mc KOW11, I). C., Chino, Calif. 
McPherson, F. S., t ardena, Calif. 
Meyer, A. 17., Orange, N. J. 

Miller, E. L., Los Angeles, Calif. 
Miller, R. D.. Silver Spring, Md. 
Moore, G. T., Palo Alto, Calif. 

Moreno, A. E.., Sao Paulo, 13razil 
Morgan, II. K., Philadelphia, l'a. 

Nforguloff, Dallas, l'ex. 
Mullen, J. H., Bridgeton, Mo. 
Nagel, h). O., Dallas, Tex. 

Nicelli, V., Milano, Italy 

(Continued an page 48.-I , 
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liii 

New 
SANBORN 

30-channel 
EVENT 

RECORDER 

only 8i" high, with solid-state plug-in writing control: $2050 complete 

• Compact portable case or rack mounts in 
8 of panel space 

• Meets MIL-I-26600/2 Class 1B RFI Spec. 

• Choice of 6 solid-state plug-in Writing 
Controls 

• Simple front-loading of 4.07" wide, 300-
foot charts, built-in paper take-up 

• Solid-state pulse generator and power supply 

• Confidence: under worst combination of low 
line voltage and short duration signals, 
probability of marking exceeds 99% 

• Response to events as short as 1.3 ms 

• Constant trace intensity at all speeds 

• Self-cleaning, reversible styli replaceable 
individually or in groups of 30; stylus 
pressure automatically maintained 

• 4 pushbutton-selected chart speeds, 1 to 
100 mm/sec.; remote controlled chart 
speeds available on special order 

• Signal return isolated from chassis (1 
megohm min.) 

this economical new 30-channel operations monitor provides immediate, per-
manent recording of on-off events on dry, electrosensitive charts — using "pulsed 
writing" for maximum clarity, stylus life and economy of power. Six different 
interchangeable, plug in 10-channel solid-state Writing Control cards arc available 
to match your signal voltage and recording requirements. Included are types which 
operate with logic levels between +6 and +40 volts or —6 and — 40 volts. 
Also, "precision types" for monitoring low level signals are available with adjust-
able threshold or balanced input (with respect to signal return ). Model 361 system, 
for rack mounting or portable case, is 8 x 19" wide x Vile deep, weighs 
approx. 50 lbs. Complete 30-channel system, with either +6 y to + 40 y or —6 v 
to — 40 v Writing Control, is $2050 F.O.B. Waltham, Mass. Prices with other 

Writing Controls on request. 

FOR UP TO 120 CHANNELS of on-off recording, Model 360 uses 16" wide, 
450-foot charts; has 9 standard and 9 optional additional speeds; takes only 14" of 
panel space complete with integral cooling system. Solid-state plug-in Writing 

Control cards described above are optional. Model 
360 120-channel Recorder alone, $3900; prices with 
various Writing Controls on request. 

Call your nearby Sanborn Sales-Engineering Repre-
sentative for complete specifications and application 
assistance. Offices throughout the U.S., Canada and 
foreign countries. 

INDUSTRIAL DIVISION 

SANBORN COMPANY 
WALTHAM 54, MASSACHUSETTS 

A Subsidiary of Hewlett-Packard Company 



KEARFOTT power transistors 
average 30% lighter, 50% 
smaller and occupy 50% less 

mounting surface. NEW modi-
fied TO-10 hermetically sealed 
case and improved internal con-
struction provide miniaturized 
GERMANIUM PNP POWER 

devices with ratings up to 120V 

@ 15 AMPS (our # KPG2000). 
We are also a DEPENDABLE 

SOURCE for the following de-
vices with ratings up to 200V@ 
3AM PS:2N538 through 2N540A, 
2N1202, 2N1203, 2N1326, 2N-

1438, 2N1466, 2N1501, 2N1502, 
2N1504/10. Also available in 

TO-13 cases: 2N143/13, 2N156, 
2N158, 2N158A, 2N1437, 2N-
1465. 

The following DISTRIBUTORS 

stock these devices: Carter 
Assoc. Inc., Scottsdale, Arizona; 
Cramer Electronics, Inc., New-
ton, Mass.; Hollywood Radio & 

Electronics, Hollywood, Cali-
fornia; Solid State Specialist, 

Mountain View, California; 
Terminal- Hudson Electronics, 
New York City; Valley Electron-
ics, Inc., Towson, Maryland. 

Write Kearfott Division, General 

Precision, Inc., Little Falls, New 
Jersey or 437 Cherry Street, West 

Newton, Massachusetts. These 
devices are designed, manu-

factured and life tested by 
KEARFOTT SEMICONDUCTOR 

CORP., West Newton, Mass. 

MT-7 

TO-3 

TO- 10 

RO-28-1 

Note how little volume 
and space are required 
by Kearfott's Transistors 

eemD;r_imu-,2n1L 
KEARFOTT DIVISION 
LITTLE FALLS, NEW JERSEY zimEnc)e[PneE GENE-RAI_ PlarCIS,ON. 

Membership 

ntimh.,1 fr, m t,Ille 

Nicholson. II. F., ( lieshatit, Bucks. England 

Norris. T. I'.. San 1)iegii, 

Oberlieck. R. W.. Imring A I Il, NI, 

Orang, II. S. Ankara, Turkey 

Orine. J. E.. Vancouver, B. C., Canada 

Papp, J., \Vashington, (•• 

Patterson. R. E.. Kansas City. Nlii. 

Phillips. t'. C., Lewisville. N. ('. 

Phillips, W. A., Houston, Tex. 

Phillips. \X". E., latlilux.k. Tex. 

Pierick, K. R., Manhattan Beach, Calif. 

Pilling, I). E.. Sepulveda. Calif. 

Poletsky. R.. St. I .1,111›. Nlii. 

Pruitt, W. It., Clearwater. Fla. 

Puckette, S. C.. Ifellaiir. "l'ex. 

Rainaswain. \, Fiauston. III. 

Ramsey. \V. R.. Prairie Village. Kan. 

Red's, \\". .\., Cherry Hill. N. J. 

Rich. D. V., Grand Rapids, Mich. 

Itobecki, R. II., Nlountainside. N. J. 

Roberts, G. E. C.. Stevenage, ! lent fordshire, 

England 

Rombach, J. C., Santa NIonica. Calif. 

Itorick. W. G., Cedar Itapids. Iowa 

Ruh), F. .\., Scottsdale. .\ riz. 

Sanders. J. B., Garland. 'l'ex. 

sanders. 1V. II., Menlo Park. Calif. 

Santlgathe. J. IL. Elmwood Park. Ill. 

Schindler. E.. Bern, Switzerland 

Schuchinan. R.. San Diego, Calif. 

Schwieger. C. \V.. San Diego, Calif. 

Shata ,, R. A.. Redstone Arsenal, Al;,. 

Sheerin. R. R., So, Hingham, Mass. 

Shelton. I'. I.., Crownsville. N141. 

Shepard. \\*. M.. Herndon, N'a. 

Shepherd, J. T., Itochester. Kent. England 

Shultz, J. D., Santa NIonica. Calif. 

Sinilii, NI. S.. Needham, Nlass. 

Slaughter. It. P.. Tulsa. Okla. 

Slocum, "I". It., Jr., Encino. Calif. 

Smith, H. Del Nlar, Calif. 

Smith. It. E.. Dallas, Tex. 

Spicer. J. A., Litchfield Park. Ariz. 

Stalin:tr.!  S  . Om_ (7anaila 

Stucker. II. T., Fort Word,. Tex. 

It. ..\... Nloinitain View. Calif. 

R. C.. Canoga lark. 

fakallira. .\.. Boulder. Colo. 

Taka-la. IS. T., \Vest Los .Migeles. ("MU. 

Terpening, I.. E.. Irving. l'ex. 

Terra, J. NI., Peabody. Mass. 

Thompson. F. II_ Washington, D. C. 

Thompson, J. C., Annapolis, Mil. 

finelira. C. P., Nlountain View, Calif. 

food. A. B., Dayton, t hio 

Tootelian. G. IL. Upper Darby. l'a. 

Tripathi. J. N.. Bangalore. India 

Cher. G. T., Nlountain View. Calif. 

l'ilovin. It. .\. C., Ventura. ('alif. 

Unger, F. G., \Vaketield. Mass. 

Vergato. J. .\.. Pittsfield, Nlass. 

\Velister. G. E., Park Ridge, Ill. 

I.. I.., 1)avenport. Iowa 

\VcIsli. \V. Cs., Sr., Burbank, Calif, 
\Vestlake, J. II., Calgary, .\ l'anatla 

\VIiittaker. J. L.., Granada Ilill,, Calif. 

\Villitir, I). E., Chadwicks, N. V. 

\\"ilkins, C. II., \Varner Itoltins, 

\Villiains, A. J., Indian River City, Fla. 

\Villiains, D. R., Norman. Okla. 

\Villiams, \V. R., Ctica, N. 1'. 

\\'oll, E. J., Jr., Fort Huaeltuca. Ariz. 

\\*oolatn, A. E., China Lake, ('alif. 

Wu, W. L. S., San I)iego, Calif. 

\Vynne, w. T.. \\ilium. Grove, l'a. 

Yee, E. I.., Los Angeles, Calif. 

/mind!. R. A.. Sall Jiise. Calif. 

( on page 50.41 
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our stock 
a swer is 

YES! 
11101>  

 IMO 
41:8* 

ALL UNITS ACT UAL SIZE 

ALL AXIAL LEAD BLUE JACKET RESISTORS 

in 1, 2, 3, 5, 7 and 10-watt power ratings are carried in 

factory stock for immediate delivery. Place your order now with your 

nearest Sprague District Office or Sales Representative. 

Key Sprague Industrial Distributors carry most popular ratings in local stocks. 

Ariz. 

Cal. 

Colo. 
D.C. 

Fla. 

Mass. 

Mich. 

Minn. 

SPRAGUE SALES 

Phoenix, Sprague Electric Co , 3550 N Central Ave., 279-5435 

Los Angeles, Sprague Electric Co., 12870 Panama St., UP 0-7531 or EX il-279I 
San Frarcisco, W. J. Purdy of Calif., 212 7th St , UN 3-3300 

Denver, R. G. Bowen Co., Inc— 721 S. Broadway, RA 2-4641 
Washington, Sprasue Electric Co., 7321 Wisconsin Ave., NW., 338-7911 

Clearwater, Sprague Electric Co., 1152 Cleveland St., 446-3119 

Chicago, Sprague Electric Co., 5942 W. Montrose Ave., MU 5-6400 

North Adams, Sprdgue Electric Co., Mcrshall St., 664-4411 

Newtos, Sprague Electric Co., 313 Washington Sr., WO 9-7640 

Detroit, ABM Sales Co., 1014 Puritan Ave., UM 2-1300 

Minneapalis, H. M. Richardson & Cc., Isc., 9 E. 22nd St., FE 6-4078 

Mo. 

N. J. 
N. M. 

N. Y. 

N. C. 
Ohio 

Tex. 
Utah 

Wass. 

OFFICES 

St. Louis, Sprague Electric Co., 3910 Lindell Blvd., JE 5-7239 
Camden, Sprague Electric Co., 545 Cooper St., WO 6-1776 

Albuquerque, Bowen & Carlberg Co., 2228A San Mateo Blvd., N.E., AM 5-1579 
New York, Sprague Electric Co., 50 E. 41st St. , OR 9-1195 
Great Neck, William Rutt, Inc., 123 Middle Neck Rd., HO 2-8160 

Winston-Salem, Sprague Electric Co., 928 Burk. St, 722-5151 

Chagrin Falls, Sprague Electric Co., 24 N. Main St., CH 7-6488 

Dayton, Sprague Electric Co., 224 Leo St., BA 3-9187 

Dallas, Sprague Electric Co., 3603 Lemmon Ave., La 1-9971 

Salt Lake City, R. G. Bowen Co., Inc., 463 E. 2.rd St., S., EM 3-4528 
Seattle, Sprague Electric Co., 4601 Aurora Ave., ME 2-7761 

For application engineering assistance write: 

Marketing Dept., Resistor Division, Sprague Electric Co., Nashua, New Hampshire. 

SPRAGUE COMPONENTS 

RESISTORS 

CAPACITORS 

MAGNETIC COMPONENTS 

TRANSISTORS 

MICRO CIRCUITS 

INTERFERENCE FILTERS 

PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS 

PULSE•FORMI NG NETWORKS 

TOROIDAL INDUCTORS 

HIGH TEMPERATURE MAGNET WIRE 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 

ELECTRIC WAVE FILTERS 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Sprague' and '12). are registered trademarks of the Sprague Electric Co. 
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Membership 

(f 4,11111111,11 / 1,111 pug,. i) 

Admission to Associate 

Aaron, P. D., l'ort Washngton, L. 1., N.Y. 

Arnold, R. E., Copley, Ohio 

Barisone, G. L., Birmingham, Mich. 

Patchier, R. C., Melrose Park, l'a. 

Bernard, NI. Y.. Paris, France 

Boon, C. E., Rantoul, Ill. 

Calapini, J. G., Chicago, 18. 

Courtney. W. F.. Thompson ville, Conn. 

Crozier, P. W.. Rockland, Mass. 

Duncan, M. A., Torrance, Calif. 

Elbert, II. F., Sarasota, Fla. 

Feaster, J. L., Kirkwood, Mo. 

Friedman, M., Chicago, Ill. 
(;runauer, 1), R., Brooklyn, N. Y. 

Gugelman, C. O., Seattle, Wash. 
IliId. A. C., Baltimore, Mil. 

Hulbert, J. A., Willow,lale, Out., Canada 

Humphrey, W. G.. Jr., So. Hamilton. Mass. 

Imam, M. Z., Karachi, Pakistan 

Jones. C. R., Winston-Salem, N. C. 

Keyes, R. E., Scotch Plains, N. J. 
Klemm, II. K., l'ort Washington. I.. 1.. N. Y. 

Koren', J., New York, N. Y. 

Lauro, I.. G., Torino. Italy 

Light, E. J.. Ncw York. N. Y. 

Lynn, \V. V.. Detroit, Mich. 

MacLaren, K. D., Winnipeg, Man., Canada 

Maguire, J. T.. Dracut, Mass. 
Mahmood, K., Kabul, Afghanistan 

Mangold, D. \V., Eau Gallie, Fla. 

Martinez, J. I.., Mendoza, Argentina 

Matter, D. J., Racine, Wis. 

McKnight, R. W.. Troy, N. Y. 

Messick, R. L., North Canton, Ohio 

McGarry, D., Oyster Bay, L. I., N. 1'. 

Michell, F. R., Fort Bliss. Tex. 

Miller. J. V., Redwood City, Calif. 

Mitchell, J. E., Jr., Washington, I). C. 
()inure:di, M. S.. Ankara, Turkey 

Parada, I'. C. C., Caracas, Venezuela 
Peters, 11. S., St. Charles, Ill. 

Poteat, II. M.. Baltimore, Md. 

Richter, I.. 1).. Baltimore, Mil. 

Ryan. J A., Longmeadow, Mass. 
Stnith, B. R., Burlington, Iowa 

Sujanani, il. II., Cotabato City, Philippines 

Salazar, C. C., Ciudad, t uatemala 

Spaulding, II. E., Easton, 

Thomas, J. R.. Fairview, Mass. 

Tucker, I.. F., Englewood, Colo. 

Uhl, N. I'.. Silver Spring, Mil. 

Van Lehn, J. D., Cambridge, Ohio 
Voelker, C. G., Towson, Md. 

Wessel, H. V., Deerfield, III. 

Yamaguchi, T. D., Los Angeles, Calif. 
Yoshino, T., Tokyo, Japan 

Zeller, I. R., No. Massapequa, L. I., N. Y. 

Section 

Meetings 

ALLAS 1.5 

"Systems Equitunent Engineering," M. C. 

Wright, Western Electric Co.; 9/28/62. 

BIAS -MONT-PORT ARTHUR 

"GEMINI, Man-ln-Space- Project," W. B. 

Evans, NASA; Two movies with paper; 9/18/62. 

"Production Flow Stations in Lake Maracaibo, 

Venezuela." P. S. Phillips. Sun Pipe Line Co.; 

10/16/62. 

BENELux 

International Symposium on Information 

Theory; 9/3-7/62. 

BINGHAMTON 

"Telstar— An Experiment in Satellite Com-
nmnications," J. R. Githens, Bell Telephone Labs.; 

Joint with MEE; 9/24/62. 

BITFALO-NIAGARA 

Tour of Sylvania Home & Commercial Elec-

tronics Div.; 9/22/62. 

CLEVELAND 

"Problems of Manned Space Flight," T. Black, 

NASA; 5/10/62. 
"A Voice for Mercury," F. E. Demaree, Bell 

System Training School; 9/13/62. 

DALLAs 

"Telstar," R. W. Hatch, Bell Telephone Lars.; 

9/25;62. 

EMPORIUM 

"The Great Barrier Reefs of Australia," J. W. 

Wells, Cornell l'inversity; 0/11/62. 

ERIE 

Tour of WSEE Television Studios, E. Zelle-

frow; Joint with AI EE; Ladies Night; 9/11/62. 

"Design and Application of Crystal Filters," 
I). Bednarski, Bliley Electric Co.; "Toroidal 

Inductors; Design Considerations and Specifica-
tions," \V. Trudnowski; Forbes and Wagner ('o.; 

10/3/62. 

FORT HUACHUCA 

"Range Instrumentation for the X-15 Rocket 

Program," J. Conley. USAF; 10 2/62. 

FORT WAYNE 

"Recent I )evelopment in Relu ys," L. D. 

DeLalio, Filtors, Inc.; 10/18(62. 

FORT W ORTH 

"FM Multiplex Systems for Stereophonic 

Transmission and Reception," C. L. Grubbs. 
Trinity Broadcasting Co., KJIM A111-1,M; 10/9 62. 

Is 
• 

Tour of S. Naval Avionics Facility; Joint 

with AIEE; Film "The USNAFI Story"; 9/13/62. 

KANSAS CITY 

"A Linear Computer for Time and Distance,' 

K. 1.. Morton, Western Electric; 9/11)/62. 

Li rri.v: ROCK 

"Sub- Carrier Operation of FM Broadcasting 

Stations," O. Alagood and J. Elder; Radio Station 

KMMK-FM; Film " Music In Motion;" 10/15/62. 

Los ANGELES 

"Space Exploration and Baseball," F. Adler, 

Hughes Aircraft Co.; Joint meeting hosted by 

Southern Sub- Section; 9;27/.62. 

M OBILE 

Tour of WKRG-TV Transmitter Facility, II. 

Skelton; 4/27/62. 
"Human Factors in Engineering." 11. Berridge, 

Air Proving Ground Eglin AFB; 5/24/62. 

"PERT (Program Evaluation and Review 

Techniques)," %V. Fundinger, Mobile Air Materiel 

Area (Air Force); 6/28/62. 
"Telstar," R. Gudgen, Southern Bell Tel. & 

Tel.; 9/27/62. 

NEW YORK 

Panel on Information Retrieval, M. Kochen, 

IBM Research Center; M. M. Flood, University of 

Michigan; II. 1'. Luhn, Consultant; R. Kirsch, 

Nat'l Bureau of Standards; J. Tukey, Bell Tel. 

Labs.; 10/3/62. 

(Continued on page 54A) 

Panoramic SPECTRUM ANALYZER 

SPA-4a 
SPECIFICATION HIGHLIGHTS 

FREQUENCY RANGE: 10 mc to 44,000 mc 
in 8 bands. (se'ected by push-button oper-
ated band switch). 

FREQUENCY ACCURACY: Scale calibrations 
1% or -± 1 mc, whichever is large... 

GUARANTEED MINIMUM SENSITIVITIES 

RANGE (MC) SENSITIVITY' (dbm) 
10 to 420 —100 to — 110 

350 to 1000 —95 to — 105 
910 to 2200 —105 to —110 

1980 to 4500 —100 to — 105 
4500 to 10880 —100 to — 110 
10880 to 18000 —95 to — 105 
18000 to 26500 —85 to —95 
26500 to 44000 —75 to —90 

'minimum measurable sigeal 

DISPERSION (2 separate swept Lg.'s): 
wideband adjustable up to 70 mc (greater 

dispersions optional), narrow-band 0-5 mc. 

I-F BANDWIDTH: Adjustable continuously 
from 1 kc to 80 kc. 

AMPLITUDE SCALE CALIBRATIONS: Lin-
ear, 40 db Log, and Power (square law). 

SWEEP RATE: Continuously adjustable 
from 1 cps to 60 cps; synchronized from 
line or external source; or free rurning 
plus provision for Sweep Rate Calibration. 

FREQUENCY MARKERS: Two calibrated 
ranges: 0 to +40 mc and 0 to -±-3 mc 

Marker Modulation input range, 10 kc — 
2 mc, for additional marker pips wilh fre-
quency spacing determined only by exter-
nal modulating signal generator frequency. 

AUXILIARY OUTPUTS: Synchroscope. De-
tected signal envelope with 60 db gain. 
X. Y, and Z axis outputs also provided. 

Lk 

Typical SPA-4a screen 
photograph showing 
spectrum of pulsed 
signal. Here, individual 
sidebands are clearly 
resolved. 

Wide spurious-free dy-
namic range of SPA-4a 
shown at left. Larger 
signal 15 db above fall 
scale log. Smaller sig-
nal is —43 db fsom 
larger. 

Electronic Engineers & Physicists 
Expansion program opens new opportuni-

ties. Interesting work on advanced instru-

mentation projects . . . excellent working 

and living environment. Contact Mr. A. 

E. Rodger, Singer Metrics Division, Singer 

Manufacturing Company, 915 Pembroke 

St., Bridgeport 8, Conn. 



STILL UNMATCHED 
IN BROAD RANGE SENSITIVITY - WITH PROVEN REL ABILITY 

PROVIDES RAFID, ACCURATE RF thru MICROWAVE ANALYSIS 

You can count on sensitivity ol al least — 100 dbm in S 
or X band, — 85 dbm in K band ... typically, signals 5 
to 10 db weaker can be analyzed with the SPA-4a. ( See 
complete sensitivity table on facing page). 

SPA-4a's unmatched performance is due to its many ad-
vanced design features. For example, the simply used, 
directly calibrated tuning bead with push-button band 
selection includes not two but three stabilized, low FM 
local oscillators. The highest frequency 1.o, covers the 
4.5-11 kmc band on fundamentals. The four internal 
broad band input mixers ( 1 coax and 3 waveguide) 
provide exceptional response. 
High uniform sensitivity, low residual distortion, and 
fewer I.o. harmonics provide displays with a wide spur-
ious-free dynamic range. These SPA-4a characteristics 
have enabled it to handle many heretofore difficult ap-
plications such as narrow pulsed signal analysis and 
broad band, low level measurements such as in distor-
tion tests and RFI monitoring. With its low residual 
FM and selectivity adjustable to 1 kc, the SPA-4a also 
finds important application in narrow band signal studies 
which require resolution of closely spaced frequencies 
and a high order of analyzer stability. 

• A Trademark rAI ENE SINGER MANSPAG•URING COMPANY 

Panoramic 

ADDITIONAL OUTSTANDING FEATURES 

• Extremely bright traces on 5" CRT 
with 3 calibrated level scales, linear, 
40 db log, and power. 

• Adjustable I-F bandwidth facili-
tates setting of optimum selectivity 
for all types of signals. 

• Sylchroscope output provides de-
tected and amplified signal input 
for external scope. 
• Marker Modulation enables pre-
cise narrow band dispersion cali-
brations by means of sideband pips. 

• Well shielded, modular construc-
tion. Convenient access to all parts. 

• Low down-time due to careful con-
struction ( using MIL specs as guldel 
and vigorous quality control. 

IIIANUPA 

FIELD PROVEN, HUNDREDS NOW SUCCESSFULLY USED 
• Pulsed signal analysis; power points, lobe 
widths, irregular pulsing. • Monitoring of AM, 
FM, PM communication channels. • Malfunc-
tion study, e.g., parasitics, carrier shifts, etc. • 
Noise and RF1 investigations. • Distortion an-
alysis; harmonic, intermodulation, etc. • Cali-
bration and maintenance of signal sources. 

Channel your microwave spectrum analysis 
problems to the Panoramic SPA-4a — get the 
quick, guaranteed-reliable answers now obtained 
from hundreds in operation (see facing page for 
specification highlights). A quarter-century of 
spectrum analyzer experience assures you of 
engineered quality you can count on. Why not 
get complete information? Write, wire or phone 
today for the SPA-4a comprehensive 8-page 
technical bulletin and new catalog digest. 

' 

SING METRICS 
as a da 

de.  L iSINGER MANLIFUIVRING 
MI 

915 PEMBROKE STREET • BRIDC,LPORT 8, CONNEC IICUT • I OREST 6-3201 
CABLES: "SINGERMETRICS, BRIDGEPORT, CONN." 
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PHASED PLANAR ARRAY forms 

multiple scanning radar beams. 

G.E.'s even newer, more efficient 
MOSAR array scans the sky millions 

of times each second to generate 
at low cost as many independently 

steered receive beams as needed, 
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**  NEWS OF DEFENSE TECHNOLOGIES 

RADAR 

GROUNDBASED FPS-24 search radar 
is one of the largest and most mod-
ern radars in the Semi-Automatic 
Ground Environment (SAGE) air de-
fense network. Designed for the U.S. 
Air Force, it will detect supersonic 
high-altitude aircraft at long range. 

STABILIZED ANTENNA for the U.S. 
Navy's SPS-30 shipboard radar is 
actuated in roll and pitch by a unique 
dual ball-screw drive, the precision, 
electro-formed organ- pipe scanner 
permits long - range, high-accuracy 
search and height-finding capability. 

Sweeping advances in aerospace technology have caused 
radar targets to vary widely in size, range and altitude, 
speed and acceleration. Resulting radar design problems are 
further intensified by electronic jamming and the need for 
decoy discrimination, creating a continuous demand for in-
creased capabilties. 

General Electric has anticipated this challenge with steady 
improvements in transmitter and receiver performance, 
mechanical design, and signal processing. Low-noise para-
metric amplifiers and masers extend effective range while 
new pulse compression techniques improve target range 
discrimination. Antenna structures are built to increasingly 
closer tolerances for reduced side-lobes and precise angular 
positioning. Coherent integrators provide both velocity reso-
lution and high signal-to-noise ratios, combining with side-
lobe cancellers to diminish the effect of radio interference. 

Such developments are reflected in a broad range of radars 
produced by General Electric and installed in virtually every 
major country in the Free World—radars that include the 
FPS-50 surveillance giant for the Air Force's BMEWS, the 
High Power Acquisition Radar ( HIPAR) for the Army's 
Improved Nike-Hercules System, and the Marine Corps' 
high-mobility TPQ-10. 

OPTICAL PROCESSOR uses oil-film 
storage to analyze high- resolution 
radar returns in real time. Over one 
million integrations can be per-
formed simultaneously by this pro-
cessor to determine range, velocity, 
and acceleration for multiple targets. 

imaib 
.7 r 

AIRBORNE APS-96 will afford in-
creased detection capabilities for 
fleet early warning as well as con-
tribute to the control of intercept 
aircraft. This advanced radar is cur-
rently under flight test aboard the 
U.S. Navy Grumman-built Hawkeye. 

Phogress Is Our Most Impodant 13oduct 

GENERAL ELECTRIC 
AEROSPACE AND DEFENSE GROUP 
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Arnold Pulse Transformer Cores 
are individually  tested  

under actual  pulse conditions 
The inset photograph above illustrates a special Arnold advantage: a 
10-megawatt pulse-testing installation which enables us to test-prove pulse 
cores to an extent unequalled elsewhere in the industry. 

For example, Arnold 1 mil Silectron "C" cores—supplied with a guaran-
teed minimum pulse permeability of 300—are tested at 0.25 microseconds, 
1000 pulses per second, at a peak flux density of 2500 gausses. The 2 mil 
cores, with a guaranteed minimum puse permeability of 600, receive 
standard tests at 2 microseconds, 400 pulses per second, at a peak flux 
density of 10,000 gausses. 
The test equipment has a variable range which may enable us to make 

special tests duplicating the actual operating conditions of the transformer. 
The pulser permits tests at .05, . 25, 2.0 and 10.0 microsecond pulse dura-
tion, at repetition rates varying anywhere from 50 to 1000 pulses per second. 

This is just another of Arnold's facilities for better service on magnetic 
materials of all description. • Let us supply your requirements. 

Here's technical data on ARNOLD SILECTRON CORES 
Bullain SC-107 A contains design information on Arnold Tape 
Cores wound from Silectron (grain-oriented silicon steel). It 
includes data on cut C and E cores, and uncut toroids and 
rectangular shapes. Sizes range from a fraction of an ounce to 
more than a hundred pounds, in standard tape thicknesses 
of 1, 2, 4 and 12 mils. 

Cores are listed in the order of their power-handling ca-
pacity, to permit easier selection to fit your requirements, and 
curves showing che effect of impregnation on core material 
properties are included. 

4102 

ADDRESS DEPT. P-12. 

ARNOLD 
SPECIALISTS in MAGNETIC MATERIALS 

THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL. 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 

Section 
Re2rPE Meetings 

filled in Di pap( 311A) 

NORM CAROLINA 

"College Achievement and Progress in Man-

agement." D. I,. Grant, American Tel. & Tel. Co.; 

9 26 .62. 

NORTHERN NEw JERSEV 

"Fundamentals of Future Electronics," T. 

Carver, Princeton University; 9.12 62. 

OKLAHOMA Cs ry 

"Automation and Contiol of .1toka Pipeline 

Pumping Stations," F. Roilesney. Benham En-

gineering Co.; Joint with MEE; 9 25 62. 

PRINCETON 

"Electron Beam Drilling. Milling and %Veld-

R. Rakish, Electronic's and Alloys, Inc.; 

in 9 62, 

RocurEsTER 

'Optical Masers; Principles. Practices and 

Potentialities." C. Alley. I ' iii y, of Rochester; 

9/26 '62. 

"Facsimile Is It Analogue or Digit:d?," J. I,. 

\Vheeler, Xerox Corp., Inc.; 10/11 /62. 

SACRAMENTO 

"Satellite Communications with emphasis on 

Telstar," J. W. Fitzwilliams, Bell Tele. Labs.; Joint 

with AIEE; 9,27,62. 

"Direct Energy Conversion," J. J. W. Brown, 

General Electric Co.; Joint with A LEE; 10/11.'62. 

SALT LAKE CI ry 

"Your Future With IEEE," D. K. Reynolds. 
of Washington; Johit with :ME; 9 '28 '62. 

SCHENECTADY 

"Technical Aspects of Telstar," J. A. Murray. 

Bell l'etc. Labs.; 1(1'16/62. 

SEATTLE 

Student Prize Papers Contest; 4 ' 10 '62. 

"Report on Travel and Communications in 

Europe," T. R. Hewitt; Pacific Northwest Bell 

Tele.; Retired; 5/10/62. 

"Miniaturization Philosophy for the Entertain-

ment Section of Electronics," J. R. de Miranda, 

Philips Industries; 8/28/62. 
"Stanford Linear Accelerator." K. Willson, 

Stanford Linear Accelerator Center; 9120.'62. 

SHREVEPORT 

"VORTAC, Discussion & Inspection," E. S. 

Turner and P. Patterson. Federal Aviation Agency 

10/2.'62. 

BEND•MISHAWAKA 

"Electronics in the Oil Industry," G. Mistily, 

Gulf Oil; 9 '27/62. 

SOUTH CAROLINA 

"Maintenance Data Analysis —A Tool To 

Reliability," II. A. Voorhees. Western Electric Co.; 

9,/28/62, 

ToLEDo 

Annua! Fall Dinner Meeting; 9 1362. 

Tr-csos; 

Tour of facilities of Kitt Peak National Ob-

ser t ory; 6/28/62. 

(C,ntinurd pa ray, 
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THE 
SERIES 
OSCILLOSCOPES 

USED IN COMPUTER CHECKOUT 

The need for professional, aboratory-type high-frequency oscilloscopes—easily trans-
ported in the lab or in the field—was ore of the design parameters that prompted the 
development of Du Mont's new, solid-s'.ate, light-weight 765 series of oscilloscopes. 
A 5 my; cm sensitivity at 25 Mc, a 14 8 asee risetime, together with dual-beam capabili-
ties are part of the specifications wnich are incorporated. 

An example of the use of this new, highly-portable scope is illustrated by Mr. David 
Dennisfon, sales engineer of Digital Equipment Corporation, Maynard, Massachusetts, 
who utilizes 1 in the field and in his laboratory to periodically check and maintain 
computer modules manufac:ured by the firm. The compactness and Ight weight fea:ures 
enable Mr. Denniston to readily transport his Du Mont 766 bench type high frequency 
scope in his car. As a result there is no need to depend upon a customer's oscilloscope 
He knows that the nst-ument he uses is ccrreclly calibrated and that field test meas 
urements are val,d. 
THREE VERSIONS—The 765 Series cones in three different mechanical configurations 

to meet user requirements. The 765 PcrtaScope* for real portability. The 766 Bench 
Version. The 767 Rack Mounted version only 7-inches high. 

T.M. 

7 
TYPE 767 OSCILLOSCOPE 

—shortest (only 7" high) rack-mount, 
high-frequency oscilloscope available. 

• Ten times more sensitive 
(5 mv/cm) at 25 Mc. 
• Silicon solid-state circuitry 
• Flexibility of dual plug-in 
circuits driving CiTir directly 
• Smal:est high-frequency 
oscilloscope available 
• Three versions—for bench, 
portable or rack use. 

numur 

GET ON BOARD THE NLW, GROWING DU MONT. Ton opportunities for 
oscilloscope and other instrument engineers. Engineering openings 
also in storage tubes, multiplier phototubes. Tube sales engineers, 
district sales and engirieers for mobile, and closed-circuit television 
engineers and sales engineers. Write or call George Vetan. Industrial 
Relations, PRescott 3-2000. 

1111211111M 
1111111111111MBIMMBII 

-1111111011111111M 

Upper oscillogram displays hose a 3 nsec 
risetime looks on a 765 Series Oscilloscope 
when using a Type 76-01 Single-Channel 
Plug-in. Rapid switching transients are easily 
"captured" to establish necessary corrective 
measures on system under test. Sweep rate 
is 10 nsec/cm as provided by a Type 74.03 
Time Base Plug-in. i3elow: Type 74-13 Dual 
Time Base Delaying Sweep Plug-in provides 
a strobe to select a particular pulse or trace 
sector (as depicted by brightened pulse), and 
enaales its expansion for detailed insestl-
gation. Used with Type 76-02 Dual Channel 
Plug-in, expanded trace can be studied si-
multaneously as shown in lower trace. 

ALLEN B. DU MONT LABORATORIES 
DIVISIONS OF 

FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 750 BLOOMFIELD AVENUE, CLIFTON, N.J. 
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NO. 90662-A INDUSTRIAL 
GRID DIP METER 

225 kc. to 300 mc. Hand calibrated + 0.5%. Rug-

ged 1- milliampere meter with transistor d.c. amplifier 
for maximum sensitivity. Transistor modulator. Silicon 

rectifiers. Convenient single- unit one - hand opera-

tion. Eleven individual coils with form-fitting molded 

covers. Complete in carrying case. 

JAMES MILLEN MFG. CO., INC. 
MALDEN 

r mu mil 11111 111M MU Ma all IRMO% 

I  on-time delivery of emergency and 
prototype 

[MOH 

'connector needs. 8 Stocking Facilities 
Mal in MR 811 MI MI MI 

Specify the new Bendi.1 Product) 

YNE 
contact Avnet for best service 

¡minim MI 111111..1111111.1 MI MI MI r 
on-tune delivery of Sperry 

Semiconductors 

1.11 • AyNE 

8 Stocking Facilities, 
Coast to Coast. 

lemalim BB 

I Specify the new Sperry Products 

Sr ERR 
I contact Avila for best service 

Nis am on me in ma 

MASSACHUSETTS 

Section 
Meetings 

asa. 

".',ãr Traffic Control Faciltie, It Tulsa 

ipal Airport," W. Plummer, 1/.\ .1; -Radar Facili-

ties at Tulsa Airptirt," K. Allen, F.\.\; Tour of 

Sinn-tan Electronic School; "1 011 I" Of new Airport 

Control Tower Facilities; 'four of Radar Installa-

tion at Tulsa Municipal .\ iaport: 21) (il. 

Twi, Ciro, 

"Looking at Patents." S. R. Peterson; Meyet s 

& Peterson; Joint with .\ I E h.; 9.25 '62. 

-1\liniaturization." C. \Vellard, American Com-

ponent>. Inc.: Joint Val, EE; 10 ' II '62. 

Vtutama 

-Slicrowave Phototithes." B. .1. :McMurtry. 

sylvantia Elec. Prod., Inc.; 9 28 62. 

"Antomatain In Color Sorting: J. \Vinci, 

Specialities, Inc 10'12 ,62. 

W ES It ie Sissssc,iu SF.] 

-The (:tyotron The I Ttimate in Micro-

miniaturization?: It. R. Shepard, General 

Co.; 9 25 '62. 

1VICIII I A 

'-'1 he Effects of Acoustical Noise on Electronic 

Equiprient," G. C. Cas,tily, The Hoeing Co.; 
62. 

W INNIPIA; 

Ca-uttal Meeting:9 

7/in 

li I p -.it 

in-tiniti.ntatain and it,...\pillication 

thr Detection of Nuclear I.:NIA"-

Via, n, ti, Dynamics; "The 

Seismological f/liservatory, T,-,, t,, Nat'l Forest. 

.1rizona," Klasky. United Electro 1)ynamics: 

9 ' I 2 62. 

"Opportunities flout the Shakeout in Elec-

tronics." 1.. Edgar, Sector Security .\ nalyst: C. M. 

It hoodes and CO.: 10:9 "62. 

M ERRIMACK VALLEv 

Untltagraduate Level Educational Pto. 

grant in Senticonductin Eleetronics," R. 11. 

MI I ; 9 2-1 62. 

PAN.atitA ('it r 

"Ile It:await Theory of Human Audition," 

J. I) Co aniline. 1 ' fitted Re,eart.11 Associates, 

le.c.; 9 25 62, 

giiittoti 

-Residential ,\coui-tics, J, j, MarInier, 'West-

ern Electric Co.; 9/14 '6.1'. 

SO, jilt IN 

"St ace Ztt Rieieball." F. Adler, 

I Pees An craft Cii.; 9 21 61. 

-Nlanufactaring Pro.1-cses-Celanese Plant," 

I inch. Celanese Plitat; Tour of Celanese Plant; 

564 WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE December, 1962 



REQUIRED 
Excellence In Receiver Selectivity With Mini-
mum Component Population 

SOLUTION: 

1 Midland filters with guaranteed ultimate dis-
crimination of more than 100 db with 60db/3db 
BWR < 1.8 2 A low cost stock filter with vir-
tually no insertion loss 

Midland crystal filters are 
the result of exact design 
methods and real produc-
tion knowhow. 

Facts are facts and filters are Midland's busi-
ness. Their filter and crystal engineering skills 
and facilities assure the user of top reliability 
and performance. * This is Midland's Type 
FB-5 crystal filter produced by the tens of thou-
sands — the only sure proof of production abil-
ity. It is an 8 pole — 6 zero precision network 
that incorporates no added dissipative elements 
in inband ripple control. Result: Superior selec-
tivity with essentially no midband insertion loss. 
A quality production component with immediate 
delivery. Engineering Bulletin NBS-103 is avail-
able detailing complete technical information. 
Prices on request. 

FACT 

* Write for Midland's capabilities and facilities bro-

chure, -Midland — in microspect". 

/•(. Professional 

Group Meetings 

AEROSPACE AND NAVIGATIONAL 
ELECTRONICS 

Akron—September 18 

"Survey of Solid State Devices," Dr. 
Lawrence J. Giacoletto, ichigan State 
University, East Lansing, Mich. 

New York—June 14 

Business meeting and tour of Bendix 
Plant. 

ANTENNAS \ ND PROPAGATION 
MICROWAVE THEORY AND 
TECHNIQUES 

Philadelphia—September 19 

"Semiconductor Diode Switch, Limiter 
and Duplexer Advances at Diamond Fuse 
Laboratories," Robert Garver, Diamond 
Ordnance Fuse Laboratories. 

"Early Adventures in Microwave Re-
search," Dr. George Southworth, Bell 
Telephone Laboratories ( Retired). 

Toronto-- September 24 

h'• Nature of the Moon's Surface," 
Dr. I \ l'iliversity of Toronto. 

At pp, 

SPECIFICATIONS 
Center Frey: 10.7 MC ±: :375 CPS 
Bandwidth @ 6 db.: 13.0 KC Min. — 13.8 KC Max. 
60 db/6 db BWR: 1.8 Max. 
100 db/6 db BWR: 2.2 Max. 
Ultimate Attenuation: 105 db. Min., 8 MC to 14 MC 
Midband Insertion Loss: 0.5 db. Nominal, 1 db. Max. 
Inband Ripple: 0.5 db. Nominal, 0.8 db. Max. 
Operating Temp. Range: — 55° C to-1-90° C 
Zin/Zout Req: 1100 OHMS ±- 5% in parallel with ad-

justable capavitor 0-5 picofarads. 
Dimensions: 2,' L x 1" Wr- x I :.;!" H 

MANUFACTURING COMPANY 

Di%ision Pacific IncListries, Itc. 
3155 Fiberglas Road Kansas City 15, Kansas 

Cleveland—:\ lay 24 

New Techniques in Stereophonic Re-
cording for Multiplex," Kenneth R. 
Hamann, Cleveland Recording Company, 
1515 Etu•lid Ave., Cleveland, Ohio. 

Philadelphia—September 28 

"A System of Electrostatics Record-
ing," Robert Kerr, E. I. DuPont of 
Nemours and Company, Wilmington, Del. 

AUTOMATE' CONTROL 

Los Angeles—May 8 

"Hydrofoils," R. Smyth and J. M. 
Johnsien, I )ouglas Aircraft Company, 
Santa Monica, Calif. 

New York—May 22 

"Hall Effect Devices as Applied to 
Control ›; stems," Donald Leibowitz, 
General Precision Aerospace Group, Little 
Falls, N. J. 

New York—April 25 

"Information Theory Applied to Bi-
onics and Biology," Jack D. Cowan, 
M. I. T. 

1310-MEDICAL ELECTRONICS 

Cleveland—September 19 

"Graduate Education in Biomedical 

E«nritated ., tt page 5821) 

p Raman MI MI BR III In 
"roti-tipie deln.cry of Microdot Connec-

tors and Cable 

r: A111NE 

8 Stocking 
Coast to Coast 

'Mai am Ma MN miming Wm ow 

11 Specify the new t Pu,Opetv 111 

MIC 11 0 I) IT 

I (aahat ad fir hcst >cc 111 

L.„, mum. 
11111 IM MI WM MI 

oti-time cl,,livery of standard I 

S E IVI I CON 

DUCTORS 
<1 to gel 

111 nu in um urn = mum No we al 
Specify the new semiconductors 111 

1 

contact Avnet for best service 1 
YE 

BM MI MI MI MI Ill III UPI III all 
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FILTERED 

COOLING AIR 

IN!... 

FI 
OUT! 

"rIV McILEAN 
RF I BLOWERS! 
AND FILTER- GRILLE ASSEMBLIES 

McLean RFI 

Filter- Grille Assembly mqglñ Cross Section of 

McLean RFI Blower 

Now McLean makes it possible for you to pressurize radio 
shielded electronic cabinets with cool, filtered air without 
opening the "envelope" to RF interference. 

These new McLean RFI blowers and filter-grille assemblies 
have been government-approved for RFI performance in ac-
cordance with MIL-I-6181D — meeting or exceeding all re-
quirements including susceptibility, generation and shield-
ability. This development is one of many by McLean engineers 
designed to assure reliability of electronic equipment. WRITE 
TODAY for further information. 

ENGINEERING LABORATORIES 
World Leader in Packaged Cooling 

P.O. Box 228, Princeton, New Jersey 

Phone; Area Code 6)9 WAInut 4-4440 TWX 609-799-0245 

SEND FOR 
NEW 44- PAGE 

CATALOG 
Or Our 

NEW MIL-SPEC 
BLOWER 
CATALOG 

Professional 

Group Meetings 

ill Jrolli 1,111i' 5;.-1 

Engineering," Dr. J. H. U. Brown, Na-
tional Institutes of Health, Ilethesda 14, 
Md. 

Rochester ---October 2 

"Electronic Analogs of t he Human 
Ear," Professor Josef Zwislocki, Syracuse 
University, Syracuse, N. V. 

Rochester - July 17-18 

"Conference on Data .\cquisition and 
Processing in Biology and Nledicine." 

rr Titruizv 

Los Angeles September 18 

"Spaceborne Computers for Now and 
Later," Ladimer 1. Andrews, Aerospace 
Corporation, El St:gundo, Calif. 

"Integrated Switching Circuit Using 
Transistor Coupled Logic," James L. 
Buie, Pacific Semiconductors. Inc., El 
Segundo, Calif. 

CIRCUIT THEIMY 
INFoRMATI(IN Titp,Ry 

September 4 

"Kiekoli: Thirteenth .\ nittial Profes-
sional legistrittion IZichard Kes-
sler, N \V Bell, Omaha, Neb., Joseph A. 
Rogers, \Vestinghtnise Elevators, ( huit ha, 
Nd. 

COMMUNICATIONS SVSTENIS 

Northern New Jersey September 18 

Data Communications I•sing the 
Telephone Systems," W. O. Fleckenstein, 
13e11 Telephone Laboratories, Holmdel, 
N. J. 

COMMUNICATIIINS SYSTENIS 

VEHICULAR COMMUNICATIONS 

Omaha-Lincoln September 25 

"The New Six Trunk Line Concentra-
tor-Identilier for Telephone Answering 
Service," Merle Laughlin, Western Elec-
tric, Omaha, Neb. 

Tour, Western Electric .Manufacturing 
Floor. 

Omaha-Lincoln—September 20 

"Telstar and Satellite Communica-
tions," Glen IL Sanders, Northwestern 
Bell Telephone Company, Omaha, Neb. 

Philadelphia— May 21 

"Sequential Coding," George C. Hen-
nesy, RCA, Camden, N. J. 

Philadelphia—April 24 

"Department of Defense World Wide 
Communications Systems," Raymond La-
zinski, Hideo Corporation, Philadelphia, 
Pa. 

(Continued on page 

58A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE December, 196? 



How Important is Experience? 
When you select a microwave spectrum analyzer, remember that Polarad is the pioneer. 

In fact, we have had more experience in designing, building, and helping engineers apply 

microwave spectrum analyzers than all of our competitors combined . . . several times 

more. We wrote the only textbook in the field — in its fifth printing now. (Write for one 
— it's free.) 

So What? Why should it matter to you that we have the most experience? Does experience 

really count? We think it does. In fact, we believe it is the most important factor in your final 
decision. Let us tell you why. 

Every circuit in a Polarad spectrum analyzer 
is a second- or third- generation design. That 
means: 

o refinements that make it more precise and 
stable. 

e sophistications that make it more versa-
tile and useful. 

e revisions that make it more reliable and 
economical. 

e updating that assures state-of-the-art 
capability. 

On the other side of the coin is what experi-
ence spares you. You know the kind of thing 
we mean: 

• subtle surprises . . . the mixer, or other 
circuit that isn't there, just when you 
need it. (All Polarad Spectrum Analyzers 
are furnished complete.) 

• inconveniences . . . like the hard-to-read 

scale, the oversensitive control, or the 
awkward panel arrangement. 

• weak links .. . the causes of sudden fail-
ure right in the middle of an important 
test. 

Everyone is plagued by these things . . and 

only experience — properly applied to the evo-

lution and elaboration of a design — ever elim-

inates all of them. 

To sum up, when you buy a Polarad spectrum 

analyzer, you benefit in two ways: you get the 

most instrument for your money; and you get 

the accumulated experience of thousands of 

engineers, in many hundreds of installations 

all over the world. No one else can offer you 

that much. 

Call your Polarad Field Engineer for positive 

proof. 

Newest in a Distinguished Family — 
the Model SA-84 WA 

Extended-Range Spectrum Analyzer 

Extended Frequency Range: 10 MC-63,680 MC in a single self-
contained instrument! Extended Dispersion Range: 25 KC to well 
over 80 MC (to 100 MC on special order!) Highest Sensitivity 
ever offered in this class of spectrum analyzer! 

Wide-Range Variable Resolution: 1 KC-80 KC! Many other fea-
tures: 0.01% Crystal-controlled markers over entire frequency 
range . . . log-linear display . . . (up to 36 db calibrated log dis-

play) accurate IF attenuator . . . full 5" usable display. 

HAVE YOU MADE 
RESERVATIONS YET? 

ec,,WAVF os, 

e ANITTFaR POLARAJ FIRST 

Polarad's new " Project Mohammed" is now 
bringing the "Mountain" (our new Mobile 
Microwave Calibration Laboratory) to " Mo-
hammed" (your microwave instruments). Be 
sure to take advantage of this opportunity 
to have your gear checked — at your door-
step. Save weeks of delay and needless ex-
pense. Call your Polarad field engineer for 
details and schedules! 

Polarad Electronics Corporation 
World Leader in 

Microwave Instrumentation 

43-20M 34th Street 

Long Island City 1, New York 
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PRACTICAL 
INGENUITY 

ELECTRONICS 

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

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

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

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

What is it? You might call it a philosophy... an idea... 

a principle. 

What does it mean ? Technical excellence, reliability, per-

formance—combined with sensible pricing. On this philos-

ophy rests the enviable Tarzian reputation for customer 

satisfaction. Too, it has earned for Sarkes Tarzian, Inc. 

recongition as the producer of " the world's finest tuner for 

the world's finest sets". You'll also find this same practical 

ingenuity in all of these elec ronic products from Tarzian: 

GeI I I le ja 

TELEVISION 

and FM TUNERS SEMICONDUCTOR DEVICES 

BROADCAST 

EQUIPMENT 

AIR 

TRIMMERS 

MAGNETIC TAPE 
FM RADIOS and 

AM/FM RADIOS 

Electronic Products of Tomorrow. TODAY 

\ /SAUCES TARZIAN INC 
east hillside drive • bloornington, indiana • edison 2-7251 

4.\E Professional 

Group Meetings 

(Continued from page 58A) 

COM PON ENT PARTS 

Los Angeles—September 10 

"Problems and Solutions in Darnell 
Specifications," Leo Jacobson, Angstrohm 
Precision, Inc., Los Angeles, Calif. 

New York—May 14 

"Production of Reliable Transistors," 
J. Hillman, General Instrument. 

"Transistor Failure Mechanisms," C. U. 
Zierdt, Jr., Semiconductor Products Dept., 
General Electric Company, Syracuse, 
N. Y. 

New York, Northern New Jersey, 
Long Island—April 25 

"Radio Interference Through Design 
Practice," S. Burruano, Burnam) As-
sociates, Inc., Westwood, N. J. 

"Radio Interference Let ters," M. Furst, 
R. F. Interonics, Oceanside, N. Y. 

ELECTRON DEVICES 

Albuquerque-Los Alamos—September 26 

"Some Devices We Would Like to 
llave," Dr. Bennett L. Basore, Dikewood 
Corporation, Albuquerque, N.Mex. 

New York Metropolitan Area—June 7 

"Masers for Amplifying and Generat-
itig Microwaves and Light," Frank R. 
Arams, Airborne Instrument Laboratory. 

New York Metropolitan Area— May 31 

"High-Power Microwave Tubes," 
Thomas D. Sege, Sperry Gyroscope Com-
pany. 

New York Metropolitan Area— May 24 

"Unconventional Free-Electron De 
vices," Dr. Gerhard ‘Veibel, General 
Telephone and Electronics Laboratories. 

New York Metropolitan Area--May 17 

"Microwave Tunnel Diode Oscilla-
tors," Dr. Fred Sterzer, RCA Tube Divi-
sion. 

New York Metropolitan Area—May 10 

"Varactor M ultipliers in Microwave 
l'ower Sources, - Dr. R. I'. Rafuse, 
'Massachusetts Institute of Technology. 

ELECTRONIC CoMPUTERS 

Long Island—May 1 

"Grumman Aircraft's Computation 
Facility," G. Fogec, Grumman Aircraft, 
Bethpage, N. Y. 

"Combined Analog- Digital Simulation 
at Grumman," A. Burns, Grumman Air-
craft, Bethpage, N. Y. 

(Continued on page 62.1 , 
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NEW VALUE 

PACKAGE 

Sampling sweep and 
sampling dual-trace plug-in 
units with the Tektronix 
Type 561A Oscilloscope 

• illuminated internal graticule • rectangular ceramic crt 

This new low-drift sampling system is as easy to operate 
as a conventional oscilloscope but with sensitivity and 
bandwidth possible only through sampling. 

For a demonstration—please cal! your Tektronix Field Engineer. 

HERE'S WHAT YOU CAN DO 
WITH THIS SAMPLING SYSTEM: 

1 Measure millivolt wide- band signals 
with either 0.4-nsec risetime sampling 
channel. Time-measurement range ex-
tends to 100 microseconds. 

2 Trigger internally from A and B signals. 
Matched internal delay lines in both chan-
nels assure accurate time comparisons. 

3 Display repetitive signals on 15 cali-
brated equivalent sweep rates from 0.2 
nsec/cm to 10 µsec/cm, accurate within 
3%. Magnifier provides 10X sweep expan-
sion ... time per dot remains the same for 
digital readout (with auxiliary equipment). 

4 Measure millivolt signals in the pres-
ence of a ± 1-volt dc component by means 
of a dc-offset voltage, monitorable at the 
front panel. 

5 Reduce time jitter and amplitude noise, 
if needed, on the more sensitive vertical 
ranges and faster sweep rates by means 
of a smoothing control. 

6 Show X-Y ( lissajous) patterns, observe 
single or dual-trace displays, add signals 
algebraically. 

7 Change the signal-source impedance 
without affecting the dot transient 
response. 

8 Vary sweep delay through 100 nano-
seconds. 

9 Drive X-Y plotters or similar readout ac-
cessories. 

10 Select calibrated vertical sensitivities 
from 2 to 200 mv/div. 

11 Choose signal probes for higher input 
impedances, various attenuations. 

TYPE 561A CHARACTERISTICS 
UNIQUE CRT • 5- inch rectangular ceramic-
envelope tube • Illuminated no-parallax internal 
graticule on high quality parallel-ground plate-
glass face • Controllable graticule lighting— 
for convenient trace photography • Monaccel-
erator design and 3.5-KV accelerating potential 
—for a bright, sharply-defined trace of small 
spot 557e • 

OTHER FEATURES Improved regulated power 
supplies • Regulated dc heater supply • Z-
axis input • Amplitude calibrator with 18 steps 
from 0.2 my to 100 V • Operation from 105 y to 
125 y or 210 y to 250 v, 50 to 400 cps. 

TYPE 561A Oscilloscope   $470 
(without plug- ins) 

TYPE 3S76 Dual-Trace Sampling Unit. . $ 1100 
TYPE 3T77 Sampling Sweep Unit . . . . $650 
Probes: 
Type P6032 Cathode- Follower Probe . . $160 
Type P6034 Miniature Passive Probe . . $35 

(10X attenuation) 
Type P6035 Miniature Passive Probe   $35 

(100X attenuation) 
U. S. Sales Prices, f.o.b. Beaverton, Oregon 

The Type 561A also accepts other plug-ins for 
differential, multi-trace, and wide-band appli-
cations, plus the two latest which provide high 
sensitivity, wide-band, dual-trace operation 
combined with calibrated sweep delay. 

Tektronix, Inc. P. 0. BOX 500 • BEAVERTON, OREGON / Mitchell 4-0161 • TVVX-503-291-6805 • Cab/e: TEKTRONIX 

Tektronix Field Offices are located in principal cities throughout tie United States. Please consult your Telephone Directory. 
Tektronix Canada Ltd: Fir Id Offices Montreal, Quebec • Toronto (Willowdale) Ontario. 
Tektronix International A. G., Terras:;enneg 1A, Zug, Switzerland • Overseas Distributors are located in 27 countries and Honolulu, Hawaii. 
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Ceramics to infinity 
Wesgo capability can provide an endless number of 
shapes and forms in quality high alumina ceramics 
for your most demanding applications. 

Dense, vacuum-tight Wesgo alumina ceramics, with 
up to 99.5% A1,0,, are strong, hard and abrasion re-
sistant. They offer high thermal conductivity, excep-

tional chemical inertness and superior electrical 
properties at microwave frequencies—even at high 
temperatures. 

Wesgo ceramics are available in sizes and shapes to 
meet your individual specifications. Manufacturing 

is to tight dimensional tolerances; parts are of uni-
form density, free from internal and surface defects. 
All are quality controlled to meet unparalleled per-
formance standards. 

Write today for a brochure describing these premium 

ceramics or Wesgo's precious metal brazing alloys 

WESGO — Where Quality is the Chief Consideration 

Sub-Miniature Indicator Lights 
Conform to applicable Military Specifications. 
Mount from FRONT of Panel in 15/32" Clearance Hole 

NEON 
II Assemblies with Built-in Resistor 

(A patented DIALCO feature—U.S. Pat. No. 2,421,321) 

Conform to MS25257 ... Accommodate T-2 
Neon Glow Lamps: Type NE-2D (MS25252) 

T-2 is recommended for general service on 105-125 volts AC or DC. The High Bright-
ness type NE-2J ( not MS) may be used on 110-125 volts AC only. 

Features: Stovepipe lens molded of high-heat plastic gives 180* light spread; available 
in choice of signal colors... Two terminals... Rugged construction; phenolic insulation 
of Mil. Spec. grade... Anti-rotation (locking) features prevent rotation of unit while 
being tightened to panel... For complete data request Brochure L-159C. 

lactual S,te) 

¡actual sue) 

'+o 162-8430-931 / 

INCANDESCENT 
Assemblies conform to MS25256 

Accommodate T-1-3 '4 Incandescent bulb with 
midget flanged base, in voltages ranging from 1.3 
to 28 ( the 6 V. and 28 V. conform to MS25237). 

For complete data request Brochure L- 156E. 

Samples on Request— at Once— No Charge 

No. 137-8836-931 

DIALCO 
PILOT LIGHTS 

"The Eyes of Your Equipment" 

Y' 

T- 3/4 

Foremost Manufacturer of Pilot Lights 

DIALIGHT 
CORPORATION 

WESTERN GOLD & 

PLATINUM COMPANY 
Dept. P, 525 Harbor Blvd., Belmont, Conform(' 

LYtell 3-3121 Area Code 415 

Professional 

Group Meetings 

j 

I . Inig kland l'uhrtrat. 

" \itnCCOWI P10,4 . ( .1111111> 1,1 

duar Instrunwiltation, - 1)r. Sugar-

man, lirookhavim \ mional 1.almrator‘. 

'ann.; 1,-1.1nd 11(1(11i1 tu ( 

\ ¡gal .1011  \- tu'uiu tor i'lr1.111., 
›,purrs 

(.'""1" • 

sail', Ana sqm.•ifil ii •c 27 

-1 um tcil Logii ," 

.1a(t Pi 11-1-41 . 1111 1-1 11t> Aircr.al CD 111 1)all, 
l'ullert(mi, Calif. 

Sian Francisco Scliteitilicr 25 

"The IIC11-202 Thin Film 
.1. S. Ful:in, I lughus .\ ircraft 
Los.\ngelus, Calif. 

ENGINEERING MANAGUNIENT 

13ti(ma‘utllitra Supturilltur 25 

" The l'residuntial ()Filer ini Organized 

Griimis of Federal cc.: John 

la( Finpl»Cl• Relat 

DI\ uu 

60 STEWART AVE., BROOKLYN 37, N.Y. • Area Code 212, HYacinth 7-7600 
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FOR DEEP SPACE COMMUNICATIONS 
Varian Associes` new VA-858 CM! amplifiEr kly-

stror offers the highest known pcwe- in S-band 
for deep-space .tommunications. Developed by the 
same team of engineers who brought :he industry 
the highest power in X-band, the VA-858 is con-
servatively rated at 100 kW, and in actual con-
tinued operation has delivered in e>cess of 175 kW. 

The VA-858 is available in four models. Tubes can 
be Lined for high gain, high efficiency, or wide 
bandw dth. With suitable stagger tuning. a 3 db 
andw.dth of 20 Mc can be achieved, with a 
ower gain of 50 db. Tuning range of each tube is 

50 Mc below Go, and 200 Mc above 2 Gc. Small 

iza of te tube is ideal for antenna mounting. 

f your deep-space or satellite project requires 

uch exemplary tubes, Varian has (cr car design) 
the tube fo- you. Wrtte Tube Divistoi. 

i MICROWAVE PALO ALTO TUBE DIVISION • BOMAC DIVISION S- F- D LABORATORIES. . NC • SEMICON 
TUBE GROUP ASSOCIAT!S, INC • VARIAN ASSOC:ATES OF CANADA. LTD. • S.EMICON OF CALIFORNIA, INC. 

CHARACTERISTICS 
SYNCH 
TUNED I 

HIGH 
EFF. 

TUNED 

BROAD. 
BAND 
TUNED 

Power Output (kWi 103 122 122 

Dive Power IniVil 35 350 IC00 
Gain idtA 65 55 51 

Etficienc7 ,%) 35 41 41 

Bandwidth, :i dt (Mc) 8.5 15 21 

Bean Voltage ( çVdc) 35 35 35 

Beam Current (Mc) 8.5 8.5 8.5 

TUBE DIVISION • Palo Altc 2 Calif 
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NORTHEASTERN FIRST AGAIN! 

1 MC 
Transistorized Counter 

with 
pushbutton ease! 

Northeastern's Model 15-30 features simple 
and fast pushbutton selection; easy thumb-
action controls for display time and counting 
cycle. Gated counting, in-line nixie readout 
and self-check features included. 

Frequency Stability ... . 1 part in 107 per week 

Frequency Range.  10 cps to 1 MC 

Standard Output Frequencies 
1, 100 cps; 10, 100 KC and 1 MC 

Max. Period Measurement Frequency ... 100 KCS 

Period Range  
lOissec. to 10" sec. ( 108 with standard output 

frequencies) 

Maximum Resolution . . lesec. between pulses 

Input Voltage 250 MV to 100 V Max. RMS 

Power 115 VAC 60 cycle, 40 VA 

Size   12" wide, 9" high, 17" deep 

PRICE $1550.00 

NORTH EASTERN 
ENGINEERING INCORPORATED 

AFFILIATE OF ATLANTIC RESEARCH CORPORATION 

DEPT. 2 R MANCHESTER, NEW HAMPSHIRE 
,11ployment 0,,,en Al All Level'. 

Ask To See The Difference! 

Now! A REALLY STABLE lOuV 
DC MICRO- VOLT AMMETER! 

ULTR A- SENSITIVE DC 

MICRO- VOLT- ARIMETER 

INV-1 KV, mid- zero; 10uuA-1mA, mid- zero; 

.np. Imp., 1-100 meg; DC Output, 2.5V @ lmA; 

Basic Accy, Volts- 1%, Amperes- 2%. 

Model MV-07C 5495.00 

MILLIVAC Instruments, Inc. 
1 1 00 Altemont Ave., Schenectady, N. Y. 

 Professional 

Group Meetings 

I Cuntinsied rape 

Seattle—April 5 

"Technology's Role in the Growth Ex-
plosion," Ralph H. Miner, I.ockheed Mis-
siles and Space Company, Sunnyvale, 
Calif. 

Seattle- - March 16 

"How to Achieve Individual Income 
Tax Savings," Durw(sod L.. \ lkire, Touche, 
Ross, Bailey & Swart, Certified Public 
Accountants, Seattle, Wash. 

ENGINEERING W RITING 

AND SPEECH 

Los Angeles— September 18 

"The Application of Technical Com-
munications," Russell Bruinait, P. R. 
Broman Company. 

Northern New Jersey—September 25 

"Printing and Duplicating Processes 
for the Engineer," Eli Fuchs, Raritan 
Arsenal (U. S. Army), Metuchen, N. J. 

INDUSTRIAL ELECTRONICS 

Omaha-Lincoln----September 26 

"Long Range System Planning," 
Henry C. Sampers, Omaha Public Power 
District, Omaha, W. E. Miller, OPPI ), 
System Planning Engineering, Omaha, 
Neb. 

INFORMATION THEORY 

San Francisco- - September 27 

"Data Communication Through Bi-
nary Superposition Channels," Dr. Wil-
liam H. Kautz., Stanford Research Insti-
tute, Menlo Park, Calif. 

INsTRUMENTATIoN 

Los Angeles—May 15 

Temperature Measurements in Ex-
treme Environments," L. B. Gardner, for 
Edwin N. Kaufman, Litton Industries. 

Los Angeles—March 20 

"New Techniques for Measuring Nu-
tating Antenna Parameters," Sam rid 
Rosen, Rantec Corporation, Ca la bit Sa s. 
Calif. 

Philadelphia—September 18 

"Accuracy," Earl F. Gard, Frankford 
.\ rsenal, Philadelphia, Pa. 

\I ICROWAVE THEORY 

AND TECHNIQUES 

Boston—September 27 

"Advances in Microwave Solid-State 
Devices," Frank A. Brand, USASRDL, 
Fort Monmouth, N. J. 

(Continued on poor 681) 
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HUNTINGTON ALLOYS 

SMALL 
WONDER 

...that tubing finer 
than a mosquito's 
stinger calls for a 
Huntington Alloy! 

Nature has given the mosquito a pro-
boscis that measures 0.0031 of an inch 
at its widest point. Nickel makes it 
possible to produce tubing that's much 

finer. 

How fine? The tubing pictured here— 
drawn by the Superior Ilibe Co.—has 
an outside diameter of 0.0019 of an 
inch, a wall thickness of 0.00065 of an 
inch and an inside diameter of 0.0004 

of an inch! 

But the smallest tube ever made is 
still much finer. The fact is, that nickel 
tubing has been drawn down to 0.00061 

outside diameter and 0.000036 inside 
diameter. That's really fine! 

Tiny tubing like this is 
just one example of 
how you can get Hunt-
ington Alloys in any 
form or size you may 
want, right down to the 
fine sizes produced by 
specialists in strip wire 
and tubing. In com-
mercial production, 
Huntington high-nickel 
alloys are made in tube 
forms from 0.010 inch 
outside diameter to the 
giant welded cylinders 
used in paper-making 
machinery. They're al-
so available in wire and 
strip forms. And in all 
the other various 
shapes and sizes need-

ed for electronic applications. 

Perhaps a Huntington high-nickel al-
loy can help you solve one of your 
electronic problems? Write for the in-
formative booklet, "Huntington Alloys 
for Electronic Uses." It will give you 
a convenient reference on the proper-
ties, available forms and typical appli-
cations of these alloys. 

^ HUNTINGTON ALLOY PRODUCTS DIVISION 
INCO THE INTERNATIONAL NICKEL COMPANY, INC. 

HUNTINGTON 17 • WEST VIRGINIA 
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,-, Generalized instantaneous surge-ratings for RCA Silicon 

Rectifiers for Surge durations from lisec to 10 n/sec. 

, • „.01)5e RMS Current shown should be added to normal RMS 
Current for total surge rating 

V 

I 

SURGE DURATION (SECONDS) 

2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8 
10 10- 10' 10's 104 

Here's New Assurance of Extra Performance... 

in Every RCA Silicon Rectifier You Specify 
Now you can design rectifier circuits with 
much greater assurance with RCA Silicon 
Diffused-Junction Rectifiers, because you 
have complete surge information. Check the 
surge value for the conditions you must meet 
and you'll find the right RCA rectifier for 
the job. 

RCA Silicon Rectifiers can withstand tem-
porary current overloads hundreds of times 
higher than average current rating. 

Here are some of the features of RCA Silicon 
Rectifiers that make this quality possible: 

• Diffused Junction Process...extremely tight 
characteristics limits 

• Each package designed to meet the strin-
gent environmental and mechanical re-
quirements of today's military and indus-
trial power equipment 

• Extra-high-strength zirconium-alloy mount-
ing stud 

• Unique internal heat sink assures union of 
pellet and contact to eliminate high-current 
hot spots 

• Thermal fatigue cycling tests — the 

assurance for long and dependable service 
• Every unit is dynamically tested prior to 
shipment 

Call your RCA Representative 
for complete information. For 
your copy of the RCA Appli-
cation Note, SMA-4, write to 
RCA Semiconductor and Ma-
terials Division, Convv,ercial 
Engineering, Section IT-12, 

best Somerville, N. J. 
AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 

THE MOST TRUSTED NAME IN ELECTRONICS 

milicatIon 
Ii ii• 

:7= 
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Poles and Zeros 

Abstracts and References. 
See page ( 2538) for announce-
ment of the greatest impor-
tance to users of Abstracts and 
References. 

International. An international subcommittee comprised 
of Dr. R. L. NIcFarlan, Chairman, IRE International Com-
mittee, Professor Alexander Bereskin, Director, Region 4, and 
Professor Adolfo Di Marco, Chairman, Buenos Aires Section, 
toured eight countries of Latin America this summer. They 
sought to determine steps which the IRE should take to im-
prove communications with, and meet the professional society 
needs of, engineers and scientists in the radio, electronic, and 
electrical industries. In Venezuela, Brazil, Argentina, Chile, 
Peru. Ecuador. Colombia, and Mexico, they visited nine uni-
versities, six factories, and four government laboratories. IRE 
sections exist in Rio de Janeiro ( Dr. Joao A. Wiltgen, Chair-
man). Buenos Aires ( see above), Chile (Julio del Rio. Chair-
man). and Colombia ( Professor Werner Westphal. Chairman). 
The Buenos Aires Sect i(ni is the largest in South America and 
the first to be established outside North America. Good po-
tential for formalizing activities into a section or subsection 
was found in Venezuela. Uruguay. Peru. Sao Paulo, and Co-
lombia. The Nlexico City Section of the A I EE will absorb and 
serve IRE members upon merger. Colleges and universities 

o visited were satisfactrily equipped and staffed to award the 
13.5. degree. Although feii are giving the Master's or Doctor's 
degree in engineering, several are planning to expand staff 
and facilities and activate graduate programs in the near 
future. Throughout the visit. the Committee found enthu-
siasm, plans. and progress. Latin America can be expected to 
move ahead with the IEEE. 

Who Reads PROCEEDINGS? St udents do! As of this writing. 
75e/¡i of renewals o! student membership and 33% of new stu-
dent members are paying S9 dues instead of the basic S5 fee 
in order to receive Puocrœot NOS. 

Literacy and Technology. As the last issue of the PRO-
CEEDINGS Oit HE IRE goes to press, it seems fitting to fix this 
point in time and thereby establish a perspective view of the 
future. Your Editor undertook a bit of research and came up 
with the following, which sheds some light on our potential 
and responsibilities as we become members of the IEEE: At 
the dawn of recorded history—about 4000 B.C.—there were 
about 150,000 people in the known world who could read and 
write. This number doubled on a 950-year cycle until the end 
of the Middle Ages. The invention of printing, the compass, 
the technique of sailing into the wind, and other technical and 
humanistic advances established both need and desire for 
literacy. The doubling time dropped to about 100 years. Fur-
ther technical, governmental, and medical advances created 

the " population explosion" of laltFus and the doubling time 
in the early 1800's became 50, then 40, then 30 years, and now 
20 years. There are presently about 1.5 billion literates in the 
world. The rate of creation of literature and knowledge has 
followed closely the rate of incrse of literacy. General 
printed material is doubling today about every 20 years. The 
Harvard University Library is doubling in numbers of books 
and pamphlets every 20 to 25 years. Note that this means 
that Harvard will buy as many books in the next 25 years as 
they have purchased in the last 300 years! The M.I.T. Library, 
being oriented toward technical literature, is smaller than 
that of Harvard, but is doubling on a 10 to 15 year cycle. The 
number of pages of technical papers is said to be doubling 
every 15 years. Dr. Werner Von 13raun says that knowledge of 
space science is doubling every 7 years, PROCEEDINGS OF THE 
IRE pages of editorial material has doubled every II years for 
over 40 years, and the TRANSACTIONS pages output has 
doubled every three years over the last decade! IRE member-
ship has, on the average, doubled every seven years for four 
decades. This is truly a remarkable era in the history of man-
kind, and we IRE'ers cati be proud of our contributions 
thereto. 

End of an Era. During the next 40 years there will be as 
many man years of literacy as there has been in all of Mall' .5 
past history. It is reasonable to expect almost proportional 
creativity and progress, as summed over all spheres of activ-
ity. Extrapolation of trends indicate that the world will be 
essentially 100% literate at the turn of the century. The next 
40 years is truly " the end of an era" during which the prog-
ress of mankind has "exploded" as a chain reaction among 
technology, mass education, and poi ttlation growth. After the 
year 2000 A. D. the number of literates will increase, not per-
centagewise, but only as the population increases. 

Beginning of a New Era. When one era ends, another must 
begin. The new era is already taking form in many nations of 
the world. The United States, Canada, Western Europe, 
Russia. Japan, and Australia, for example, are almost totally 
literate at this moment. If the explosion of progress is to con-
tinue ( if progress is to continue to accelerate), we must raise 
the level of the average per capita education—and this means 
to press every man to achieve his personal saturation level 
in education. It means more, better, and more efficient schools, 
colleges and graduate programs. To our field of Electrical 
Science and Engineering, it means greatly expanded Pit. D. 
programs and, in addition, development of "another layer on 
the cake"—large and strong post-doctorate programs which 
will stress study and research at the highest level in an aca-
demic atmosphere. Our colleagues in Chemistry, Physics, and 
Biology have sizable post-doctorate programs already under-
way. IEEE faces a new and tremendous challenge in helping 
our profession fulfill its responsibilities to society.—T.F. J. 



George W Bailey 
Executive Secretary 

In recognition of his eghteen years of continuous devoted and dedicated service, the 
Board of Directors of The Institute of Radio Engineers, on behalf of its members, 
bestows on George W. Bailey, Executive Secretary of the Institute, a Distinguished 
Service Award in this year of 1962. 

George W. Bailey has given unstintingly of his time, his effort, his thought, and his 
consistent devotion to duty during that period. 

He has planned many of the administrative and operational procedures of the Insti-
tute while overcoming many anticipated or unforeseen difficulties and obstacles. 

He has developed policies of wide scope, worked out details of procedures, and skill-
fully, and with unswerving determination, implemented and successfully carried 
them out. 

He has won the admiration and respect of the membership of the Institute, its Offi-
cers and Directors, and its correspondents as well as the esteem and cooperation of 
leading governmental and industrial representatives. 

He has created a great tradition of effectiveness and personal standing for his office 
as Executive Secretary, and has established valuable guidelines for those holding a 
like office. 

On this occasion of the year of the Fiftieth Anniversary of the Institute, the Board 
of Directors and Officers of The Institute of Radio Engineers, on behalf of its members, 
hereby unanimously express their personal esteem and official approval of his unusual 
and valuable accomplishments and of his major and lasting contributions to the welfare 
of the Institute. 

The foregoing resolution was adopted by the IRE Board of Directors at its meeting on 
October 17, 1962. Upon the formation of The Institute of Electrical and Electronics Engineers 
in January, 1963, Dr. Bailey will serve as Executive Consultant. 
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Scanning the Issue  

Double Injection Diodes and Related DI Phenomena in 
Semiconductors ( Holonyak. p. 2421)—Recent work on double 
injection phenomena in insulators has shown that when the 
injection level is increased beyond a certain threshold, the 
material exhibits negative resistance. This work has opened 
up a new area of study which promises to be of major impor-
tance in the immediate future. This paper and the one that 
follows give ample evidence why. The first paper presents a 
considerable amount of new experimental data on double-
injection negative-resistance phenomena in gallium arsenide, 
silicon, and germanium p-i-n diodes, and in particular de-
scribes many device possibilities inherent in this work. Among 
them are a new low-voltage regulator in a voltage range not 
presently available in zener diodes, a method of fabricating a 
memory array of noninteracting elements on a single sub-
strate, a new class of photosensitive diodes, and higher power 
microwave p-i-n switching elements. In addition to these 
specific device developments, this work makes a notable con-
tribution to a subject of rapidly growing importance, namely, 
plasma effects in semiconductors. 

The Madistor—A Magnetically Controlled Semiconductor 
Plasma Device (Melngailis and Rediker. p. 2428)—Plasma 
effects in semiconductors, prominently mentioned in the pre-
ceding paper, once again take the center of the stage. And 
once again the existence of a negative resistance region in a 
suitably designed diode at high ittection levels is crucial to 
the operation of the devices under consideration. In the pres-
ent paper an important new element is added, that of con-
trolling the position of the plasma inside the material by 
means of an externally applied magnetic field. The result is 
a new class of devices which the authors call " madistors." 
Novel dual-base and multiple-base structures are described in 
which the plasma, and hence the output current, can be mag-
netically switched from one base contact to another to form 
bistable flip- Hops and multicontact stepping switches. Other 
important types of madistors include a four- terminal ampli-
fier with an isolated input, and a variable gain transistor. It 
is noteworthy that in all of these applications the magnetic 
fields required is only about 10 gauss. 

Design and Performance of a Broad-Band FM Demodu-
lator with Frequency Compression ( Ruthroff and Bodtmann, 
p. 2436)-111 the course of developing an extremely sensitive 
receiving system for the Project Echo communication satel-
lite experiments. :.he designers utilized an old but almost-
forgotten technique of applying negative feedback to an FNI 
receiver in order to improve its operating threshold. However, 
there remained considerable uncertainty as to how and where 
the threshold improvement set in, largely because of the non-
linear nature of the problem and the associated difficulty of 
describing and analyzing it mathematically. In spite of this 
difficulty, a theory for predicting the threshold was devel-
oped and published in the PROCEEDINGS last January. The 
present companion paper reduces the theory to practice and 
offers interesting experimental verification of the predicted 
threshold improvement. In addition, the authors provide a 
timely description of a demodulator intended for an inter-
continental satellite communication system capable of 

handling television or telephone service. 
Solid-State Display Device (Yando, p. 2445)— By com-

bining certain unique properties of piezoelectric and electro-
luminescent materials, a new method of scanning has been 
developed for solid-state displays. The display device consists 
of a thin, flat panel of piezoelectric material supporting an 
electroluminescent layer. Voltage pulses, applied to a few 
electrodes on the periphery of the panel, produce elastic im-
pulses which, as they travel across the piezoelectric panel. are 
accompanied by localized electric fields generated by piezo-
electric action. These fields interact with the El. layer to 
produce light. The configuration and size of the lighted area 
can be controlled by the mode of application and relative 
timing of the input voltage pulses to produce oscilloscope 
patterns or television- type displays. The simplicity of the 
structure and the novelty of the scanning method will make 
this development of interest to many individuals concerned 
with new ideas in the solid-state device and display field. 

Switching Speed and Dissipation in Fast, Thin-Film 
Cryotron Circuits (Meyers. p. 2452)—The development of 
faster cryotron circuits has progressed to a point where it 
becomes feasible to consider circuit time constants in the 
nanosecond rather than the microsecond range. Simplifying 
assumptions concerning switching speed and heat generation 
which were adequate for analyzing slower circuits are no 
longer valid. The detailed properties of the components them-
selves produce effects which at higher speeds can no longer be 
ignored. While it has been generally recognized that these 
limitations exist, there has been no detailed analysis of the 
phenomena involved nor computation of the delay times pro-
duced. This paper deals theoretically witli these factors and 
provides valuable and new calculations of the expected high-
speed switching behavior of film cryotrons. As such it will be 
of high interest to cryogenic, magnetic amplifier, and com-
puter engineers, as well as switching theoreticians. 

Properties of 400 Mcps Long-Distance Tropospheric Cir-
cuits (Chishol etal., p. 2464)—This paper presents the results 
of an extensive program of UHF tropospheric propagation 
research to explore the feasibility of extending the range of 
transhorizon communications systems beyond 400 miles to 
possibly 800 miles. As a result of more than 16,000 hours of 
measurements, a great deal of information was gathered for a 
distance range where existing data was meager. The measure-
ments are valuable in their own right and are additionally 
interesting because they provide some results which do not 
seem to be indicated by present theoretical models or by ex-
trapolation of data for shorter ranges. Systems engineers will 
be especially interested in the performance reported for 120-
foot antennas at a 600- mile range. 

Annual Index (Follows page 2552)—During this year ap-
proximately 600 technical papers and letters appeared in the 
pages of the PROCEEDINGS. The 1962 annual index for the 
PRocEEDINGs, containing listings by subject and by author, 
appears at the end of the editorial section of this issue. The 
index to the IRE INTERNATIONAL CONVENTION RECORD will 
appear next month. 

Scanning the Transactions appears on page 2531. 
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Message from the President 

Fellow Members of IRE: 

It has been my privilege to serve you as your President during this the Fiftieth 
and the last year of our society in its present form. A very large part of my duties for 
you this year have been concerned with the establishment of the IEEE, whose cre-
ation you have supported overwhelmingly by vote and deed. All of us, in working for 
the establishment of the IEEE, have done so with a single aim—to bring into being 

a professional society superior to either of its component parts. IRE has been an 
excellent organization, and it has served its members well, but we, the members of 
IRE, are joining with the members of AIEE so that we may have an improved insti-
tute even better able to serve our profession and the greater society of which we are 
all a part. 

Let's remember that after the first of the year we are not members of IRE any 
more but members of IEEE, and that it is the fact of the consolidation of our two 
large societies which gives us this new opportunity to create a better society. But, 
it is also a fact of that consolidation that we bring together two large groups of 
engineers whose methods of operation and traditions have been somewhat different, 
and that now we will be working together in a new environment with new methods of 
operation, different in many respects from those in either of the predecessor societies. 
A little patience and a lot of common sense will make the first year or two of transition 
much smoother. It will take a few years to gain all the benefits from our consolida-
tion, but if we work toward this during 1963, I know we will find the most difficult 
problems of transition out of the way by the end of the year. We are extraordinarily 
fortunate to have as the first President of the consolidated society the extremely 
competent Dr. Ernst Weber, and surely in Mr. Donald Fink we have found a man 
whose background capabilities and qualities are exactly those needed by the IEEE's 
General Manager. No professional society could expect finer leadership, but even, 
with such leadership, IEEE can be no stronger than we, its members, make it. 
As for me, I look back on the tasks of this Golden Anniversary year with humility 

because there is still so much to be done, and yet with pride in the accomplishments 
you let me share. 

Sincerely, 

P. E. Haggerty 
President 
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Double Injection Diodes and Related DI 

Phenomena in Semiconductors* 

NICK FIOLONYAK, JR. t, SENIOR MEMBER, IRE 

Summary—Experimental studies of double injection (DI) nega-
tive resistance phenomena in GaAs, Si, and Ge are presented. V-I 
characteristics, switching, trapping, and photosensitivity properties 

of GaAs DI p-i-n diodes, fabricated by diffusion and alloying proc-
esses on semi-insulating crystals and in other cases fabricated via 

epitaxial processes with Cu-doped i regions, are described. Similar 
studies and data are presented on Si DI p-i-n diodes prepared via 
diffusion and , or alloying processes. Silicon DI p-i-n diodes are 
described which have been doped with various deep level impurities 
such as Au, Zn, Cd, or Co and which, depending upon the kind and 
concentration of deep level impurities, display a wide range of 
behavior including useful photosensitivity, switching, and voltage 
regulation properties. Brief mention is made of Ge DI p-i-n diodes 
fabricated on n-type crystals counter-doped with Cu, Fe, Ni, Co, or 
Mn. A comparison is made between experimental results and current 
theories of double injection effects. As might be expected, existing 
theories do not completely account for the experimental situation, 
e.g., breakdown to constant voltage in certain units and phenomena 
which seem closely related to plasma effects. In addition to various 
practical implications, including possibilities for a noninteracting 
diode negative resistance matrix, low voltage regulator diodes, 

photosensitive charge-storage diodes, and higher power microwave 
switching p-i-n diodes, the significance of deep level doping and 
possible and actual effects (e.g., secondary switching effects) on 
epitaxial Si devices are described. The use of DI phenomena for 
study of deep level impurities and their properties is made apparent 
as well as the further possibilities inherent in Hall's now 12 year-old 
p-i-n diode. 

INTRODUCTION 

A
S POINTED OUT by Hall' over ten years ago, 

current in the forward direction in a p-i-n diode 
is carried by recombination of electrons and holes 

which are injected from either side into a relatively 
thin, neutral i region. In p-i-n structures consisting of 
semi-insulating' (si) intermediate regions of large di-
mensions relative to a diffusion length, current (low-

level) can he carried in the forward direction in large 
part by space-charge-limited-emission processes. At 
higher current levels, as indicated by Lampert,'" beyond 

* Received Pik 20, 1962; revised manuscript received Septem-
ber 29, 1962. This work was partially supported by the Electronics 
Research Directorate, Air Force Cambridge Research Center, Con-
tract No. AU 19(604)-6623. Much of the material of this paper was 
presented at the I RE-A I EE Solid State I >evice Research Conference, 
University of New Hampshire. Durham, N. II.; July 9-11, 1962. 
t Adv-aii,ed Semiconductor Laboratory, Semiconductor Products 

Department. General Electric Co., Syracuse, N. V. 
R. N. Hall. " Power rectifiers and transistors," PRoc. IRE. vol. 

40, pp. 1512-1518; November, 1952. U.S. Patent No. 2,994,018; 
July 26, 1961. 
.2 C. II. Gooch, C. Hilsum and B. R. Holeman, " Properties of 

semi-insulating GaAs," J. Ape Phys., vol. 32, pp. 2069-2073; 
October, 1961. 

M. A. Lampert, "The role of injecting contacts in photocon-
ductors, - J. Phvs. Chem. Solids, vol. 22, pp. 189-197; December, 
1961. 
' M. A. Lampert, " Double injection in insulators," Phys. Rev., 

vol. 125, pp. 126-141; January, 1962. 

a certain threshold voltage double injection can result 
in a significant increase in lifetime in the i region (or 
si region) and cause the diode to exhibit negative re-

sistance, as in effect, the i region becomes conductivity 
modulated. Earlier, Stafeev8-' and co-workers pre-
dicted and presented experimental confirmation, at low 
temperatures, of the existence of a negative resistance 
in " long" Ge diodes in which single carrier injection in-
creased lifetime. Still earlier Tyler8 observed a switch-
ing effect at low temperatures in Fe-doped Ge which can 
be satisfactorily explained by Stafeev's work, or now 
perhaps better bv Lampert's model and the experi-
mental results and interpretations which are presented 
below. Finally, NleIngailis and Rediker9 have obtained 
experimuntal results on InSb " long" diodes at low tem-

peratures which in general confirm Stafeev's theories, 
and Holonyak, et al.," have presented experimental 
evidence confirming some of the main features of Lam-
pert's model. 

In this paper we shall describe room temperature ex-

perimental results on GaAs, Si, and Ge p- I-n (or 
p-si-n) diodes which extend the work described above 
and which also bring to light a number of problems not 

adequately resolved by any of the current theories. A 
number of the practical implications and new :Ipplica-
tions made possible by this work are discussed also. In 
the interest of convenience, and because his theory tits 
our experiments reasonably well, we shall describe our 
results below mainly in terms of Lampen 's model. 

DOUBLE INJECTION 

Lampert considers double injection in an insulator 
(semi-insulator, which can be assumed to be in the 
form of a p-i-n diode) with an assumed acceptor recom-
bination level ER somewhat below the Fermi level so 
that at equilibrium electrons fill the level. He assumes 

A. A. Lebedev, V. I. Stafeev and V. M. Tuchkeyich, "Some 
properties of gold-doped germanium diodes," Soviet Phys.—Tech. 

VOI. I, pp. 2071-2080; October, 1957. 
V. I. Stafeev, "Modulation of diffusion length as a new principle 

of operation of semiconductor devices," Soviet Phys.—Solid State, 
vol. 1, pp. 763-768; December, 1959. 

7 V. I. Stafeev, " PhotoconductivitY in semiconductor diodes in-
duced by carrier lifetime changes," Soviet Phys.—Solid State, vol. 3, 
pp. 1829-1833; March, 1962. 

\V. \V. Tyler, " Injection breakdown in iron-doped germanium 
diodes." Ph ys. Re;., vol. 96, pp. 226-227; October, 1954. 

9 I. Mehigailis and R. H. Rediker, " Negative resistance InSb 
diodes with large magnetic field effects," J. App/. Phys.. vol. 33, pp. 
1892-1893; May, 1962. 

'" N. Holoni•ak, Jr., S. W. Ing, Jr., R. C. Thomas and S. F. 
Bevacqua, " Double injection with neetive resistance in semi-insu-
lators," l'hys. Rev. Lett., vol. 8, pp. 426-428; June I. 1962. 
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further that the hole capture cross section o-, is consider-
ably larger than the electron capture cross section cr,, of 
the recombination centers. When sufficient voltage is 
applied so as to inject electrons and holes into the in-
sulator, a "recombination barrier" prevents holes (be-
cause of low lifetime, and diffusion length shorter than 
the i-region length W) from contributing appreciably 
to the current. Hence, initially only a small space-
charge-limited-emission electron current is observed. At 

a critical threshold voltage Vo, such that the hole 
transit time across the insulator (or i region) is of the 
order of the low-level hole lifetime, meaning holes can 

traverse the i region before recombining, the current 
increases through a negative resistance region until the 

voltage attains a minimum value, 

V 31 (0.,,,/Cfp)1711„ ( 1) 

at which point begins the "semiconductor regime." At 

the onset of the negative resistance region holes, first 
near the p region, depopulate the recombination centers 
of electrons and tend to fill the centers with holes, so 
that finally for each arriving electron one hole is anni-
hilated and 

1 
Tp, high ee r», high 'ee _   

Xh. 

In other words, the hole lifetime increases from 

rp. low 
1 

p.cr pN 

to r„, high. As more current is applied this phenomenon 
sweeps across the insulator and in effect converts the 
insulator into a semiconductor, just as though the NR 

acceptor levels were actually donors and contributed 
NR electrons to the conduction band. At this point, ac-
cording to Lampert's model, the diode begins to ex-
hibit positive resistance. The assumption is made on 
theoretical grounds that the current increases as a power 
of voltage, presumably in accordance with older the-
ories of space-charge-limited emission. As will be seen 
below, experimental observations at moderate current 
levels do not necessarily support the last assumption 
above, nor do they necessarily support ( 1) for the 

minimum voltage after switching. 

(2) 

(3) 

EXPERIMENTAL PROCEDURE 

Many of the effects described above and other re-
lated effects have been observed in semi-insulating 
GaAs2 ( 105 to 107 ohm-cm), in epitaxially grown GaAs 
p-si-n diodes" in which the si region is copper-doped, in 
high purity Si doped with Au (--,105 ohm-cm) and n-
type Si counter-doped with deep levels such as Au, Zn, 

Il N. Holonyak, Jr., D. C. Jillson and S. F. Bevacqua, " Halogen 
vapor transport and growth of epitaxial layers of intermetallic com-
pounds and compound mixtures," in " Metallurgical Society Confer-
ences," John Wiley and Sons, Inc. ( Interscience Div.), New York, 
N. Y., vol. 15, pp. 49-59; 1962. 

Cd, or Co, and in n-type Ge counter-doped with Cu, Fe, 
Ni, Co, or Mn. P-i-n (or p-si-n) diodes were fabricated 
on these materials by conventional alloying processes, 
combinations of diffusion and alloying of junctions, and 
by all-diffusion procedures.n Various measurements 
were performed on the diodes including examination 
of the V-I characteristics, change in V-I characteristics 
as a function of illumination, photoresponse as a func-

tion of wavelength (to determine ER where possible), 
some pulse and diode recovery measurements, an(l 
some qualitative aspects of magnetic effects. 

DOUBLE INJECTION IN GAAs 

The V-I characteristic of a typical GaAs p-si-n diode 
is shown in Fig. 1 with 1) the diode in room light and 
2) the diode illuminated with a microscope lamp. The 
diode whose characteristic is shown in Fig. 1 consists of 
a thin Mn-diffused degenerate p region in a mesa con-
figuration on a si GaAs substrate. A ball-alloyed tin 
dot on the p+ region gives rise to a reverse-biased tun-
nel junction which acts as the "ohmic" contact to the 
mesa p+ region. Near the mesa, on semi-insulating 
(si) GaAs, another tin dot forms the n+ region of the 
p-si-n diode. In diodes fabricated in this manner fre-
quently another n+ region, and a second p-si-n diode 
with a common p+ region, is formed by alloying the 
mesa structure down on a metal plate with an alloy 
doped with tin. 
The V-I characteristic shown in Fig. 1 is much as 

would be expected from Lampert's model. Other similar 
units, depending upon si-region thickness, have ex-
hibited maximum pre-breakdown voltages of over 200 
and ratios of minimum to maximum voltages as low as 
0.25. Measurements of diode breakdown voltages and 
diode thicknesses indicate fields at breakdown near 
2000 v/cm, clearly much less than the fields required 
for conventional avalanche or for tunneling. As is evi-
dent from traces 1) and 2) in Fig. 1, an applied potential 
of the order of one volt is required before the barriers at 
either end of the diode are lowered sufficiently to allow 
appreciable injection. Curve A) of Fig. 2 shows that the 
unit of Fig. 1 displays a space-charge-limited pre-
breakdown current almost proportional to V2. Curve B) 
of Fig. 2 shows the prebreakdown V-I characteristic of 
another unit (Zn-doped p+ region and some copper con-
tamination of the si GaAs) which obeys the V2 depend-
ence. 
The V-I trace labeled 2) in Fig. 1 shows that illumina-

tion tends to lower the breakdown voltage, i.e. light 
tends to move the diode toward the semiconductor re-
gime. Light tends also to increase the pre-breakdown 
current as would be expected if traps play a role in gov-
erning the magnitude of the space-charge-limited cur-

rent. It should be mentioned that the light sensitivity 
of these diodes, and similar diodes in Si and Ge, is much 

12 Planar diffused, epitaxial Au-doped double injection diodes 
were supplied by T. R. Selig and C. O. Hull. 
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greater in he forward than in the reverse direction. This 
suggests many interesting applications, including de-
vices with photoluminescent or other optical inputs and 
double injection negative resistance outputs. 

At low currents in GaAs one frequently sees a hystere-
sis loop on the V-I curve retrace, where again the device 
tends to stay in the semiconductor regime. This is 
thought to be due to secondary traps or levels which are 
not accounted for in Lampert's model but which are 
known to exist in the experimental structures. This is 
evident in the light sensitivity of the space-charge-lim-
ited pre-breakdown current and is evident also from 
units of the type shown in Fig. 3 in which the diode 
switches a second time through a negative resistance re-
gion (at higher currents) down to a second voltage 
"minimum." These data show that many levels may 
take part in the operation of double injection diodes. 
Some levels may legitimately take part in causing a 
change in lifetime and switching: others may better 
play the role of traps. 

Measurements of the photoresponse of these diodes 
all lead to a sharply increasing signal output in the 
range from 0.5 to 0.8 eV, in spite of the fact that the in-
frared source intensity in this range decreases mono-
tonically. Hence, these measurements are taken as giv-
ing a reasonable estimate of the energy ER. Most si 
GaAs used in these measurements lead to a value of 0.7 
to 0.75 eV (below the conduction band) for Err, con-
sistent with previous estimates of the level which is re-
sponsible for si GaAs.2 Mn-doped units give a value 
nearer to 0.6 ev. In some units a second level occasion-
ally is observed near 1.0 ev, a level perhaps due to heat 
treating or contamination effects incurred in diode fab-
rication. 

For a GaAs double injection diode with side-by-side 
p+ and n+ regions on one surface, as described previ-
ously, and with an applied magnetic field oriented to 
deflect hole current deeper into the crystal wafer, a 
field strength of 5 kG shifts the entire V-I trace to 

higher voltages, to roughly double those with no field. 
A somewhat lesser shift is observed with reversed mag-
netic field. In both cases the shape of the V- I character-
istic is preserved. According to Lampert's model," •' the 
breakdown voltage and minimum voltage are dependent 
on the length of the i or si region. Thus, deflecting the 
current path and changing recombination properties, 
particularly near the surface, with magnetic field can 
account for much of the high magnetic sensitivity of 
these diodes. 

Before describing the results obtained on Si, we should 

remark that selected GaAs p-si-n diodes grown by epi-
taxial procedures with Cu-doped si regions" exhibit 
double injection negative resistances at low tempera-

tures. These diodes typically exhibit room temperature 
space-charge-limited currents proportional to voltage to 
a power 2.5 to 3.5," but exhibit no negative resistance 
(unless cooled). This might be expected since many cop-
per levels are relatively close to the band edges and are 
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Fig. 1—Double injection negative resistance p-i-e ( p-si-n) (high 
fabricated on semi-insulating GaAs. Mn-diffused p+ region 
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Fig. 3—Double injection negative resistance p-i-n diode fabricate 
on semi-insulating GaAs ( Monsanto V-456), Zn-diffused 
region ( 760°C, 14 min, 4 mg Zn, 6 mg As), Sn-alloyed n+ regior 
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easily ionized thermally. The V-I characteristics and 
structure observed in these diodes (at low temperatures) 
are varied and complicated, and frequently exhibit 
multiple switching and trapping effects as well as unex-
pected oscillations (even in regions in which the V-I 

characteristic has positive slope). 

DOUBLE INJECTION IN SILICON 

Much of what has been said above concerning GaAs 

double injection diodes applies in a general sense to Si 
units. For example, Fig. 4 shows the V-I plots of three 
silicon double injection diodes in the low current region 
below breakdown. Since the diodes represented by 

curves A) and B) are planar passivated units, they per-
haps most indicate the true state of affairs in double in-
jection. That is, these units are not plagued with varia-

ble surface conditions and, just as GaAs, exhibit a SCL 
current proportional to V2 up to a point reasonably close 
to breakdown. The fields in the si region at breakdown in 

Si, again like GaAs, lie in the range from 103 to 104 v/cm. 
Figs. 5 and 6 (next page) show the characteristics of 

two somewhat different Au-doped Si double injection 
diodes. The diode of Fig. 5 was fabricated by allowing 
p+ and n+ regions on opposite sides of relatively high 
purity Si which was melt-doped with Au (final re-
sistivity ,--,105 ohm-cm). Fig. 6 is the characteristic of a 
planar-epitaxial p+n n+diode" in which the initial 
n-region resistivity was ohm-cm and was com-

pensated (by diffusion) to high resistivity with X10 16 
Au atoms/cm3. The light sensitivity of the first unit in 
the forward direction is evident [trace 2]. Both units 
switch through the negative resistance region to a region 
of lower voltage which tends to hold constant over a 
very large current range, and in neither case tends to 
show a current increase ( in the "semiconductor regime") 
proportional to V' (ar V') at moderate current levels. 
Rather, the behavior in this region is much like the con-

stant voltage region of a gas tube, and like a gas tube 
suggests that these diodes would be useful for voltage 
regulation in the range from 1 to 5 volts, which are 
typical voltages observed in various experimental units. 

The magnitude of the constant voltage following 
breakdown appears to be more a function of the deep 

center (Au) doping concentration than of «„/u„ and is 
consistent with recent work of Gibbons and Reddi" on 
high-field breakdown in Au-doped silicon in the absence 

of double injection. The fact that the voltage after 
breakdown is dependent upon concentration of deep 
levels is perhaps better illustrated by the V-I char-
acteristics of Fig. 7, which were taken on a unit fabri-
cated on 100 ohm-cm n-type Si counter-doped to higher 
resistivity with Co. The diode of Fig. 7 switches 
through the negative resistance region to a voltage typi-
cal of that of a normal forward-biased silicon p-i-n diode. 

13 J. F. Gibbons and V. G. K. Reddi, " Electrical Breakdown Phe-
nomena in Gold- Doped Silicon," presented at IRE-AIEE Solid 
State Device Res. Conf., University of New Hampshire, Durham; 
July 9-11, 1962. 

In this case no V2 (or SCL current dependence is ob-
served following breakdown (semiconductor regime). 
Because of the weak background donor doping in a 100 
ohm-cm n-type crystal, in the example of Fig. 7 we can 
not be certain that the deep levels responsible for double 
injection switching are due to Co, or other contaminat-
ing impurities or complexes introduced during diffusion 
of Co into the diode wafer. Nevertheless, the fact re-
mains that double injection switching occurs in lightly 
doped, Co-diffused n-type samples from the higher volt-

age SCL region down to the voltage of the usual for-
word-biased p-i-n diode. Complete switching of the type 
described implies that ( 1) does not properly account for 
the behavior of DI diodes possessing a low concentration 
of deep level impurities. Finally, in Fig. 7 we see from 
the leads to a V-I characteristic which resembles that of 

the usual p-i-n diode. 
Not all deep levels which might be selected for double 

injection diodes give equal or equivalent behavior. For 
example, higher light sensitivity in Si units may be ob-
tained with a multilevel impurity like Zn (or Co) which 
is introduced into the lattice in concentration just over 
half of that of the background shallow donor concentra-
tion [5]. Fig. 8 shows the V-I characteristics of a double 
injection diode prepared on 0.25 ohm-cm n-type Si-
doped by diffusion with Zn to approximately 2 X10'6 
atoms/cm? The V-I characteristics were traced with a 

60,-,-signal and on the ascending portion of the signal 
gave the trace labeled 1), and on the descending portion 
the trace labeled 2). The effects of trapping are clear. If 
the tracing signal is allowed to drive the diode in the 
reverse (and forward) direction, increasing the signal 
magnitude results in an increased breakdown voltage, 
consistent with the fact that reverse bias helps to empty 
traps. Light (optical injection) causes the diode to 
switch all the way to the characteristic of a normal for-
ward-biased p-i-n diode, and eliminates all signs of 
trapping. Comparable Au-doped units are not as light-
sensitive, do not usually switch down very far in voltage, 
and do not exhibit as extensive trapping effects. Higher 
voltage (thicker) Zn-doped Si double injection diodes 
display a very noisy and erratic behavior near break-
down, perhaps attributable to fluctuation phenomena 
again involving traps, or due to deep level oscillistor-
like phenomena which are not too clearly understood.'" 

Infrared photoresponse measurements (forward bias) 
on Au-doped Si units give a strong signal output in the 
range from 0.46 to 0.68 eV and indicate the level ER at 
or near 0.55 eV, as expected from the known Au ac-
ceptor level in Si. Similar measurements on Zn-doped 
Si units give an increasing output signal in the range 
from 0.55 to 0.8 eV, which is the range in which the Zn 
levels (acceptor levels) are known to lie. Measurements 

on Co-doped units indicate a Co acceptor level at or near 

" N. Holonyak, Jr., to be published. 
15 R. D. Larrabee and M. C. Steele, "Oscillistor—new type of 

semiconductor oscillator," J. A pm. Phys., vol. 31, pp. 1519-1523; 
September, 1960. 
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0.5 eV above the valence band. On some units a broad-

ened response is observed near the band edge and per-
haps indicates a deep level near the valence band edge. 
Since Co-doped DI diodes in many respects resemble 
Zn-doped units and also have high photoresponse, it is 
reasonable to expect Co to display a many-level be-
havior in Si. Because it has been possible to counter-
dope less than 5 ohm-cm n-type Si to over 104 ohm-cm 
with Co, we estimate that Co (in lapped wafers) has a 
solubility of near 10'5 atoms/cm' at 1200°C. 

Double injection diodes possess several interesting 
switching properties. Pulse turn-on measurements per-
formed on GaAs units indicate that a feed-through sig-
nal is observed immediately upon application of the 
pulse signal and is followed by diode turn-on at a de-
layed time proportional to the hole transit time across 
the si layer. If the pulse voltage applied to the diode is 
increased, correspondingly shorter transit times and 
turn-on times are observed. For silicon double injection 
diodes of the type shown in Fig. 6 taken from a lot of 
nominally 5 V (dc) breakdown and si thickness 
mils, an estimate of hole transit time i , and low-level 
hole lifetime 7-, gives 

IV2 

10-9 sec rp. (4) 
µV 

If we assume hole thermal velocities of 107cm/sec, from 
(3) and the known Au concentration of X10'6 
atoms/cm' up X10-15cm2, which is in fairly good 
agreement with previous estimates of the hole capture 
cross section of Au centers in Si. 
The recovery properties of a highly photosensitive 

Zn counter-doped Si double injection diode ( Fig. 8) are 
shown in Fig. 9. The recovery characteristics of Fig. 9 
were taken with a Tektronix S Unit set to deliver a for-
ward bias current of 10 ma and to withdraw a recovery 
current of a constant magnitude 0.2 ma. The two traces 
shown exhibit the forward voltage on the diode, at 10 
ma bias and at 0.2 ma bias, for the diode in room light 
and for the diode illuminated with a microscope lamp. 
The point at which the forward voltage goes to zero fol-
lowing switching from forward to reverse current is a 
measure of the recovery time. An initial forward voltage 
of 1.65 V and a recovery time of ti =0.2 µsec corresponds 
to the case of the diode in room light, and 1.5 V initial 
forward voltage and recovery time 12=0.45 msec cor-
responds to the case of the diode illuminated with a 
microscope lamp. 
This example shows that illumination causes the 

diode to operate in the longer lifetime condition of the 
semiconductor regime, and more than doubles the re-
covery time. As is evident, careful doping with a prop-
erly selected deep level leads to strong photoeffects, 
which obviously offer a number of attractive practical 
possibilities. For example, it is possible to make a double 
injection diode with a negligibly small negative resist-

ance region which can be operated as a photosensitive 
charge-storage diode.'6 Also, since deep level impurities 
help reduce lifetime at low current levels, they should 
in turn help suppress the recovery " tail" on charge-
storage diodes. 

DOUBLE INJECTION IN GERMANIUM 

In the case of Ge, because of its relatively narrow 
bandgap, the question may be raised whether double 
injection negative resistances are possible at room tem-
perature. Successful (300°K) experimental double injec-
tion diodes have been prepared by alloying p+ and n+ 
regions on n-type Ge wafers which have been counter-
doped with Fe, Cu, Co, Ni, or Mn. The behavior of 
these diodes is in some respects like that observed in 
GaAs and Si units. Diodes fabricated on wafers counter-
doped with Fe, Cu, Ni, or Co (concentration roughly 
half that of the shallow donor concentrations) exhibit 
switching from the point of breakdown all the way, 
or near, to the voltage of a conventional forward-biased 
Ge junction. A typical characteristic of a Cu-doped unit 
is shown in Fig. 10. 

Depending upon wafer thickness and possibly the 
nature of the n-region alloy, some Ge units ( Fe-doped 
and Cu-doped) have been fabricated with breakdowns 
over 200 V and such that roughly from zero bias to half 
that at breakdown (forward bias) a saturation current is 
observed. (Impedance levels greater than 106 ohms are 
observed, i.e., ma @ 100 V.) This coupled with the 
high photosensitivity and high breakdown voltage ob-
served in some units has prompted Rediker, 17 and later 
Hall,'8 to suggest that these diodes may actually be a 
form of p-n-p-n switch. For example, if shallow 
gettering of deep level impurities occurs when the p+ 
dot is alloyed to the wafer, a structure consisting of p+ 
region, gettered n region, deep level counter-doped 
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Fig. 10—Ge double injection diode ( 0.3 ohni-cin Ge compensated 
with Cu to 10 ohm-cm); 1), 2) and 3) Diode successively more 
heavily illuminated, 3) Diode turned on. 

18 J. L. Moll, S. Krakauer and R. Shen, "P-N junction charge-
storage diodes," PROC. IRE, vol. 50, pp. 43-53; January, 1962. 

17 R. H. Rediker, private communication. 
18 R. N. Hall, private communication. 
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region, and finally n+ region will result, and the anom-
alous behavior is quickly explained (i.e., saturation cur-
rent). For wafers doped with the faster diffusing im-

purities (Cu and Ni) this explanation may apply in some 
cases. However, it fails to adequately account for those 
units in which high percentages of deep level impurities 
(Fe and Cu) are included in both p+ and n+ alloys to 
suppress out-diffusion of deep level impurities from the 
counter-doped wafers during alloying of p+ and n+ 
regions. Also 20 to 30 different units made with a wide 
range of alloys (p and n) have been sectioned, and in no 
case has it been possible to make clear-cut identification 
of any junctions other than those created by the p and 
n alloy dots. Further, some room temperature negative 
resistances have been observed on Zn counter-doped 

crystals, crystals in which diffusion and gettering of Zn 
is highly improbable because of the small diffusion con-
stant of Zn. These units, it should be mentioned, can 
be fabricated apparently only when an n-type alloy dot 
having a thyristor-like" property is used. This would 
mean that these particular diodes are perhaps better 
explained by Stafeev's work rather than by Lampert's 
double injection model, which, however, does apply to 
some extent at the current level at which the n contact 

becomes a good emitter. 
From a practical point of view, to some degree it does 

not matter whether double injection diodes or p-n-p-n 
diodes are being discussed. Both obviously have many 
equivalent electrical properties. Both are in a sense 
"double injection" diodes. In a p-n-p-n diode the end p 
and n regions double inject (holes from one end, elec-
trons from the other) and when switching occurs and 
the middle junction switches to forward bias, the 
charge level in both center base regions is raised to high 
levels. A double injection diode after switching also ex-
hibits a high charge level in the center region (because 
of lifetime change). 
A difference in the two is the fact that in the high 

impedance OFF-region the p-n-p-n switch exhibits a 
saturation current, whereas in wider bzuulgap materials 
double injection diodes exhibit a SCL current. Another 
difference (not particularly true of Si or GaAs or neces-
sarily true of Ge) is the fact that a double injection 
diode does not in all cases switch down all the way to 
the voltage of one forward-biased conventional junc-
tion. In terms of photosensitivity, the double injec-
tion diode enjoys considerable potential for more in-
teresting behavior (than a p-n-p-n switch) because of 
dependence upon deep impurity levels for operation. 

CoNn.USIONS 

Although studies of double injection diodes are rela-
tively new, it is already possible to draw a number of 

'9 G. W. M tidier and J. Hilibrand, "The ' thyristor'—a new high-
speed switching transistor," IRE TRANS. ON ELECTRON DEVICES, 
vol. ED-5, pp. 2-5; January, 1958. 

important conclusions concerning this area of work. 
Double injection phenomena obviously are useful for 
study of SCL currents and deep levels as well as oscil-
listor-like effects." The negative resistance effects 
which are observed have immediate practical signifi-
cance. For example, because double injection diodes 
can be built on extremely high resistivity substrates 
(106 to 107 ohm-cm in GaAs), possibilities exist for build-
ing noninteracting switching arrays in matrix form on a 
single crystal. Because of their exceptionally high for-
ward bias photosensitivity, DI diodes offer a number 

of attractive light or infrared applications, as well as 
applications involving electrically driven, light-produc-
ing inputs which are used to drive DI diodes used as out-
put elements (electronic relays). The post-breakdown 
constant voltage behavior of Si DI diodes offers an im-
mediate practical application as a voltage regulator ele-
ment at voltages lower than can be attained via conven-
tional avalanche regulator diodes. 
Whereas design of a p-i-n diode formerly was not re-

garded as critically dependent upon the detailed prop-
erties of the j region, now other significant design param-
eters (kind and concentration of deep levels) are evident, 
which can be useful or harmful—but nevertheless must 

be considered. In a useful sense, designing with deep im-
purity levels can lead to possible means of improving or 
changing the operation of charge-storage diodes, e.g., 
make them light-sensitive. Graded diffused junctions or 
junctions on epitaxial regions cannot have their speeds 
of operation increased arbitrarily by doping to high con-
centrations with Au, as is often attempted in current 
practice. If a high enough Au concentration is diffused 
into a graded junction (Si), the junction transition re-
gion becomes counter-doped (compensated) to a high 
resistivity and to a low lifetime (at low levels), which 
in turn leads to a double injection negative resistance 
characteristic if the width of the compensated region is 
greater than the hole diffusion length. A similar and 
troublesome problem of this type can occur in epitaxial 
diodes and transistors in which excessive amounts of Au 
are diffused to kill lifetime. This can lead to secondary 

switching in a transistor driven into saturation. 
In spite of the rather extensive theoretical and ex-

perimental information and the practical implications 
which already are evident in double injection studies, a 
number of problems still remain. The theoretical models 
now available do not adequately account for the con-
stant voltage property observed in Si and in some GaAs 
under conditions of double injection at moderate cur-

rent levels. This may well be a plasma effect, which 
would be consistent with the observation of oscillistor-
like phenomena in certain DI diodes." The theories now 
available do not adequately account for impurity con-
centration effects, and switching down to the level of 
one forward-biased standard p-n junction in DI diodes 
lightly doped with deep levels. Trapping phenomena, 
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which are evident in a number of experimental diodes, 
as yet have not been examined sufficiently in DI the-
oretical work. Although deep level impurities have been 
extensively studied in Ge and Si, we find now that this 

work is incomplete and are finding, particularly in Si, 
significant new deep level impurities such as Co. The 

study of deep levels and their effects in GaAs and other 

compounds has barely begun and requires considerable 
attention before the full implications of DI in GaAs and 

the compound semiconductors can be assessed. 
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The Madistor—A Magnetically Controlled 

Semiconductor Plasma Device* 

I. MELNGAILISt, MEMBER, IRE, AND R. H. REDIKERt, SENIOR MEMBER, IRE 

Summary—The madistor is a new active device which makes use 
of the effects of a magnetic field on an injection plasma in a semi-
conductor. The formation of an injection plasma has been observed 
in p-type InSb at temperatures below 100°K as donor traps become 
saturated by electrons injected through a forward biased ep junc-
tion. In an appropriately designed epp+ diode, the saturation of 
traps and the subsequent increase in electron lifetime bring about 
an abrupt decrease of base resistance, and a negative resistance 
region is observed in the current-voltage characteristic. Because of 
the high mobility of electrons in InSb (5 X105 cm,/vsec) the plasma 
can be appreciably deflected and deformed by transverse magnetic 
fields of the order of 10 gauss. The possibility of controlling the posi-
tion of a plasma inside a solid by means of a magnetic field can be 

utilized in a number of different types of madistors in which the 

input circuit is isolated from the output. 
The operation at 77°K of four types of InSb madistors has been 

studied. The first makes use of a specially designed epp+ diode 
mounted in the air gap of a small ferromagnetic-core electromagnet. 
A small change in the electromagnet winding current produces a 
magnetic field at the diode and causes a larger change in diode cur-
rent. Typically an increase in mmf of 200-ma turns produces an 
additional magnetic field intensity of 5 gauss which decreases the 
diode current by 10 ma. Four-terminal amplifiers and switching 

circuits using these madistors have been built and simple feedback 
oscillators have indicated power gain at frequencies up to 450 kc. 
In the second type of madistor a magnetic field of about 10 gauss 
switches the output current of a specially designed dual-base diode 
from one base contact to the other. Because of the negative resist-
ance characteristic, the magnetic field can be removed and the 
current in suitable structures will remain in the contact to which it 
had been switched. Switching times of 2 to 3 msec have been meas-

* Received August 1, 1962; revised manuscript received, Septem-
ber 26, 1962. Operated with support from the U. S. Army, Navy, and 
Air Force. A preliminary report of this work was presented at the 
IRE-AIEE Solid State Device Research Conference, University of 
New Hampshire, Durham, N. H., July 9-11, 1962. 
t Massachusetts Institute of Technology Lincoln Laboratory, 

Lexington, Mass. 

ured for these bistable flip-flops. A third type includes devices with 
a multiplicity of base contacts in which the injection plasma and 
hence the output current is magnetically switched in sequence from 
one base contact to the next. A disc-shaped InSb device with an 
injecting contact at the center and "ohmic" contacts along the 
periphery has been operated as a stepping switch. In transistor-like 
structures, which make up a fourth madistor type, the magnetic 
field effects on the emitter injection plasma are used to control the 
collector current and hence the transistor current gain. 

INTRODUCTION 

CTIVE SEMICONDUCTOR DEVICES which 
make use of the interaction of a magnetic field 
with the current in a semiconductor have been 

extensively investigated in the past. Hall-effect ampli-
fiers [ 1], [2] as well as amplifiers based on the magneto-
resistance effect [3]—[6] have been described. Devices 
have been built [ 7], [8] based on the Suhl effect [9] in 

which both minority and majority carriers are deflected 
by a magnetic field toward one surface of the semicon-
ductor. The effect of magnetic field on the current at 
high forward injection levels in germanium diodes has 
been explored by Karakushan and Stafeev [10], [ 11] 
and has been ascribed by them to the reduction in the 
effective mobility and the increased path length of 
minority carriers in a magnetic field. Because of these 
two phenomena the ratio L/d, where L is the diffusion 
length and d is the base thickness of the diode, is de-

creased and the conductivity modulation of the base 
region which is present at these high injection levels is 
reduced. 

All the devices described above require magnetic 
fields of the order of thousands of gauss to produce an 
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appreciable effect in the semiconductor output circuit, 
and hence have been limited in their application. A new 
mechanism for magnetically controlled semiconductor 

devices is provided by the possibility of producing a 
localized injection plasma by saturating traps in a 
semiconductor [ 12] and of controlling the position of the 
plasma by means of a magnetic field. Such active de-
vices have been named madistors (magnetic deflection 
of an injection plasma produced by saturating traps). 

The operation of InSb madistors at 77°K will be de-

scribed in this paper. In these devices an appreciable 
effect is produced in the semiconductor output circuit 
by magnetic fields of the order of 10 gauss. 

Several types of madistors will be described in detail. 
The diode madistor is a four-terminal device with elec-

tromagnet input and a specially designed diode' output 
in which feedback is eliminated by suitable construction 
of the output circuit. Deflection of the plasma can also be 
utilized in various dual- or multi-base madistors in which 
the plasma is switched between contacts. Dual-base ma-

distors can be designed so the magnetic field is necessary 
to maintain the current at the desired base contact, or 
they can be designed so that the magnetic field can be 

removed after switching. In the transistor madistor the 
current amplification of the transistor output is modu-
lated by the magnetic field. 

M AGNETOINJECTION IN INSI3 

The Injection Plasma 

The formation of an injection plasma has been ob-

served [ 12] in p-type InSb at temperatures below 100°K 
as donor traps become saturated by electrons injected 
through a forward biased p-n junction. For low injec-
tion levels as a consequence of trapping, electron life-
times in p-type InSb at 77°K are as short as 5 X 10-'6 
sec [ 13], [ 14], while the lifetime of holes in the same 
material is about 10_6 sec. However, if a large number of 

electrons are injected into a p-type crystal from a for-
ward biased n+p junction, or by a strong light source, 
the traps eventually become saturated and the electron 

lifetime increases [ 12]. In an n±pp+ diode with the 
p-base of the order of 1 mm thick there is little conduc-
tivity modulation in the base at low forward currents 
(<0.2 a/cm2) because trapping limits the diffusion 
length of injected electrons to about 10-3 cm. At higher 
forward currents more electrons are injected into the 
base, the traps become saturated first near the junction, 
and a region of relatively long electron lifetime ( 10-7 
—10-6 sec) and high conductivity is formed. Fig. 1 
illustrates an injection plasma inside of which the elec-
tron diffusion length is of the order of a millimeter and 

the base resistance is conductivity modulated, while 
outside the plasma the electron diffusion length is its 
original value, about 10-3 cm, and conductivity modu-

Diodes, transistors, etc., which are specially designed for use in 
madistors will be called magnetodiodes, magneiotransistors, etc. 

INJECTION PLASMA 

Fig. 1—lnjection plasma ill an n'-pp+ I ntil) diode. 
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Fig. 2—Potential probe measurements along the base region of a bar-
shaped n+pp± InSb diode at 77°N. The abscissa is the voltage 
across different portions of the base region. The ordinate is the 
diode current. 

lation is negligible. As the current is increased, the in-
jection plasma penetrates deeper into the base until it 
extends to the p+ contact. 
The formation of the injection plasma can produce a 

negative resistance region in the forward current-volt-
age characteristic of diodes if the diode characteristic is 
determined by the bulk resistance of the base. Stafeev 
[15] has shown that a negative resistance results from 
a "self- multiplication" of carriers in the base as carrier 
lifetime increases with increasing injection level. An 
increase of lifetime reduces the resistivity of the base 
and enhances injection from the p-n junction which in 
turn produces a further lifetime increase, etc. 
The longitudinal growth of the plasma region can be 

observed as the diode current is increased, by probing 
the potential along the side of a bar-shaped base and 
noting the propagation of the negative resistance down 
the base. The results of such an experiment are shown in 
Fig. 2. The "breakdown" point does not occur at a criti-
cal value of current density or electric field in the base, 
but rather seems to depend on the density of injected 
carriers. The small-signal conductance between probes 
on opposite sides of the bar was also measured as a 
function of diode current. As the diode current was in-
creased the conductance increased first in regions close 
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to the p-n junction, while no change was observed be-
tween probes farther along the bar. At higher currents 

the conductance change propagated down the length 
of the bar toward the ohmic contact. Traps in the base 
can be also saturated by injecting carriers with light. 
With sufficient light intensity the conductance of the 
base can be increased sufficiently to eliminate the nega-

tive resistance characteristic. The increase of carrier 
lifetime in the base with increased injection level can 
also be noted by observing the reverse recovery tran-
sient of diodes initially biased in the forward direction. 

All the above experiments indicate the validity of 
the injection plasma model in explaining the negative 
resistance in n+pp+ InSb diodes. As expected, the nega-
tive resistance becomes more pronounced as the length 

of the base and the resistivity of the InSb are increased. 
In all devices to be described here such a negative re-
sistance exists' and is crucial to the operation of some 

of these devices. 

Magnetic Effects on I— V Characteristic of n+pp+ InSb 

Diodes 

The forward current-voltage characteristics of an 
InSb n+pp+ diode are shown in Fig. 3 for different mag-

netic fields perpendicular to the direction of current 
flow. The diode dimensions are shown in the inset of 
Fig. 3. In the portion of the I—V characteristic following 
the negative resistance the application of magnetic fields 
perpendicular to the direction of current flow greatly 

increases the forward resistance of the diode. 
The effect of the magnetic field is to deflect the in-

jected carriers, resulting in a displacement and deforma-
tion of the plasma. In a bar-shaped base region the 
plasma is deflected toward the surface, where carrier 
lifetime is shorter than inside the bulk. This reduces the 
number of added carriers in the base and increases the 
base resistance. For diodes with a small p+ contact and 
a base region of sufficiently large cross section so that the 
plasma is far removed from the surface, the increase of 
resistance results mainly from a deflection of the 
plasma away from the p+ contact. Because of the high 
mobility of electrons in InSb (5 X105 cm2,1vsec) these 
effects become important at small magnetic fields. If the 
diode of Fig. 3 is operated with a quiescent magnetic 

field of 55 gauss and the load line as shown, the applica-
tion of 5 additional gauss reduces the current by 8 ma. 

Suhl Effect in p- Type InSb 

In order to demonstrate deflection of the injection 
plasma by magnetic fields, we have made measurements 
similar to those originally made by Suhl and Shockley 

in germanium [91. The inset of Fig. 4 shows the sample 
configuration. A constant forward current of 11 ma 

2 Madistors have been fabricated with appropriate choice of 
semiconductor resistivity and geometry which do not have a nega-
tive resistance region. These have been described in I. Melngailis, et 
al. 1161. They will not be discussed in this paper. 
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Fig. 3—Effect of magnetic field perpendicuLir to the current flow on 
the forward current-voltage characterHic of an epp+ InSb 
diode at 77°N. The diode dimensions are shown in the inset. 
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Fig. 4—Conductance measured at 77°K between surface probes as a 
function of transverse magnetic field. Go is conductance between 
probes with no minority carrier injection in the base. The sample 
geometry is shown in inset. 

was passed though the diode, and the conductance be-

tween two closely spaced probes a and b was measured 
by means of a small 1000-cps ac signal, while varying 
the transverse magnetic field. \Vith two-carrier conduc-
tion the Hall voltage is minimized because both holes 
and electrons are deflected toward the same surface, 
reducing a buildup of charge, and the plasma undergoes 
an angular displacement. The plot in Fig. 4 shows first 

an increase of conductance with positive magnetic field, 
as the plasma is deflected towards probe b, followed by 

a decrease as the plasma is deflected past probe a and 
the carriers recombine at the surface before reaching 
the region between the probes. The magnitudes of field 
required for the Suhl effect are comparable to the mag-
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nitudes that cause the magnetic effect in diode charac-

teristics ( Fig. 3). 

THE DIODE NitoisToR 

The possibility of controlling the position of a 
plasma inside a solid by means of small magnetic fields 
can be utilized in a number of different devices. Among 
the advantages of such devices is isolation of the input 
circuit from the output, which greatly simplifies at-

tendant circuitry. 
Fig. 5 shows an artist's representation of a diode 

madistor with a magnetodiode in the air gap of an 
electromagnet. The assembly is mounted on a standard 
TO-5-type transistor header (diameter 0.25 in). The 
output characteristics of such a diode madistor are 
illustrated in Fig. 3. Neglecting the reluctance of the 
ferromagnetic core, typically a change of 200 ma-turns 
produces a change of 5 gauss in the 0.5 mm air gap and 
a change of about 10 ma in Output diode current. 

POWDERED 
IRON CORE 

0.25" DIA. HEADER 

in Sb ep DIODE --

Fig. 5- \ sketch of an experimental diode madistor, showing 
diode mounted in the air gap of ferromagnetic toroid. 

The return lead from the diode is passed through the 

air gap parallel to the diode in order to prevent the flux 
clue to the diode current from linking the input coil. 
This reduces feedback due to inductive coupling. 

Magnetodiode Design and Fabrication 

Provided the carrier mobility is maintained at a high 
value, the magnetic sensitivity is higher for InSb n+pp+ 
diodes with higher resistivity base regions. This is ex-
pected because in higher resistivity material the effect 
of the conductivity modulation clue to the injection 

plasma will be larger, and the deflection and deforma-
tion of the plasma by the magnetic field will increase the 
diode resistance to a larger value. Base regions with re-

sistivity between 20 and 100 ohm-cm at 77°K have been 

used. 
Also as expected from the plasma model, the mag-

netic sensitivity is greater in InSb n+pp+ diodes with 
longer base regions, because for the same deflection 
angle the transverse displacement of the plasma in-
creases with distance away from the injecting contact. 

However, increasing the base length also increases 
power dissipation and can cause excessive heating. To 

maintain the magnetic sensitivity at a reduced power 

level the size of contacts must be scaled down as the 
base length is reduced. The maximum power dissipation 
in the diode of Fig. 3 for the loadline shown is about 40 
mw. This diode has a base region 1 mm long and p+ 
ohmic contact 0.05 mm in diameter. With further mini-

aturization the power level may be further reduced. 
The rectifying n+ contacts were made by alloying to 

the base region indium spheres containing a small per-
centage of tellurium. Indium spheres with a small per-

centage of zinc were alloyed to the base region for the 

p+ ohmic contacts. After alloying, the surfaces were 
etched with a mixture of hydrofluoric, nitric, and 
acetic acids ( 1:2:2). This was followed by an electro-

lytic etch using a 0.1 normal KOH solution. 

Electromagnet Design 

Diode madistors have been built by mounting diode 
either inside small air-core solenoids (about 3 11111 
diameter) or in air gaps cut in small ferromagnetic to-

roids. The air-core solenoids are to be preferred if abso. 
lute linearity of response is desired and hysteresis ant. 
eddy current losses cannot be tolerated. With ferro. 

magnetic toroids the magnetic field is more easily hm 
ited to the volume of the InSb diode mounted in the ail 
gap, and the reluctance of the magnetic circuit is smallei 
than the reluctance of an equivalent air-core solenoid 
Fewer ampere turns are thus required to produce a giver 
magnetic field ( B) at the diode, and the inductance o 

the input coil is reduced. 
To select a suitable material for the toroids, the mag. 

netic properties of various ferrite, ceramic and pow 
dered iron c-ores were measured at liquid nitrogen tem 
perature. High-frequency powdered iron cores3 showec 
almost no changes in their permeability, losses, and fre 
quency response from room temperature down to 77°K 

Because of their low losses and superior frequency char 
acteristics they are considered most suitable at present 

although their permeability (about 30) is somewha 
lower than desired. Preliminary measurements on high 
permeability ferrites and ceramics in most cases shot, 
a large decrease in permeability, especially at the by 
magnetic fields of interest, between room temperatun 
and 77°K, and their losses are much greater than thos 

of powdered iron cores. 

Electrical Characterization of the Diode lladistor 

The small-signal behavior of a diode madistor [ Fig 
6(a)] can be described by linear four-terminal networl 

equations: 

Vi = Z11/1 ± Z12/2, 

V2 = Z2111 ± Z22/22, 

(IL 

(2 

where V and I denote small alternating voltages anc 
currents. It is useful to define the following low-fre 

3 Arnold Engineering Co., Marengo, Ill. 
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quency parameters at a given operating point: 

Tm = 

rd = 

(3) 

(4) 

The parameter r„, determines the circuit gain and can be 
called transresistance; rd is the slope of the diode charac-
teristic. The corresponding impedances can be repre-

sented to a first approximation as 

1 

W 

Za = rd (1 = Z22, 
Wed 

(5) 

where re and L, are the coil resistance and inductance, 
respectively. 

Fig. 6(b) shows an equivalent circuit corresponding 
to ( 1) and (2). Typical values of the parameters for 
present diode madistors are 

rc=0.8S1 
Le= 2 X 10-4h 
M = 10-8h 
r„, = 1502 

core. = 3 X 105 sec-' 
rd= 309 

coed = 3 X106 sec--' 

With these values the approximate input impedance Zi 

can be calculated as 

VI 

(6) Z i = 

where co,,,, and card are cutoff frequencies. The diode im-
pedance zd has an inductive term because it is limited by 
the conductivity modulation in the base which causes 
the current to lag the voltage. The transimpedance z„, 
has a capacitive terni because of the time required for 
the injection plasma to readjust after the application of 
the input current which produces the magnetic field. 
Thus the output voltage lags the input current. The 
measured frequency variation of z„, and zd in the cutoff 
range, however, is more gradual than 6 db per octave,4 
and the above representation is only a first-order ap-
proximation to the true frequency response. 

(a) (b) 

Fig. 6—(a) Madistor four-terminal network notation. ( b) Small-
signal equivalent circuit of madistor. 

Taking into account the mutual inductance 31 be-
tween the input and output circuits,6 

Z21 = Zm ± iM, 

ZI2 -= 

(7) 

(8) 

Using the notation developed above, the four-term-
inal network equations become 

= (re ± jcoL„)/1 ± jcoM/2 

= [ 1 — ± jcu3/1/1 rd (1 + —Tm ./üe )/2, 
Wed 

W ens 

(9) 

(10) 

' F. W. Sarles, private communication. 
6 The sign of the coupling term depends on the direction of the 

coil winding with respect to the diode circuit. 

= [ r,. + jcoL 1 
Mr,„ 1 

L„(rd + RL) 

where RL is the load resistance. The last term in ( 11) 

represents the feedback due to inductive coupling. For 
the parameter values listed above 

Mr,„, 

L,d 

= 2.5 X 10-4; 

hence the feedback term in ( 11) is negligible and the 
madistor can be considered a unilateral active device. 
The approximate current and voltage amplification, 

and power gain obtained from ( 1) and (2) are then, re-
spectively, 

/2  r„, 1 
— (12) 
L. r',+R. 

1+ 
(.4„, 

V2 r,„RL 

V1 (rd RL)rc 

Pout 

1 
  ; (13) 

(1 4- i'°1(1 + 
r, coem 

r„,2RL 1 

Pin rc(rd + RL)2 co2 
1+ 

Wcm2 

(14) 

Although the frequency response of the voltage 
amplification is limited by the L/r ratio of the input 
coil, the frequency response of the current and power 
gain is determined only by the response of the diode. 
The frequency response of the coil, however, can be 
compensated in the input circuit. 
A simple current feedback oscillator [Fig. 7(a)] was 

built for the purpose of determining the maximum fre-

quency of oscillation. The alternating current through 
the diode was fed back to the input coil by means of a 
capacitor. Since the biasing circuits are isolated with 

high inductance chokes, the ac equivalent circuit shown 
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in Fig. 7(b) can be used for small signals. The condition 
for instability of this loop is 

r„, 
> r, rd. (15) 

The highest oscillation frequency which has been ob-
tained with present diode madistors is 450 kc. 

(a) (h) 

Fig. 7—(a) Nladistor current-feedback oscillator. (b) Small--
signal equivalent circuit of oscillator in (a). 

DUAL-BASE MADISTORS 

Besides the simple diode structure, effects of a mag-
netic field on the injection plasma can be used in struc-
tures with additional contacts. Fig. 8 shows the dual 
base madistor, a structure with a single n+ rectifying 
contact on one end of a p-type InSb base and two 

p+ ohmic contacts on the opposite end. A forward cur-
rent /0 from a constant-current source is passed through 
the n+p junction. If the p+ contacts are sufficiently far 
apart a plasma can be established between the n+p 
junction and one of the p+ contacts, as shown, leaving a 
region near the other p+ contact in the high-impedance 
state. This is possible because the large change of life-
time between the inside of the plasma and surrounding 
regions confines injected carriers to a fairly discrete 
region and prevents their diffusion throughout the base. 
Once a plasma has been established between the n+p 
junction and one p+ contact, the voltage across the 
base drops because of the bistable current-voltage 
characteristic associated with the formation of an injec-

tion plasma, and the voltage is too low to cause injec-
tion breakdown between the n+p junction and the 
other p+ contact. Thus most of the current /0 always 
passes through one of the p+ contacts. If, however, a 

magnetic field is applied perpendicular to the plane of 
the figure with appropriate polarity, the plasma, and 
hence the current, can be deflected to the other p+ 
contact. Upon removing the magnetic field the plasma 
remains in its new position and a magnetic field of 
opposite polarity is required to return it to the original 
p+ contact. Fig. 9 shows the current in one of the p+ 
contacts as a function of the magnetic field. The bi-

stable switching cycle is shown for two values of total 

current /0. With /0=3.8 ma the switching field in either 
direction is about 7 gauss. The transition from one state 
to the other is sufficiently abrupt so that with suitable 
magnetic bias the dual-base madistor of Fig. 9 can be 

switched by magnetic fields of less than 0.5 gauss. (The 
earth's magnetic field is 0.6 gauss.) 

B 

Fig. 8—Bistable dual-base madistor with plasma between the nip 
junction and one of the p+ contacts. 
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Fig. 9—Current in one base contact of the dual-base madistor of 
Fig. 8 as a function of transverse magnetic field for two values 
of total current lo. The data were taken at 77°K. 

Madistor flip-flops have been built by mounting dual-
base structures in air gaps of powdered iron toroids and 
their switching speed has been measured by applying 
alternate positive and negative current pulses to the 
core winding. The current rise (and fall) time is an in-
verse function of the amplitude of the switching pulse. 
With a pulsed magnetic field of twice the value of the 

critical dc field the current rises with a time constant of 
about 2 µsec in present flip-flop circuits. The mecha-
nisms determining the transfer speed of the plasma are 
under investigation at present. In suitably designed 
units the output of one bistable madistor can be used as 

input to a next flip-flop stage. 
As the n+p junction current /0 is increased, the injec-

tion plasma increases in size and at a critical value of /o 

encompasses both p+ contacts. The current /0 then 
divides evenly between these two contacts. In this case 
a transverse magnetic field merely concentrates more 
of the carriers on one side of the base, thereby creating 
an unbalance in the currents in the two "ohmic" con-
tacts. Fig. 10 shows a plot of this current difference as a 
function of transverse magnetic field for different values 
of /0. In the dual-base madistor of Fig. 10 the spac-
ing between the p+ "ohmic" contacts is smaller than that 
in Fig. 8 so that the critical value of /0 at which the 
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Fig. 10—Base current difference ( I —/i) of linear dual-base madistor 
at 77°N as a function of magnetic tick! for different values of 
total current I. 

Fig. 11— Dual- base madistor with longitudinal slit 
separating the two base regions. 

madistor switches from bistable to linear operation is 
red uced. 

Because of its relatively linear response at small 
fields, the device of Fig. 10 may have some applications 
of its own. However, the bistable operation range can 
be extended to higher currents by cutting a longitudinal 
slit in the middle of the base region, as shown in Fig. 11. 
This reduces diffusion between the regions near the two 

p+ contacts and the plasma is confined to either one or 
the other branch. Bistable switching of the plasma be-
tween the branches is accomplished in the same manner 
as in the dual-base structure of Fig. 8. 

MADISTOR STEPPING SWITCH 

The mode of operation demonstrated by dual-base 
madistors can be extended to more complex configura-
tions with additional p+ "ohmic" contacts. A particu-
larly interesting application is the stepping switch 
shown in Fig. 12. Here an n+ contact alloyed in the cen-
ter of a disc is surrounded by ten branches each with a 
p+ contact. 

Nlost of the current /0 passes through the branch 

which contains the plasma, while all others remain in 
the high-impedance state. A magnetic field perpendicu-
lar to the plane of the disc deflects the plasma to the 
adjacent branch. By adjusting the amplitude and time 

duration of the magnetic field the plasma can be ad-
vanced by any number of branches and the current out-

put stepped any desired number of p± contacts. Ring-
counter operation can be achieved by applying magnetic 

field pulses of appropriate magnitude to advance the 
plasma one branch per pulse. 

If the magnetic field is left at a constant value equal 
to or larger than the minimum switching field, the 
plasma will continue to rotate around the circle from 
contact to contact. Fig. 13 is an oscilloscope trace of the 
current in one branch of a preliminary eight-branch de-

vice with a rotating plasma. A pulse appears each time 
the plasma passes the branch under observation. The 
rotation rate increases as the magnetic field is increased. 
For the preliminary stepping switch of Fig. 13, 60 ¿. sec 
per revolution was required for the maximtsm steady 
magnetic field (65 gauss) at which the plasma stayed 
well defined. 

e e 

Fig. 12—Madistor stepping switch with centrally located et -'1, 
junction surrounded by ten branches with p+ contacts. 

Fig. 13—Current as a function of tinte in one brain•h of circular 
eight-branch stepping switch at 77°K with a constant magnetic 
field of 40 gauss applied perpendicular to the plane of the switch. 
The vertical su-ale is 1 ma per division, and the horizontal scale is 
20 i.isec per division. 

TRAxsisTok Mmtss-rost 

lagnetic deflection of the injection plasma can also 
be used to control collection of minority carriers by 
reverse biased n± p junctions. For example, in specially 
constructed n+pn+ transistors,6 the emitter forward 
current produces a plasma in the base and minority car-
riers from the plasma are collected by the reverse 
biased collector. A transverse magnetic field can deflect 
the plasma either away from or toward the collector, 
depending on the transistor configuration, and thereby 
cause an increase or decrease in the collector current. 
Fig. 14 shows a plot of the common base current amplifi-

Initial experiments on transistors were performed on units 
made by II. Henneke of Texas Instruments, I hullas, Tex., and sup-
plied through the courtesy of the U. S. Naval Ordnance Laboratory. 
Because of the very thin base regions in these units the magnetic 
effects were signilicantly smaller than those shown in Fig. 14. 
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Fig. 14—Common base current amplification afe, as a function of 
emitter current. The three curves correspond to 0 magnetic field, 
200 gauss perpendicular to collector-emitter axis and 200 gauss 
parallel to collector-emitter axis. The InSb transistor shown in 
the inset was operated at 77°K. 

cation (cefi, [49I,./a1,,]v,) as a function of emitter cur-
rent for the transistor shown in the inset of Fig. 14. This 
transistor consists of a p-type InSb wafer with con-
centrically alloyed emitter and collector clots and a 

ring-shaped p+ base contact surrounding the collector. 
At emitter currents below 5 ma afb is very small be-

cause traps in the base region prevent injected electrons 
from reaching the collector. As the emitter current is 
increased and traps become saturated, electrons are 

able to traverse the base, and afi, increases. 
Also shown in Fig. 14 is the common base current 

amplification for magnetic field parallel and for mag-
netic field perpendicular to the axis connecting the 

center of the emitter and collector junctions. A trans-
verse magnetic field deflects the injection plasma away 
from the collector thereby reducing afb. A longitudinal 
magnetic field reduces the radial carrier diffusion and 
has a focusing effect on the injection plasma. Since 
concentration of the plasma increases the number of 
carriers which are able to reach the collector, ajb is en-
hanced by fields parallel to the emitter current. 

lagnetically controlled minority carrier collect:mil 
as illustrated by Fig. 14 can be used with various dif-
ferent device geometries with one or more collectors, 
and preliminary tests indicate the possibility of achiev-

ing very large magnetic sensitivities. In addition, tran-
sistor structures like the one in Fig. 14 may be useful 
in quantitative studies of trapping phenomena and 

magnetic effects in InSb. 

CONCLUSIONS 

We have demonstrated that under suitable conditions 
a discrete plasma can be formed in a semiconductor by 
the injection of minority carriers from a forward biased 
junction and that the position of the plasma can be con-
trolled by small magnetic fields, provided carrier mo-
bilities are high. While this principle has been demon-
strated for p-type InSb at 77°K, no fundamental obsta-

cle limits such a process to 1nSb alone. A compound 
semiconductor may be found with a wider energy gap 
and hence a higher operating temperature, which has 
both sufficiently high carrier mobilities and the neces-
sary trapping centers (either inherent or artificially in-
troduced) that can be saturated by the injected carriers. 
We have described devices which make use of the 

effects of a magnetic field on the injection plasma and 
have demonstrated their operation as four terminal 
amplifiers with an isolated input, as flip-flops, as step-
ping registers, and as variable gain transistors. These 
devices are of particular interest because of their sim-
plicity and because of the small 10 gauss) magnetic 
fields necessary for operation. The same structures can 
be used in many additional circuit applications, for ex-
ample, in choppers, modulators, or digital gaussmeters. 
Other special purpose structures which use the princi-
ples developed above should further extend the applica-
tion range. The response speed 2 µsec) of madistors 
is limited by minority carrier processes involved in the 
displacement of the plasma; hence, some improvement 
may be possible by scaling down dimensions of the de-

vices and reducing lifetimes. 
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Design and Performance of a Broad-Band FM 
Demodulator with Frequency Compression* 

C. L. RUTHROFFt, MEMBER, IRE, AND W . F. BODTMANNt 

Summary—This paper contains a discussion of several major 
problem areas concerning the design, construction, systems applica-
tion and threshold improving properties of the Frequency Com-

pression Demodulator. 
A complete description of an experimental broad-band demodu-

lator is presented. This demodulator is intended for use in an inter-
continental satellite communication system and is suitable for 
either television or telephone service. 

Circuit details, performance data, and a measured comparison 
with FM are presented. 

I. INTRoDucTIoN 

THE WORK described in this paper has been moti-
vated by the attractive possibilities of high qual-

  ity broad-band communications via orbiting satel-
lites, either active or passive. Considering the large 
expense involved in orbiting a satellite as well as other 
factors such as reliability and long life it is not difficult 
to grasp the importance of reducing the amount of RV 
power radiated by the satellite. The Frequency Com-
pression Demodulator ( FCD) makes a power reduction 
possible by its improved operating threshold relative to 
conventional I'M receivers. 
The first application of negative feedback to an FM 

receiver was made by Chaffee.' Chaffee made a careful 
experimental study of many of the properties of the 
demodulator and he and Carson' evolved a theory de-
scribing the performance above the threshold region. 
A freque.ncy compression demodulator was used in 

the NASA Project Echo satellite communications exper-
iment." That experiment afforded the first well-docu-
mented experimental evidence that the threshold of an 
FM receiver can indeed be improved by the use of nega-
tive feedback. 
The equations describing the operation of the FCD 

in the threshold region are nonlinear and have yielded 
no exact solution to date. This fact and the fact that 
threshold phenomena are basically subjective and diffi-
cult to describe mathematically make the theoretical 

approach very difficult. In spite of these difficulties 
Enloe.' has presented a theory which predicts the 

* Received June 12, 1962; revised manuscript received September 
26, 1962. 

Bell Telephone Laboratories, Inc., Holmdel, N. J. 
' J. G. Chaffee, "Application of negative feedback to frequency 

modulation systems," Bell Sys. Tech. J., vol. 18, pp. 404-437; July, 
1939. 

2 J. R. Carson, " Frequency modulation—theory of the feedback 
receiving circuit," Bell Sys. Tech. J., vol. 18, pp. 395-403; July, 
1939. 
a C. L. Rut hroff, "FM demodulators with negative feedback," 

Bell Sys. Tech. J., vol. 40, pp. 1149-1156; July, 1961. 
4 L. H. Enloe, " Decreasing the threshold in FM by frequency 

feedback," ['Roc. IRE, vol. 50, pp. 18-30; January, 1962. 

threshold in ternis of the noise bandwidth of the de-
modulator. :NIeasurements on several demodulator con-
figurations including the one described here are in ex-

cellent agreement with his theory. 
In this paper a broad-band FCD is described in de-

tail. The initial design was directed toward a satellite 
communications system capable of acceptable television 
transmission or several dozen telephone channels. The 
baseball(' bandwidth" was chosen to be 1 Mc. This is the 

minimum bandwidth required to meet the initial tele-
vision objective and is small enough that excessive 

transmitted power or ground station antenna size is not 
required. 

II . DISCUSSION OF THRESHOLD EFFECTS 

It is customary to describe the behavior of an FM 

receiver in the threshold region by curves such as shown 
in Fig. 1. These curves show the relationship between 

the input Carrier- to- Noise power ratio, CN R. at RE' to 
the baseband output Signal-to- Noise power ratio, SNR. 
Above the point marked " FM Threshold" the relation-
ship is linear and is described by the expression 

SiNo = 3M2C/Ni (1) 

where, 

S=Signal power output for sine wave signal 

No= Noise power output in baseband 

C= Carrier power input at RF 

Ni= Noise power input at RF in a band equal to 
twice the baseband 

FM Modulation Index M 

Peak sine wave deviation in cps 

Baseball(' bandwidth in cps 

Below the point marked "FM Threshold" the curve 

departs from linearity. While the mis S/N,, are as 
shown, the subjective effects of this threshold are not 
described accurately by this curve. 
The threshold in an FM receiver is caused by the 

noise peaks exceeding the carrier amplitude at the 
input to the frequency detector. Each time a noise peak 
exceeds the carrier amplitude an impulse in frequency 

le The baseband bandwidth corresponds to the 3-db bandwidth of 
the open-loop amplitude response. The feedback is within 3 db of a 
constant value over this band.L3.4 
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THRESHOLD 

FCD FM 

RF INPUT CARRIER-TO-NOISE RATIO IN DECIBELS 

Fig. 1—Threshold curves. 

occurs." The frequency detector converts this into an 

impulse in amplitude and the receiver output is the re-
sponse of the output filter to the impulse. The con-
tribution of these impulses to the output rms noise 

power is described by Fig. 1. Because the noise appears 
as a random sequence of impulses the subjective effect 

depends upon the nature of the signals being received. 
For example, if the application is a single audio channel 

the impulses occur as sharp pops to the ear. These pops 
are very disturbing and subjectively the circuit de-
grades much more rapidly than indicated by Fig. 1. 

There is a similar effect in a television picture. Each im-
pulse appears as a black or white spot on a scanning 

line, the length of the spot being determined by the im-
pulse response of the output filter. For the single audio 
or video channel then, operation at CNR's below the 
threshold is generally unsatisfactory even though Fig. 1 

may show a respectable output SNR. 
A third application is that of multiplexing many 

audio channels on one carrier by frequency division. 
For such a signal, the energy in each noise impulse is 
shared by all of the channels and no distinct pops are 
heard. By invoking the central limit theorem it can be 
seen that the noise in each channel tends to become 
Gaussian and Fig. 1 applies with reasonable accuracy. 

In all of these applications the behavior of the re-

ceiver is adequately described by the curve above the 
point marked "FM Threshold." The improvement in 

threshold afforded by the FCD consists of extending 
the linear behavior to a lower CNR as shown in Fig. 1. 
When this demodulator is used, the effects described 
above begin in the region marked "FCD Threshold." 
Above this point the demodulator behavior is described 
by ( 1). The difference, in decibels, between the points 

G. Granlund, " Interference in Frequency Modulation Recep-
tion, M.I.T. Res. Lab. of Electronics, Cambridge, Mass., R. L. E. 
Rept. no. 42; January 20, 1949. 

S. O. Rice, " Properties of a sine wave plus random noise," Bell 
Sys. Tech. J., vol. 27, pp. 109-157; January, 1948. 

marked "FM Threshold" and " FCD Threshold" is the 
threshold improvement. An objective of the demodu-

lator design is to maximize the threshold improvement. 

III. FREQUENCY COMPRESSION DEMODULATOR-

GENERAL DESCRIPTION 

A simplified block diagram of the demodulator is 

shown in Fig. 2. It contains all of the components neces-
sary in a conventional FM receiver and, in addition, the 
output is connected to the voltage-controlled local oscil-

lator (VCO) to complete the negative feedback connec-
tion. The phase of the feedback is such that the VCO 
frequency tends to follow the frequency of the input 
signal thereby reducing the FM modulation index in the 
mixer output. The result is a reduction of the modula-
tion index of the IF signal relative to the index of the 
RF signal and is, of course, negative feedback. If the RF 

index is M, the IF index is M/F, where Fis the feedback 
factor. Since the IF index is small, the IF noise band-
width can be made smaller than the RF bandwidth and 
an improvement in threshold can be expected relative to 

the threshold obtained using conventional FM in the 
sanie RF bandwidth. As Enloe has shown the threshold 
depends upon the closed-loop bandwidth which is, of 

course, related to the IF bandwidth. 

RF 
AMPLIFIER 
263 MC 

MIXER 

1  

11 .3CM.CG 

IF 
AMPLIFIER 

70 MC 

FEEDBACK 
CONTROL 

ATTENUATOR 

B-B OUTPUT 
AMPLIFIER AMPLIFIER 

Fig. 2—Block diagram: Frequency Compression Demodulator. 

The large number of components in the feedback 

loop makes the feedback design difficult, especially when 
the desired baseband bandwidth is quite large. Also in 
this design there are two restrictions not normally 
found in feedback design. Superposition does not hold 
in the intermediate frequency circuits and, as Enloe 

has shown,' the allowable IF filter responses are sev-
erely limited. In addition, the threshold depends upon 
the closed-loop bandwidth of the circuit. Therefore, we 

not only want large feedback but we want it with a small 
closed-loop bandwidth. This is discussed in more detail 

in a later section. 
The approach for the present design calls for a single-

pole filter in the IF amplifier and a single pole in the 
baseband amplifier. All other components are made 
as broad-band as possible to minimize delay or non-
minimum phase shift. Any nonminimum phase shift in-
creases the closed-loop bandwidth and decreases the 
threshold improvement. There is a simple lead network 

in the baseband amplifier to obtain some phase correc-

tion. 
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ExpERINIENTAL REsuurs 

A. Feedback Conditions 

As discussed in Section I the baseband bandwidth 
was chosen to be 1 NIc. It is desirable to have full feed-
back over the whole baseband, otherwise the IF spec-
trum will have large components at high frequencies 
and the distortion will be large. Therefore, the open-
loop amplitude response is adjusted to be 3 (lb down at 1 

Mc relative to the response at 50 kc. The single-pole IF 
filter is 3 (lb down at + 1.75 Mc. The open-loop ampli-
tude response consists of the responses of the IF filter, 
the baseband lead network, and a single-pole filter in 
the baseband amplifier. The baseband filter has a 3-db 
bandwidth of about 1.36 Mc giving the measured open-
loop amplitude response of Fig. 3. The open-loop phase 
shift is the sum of the minimum phase shift correspond-
ing to the amplitude response plus a delay term. The 
delay term describes the phase shift of all the other 
components in the feedback loop. These include the 
VCO, Mixer, Limiter, and Discriminator, all of which 
have been designed to be broad-band, and hence con-
tribute very little to the amplitude response. The 
equivalent delay is about 38 nsec. The open-loop phase 
response is also given in Fig. 3. Shown also is the meas-
ured closed-loop amplitude response for 12 db of feed-

back. The baseband measurements were made with 
low-level sinusoidal signals. The open-loop responses 
were measured from the VCO input to the baseband 
amplifier output with a 263- Mc carrier input at normal 

level into the RF amplifier. The closed-loop amplitude 
response was measured from the baseband input to an 
FNI transmitter (not shown) to the output of the base-
band amplifier. The amplitude responses can also be 
measured by adding broad-band noise to the carrier at 

the input to the RF amplifier and measuring the power 

spectra at the baseband amplifier output with the loop 
closed or open. This type of measurement gives results 

identical to those of Fig. 3. The closed loop noise band-
width, determined by graphically integrating the closed-
loop amplitude response of Fig. 3, is approximately 6.7 
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90 

5—Baseband output power spectra vs input CNR. 

B. Threshold Performance 

All threshold measurements were made using a noise 
generator consisting of two high-gain broad-band IF 

amplifiers in tandem. Care was taken to insure that the 
noise peaks were not clipped. The output spectrum of 
the noise generator is shown in Fig. 4 and is substan-
tially flat over a 20-Nle band. 

In all of the threshold measurements the input CNR 

is referred to a 2- Mc bandwidth. This bandwidth was 
chosen arbitrarily and is equal to the corresponding 
double sideband AM bandwidth. The input CNR is 
measured in all instances at the input to the RF ampli-
fier. 

1. Output Noise Density: Fig. 5 is a family of meas-

ured output noise spectra plotted for various input 
CNR as a function of baseband frequency. The loop 
was closed for this measurement. A 6 db-per-octave 
slope has been added for convenience. In a conventional 
FNI receiver the output at the higher frequencies would 
follow the dashed line which represents the well-known 
"triangular" spectrum. The rising character of the 

spectra near 3 Mc is due to the closed-loop amplitude 
response; in fact, the closed-loop amplitude response can 
be obtained by adding a negative slope of 6 (lb per oc-
tave to the spectrum of Fig. 5 for a CNR = 22 db. 
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Fig. 6—Threshold comparison circuit. 

In addition to the response at higher frequencies 

which is determined by the closed-loop amplitude re-
sponse, the noise density at the lower frequencies de-
parts substantially from that of a "triangular" spec-
trum. This phenomenon also occurs in conventional FM. 
It is caused by the noise impulses described in Section 
II. The impulses occur at random and have a flat ampli-
tude spectrum which fills in the noise spectrum at the 

lower frequencies. As the CNR is decreased in the 
threshold region the number of impulses increases rap-

idly and the spectrum tends to fill in more quickly. In-
spection of Fig. 5 indicates that this effect begins to be 
substantial when the CNR in the 2-Mc band is near 14 
db. This can be interpreted as the beginning of the 
threshold region as described in connection with Fig. 1. 

This number should be compared with the threshold 
measurements on a television signal, described in the 

next section. 
2. Television Comparison Experiment: In order to 

demonstrate conclusively that this demodulator has an 

improved threshold behavior for television relative to 
that of conventional FM, a comparison circuit, shown 
in Fig. 6, was set up which compares the performance 
of conventional FM and the FCD when demodulating 
the same input signal. In this experiment, a band-
limited television signal is frequency modulated with a 
peak deviation of 9 M. Wide-band noise is added to 
this signal from the generator of Fig. 4. A conventional 
FM receiver and the FCD each demodulate this signal 
and the outputs are displayed on identical television 

monitors. 
The input television signal was passed through a 

maximally flat envelope delay two-pole low-pass filter 
with a response 3 db down at 2 Mc. The two output 

baseband filters are identical maximally flat envelope 
delay two-pole low-pass filters whose response is down 3 
db at 1 Mc. The 1 F filter in the FM receiver is a double-
tuned bandpass filter centered at 70 Mc with a 3-db 
bandwidth of 18 Mc ;8 the measured response of which 

is shown in Fig. 7. 

8 The choice of filter shape and bandwidth is a matter of judg-
ment. The configuration used is believed to be a reasonable com-
promise between threshold and distortion performance. 
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Fig. 7—Measured input amplitude response of FM receiver. 

The experiment was arranged so that any desired 
CNR could be set up by adjusting a single attenuator 
and the television monitors examined for threshold 
effect. 
The photographs of Figs. 8 and 9 were made for vari-

ous CNR's and show the nature of the threshold. The 
exposure time covers two frames which accounts for the 
slight blurring of the motion in Fig. 9. The signal for 
Fig. 9 was taken off the air while that for Fig. 8 was 
taken from a pattern generator with no interlace. 

For large CNR's the pictures are identical as indi-
cated by the pictures labelled C/N= 00. For the frames 
labelled C/N =19 db and C/N= 20 db, an appreciable 
number of impulses appear on the pictures from thE 
conventional receiver while there are no impulses on thE 
picture from the FCD. For a C/N = 14 db the picturE 
from the conventional receiver is severely degraded 
while the picture from the FCD is beginning to show im-
pulses. The threshold improvement of the FCD is seer 
to be about 5-6 db. 

It is of interest to note that the threshold of the FM 
receiver is beginning at a CNR '7, 19 db in a 2- Mc band 
This is a CNR 10 db in the filter bandwidth of 18 ME 
which demonstrates that the FM receiver is working 
properly. 

3. Distortion Measurements and Multiplex Perform. 
ante: In order to describe the performance of the re-
ceiver for use with telephone multiplex signals it 
necessary to have a measure of signal-to-distortion m 

well as signal-to-noise ratios. Some preliminary distor-
tion measurements have been made and are presented 
in Fig. 10. For these measurements the telephone mul-
tiplex signal is simulated by a band of random noise 
The power spectrum of the noise generator used for this 
signal is depicted in Fig. 11. The noise generator is ar-
ranged to modulate the FM transmitter with a pre-
scribed rms frequency deviation. The demodulator out-
put power in a 500-cycle band centered at 1 Mc is meas. 
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tired. This power is denoted signal power or S. Then a 
narrow-band rejection filter is placed between the 

noise generator and the FM generator. This filter re-
moves the input power in the region of 1 Mc. Another 

power measurement which consists of distortion and 
noise power is made in the demodulator output, and is 
denoted N+D. When the baseband noise generator is 

disconnected completely from the FM transmitter a 
measurement of noise power N is made. The data of 
Fig. 10 was taken in this manner. 

For a CNR of 20 db the distortion and noise con-

tributions add approximately on a power basis. This is 
not true for a CNR of 15 db because for a CNR of 15 
db the noise power contributes substantially to the 
total deviation. The abscissa of Fig. 10 indicates only 
that part of the total deviation due to signal whereas 
the total distortion power is a function of the total devi-
ation. The total noise and distortion power should be, 
and is, greater than the sum of the noise and distortion 
products obtained by measuring them separately. It 

should be noted that a similar result is also true for a 
conventional FM receiver operating in the threshold 

region. 
Another item of interest in connection with Fig. 10 

is that the S/D curve slants downward at 6 db per oc-
tave indicating that the distortion is predominantly 
second order. Since simple theory predicts third-order 

distortion the existing second-order distortion is not be-
lieved inherent in the demodulation process. The 

second-order distortion has been traced to the non-
linear frequency- voltage characteristic of the VCO, 
which has nonlinearity consistent with the measured 

distortion. This result implies that the use of a more 

linear VCO will result in substantially improved per-
formance with respect to signal- to-distortion perform-
ance. Work presently in progress is aimed at reducing 
the distortion in the VCO and improving the demodu-

lator performance. 
Although the results presented in Fig. 10 must be re-

garded as preliminary, it is still of interest to ask what 
performance is to be expected in an application involv-
ing a single-sideband telephone multiplex signal. Using 

the data of Fig. 10 and noting that pre-emphasis will 
improve the noise performance of the top channel by 
approximately 4 db, the demodulator will handle 240 
channels with zero-level noise of 41 dba9 in the top chan-
nel at a TN R = 15 (lb. 

V. CIRCUIT DESCRIPTION 

The circuit of the voltage-controlled oscillator (VCO) 

is shown in Fig. 12. The center frequency is 193 Mc 
and the modulation is applied to the varactor diodes 1,1 

• For a discussion of dba see A. J. Aikens and D. A. Lewinski, 
"Evaluation of message circuit noise," Bell. Sys. Tech. J., vol. 39, 
pp. 879-909; July, 1960. 

and D2. DC is applied to provide a suitable bias for the 
varactors and to provide a frequency adjustment. The 
sensitivity of the VCO is about 30 Mc/volt so care has 
been taken to provide a stable bias voltage, hence the 
reference diode. 
The open-loop gain of the receiver is directly propor-

tional to the VCO sensitivity. For this reason it is de-
sirable to operate the varactors near zero bias where 
maximum sensitivity is obtained. Two factors which 
operate against this requirement are, 1) the Q of the 
varactors and 2) the amplitude of the RF voltage ap-
pearing across the varactors: 

1) Diffused silicon varactors have excellent Q near 
zero bias and in this instance a bias of 0.3 y dc 

was selected. 
2) The amplitude of the RF voltage across the var-

actors must be small enough so that the diodes do 
not conduct in the forward direction. l'he power 
output of the VC() is thereby :imited, and because 
this power drives the mixer it affects the loop gain. 

A compromise between these conflicting factors was 
made by operating at a low dc bias and including a 
single broad-band gain stage between the VC() and 
mixer. The gain stage also acts as a buffer and supplies 
about 5 cw to drive the mixer. The gain is 6 db and the 
bandwidth greater than 200 Mc. 
The network in series with the input serves the dual 

purpose of preventing excessive loading on the oscillator 
tank circuit by the input source, and of shaping the 
phase response of the input circuit. The second func-
tion is of particular importance since the 'CO is in the 
feedback loop. An equivalent circuit for baseband fre-
quencies is shown in Fig. 13. The capacitor C repre-
sents the parallel combination of varactors DI and D2, 
and is a part of the oscillator tank circuit. The value 
of the resistor R = 1802 was chosen as the minimum 
value required to prevent excessive tank circuit loading 
by the input circuit. The inductance L was chosen to 
minimize the envelope delay at baseband. The delay at 
zero frequency is 2.66 nsec with L as shown. With L 
omitted the delay is 9.05 nsec. 
The 1-pf capacitor in the input lead ( Fig. 12) reso-

nates with the 0.78 ph inductor at 193 Mc. Finally, with 
the element values shown, the Q is low enough so that 
no serious amplitude modulation results when the VCO 
frequency is swept over a 20-Mc band. 
The VCO drives the amplifier and mixer of Fig. 14. 

A balanced mixer is used and every effort was made to 

make it broad-band to minimize the effect of its delay 
on the feedback loop. Transformers Ti and T2 are 

broad-band devices of a type previously described.'° 
The output transformer T3 is single-tuned with the 

turns ratio adjusted to match the input of the IF ampli-

fier. It has a Q 1. 

lo C. L. Ruthroff, "Some broad-band transformers," l'soc. IRE, 
vol. 47, pp. 1337-1342; Aug., 1959. 
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Fig. 12—VCO schematic. 
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Fig. 14—Mixer schematic. 

The circuit schematic for the IF amplifier, limiter, 
and discriminator is shown in Fig. 15. The IF amplifier 
has a single-pole resonant circuit on the collector side 
of transistor Q. The center frequency is 70 Mc and the 
3-db bandwidth 3.5 Mc. 
The purpose of the limiter is to reduce the amplitude 

modulation present in the signal at the output of the IF 
amplifier. This particular limiter" was selected because 
of its excellent limiting efficiency: approximately 30 db 
of effective amplitude-modulation suppression is ob-
tained with an insertion loss of 8 db in a single stage. 
This performance is obtained with a low impedance 
level which results in a broad bandwidth and small 
delay. 
The amplifier following the limiter raises the limiter 

output level to a value suitable for driving the dis-
criminator. The gain is about 11 db and the bandwidth 
in excess of 250 Mc. An amplifier of this type is de-

scribed in another article by Ruthroff & Bodtmann;'2 
the transformers T4 are described elsewhere by Ruth-
roff, Fig. 3.'° 
The discriminator is a conventional balanced type 

with one diode reversed to provide a single-ended out-

put. The circuit has been made as broad as possible, 
consistent with reasonable gain, to reduce loop (lelay. 
The tuned circuits resonate at 50.8 and 96.4 Mc respec-

tively and have a loaded Q=3. 
Care must be taken to reduce the phase shin in the 

discriminator output circuit. This requirement conflicts 
with the necessity of reducing the IF carrier ,implitude 
to prevent overloading the baseband amplifier In the 
present design, the solution was to insert the 2250-pf 

capacitor across the output as shown in Fig. 15. The 
capacitor reduces the IF carrier amplitude to a manage-
able value and also forms a part of the single-pole base-
band filter. 
The baseband amplifier schematic is given in Fig. 16. 

The transistors are experimental types having alpha 
cutoff frequencies above 2000 Mc. Several functions 
are performed by this amplifier. 

1) It supplies broad-band, low delay gain in the feed-
back loop. 

2) Low-frequency shaping is accomplished by mak-
ing all series-coupling capacitors very large except 
one which is 4 µf. This insures a slow toll-off at low 
frequencies and satisfies the stability criterion. 

3) A lead network is included in the first interstage 
for phase correction. 

4) A 140- Mc trap is included to reduce the second 
harmonic of the IF frequency and prevent over-
loading of the amplifier. 

" C. L. Ruthroff, "Amplitude modulation suppression in 121‘1 
systems," Bell Sys. Tech. J., vol. 37, pp. 1023-1046; July, 1958. 

12 W. F. Bodtmann and C. L. Ruthroff, "A wide band transistor 
IF amplifier for space and terrestrial repeaters using grounded base 
transformer-coupled stages," to be published. 
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Fig. 18 ( below)—ILF amplifier schematic. 
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The final component in the feedback loop is the feed-
back control attenuator. This is a specially designed 
unit which has a total physical length between input and 

output of one inch. It contributes negligible delay to the 
loop and is used to change the feedback in fixed steps. 
An output amplifier is provided to isolate the feed-

back loop from the load and to raise the baseband out-
put signal to a suitable level. The schematic is shown in 

Fig. 17. 
The principal function of the RF amplifier (Fig. 18) 

is to reject the noise power at the image frequency. This 
is accomplished by two double-tuned stages separated 
by a broad-band interstage. The broad-band stage in-
creases the stability of the amplifier. The amplitude re-
sponse is flat to ± 0.25 db over a 20-Mc band centered 
at 263 Mc. The input impedance is 75e. 

SUMMARY AND CONCLUSIONS 

The Frequency Compression Demodulator which has 

been described has a measured threshold improvement 
relative to a conventional FNI demodulator of about 
5-6 db. The threshold occurs when the RF carrier- to-

noise power ratio is 14 db in a 2- Mc band. Intended for 
use in a satellite communications system, the FCD is 
capable of handling a television picture of the quality 
indicated in Figs. 8 and 9, or alternatively, a telephone 
multiplex signal with a maximum of about 240 tele-
phone circuits. 

Insofar as broad-band applications are concerned, the 
major stumbling block in the way of getting further 
threshold improvement, or extending the baseband 
bandwidth, is the delay around the feedback loop. The 
many types of components in the feedback loop contrib-
ute to this delay and make the design difficult for large 
feedback. Considerable effort will need be made on all 
components in order to realize demodulators with base-
band bandwidths of 5 or 10 Mc. The deleterious effect 
of the loop delay can be emphasized by noting that if 
the only phase shift were the minimum phase associ-
ated with the open-loop amplitude response of Fig. 3, a 
further improvement in threshold of about 2 db would 
be realized in the present demodulator. 

In a real way, then, the performance is limited by 
the skill of the designers and the state of the art of the 
various components in the feedback loop. 

A Solid-State Display Device* 

STEPHEN YANDOt 

Summary—A solid-state display device based on a new principle 

is described. The device consists of a thin, flat panel of piezoelectric 
material supporting an electroluminescent layer. Voltage pulses, 
applied to a few electrodes on the periphery of the panel, introduce 

traveling elastic waves into the piezoelectric material. Electric 
fields which accompany the waves interact with the electrolumines-
cent layer to produce a localized "spot" of illumination. The position 
of the spot is controlled by varying the relative timing of the pulses 
to produce either a raster or an oscilloscope pattern. Means for con-
tinuously modulating the light intensity of the spot are also described. 

INTRODUCTION 

W
ITH THE ADVENT of electroluminescent 
(EL) layers as simple area sources of light came 
the expectation that a thin-panel solid-state 

replacement for the cathode ray tube might eventually 
be devised. For this to be realized some suitable means 
had to be found for creating localized and controllable 
electric fields in the plane of an electroluminsecent 

* Received December 14, 1961; revised manuscript received 
August 22, 1962. 

t General Telephone and Electronics Laboratories, Inc., Bayside, 
N. Y. 

phosphor layer. Various means have been proposed for 
subdividing EL phosphor layers into elementary areas 
and for exciting them sequentially." As the number of 
display elements increases, such methods become in-
creasingly difficult to carry out because they result in 
intricate and costly structures as well as complex elec-
tronic drive apparatus. This limits the application of 
these devices to a few specialized areas. 'ro compete 
effectively with the cathode ray tube in most applica-
tions, a solid-state display must be simple in structure 
and must be operable with relatively simple electronic 

drive circuitry. 
A new solid-state display device of low structural com-

plexity has been made by combining certain unique 

properties of piezoelectric and electroluminescent mate-
rials. When elastic impulses are propagated across a 
thin panel of piezoelectric material, localized electric 

J. A. Rajchman, G. R. 13riggs, and A. W. Lo, "Transfluxor con-
trolled electroluminescent display panels," l'soc. IRE, vol. 46, pp. 
1808-1824; November, 1958. 

2 E. A. Sack, "ELF—a new electroluminescent display," PRoc. 
IRE, vol. 46, pp. 1694-1699; October, 1958. 
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fields are produced on the panel surface through the 
direct piezoelectric effect. These fields interact with an 
EL phosphor layer in contact with the piezoelectric 

surface to produce light. The configuration and size of 
the lighted area can be controlled by the mode of 
application and relative timing of input voltages applied 
to a few electrodes along the panel boundary. 

SOME PROPERTIES 01, PIEZOELECTRIC CERAmtcs 

Lead zirconate-titanate is a ceramic material that 

can be polarized and rendered piezoelectric. It can be 
used in the display panel because, in addition to its 
strong piezoelectric behavior, it can be obtained readily 

in a variety of shapes and sizes. Before the principles of 
the display device are discussed, some properties of 

piezoelectric ceramics will be reviewed. 
In general, polycrystalline ferroelectric materials 

such as lead zirconate-titanate become permanently 
polarized when subjected to strong electric fields at 
elevated temperatures. In this state the material be-
comes anisotropic in its physical and electrical properties 
and exhibits strong piezoelectric behavior. To describe 
the electromechanical properties, a convention has been 
adopted for piezoelectric materials consisting of a right-

handed coordinate system whose axes are designated 1, 
2 and 3 where the 3 direction represents the direction 
of the polarizing field. 
When the polarized ceramic material of Fig. 1(a) is 

subjected to a positive electric field, i.e., the same polar-
ity as the original polarizing field, as in Fig. 1(b), a 
positive strain or extension results in the 3 direction 

and a negative strain results in the transverse 1 and 2 
directions. The magnitudes of these strains are given by 
the piezoelectric coefficients (In, (L0 and (132, respectively. 
I3y virtue of the symmetry of this effect, a negative 
field produces the opposite strains shown in Fig. 1(c). 

Like all true piezoelectric materials, polarized lead 
zirconate-titanate also possesses the direct piezoelectric 
effect. When a positive or tensile stress is applied in the 

3 direction, a positive field is developed in the same 
direction. A positive field in the 3 direction is also ob-
tained when a negative or compressive stress is applied 

in the 1 or 2 direction. The magnitudes of these fields per 
unit applied stress are defined by the piezoelectric co-

efficients e, gm and g.,2 respectively. 

FiEws IN A PIEZOELECTRIC STR I P 

The piezoelectric properties of polarized ceramic are 

utilized as shown in Fig. 2 to produce a localized electric 
field on the surface of the ceramic strip. The structure 
illustrated in Fig. 2 is a fiat, thin polarized ceramic strip 

with a metallic ground-plane electrode covering the 
entire back side and an input electrode near the lower 
edge on the front side. The upper and lower edges of 
the ceramic are joined to a suitable absorbing material 
such as lead which rapidly attenuates any incident 

elastic waves. This structure functions as a terminated 
electromechanical transmission line in which an elec-

(b) (c) 

Fig. 1—Mechanical response ot polarized lead zirconate-lead titanate 
to applied fields parallel to the direction of polarization. 
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Fig. 2—Surface held produced by a single elastic pulse. 

trical input signal is converted into a pair of elastic 
pulses traveling up and down the line, respectively. 
Because the propagation takes place in a piezoelectric 
medium, an electric field caused by the direct piezoelec-
tric effect accompanies the elastic wave pulse. 
As shown in Fig. 2, a single elastic pulse is produced 

by the momentary application of the indicated positive 
voltage to the input electrode. Under the influence of 
this excitation the ceramic material experiences a rapid 

contraction in the 3 direction, a rapid expansion in the 2 
direction, followed by a relatively slow expansion in the 

1 direction. Only the rapid expansion in the 2 direction 
produces a significant elastic wave. As the material ex-
pands in the 2 direction a narrow zone of pressure, which 
is proportional to the rate of change of the strain, builds 
up at the upper and lower edges of the strained input 
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region. These rarrow zones of pressure move in the + 
and — directions, respectively, at the characteristic 
propagation velocity of sound va in the medium. The 

wave traveling in the negative 2 direction is absorbed in 
the lower termination. The wave traveling in the posi-
tive 2 direction traverses the piezoelectric ceramic strip 
with relatively small loss and is absorbed in the upper 
termination. As the elastic wave propagates up the 
ceramic strip, the compression resulting in the 2 direc-

tion as the wave passes any point results in a positive 
output voltage in the 3 direction by virtue of the trans-
verse piezoelectric output coefficient g32. If a voltage 
probe is placed on the surface of the ceramic strip along 
the lines a, b and c, pulses will be observed at times 

s2/va and h/v.„ respectively, as the elastic wave 

passes. 
No significant elastic wave is produced by the slow 

discharge of the input electrode through resistor Rd, 
since the resultant rate of change of strain is propor-

tionately small. 

SURFACE Fl ELDS DUE TO SUPERIMPOSED ELASTIC 

The surface electric field configuration attained with 
the arrangement shown in Fig. 2 is in the form of a 
traveling line. The possibilities for employing such a 
field configuration in a display are very limited. A more 
useful arrangement may be obtained through the use of 
two oppositely-directed elastic waves. Mutual wave re-
inforcement causes an output electric field maximum 
whose position along the ceramic strip can be controlled 

by the relative timing of the two inputs. 
Fig. 3 shows an electromechanical transmission line 

identical to that of Fig. 2 except for the addition of a 

second input electrode. Positive input voltages mo-
mentarily applied to both input electrodes at time t = 0 
cause a pair of pulses of compression to be radiated from 
each electrode; one directed toward the termination and 
the other across the piezoelectric strip. The pulses di-

rected into the terminations are absorbed, while pulses 
directed across the ceramic strip traverse its length to 
the opposite termination without serious attenuation. 
These waves are represented at a time when they are 
approaching the center of the strip. The associated 
electric fields can be detected by a voltage probe placed 
on the surface of the ceramic strip. If a voltage probe is 
placed anywhere along line a, two positive voltage pulses 
will be observed; one at time Si/Vg when the impulse 
from the lower electrode passes, and another at the 
later time S:I/Vg when the impulse from the upper input 
electrode passes. All along line b only one pulse of double 
amplitude will be detected at time s2/v,.. Along this line 
the impulses from both electrodes arrive simultaneously, 
and as a result the mechanical pressures reinforce one 

another causing an enhanced electrical output. As pre-
viously stated, this line of voltage maximum can be 
made to occur anywhere along the strip by controlling 
the relative timing of the application of the input volt-
ages. Such a field configuration extends the possibilities 
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Fig. 4—Surface fields produced by four simultaneously 
launched elastic pulses. 

for display devices, but to be of greatest general use 
surface fields in the form of a voltage "spot" rather than 
a voltage line are necessary. 

Fig. 4 shows a structure capable of forming and con-
trolling such a voltage spot. The configuration is an 
electromechanical transmission line capable of launching 

and sustaining the propagation of two pairs of elastic 
waves; one in the positive and negative 1 direction, and 
the other in the positive and negative 2 direction. These 
waves are represented at a time when they are ap-
proaching the center of the sheet. If all four inputs are 
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applied simultaneously, as shown in Fig. 4, the four re-
sulting elastic waves intersect at the center of the pie-
zoelectric sheet. The central elementary volume is simul-
taneously subjected to compressive stresses by the four 
waves. Each of these stresses produces an electric field 
in the 3 direction and they are additive. Consequently a 
probe on the central element detects a single pulse 
whose magnitude is four times greater than that caused 
by a single wave. Voltages twice that of a single wave 
appear at points of secondary intersection, while all 

other elements exhibit four pulses of unit amplitude 
spaced in time. By appropriately timing the application 

of the four input voltages with respect to one another 
the voltage spot can be made to appear at any point on 
the surface of the ceramic sheet. 

In order to prevent the occurrence of ambiguous inter-
sections, the applications of succeeding pulses must be 
delayed until the preceding elastic waves have traversed 
the display area. Such a restriction limits to several 
thousand points per second the rate at which informa-
tion can be displayed. This rate is inadequate for video 

transmission systems such as television where the pic-
ture elements must be displayed at a peak rate of ap-
proximately six million elements per second. For such 

applications a fast-moving voltage spot analogous to the 
spot of a cathode ray electron beam is required. 

PRODUCTION OF A MOVING VOLTAGE SroT 

A high-speed moving voltage spot can be generated 

at the intersection of two orthogonal elastic impulses 
propagating within a piezoelectric ceramic sheet. Fig. 
5 shows a construct which is able, when the indicated 
switches are momentarily closed, to create two elastic 
impuses with their associated electric fields in the piezo-
electric ceramic sheet; one is propagated to the right in 
the positive 1 direction, and the other downward in the 
negative 2 direction. At their point of intersection the 
ceramic element is subjected to simultaneous compres-
sive stresses in the 1 and 2 directions, thereby causing 
the output field to be twice that of the single-wave field. 
A probe on the surface of the piezoelectric ceramic sheet 
would detect a voltage pulse at the time this intersec-
tion passes. In Fig. 5 the excitation is applied to both in-
put electrodes at I-0. As a result, both elastic waves 
start out at the same instant and their point of intersec-
tion moves on the 45° diagonal at an apparent velocity 
of /2 times the velocity of propagation sound v, within 
the ceramic medium. An important feature is that this 
apparent velocity is a function of the angle between the 

elastic waves, and hence, is easily adjustable. 
I3y delaying the application of voltage to input elec-

trode I with respect to that of electrode II, as shown in 
Fig. 6, the point of intersection of the elastic waves can 
be displaced from the central diagonal by an amount 
proportional to this delay. In this manner a voltage 
spot can be made to scan the entire area of the ceramic 
sheet in a series of closely-spaced parallel lines. 
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PRODUCTION OF ELECTROLUNI N ESCENCE AND 
SUPPRESSION OF BACKGROUND 

A solid-state display device can be constructed by 
applying an electroluminescent layer to the surface of 
the ceramic sheet. Interaction with the changing elec-
tric field of the voltage spot will produce an emission 
whose brightness is given by the exponential relation-
ship:4 

— a 
= e— b, 

N/2 
(1) 

where B is the average brightness in foot-lamberts, v is 
the peak-pulse voltage, and a and b are constants which 
are related to the phosphor, the electroluminescent cell 
construction, and the pulse width of the excitation. 

Because of this exponential brightness characteristic, 

3 T. J. Sloyan, " Electroluminescent Emission Under Pulse Excita-
tion," presented at IRE-MEE Solid-State Device Research Conf., 
Cornell University, Ithaca, N. Y.; June 17-19, 1959. 
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the light emission at the voltage spot is much greater 

than that produced at the secondary intersections. As a 
result, a display of single points and simple waveforms 
is clearly visible against the background. When complex 
patterns and images are displayed, the trace is weakened 
by excessive time sharing of the light-emitting spots. A 
much higher degree of nonlinearity is therefore necessary 

if the trace is to be visible above the background. 
Nonlinear resistances have been used to improve the 

contrast ratio of various electroluminescent displays." 
To satisfy the requirement of contrast improvement in 
this panel, a special polycrystalline cadmium-sulphide 
nonlinear resistance layer was developed. Such layers 
have demonstrated an ability to retain their nonlinear 
behavior for pulse excitations of less than 0.1-µsec dura-

tion, and to carry pulsed current densities in excess of 
40 amperes in2. These properties are essential if back-
ground suppression is to be achieved under the 1.0-µsec 
pulse excitation provided by the present piezoelectric 
(lisplays. 

:\ II)IM'I.ATION OF VOLTAGE SPOT 

When the cadmium-sulphide nonlinear resistance 

layer and an EL phosphor layer are applied to the 
piezoelectric ceramic sheet of Fig. 5, it becomes feasible 
to video modulate the scanning voltage spot. Fig. 7 
shows a cross section of such a multilayered structure 
taken through the voltage spot and along the central 
diagonal of Fig. 5. In Fig. 7 this voltage spot is repre-
sented by the equivalent voltage generator I p with its 
internal impedance Zp. This source acts between the 
top and bottom surfaces of the ceramic sheet and travels 
with the elastic waves at the indicated velocity. A 
modulation source 1-„, is connected between the ground 

plane electrode and the transparent top electrode. This 
source is seen to be effectively in series with the piezo-

electric voltage source 17p and the nonlinear resistance 
and electroluminescent phosphor layers. The magnitude 

of the modulating voltage is adjusted to one-half the 

magnitude of the voltage spot. Thus the peak applied 
voltage at this point will be 3/2 17r, while everywhere 
else it will not exceed l'r. The relatively thick nonlinear 

resistive laver is a poor conductor at low voltages, but 
becomes highly conductive as the applied voltage ex-
ceeds Vv. As a result, excitation of the electrolumines-
cent phosphor layer takes place only at the spot. In 
this manner a modulated light emission will be obtained 
as the spot scans the electroluminescent layer. Another 

D. H. Mash, "An electroluminescent digital indicator with a 
silicon carbide coding matrix," J. Sri. lush... vol. 37, pp. 47-50; 
February, 1960. 

5 13. Kazan and F. II. Nicoll. "An electroluminescent light-a mplifv-
ing picture panel," PRoc. IRE, vol. 43, pp. 1888-1897; December, 
1955. 

J. Matarese and M. S. Wasserman, "Crossed-Grid Electro-
luminescent l'anel Displays with Sequential and Random Access," 
presented at IRE Electron Devices Meeting, Washington, D. C.; 
November 15, 1959. 
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Fig. 7—Cross section of piezoelectric display panel. 

important benefit is obtained through the use of the 
nonlinear resistance layer. Because it is considerably 
thicker than the EL layer, this layer reduces the load 
capacitance presented to the modulation source and 
results in a proportionate saving of modulation power. 

A DISPLAY FOR HALF-TONE IMAGES 

By employing the principles and structures described 
previously, a device for displaying pictorial images can 
be achieved. Fig. 8 represents a piezoelectric displa), 
device having this potential. A composite electro-
luminescent-nonlinear resistance layer with transparent 

electrode is applied over the image display area. In the 
manner previously shown, two orthogonal elastic waves 
are used to obtain a high-speed scanning voltage spot. 
Discharge devices S1 and S2 apply saw-tooth voltages ol 

horizontal line frequency to the two input electrodes. 
appropriate timing, the successive discharges of Si and 

52 will produce a series of voltage spots that will com-
pletely scan the raster area in a series of closely spaced 
horizontal lines. A typical velocity of propagation in the 
ceramic is about 3600 meters per second. This results in 
a spot speed of 5100 meters per second. Such a scanning 
speed results in a rectangular raster whose diagonal is 
thirteen inches. It will be recalled that this is not a fixed 
size, since the speed of the spot can be altered by ad-
justing the angle between the intersecting waves. The 
number of picture elements which can be displayed on 
one line will remain constant, however, since the spot 
size will increase in proportion to the line length. The 

modulation voltage applied to the panel is in the form 
of a video-modulated pulse train. The pulse width would 
normally be equal to the pulse width generated by the 
sweeping voltage spot. In current displays this pulse 
width is approximately 1 µsec. By reinforcing the volt-

age spot as it scans the raster, a video-modulated line of 
light will be produced. A series of such modulated lines 
will make up a complete frame. 
As a result of the experimental work to date, piezo-

electric solid-state displays of the 4-input type shown in 

Fig. 4, and up to 5 inch X5 inch in size have been con-
structed. Circuits have also been built for automatically 
timing the injection of successive waves onto the panel, 
making possible the display of normal oscilloscope pat-

terns. Fig. 9 is a photograph of a lissajous figure on a 
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Fig. 8—Piezoelectric display for pictorial images. 

Fig. 9—Lissajous figure resulting from 1000-cps X and Y signals. 

Fig. 10—Dot pattern resulting from 540-kc intensity modulation. 

 W. 

2:1 inch X21 inch display which employs a nonlinear 

resistance layer in series with the electroluminescent 
layer. This figure is a familiar circle where the X and Y 
inputs are 1000-cps sinusoidal signals. The trace bright-
ness is approximately 0.25 foot lambert and the effec-
tive spot size is 140 mils. As is evident from the photo-
graph, the complete suppression of all background 
illumination has been achieved by the addition of the 
nonlinear resistance layer. 
An earlier 5 inch X5 inch display without a nonlinear 

resistance layer, but arranged for application of a 
modulating voltage, is shown in Fig. 10. The dot pat-
tern results when a 540-kc signal modulates a volt-
age spot moving at approximately 0.2 inch per micro-
second. The voltage spot is formed by two orthogonally 
intersecting elastic waves as shown in Fig. 5, and the 
modulating voltage is applied in the manner indicated 

in Fig. 7. Dot patterns have been obtained for modula-
tion frequencies as high as 1.25 Mc. In this panel, 
modulation is restricted to the area of the scanning line 
because the large load capacitance associated with the 

entire display area would be too difficult to drive. As 
will be shown, the capacitance presented to the modula-
tion source can be materially reduced through the in-
troduction of a nonlinear resistance layer. This layer 
will also result in the elimination of the background 
illumination evident in Fig. 10. 

CAPABILITIES OF THE PIEZOELECTRIC DISPLAY 

Brightness and Contrast Ratio 

To realize the full potentialities of the piezoelectric 
device as a practical display will require the use of a 
nonlinear resistance layer in series with the electro-
luminescent phosphor layer. As has been previously in-
dicated, this layer will significantly improve the con-
trast ratio and will reduce the video power requirement 
in television-type displays. 
A typical electroluminescent layer for use in this de-

vice will have a capacitance of approximately 3500 
pµf/in2. Such a lamp would have a brightness under a 
pulse excitation of 1-12sec duration of 

B = 0.01fe-'23 /•17 -I- 8.1 (foot-lamberts), (2) 

where v = peak pulse voltage (volts) and f = pulse 
repetition rate (pulses/sec). 
A suitable polycrystalline CcIS plastic-embedded non-

linear resistance layer to complement the operation of 
the electroluminescent layer would be approximately 
38 mils thick and will have a capacitance of approxi-
mately 115 ,uµf/in2. Its incorporation will result in a 
thirty-fold reduction in the capacitive loading on the 
modulation source. The nonlinear current response of 
such a layer is typically 

/ = 2.1(10-') V52 amperes/in2. (3) 
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Such a nonlinear current, which varies from approxi-

mately 5 ina/in2 for V=100 volts to 23 amperes/in2 for 
17=500 volts, makes possible a great contrast improve-
ment even with pictorial images where the suppression 
level is two-thirds of the magnitude of modulated volt-
age spot. If in Fig. 8 the voltage spot is 333 volts, the 
peak modulation voltage 166 volts and the scanning 
rate 30 frames "sec, the image produced at the resulting 
500-volt drive would have a brightness of 0.13 foot 
lambert and a contrast ratio bettter than 10 to 1 on 
practically all subject matter. Even for the worst pos-

sible case of a single black dot on a white background, 
the indicated contrast ratio would be 3.4 to 1. 

Resolution 

The spot size of the piezoelectric display is controlled 
by many factors including the angle of intersection of 
the elastic waves, the velocity of propagation of sound 

within the piezoelectric ceramic, the thickness of the ce-
ramic plate, and the response of the electroluminescent 
and nonlinear resistive layers. Spot size will be defined 
by that diameter where the outer brightness is 1 30th of 
the center brightness. With orthogonally-intersecting 
elastic waves and using the materials presently avail-
able, the minimum attainable spot size is approximately 

0.080 inch. \Vhen related to the 0.2 inch per micro-
second scanning velocity of the voltage spot, such an 
aperature represents a capability for the display of a 
1.25- Mc signal. This estimate is supported by the 540-
kc trace shown in Fig. 10, where the dot pattern is 
obviously larger than the spot size. 

Video Power Requirements 

The video power requirement of the piezoelectric dis-

play is basically controlled by the capacitance of the 
nonlinear resistive layer and the operating voltage of the 

electroluminescent layer. As indicated previously, a 
peak drive of 500 volts is required with presently avail-
able techniques and materials. This drive would be 
composed of a 333-volt voltage spot and a peak modula-

tion voltage of 166 volts. Taking into account the capac-
itance of all three layers, the input capacitance at the 
modulation terminal will be approximately 110µµf/in2. 
If an efficient peaking circuit' is used, the indicated peak 

video power requirement is 5.7 watts/sq in for a 1- Mc 
bandwidth. For practically all pictures, however, the 

power requirement should not exceed about 2 watts/in2. 
Although this figure is high it nevertheless should soon 
be possible to display video signals of 1- Mc bandwidth 
in the Laboratory. In the future, as improved layers 

become available and as improved methods for driving 
the display are developed, significant reductions in the 
video power requirement should result. 
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CORRECTION 

R. Bechmann. A. D. Ballato, and T. J. Lukaszek, 
authors of " Iligher-Order Temperature Coefficients of 
the Elastic Stiffnesses and Compliances of Alpha-
Quartz," which appeared on pages 1812-1822 of the 
August, 1962, issue of Pm EEDI NGS, have called the 
following to the attention of the Editor. 
On page 1817 in Table VI, " Values for the Tempera-

ture Coefficients of the Stiffnesses for Alpha-Quartz at 
50°C According to Mason [ 16J, 1951," the values given 
for Tcx„“) refer to 20°C and have been calculated from 

the values given by Mason for 50°C. For the values of 

Tcx," at 50°C see [ 161. 

Also, in Table VI, the following typographical errors 
are corrected: Tc33 (21 = — 187 • 10-9/(°C) 2 instead of 
—182•10-9 (°C)2 and Tc33("1= — 410 - 10 -12 /(°C)" in-

stead of 410.10-12 /(°('). 
On page 1817 in Table IX, Tsn '"' should be 

38.3 • 10-'2 (°C)" instead of 147 • 10-'2 (°C)" and Tsi2('' 
should be — 1460•10-'2/(°C)" instead of — 2287. 10-12/ 
(°C)", due to an erroneously omitted term. 

Also on page 1817 in Table X, Ts 13(2)= — 2110.10-9/ 
(O()2 instead of — 2100 • 10-9/(°(')2. 
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Switching Speed and Dissipation in Fast, 

Thin-Film Cryotron Circuits* 

NORMAN H. MEYERSt, SENIOR MEMBER, IRE 

Summary—As thin-film cryotron circuits become faster, the de-
tailed properties of the components themselves have an increasing 
effect on over-all circuit operation. When a cryotron switches from 
the superconducting to the resistive state in a fast circuit, its induc-
tive characteristics can change enough to add appreciable delay and 
dissipation to its driving circuit. The inductive and resistive transi-
tion of the component can be accompanied by diamagnetic hysteresis 
and by eddy-current-damping effects, which add to dissipation and 

further delay the switching of the component. These component and 
circuit effects are complex and interrelated, but considerable insight 
is gained by analyzing separately various portions of the general be-

havior. 

INTRODUCTION 

CONSI DERABLE interest exists at present in the 
development of evaporated, thin-film, supercon-
ducting, computer components and circuits. 

Among the potential advantages of this type of circuitry 
are high speed, small size, low power dissipation, low 
cost, logical simplicity, reliability, and the possibility 

of automated batch fabrication. 
From the viewpoint of the circuits engineer, the speed 

and power dissipation of components and circuits are 
two of the more interesting and fundamental properties. 
In previous studies of these properties it usually has 
been assumed that the components, the thin-film cryo-
trons, can be switched instantaneously compared with 
the circuit switching time. Furthermore, it also has been 

assumed that the only heat generated in circuit opera-
tion is that associated with the transfer of current from 
one inductive path, suddenly switched resistive, to an-
other parallel superconducting path. These assumptions 
are adequate for analysis of relatively slow circuits with 
time constants in the microsecond range or longer. 

However, with the advent of the in- line cryotron and 
superconducting alloy films it becomes feasible to think 
in terms of nanosecond circuit time constants. As the cir-
cuits are speeded up, new effects, associated with the 
more detailed operation of the components themselves, 
become significant contributors to delay and dissipa-
tion. It is the purpose of this paper to define and appraise 
some of the more important effects of the cryotrons 
themselves upon circuit operation at higher speeds. 
When a cryotron gate switches from the super to nor-

mal state, all of the inductances of the component 

* Received May 1, 1962; revised manuscript received, September 
6, 1962. The work described in this paper was supported by the 
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f Harvard Business School, Boston, Mass. Formerly with Inter-
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change. These inductance changes delay the current 
transfer process in the circuit which is driving the cryo-
tron and causing its gate to change state. This delay in 
current transfer also brings about increased dissipation 
in the circuit driving the cryotron. The increased delay 
and dissipation occur irrespective of whether the cryo-
tron is initially superconducting and driven resistive, or 
initially resistive and driven superconducting. 
The total stage delay, made up partly of current-

transfer time in the driving circuit and partly of com-
ponent switching time, is minimized by biasing the 
cryotron as close as possible to its resistive transition 
and by employing the largest permissible supply cur-
rent. However, practical considerations set upper limits 
on supply and bias currents. The effects of cryotron in-

ductance changes upon stage delay and dissipation are 
not negligible in fast circuits even when the optimum 
supply and bias currents are utilized. 

Switching of the cryotron gate film can be accom-
panied by diamagnetic hysteresis in the gate material it-
self, particularly at temperatures well below the critical 
temperature. This phenomenon can generate appreciable 
heat in the gate under certain conditions. However, 

hysteresis may be eliminated (or at least minimized) by 
learning to control the grain structure of evaporated 
films. 

Furthermore, as the gate changes state. eddy currents 
are induced within the normal portion of the gate itself 
by the motion of the phase boundary between the nor-
mal and superconducting portions. The effects of these 
eddy currents are to damp the motion of the phase 
boundary and to generate heat within the gate under-
going switching. 

Difficulty is encountered in analyzing the eddy cur-
rents because the structure of the intermediate state in 
a film undergoing switching is not well understood. Fur-

thermore, there is still considerable question as to what 
criterion governs the onset of phase transition in a film 
subjected to an applied field while carrying an appreci-

able current. 
Pippard's treatment of eddy-current-damped, phase 

boundary propagation in a semi-infinite superconductor 
can be applied to the case of a cryotron gate film. Such 
an approach is a vast over-simplification. However, it 

is useful in demonstrating the qualitative nature of the 
interaction between component and circuit. 
The current transfer process in the driving circuit, the 

inductance change in the driven cryotron, and the eddy-
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current effects in the driven cryotron are all interrelated 
and can not really be treated independently. Conse-
quently, the general problem is very complex but con-

siderable insight can be obtained by examining certain 
portions of the general problem while neglecting other 
portions. This is the approach followed in the present 

paper. 
Rationalized mks units are used throughout the 

present paper. 

CRVOTRON CONTROL INDUCTANCE CIIANGE 

Consider a single, thin-film cryotron consisting of a 
superconducting control and ground plane (with rela-
tively high critical field) and a superconducting gate, 
(with lower critical field), all insulated from one another 
by thin die:ectric layers. Either the more familiar 
crossed-film cryotron [ 1] or the more recent in-line 
cryotron [21, as shown in Fig. 1, suffices for the present 

discussion. 
It is well-known that resistance may be caused to 

appear in the gate by application of current to the con-
trol. The control characteristic for small gate current, 
typical of pure gate material near its critical temperature 
with trimmed edges [3 ], is as shown in Fig. 2. Because 
the control and gate width W is several orders of 
magnitude greater than the total thickness of the struc-
ture T, the magnetic field produced by the control 
current is vers' nearly equal to the control current 
divided by the width. 

In order for resistance to appear in the gate, the 
magnetic field produced by control current must pene-
trate the gate material. As this happens the self-induct-
ance of the control changes from a relatively low value 

to a higher value [4 ]. This is shown in Fig. 3 by a plot of 
flux linking the control X, vs control current ic. As the 
field penetrates the gate at the critical control current 
/„ the flux abruptly rises to a higher value. This is an 
involved and intriguing process. 

Actually the field penetration conceivably could pre-
cede the appearance of resistance. The experimental fact 
that resistance appears abruptly at a certain critical 
field in a film with trimmed edges does not guarantee 
that the flux changes abruptly at the same field strength. 
However, experiments indicate that penetration depth is 
not a strong function of applied field [5] up to values 
very near the resistive critical field. Hence, it is plausible 
to assume that the flux change in a dc field occurs 
sharply at the resistive critical field of a trimmed film. 
The source of control current supplies energy as the 

switching occurs. Some of the energy is stored in the 
magnetic field, some is converted into internal energy 
within the material itself, and some is converted to eddy 
current heat. If the process is constrained to occur very 
slowly the energy converted to Joule heat through the 
mechanism of eddy currents in negligible. As the control 
current is raised from zero to I, the flux builds up from 
zero to X1 along the line 01 in Fig. 3. The per unit length 
energy supplied by the control current source and stored 

• 
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Fig. 1—End view of an in- line crvotron 
(distorted scale; actually 11"»-T). 
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Fig. 3—Cryotron control inductaiwe characteristic. 

in the form of magnetic field energy and kinetic enerw 
of superelectrons [4] is 

fo X1 = 1X 11„ = l0I 2 = E,, (1 

where 1,‘" is the per unit length control self-inductanct 
with the gate superconducting. 
Now if the flux slowly increases from X1 to X2, till 

current source supplies an amount of energy equal t( 
the rectangular area to the left of path 12 in Fig. 3. 

fx:2 ¡car = (X2 — X1)/, -= (1," — 1,")1,2 = E12, (2 

where I," is the per unit length control self-inductanc( 
with the gate fully normal. 
At point 2 the energy stored in the field is simply 

IX2/, = Yen' c2 = 

Eq. (3) assumes that the stored energy associated witl 

the magnetic field is a "state function" [6] of the vani 
ables X, and i, and is independent of the past history o 
these variables. Thus the incease in stored field energ 
as the system moves from point 1 to point 2 is 

= E2 — F1 -- — (4 

This increase in stored field energy is only half of th( 
energy supplied by the control current source, as sect 
by comparing (2) and (4). The other half of the supplie( 
energy is absorbed by the gate material itself, in th( 
form of stored internal energy, as the gate switches fron 
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the superconducting to normal state. Thus, as the sys-
tem moves slowly from point 1 to point 2 at essentially 

constant current, 

E12 = àE 

Supplied by Stored in field 
current source 

AE (5) 

Stored internally 
in gate material. 

The interpretation expressed in (5) is in contradiction 
with that given by Buck [7]. According to Buck, half 
of the energy supplied is lost in Joule heat associated 
with eddy currents while the other half is analogous to a 
latent heat. If Joule heating accounted for half of the 
energy supplied during the magnetic switching of a 
superconductor into the resistive state it would never be 
possible to achieve reversible field-induced transitions 
[8]. Hysteresis always would accompany the switching 
process. Experimentally, this is not found to be the case. 
One way to see that (5) is reasonable is as follows: 

First, recognize that the internal energy density at a 
particular temperature in the normal state f" exceeds 
the internal energy density in the super state j by an 
amount related to the bulk critical field of the gate mate-
rial //d, [8]. The internal energy referred to here is that 
which exists in the absence of magnetic field. Thus, 

MO 
p = — 

2 
(6) 

where .to is the permeability of free space. The latent 
heat absorbed isothermally when superconductivity is 
destroyed in a magnetic field [8], [9] is neglected as it 
will be throughout the rest of this paper.' Consequently, 
it should be correct to equate the increase in internal en-
ergy as expressed in circuit terms by (4) to the internal 
energy density difference of (6) multiplied by the gate 
volume. For a unit length of gate material 

AE = 4(1c" — /)/ c̀ -' = — H,1,21Vd, 
2 

(7) 

where W is the gate width and d is the gate thickness. 
Expressions have been derived [4] for the inductance 

parameters of the structure of Fig. 1 in terms of the 
dimensions and material properties. The presently 
pertinent result is 

/," — = —mo — 20-' tanh (8) 
IV 2 

where /3 is the reciprocal penetration depth of the super-
conducting gate material at the temperature in question. 

Substituting (8) into ( 7) and rearranging 

( 1C) 2 = H cb2 ( 1 — 2(ed)-' tanh C-2d))-t. (9) 

Since I,, is the critical control current (not the critical 
current of the gate film) and W is much larger than T, 
Ic/ W is the critical field of the gate film. Therefore, (9) is 
just London's result for the critical field of a film in terms 
of the critical field of the bulk material [ 10]. 
The point to be emphasized is that the energy balance 

expressed in (5) is completely compatible with London's 
picture of the switching of a thin film under the influence 
of an applied magnetic field. 

Returing now to Fig. 3 one can see that the system 
moves along line 23 as the control current is increased 
beyond IC. In this process all of the energy supplied by 
the current source is stored in the magnetic field, 

X3 
X3i3 Xile 1 

icdXc =  2 = 1 c" (i — JI) . (10) 
2 

If the control current is slowly reduced to zero, the 
energy flows just described are essentially reversible and 
everything returns to the initial state. 

EFFECT ON CIRCUIT SPEED 

The change of cryotron control inductance, as the 
gate switches, can have an appreciable effect on the 
speed of a cryotronic circuit. For purposes of further 
discussion consider the simple flip-flop circuit of Fig. 4. 
The loop shown in Fig. 4(a) contains three in-line 
cryotrons of the type shown in Fig. 1. Two of these are 
input cryotrons with their gates in the loop. They serve 
the function of causing current to transfer from leg to 
leg in the loop as their controls are energized with suit-
able signal currents. The third cryotron has its control 
in series with leg 2 and permits the loop to drive another 
circuit. All three cryotrons are assumed to be identical. 

If the cryotron gate resistance is small compared with 
the characteristic impedance of the thin-film transmis-
sion line connecting cryotrons, which is usually the case 
in practice, the transient behavior of the circuit can be 
understood in terms of lumped resistance and inductance 
parameters alone [ 11]. The capacitances among con-
trols, gates, connection lines, and ground plane may be 
neglected in this case. Fig. 4(b) shows an equivalent, 
lumped network suitable for a preliminary analysis of 
the transient behavior of the flip-flop. It includes no 
bias lines for the cryotrons and neglects the mutual in-
ductance between each control and its associated gate. 
At time zero, input cryotron 1 is assumed fully resis-

tive and is therefore characterized by resistance (R) and 
gate self-inductance L„". Input cryotron 2 is assumed 
superconducting, so it is characterized by the different 
gate self-inductance L„'. Inductances L1 and L2 account 
for the connection lines among components on their 
respective sides of the loop. Initially all of the supply 
current is assumed to flow in leg 1 so 

I MO) = I, and i2(0) = 0. (11) 

1 T. H. Cheng has suggested in a private communication that Consequently, the output cryotron of leg 2 is supercon-
latent heat may not be negligible in the switching of a thin gate film. ducting and is characterized by the control self-induct-
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INPUT 
CRYOTRON 

(a) 

OUTPUT 
CRYOTRON 

INPUT 
CRYOTRON 2 

(h) 

Fig. 4—Flip-flop with in- line cryotrons. ( a) Schematic. 
(1)) Equivalent network. 

ance with the gate in the superconducting state Le'. 
Starting from the prescribed initial conditions, the 

current in leg ) ; 11 ; l 1 - w... S.111p.N• 31.1.._ Up exponentially from 
zero toward the final value L. However, this process 
continues unaltered only until the critical control cur-
rent of the output cryotron is reached. The time t„, re-

quired is 

tot = /. 1" In ( /, 

R I 
(12) 

where Li" is the total loop inductance with the output 
cryotron superconducting 

= L1-± L2 + L„" (13) 

Once i2 has reached I,. the process becomes more in-
teresting. If one takes Fig. 3 literally, the current i2 can-
not increase further until the cryotron control flux has 

built up from Xi to X2. Actually, Fig. 3 is a reasonable 
representation of the cryotron behavior only for very 
slow operation such that eddy current effects are negli-
gible. For faster operation the switching of the gate is re-
tarded by eddy currents induced in the normal portion. 
In order for the field applied to the gate to overcome 
the eddy currents and drive the switching process to 
completion it is necessary for the control current to 
increase as the penetration progresses and the flux 

builds up. 
For the moment let us take Fig. 3 literally. It is a 

constraint upon the loop equations such that currents 

and i2 must remain constant until the cryotron control 
flux reaches X2. During this interval 

ii = /,, — 

/2 = Ir. 

(14) 

(15) 

Since the currents are constant there is no voltage drop 
across any of the inductances in the loop except the out-
put cryotron control. The voltage e across a varying in-

ductance L is made up of two parts 

dX d di (IL 
e = — = — (Li) = L— + i-- • (16) 

(It ill dl ill 

Even though the current is constant the output cryo-
tron control can generate a back voltage while its in-
ductance is increasing. 
The loop voltage equation during the cryotron switch-

ing interval is simply 

dLe 
— 1,.)R = — • 

di 
(17) 

'I'hose familiar with magnetic amplifier operation will see 
an analogy here. A constant voltage governs the rate of 
flux change in a square-loop material. Separating vari-
ables and integrating yields the component switching 
time, the time required for the flux to build up in the 
control from Xi to X2 at the critical control current. 

Le" — 
112=   

— 
(18) 

The so-called "stage delay" 42 is the time from the 
first appearance of full resistance in the gate of the in-
put cryotron until the output gate is fully switched. 
Hence 

L1'. 
102= 101+ 112=   In (   ) 

R I,. 

+   — L,"\ é R I, \  
I,.) • 

(19) 

It is instructive to put some typical numbers into 
(19). In the Appendix the per unit length inductances 

are evaluated for film thicknesses, material properties, 
and a width typical of those currently encountered in 
practice. If the cryotrons are all one inch long 

Le" = 2.37 X 10-1° h, 

Le" = 1.94 X 10-1" h, 

Lc° — Le" = 0.434 X 10-1° h, 

= 1.05 X 10-1° h, 

= 0.978 X 10 -'" h. 

If the loop of Fig. 4 is taken as 1 inch wide, 2 inches 
long, and the connections are striplines of the same 
width as the cryotrons, the connection inductances are 

= 1.68 X 10 -" h, 

L2 = 0.838 X 10-'" h. 

Consequently, the total loop inductance with the °mutt 

gate superconducting is 

Li" = 6.48 X 10-1" h. 

Assuming that the gate is indium, 0.009 inch wide, 
and 6000 À thick, the gate resistance at liquid helium 

temperature is about 

R = 0.11 ohm. 
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Typical current values might be 

/8 = 0.40 a, 

lc= 0.25 a. 

Using these values, the results are 

lot = 5.78 nsec, 

112 = 0.66 nsec, 

/02 = 6.44 nsec. 

In this example the extra delay due to the control 
inductance change of the output cryotron is better than 
10 per cent of the total stage delay. The effect is not 
negligible and rises as I, is reduced toward I. For I, 

unchanged, but /„= 0.30 a, 

/01 = 10.6 nsec, 

/12 = 1.97 nsec, 

/02 = 12.6 nsec. 

The component delay has risen to better than 15 per 

cent of the stage delay. 
Thus far the results relating to stage delay are in-

teresting but overly simplified. The effects of bias cur-
rent, gate current, and mutual inductive coupling have 

been neglected completely. Actually, these quantities 
are significant, as will be shown in the next section. 

INFLUENCE OF BIAS AND SUPPLY CURRENT 
ON STAGE DELAY 

Examination of ( 19) suggests that the stage delay 
can be reduced either by increasing the supply current 
Is, so as to drive the cryotron harder, or by biasing the 
cryotron close to its transition, so as to effectively reduce 
the critical control current I. However, practical con-
siderations limit the maximum permissible values of 
supply and bias currents. 

In order to understand these limitations it is necessary 
to consider the current gain characteristic of a biased, 
in-line cryotron. The structure of Fig. 1 may be biased 
by applying dc current to a second control line of width 
W placed parallel to and directly above (but insulated 
from) the first control line. For convenience, the posi-
tive direction of bias current j6 is defined as parallel to 

the positive direction of control current C and gate cur-
rent ig. Because the width of the structure W is many 
times its total height T, one unit of .bias current has the 

same effect on the gate as one unit of control current. 
This has been verified experimentally by A. E. Brenne-
mann.2 
The in-line cryotron has an incremental current gain 

G greater than unity only over a portion of its gain char-
acteristic [2 1. The high gain condition exists with gate 
current flowing opposite to the resultant of the control 
and bias currents. Therefore, Fig. 5 is drawn with —i, 

2 A. E. Brennemann, Private communication. 
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Fig. 5—Operation of a biased, in- line cryotron 
on its gain characteristic. 

as the ordinate and the resultant as the abscissa. 
As shown, the current gain curve is a locus separating 
the region in which the gate is superconducting from the 
region in which the gate is resistive. 

In any practical application of cryotronic circuits, it 
will be necessary to supply the working current /. to a 
large number of switching circuits from a single current 

source in a serial manner. Therefore, if one circuit is to 
drive another, the maximum gate or working current in 
one stage is the same as the maximum control current 
signal applied to the next stage. This means that a given 
cryotron must operate within a square of size Is on its 
gain diagram, as indicated in Fig. 5. 

Initially, the output cryotron is biased in the super-
conducting state at point A of Fig. 5. The currents at 
this point are 

ig = — 

ib = 

= 0. (20) 

As the control current begins to grow toward J. the 
state of the cryotron moves toward point B. Actually, 
inductive coupling between the control and gate cir-
cuits causes the gate current to increase somewhat, but 
this effect will be neglected in the interests of simplicity. 
At point B the gate switches to the resistive state. There-
after the gate current is transferred to an alternate 
superconducting path as the control current continues 
to increase toward Is. Thus, the state of the cryotron 
moves from point B to point C along some path like 
the one shown clotted in Fig. 5. 

Note that point A must lie within the superconducting 
region even when the cryotron is carrying full gate cur-
rent and that point C must lie within the resistive region 

even in the absence of gate current. Clearly, this is not 
possible unless the cryotron has an incremental current 
gain greater than unity. 

If the same supply and bias currents are applied to a 
large number of cryotronic circuits, point A will remain 
fixed for all components involved. However, the incre-
mental current gain G and the critical value of the com-
bined bias and control currents I, will vary from one 
component to another. In addition, any temperature 

rise caused by the combined dissipation of a large num-
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ber of circuits operating on a common substrate will 
have the effect of moving the gain characteristic inward. 
Consequently, point A must be sufficiently far away 
from the average gain characteristic to allow for these 
irreproducibilities and operating variations among 
components. 

In other words, one cannot bias a cryotron barely in-
side its gain curve because of some uncertainty as to 
where the gain curve is located. The dotted curve in 
Fig. 5, which roughly parallels the actual gain curve, is a 
limiting design locus which allows for the variations in 
cryotron gain. Point . 1 must lie on or within this design 

locus. 
As the operating square in Fig. 5 becomes larger and 

point A moves along the dotted locus, a condition of 
maximum J. is reached. This occurs when the dotted 
locus has a slope of unity at point A. Beyond this condi-
tion, a further increase in 1.8 calls for an even greater de-
crease of lb so that point C begins moving to the left 
rather than further to the right. 

In a practical case, one finds that the maximum per-
missible supply current I. is something like 80 per cent 
of the critical gate current J. A typical cryotron gain 
curve might have a critical control currrent I roughly 
double the critical gate current .1„,. and an incremental 
gain G of about 4. At present it does not seem safe to 
expand the design locus beyond 90 per cent of the gain 
curve. 

Therefore, for illustrative purposes, 

1. = 0.81„„ 

/, = 21„„ 

lb = kIc— (181G) = 1.6I„,.. (21) 

The effect on stage delay of the considerations just 
discussed now can be examined. While the cryotron 
moves from point to point B, all inductances remain 
constant. Furthermore, it will be assumed that the bias 
and gate currents also remain constant. The time re-
quired for control current to grow exponentially to the 
new critical value is given by the expression 

/.. 
101 —   In 

R — [I, — ( 1, 'G)if 
(22) 

This control current build-up time should be compared 

with that expressed in ( 12). The influence of bias and 
gate current is to reduce the effective value of critical 
control current and thereby reduce tm. 

At point B the gate undergoes a phase change. Dur-

ing the component switching time / 12, all currents will 
be assumed to remain constant. However, all self- and 
mutual inductances of the biased, in-line cryotron un-
dergo the changes indicated in the Appendix. Conse-
quently, the loop voltage equation in the circuit driving 
the cryotron changes from (17) to the new expression, 

dX, 
/, — [/, — — (/„/G)]1R = — e (23) 

dt 

where X, is the resultant flux linking the control line. 
From the Appendix we have 

dX, 1 à/ à/ 
— = — [J..— lb— (I e/' G)1 — ./b --. ( 24) 
dl 2 à/ 

The quantity à/ is equal to the increase of control self-
inductance. 

The first term on the right side of ( 24) arises from the 
change of mutual inductance between the control and 

gate. It is negative because the gate current flows in 
the antiparallel direction, as mentioned in connection 
with Fig. 5. Similarly, the second term on the right side 
of (24) stems from the change of control self-inductance 
while the final term is associated with the change of 
mutual inductance between the control and bias lines. 
The combination of (23) and (24) yields a new expres-

sion for the component switching time tp2. 

t { lc — 18(1/2 1/G) 1 
I2 — 

R 1.(1 -I- 1/G) — 1,f • 
(25) 

Eq. (25) does not reduce to ( 18) in the absence of bias 
current and with infinite incremental gain. This is a 
consequence of the fact that gate current and mutual 

coupling between control and gate were neglected in 
formulating ( 18). The inductive effect of antiparallel 
gate current is to hasten the component switching. 
Some practical limits on supply and bias currents 

have been discussed in connection with Fig. 5 and ex-
pressed in (21). Introducing these limits into (22) and 
(25) yields the following delay times: 

= 1.69 nsec, 

1,2 = 0.92 nsec, 

/02 = 2.61 nsec. 

The component delay in this case is about 35 per cent 
of the total stage delay. 

II the supply current is reduced to 0.61„ and the bias 
current is increased according to (21), the delay times 
become 

toi = 2.39 nsec, 

/12 = 1.53 nsec, 

to, = 3.92 nsec. 

Now the component delay is 39 per cent of the total 
stage delay. Clearly, the component delay under dis-
cussion is not a negligible effect. 

Eqs. (22) and (25) show that the component delay 
must become a larger fraction of the total stage delay 
as supply current is decreased from the maximum prac-
tical value. The denominator of the bracketed term in 
each equation is the same and it tends to vanish as /"„ 
approaches ( 1 — k) I... Hence, each bracketed term in-
creases without bound as L. decreases. Naturally, the 
logarithmic expression for toi increases less rapidly with 

increasing argument than the expression for tn. 
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OTHER FACTORS AFFECTING DELAY 

The situation is actually worse than the simple cal-
culations made thus far indicate, particularly for very 
high speed circuits. For one thing, eddy currents tend to 

increase the component delay. Secondly, the component 
delay must be multiplied directly by the number of out-
put cryotrons irrespective of which side of the loop they 
are in and irrespective of whether they are driven from 
super to normal or vice versa, as will be demonstrated 

later. In a typical logical stage there may be four or 
more output cryotrons. Thirdly, the component delay is 
independent of the cryotron length if all cryotrons are 
identical. This stems from the fact that only the ouput 
cryotron inductances enter into 112 and these are pro-
portional to length as is the resistance of the driving 

cryotron. 

In order to attain high circuit speeds one attempts to 
lengthen the cryotrons without lengthening the loop. 
This reduces loi without altering In and thus makes the 
component delay a larger fraction of the stage delay. 
Another method of attaining high speed circuits is to 
reduce the thickness of the insulating films in order to re-
duce the inductances. This will also reduce loi without 

altering the component delay. The reason is that the 
inductance change which appears in 112 depends only 
upon the gate filin thickness and not on the insulation 
thickness, as shown in (8). Since the current gain of the 
cryotron depends directly on the gate thickness at a 
given temperature it is not permissible to reduce the 
gate thickness in an effort to cut down the component 

delay. 

It was pointed out earlier that a certain amount of 
energy must be supplied by the source of control current 

in order to switch the gate. The component delay de-
pends on how rapidly the source can supply this energy. 

The internal impedance level of the control current 
source governs directly the power to the cryotron con-
trol. For example, at a fixed current level I, the power 
carried by a transmission line of characteristic imped-
ance Z is I2Z. Consequently, the component delay can 
be expected to be appreciably greater when the cryo-
tron is driven by other low impedance circuitry than 
when it is switched by a signal from a high impedance 
source, such as a 50-ohm transmission line. Therefore, 
care should be taken not to assume that the results of 
switching speed measurements made on thin super-

conducting films are directly indicative of attainable 
component speeds in thin-film circuits. 

EFFECT ON DISSIPATION 

The inductive changes of the output cryotron also 
have an effect on the joule heat generation in the 
resistive gate of the input cryotron. 

For the moment, bias current, gate current, and 
mutual inductance in the output cryotron again will 
be neglected. The energy converted to heat in the gate 
of the input cryotron of Fig. 4, in an arbitrary time in-

terval la to 6,, is 

I b 

Eab = f ii2Rdi. 
t. 

(26) 

Evaluating the heat generated in each of the three time 
intervals of the current transfer process 

E01 = It), (27) 

E12 = (Le"— Lc')I,(Ic— là, (28) 

E23 = 41.1"(I. — là2, (29) 

where the subscripts 0, 1, 2 and 3 refer to points on the 
state diagram of Fig. 3 and it is assumed that i3= I. 
The total dissipation expression may be simplified by 

recognizing that 

Len — Lea = Lc" — (30) 

The result is 

E03 = E01 El2 

= giq.2 ± l(Lc" — L,')(I82— 1,2). (31) 

The first term on the right-hand side of (31) is the dis-
sipation that would come about even in the absence of 
inductance change. The second term is the extra dissipa-
tion that results from the inductive switching of the 

output cryotron. 
Using the same parameter values as before with 
= 0.4 a and lc= 0.25 a, the first term amounts to 

5.18 X 10-" joules while the second term is 0.21 X10 -" 
joules. Thus, the extra dissipation due to the control 
inductance change is less than 4 per cent of the total 
heat generation. 

If bias and gate currents are taken into account, as at 
point B in Fig. 5, then the result is, 

E03 = 14'182 

± FL," — Lc")(Is— Ic')(21b+ (32) 

where 

1,'= lc— lb— (Ic/G) = (1 — k)le. (33) 

Using the typical supply and bias current limits of (21) 
one finds that the extra dissipation in the gate of the 
driving cryotron, due to inductive changes in the output 
cryotron, amounts to about 17 per cent of the total 

joule heat generated. This is not a negligible effect. 
However, as shown by (32) and (33), this extra dissipa-
tion vanishes as the supply current is reduced toward 
(1—k) Ic and the so-called "overdrive" disappears. 

Inductive changes have less effect on dissipation than 
upon stage delay. This is true because the current in the 
gate of the driving cryotron has diminished appreciably 
from its initial value before the inductance of the output 
cryotron begins to change. 

HYSTERESIS Loss 

In addition to joule heating, there can be another 
type of dissipation in a cryotron gate which also is re-
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kited to the change of control inductance during switch-
ing. Not all gate films exhibit reversible transitions. 
Some have hysteresis in their gate resistance vs control 
current characteristics as shown in Fig. 6(a). Concur-
rently, there probably is hysteresis in the control flux 
vs control current characteristic as shown in Fig. 6(b), 
although this has not yet been observed, directly. As 
with any hysteresis phenomenon, the area inside the 
loop in Fig. 6(b) is the energy converted to heat in the 
material per traversal of the loop. One can readily 
evaluate this energy per unit length of gate. 

Eh = — iMic2 — Id2). (34) 

The size of the hysteresis loop depends on the grain 
structure of the film and hence upon the film thickness 
and temperature of the substrate during evaporation 
[1 2 1. For a particular film the loop width varies with 
temperature. Fig. 7 shows some experimental values of 
the critical field for increasing field H, and the critical 
field for decreasing field Hd as a function of reduced 
temperature for a typical indium gate film.3 This par-
ticular film was 4500 A thick and exhibited sharp 
transitions at both H, and Hd. 

Using the same values for control inductance as be-
fore, one can obtain a rough estimate of how much en-
ergy loss is involved. Fig. 8 is a plot of the energy dis-
sipation per cycle of operation per inch of gate length 
as a function of reduced temperature. A cycle of opera-
tion involves two current transfers. For purposes of 
comparison, twice the dissipation due to a single cur-
rent transfer (in the absence of gate filin hysteresis and 
output cryotron inductance changes) is shown by the 

upper horizontal line in Fig. S. This line was calculated 
from the first term of (31) using /„= 0.4 a. It is not 
strictly correct since the supply current and loop in-
ductance would vary somewhat with temperature. 
Similarly, twice the extra dissipation clue to the con-
trol inductance change of the output cryotron [cal-
culated from the second term of (31)] is shown by the 
lower horizontal line in Fig. 8. 
One can see that gate film hysteresis loss mAy become 

appreciable below a reduced temperature of 0.9 and can 
be as high as 50 per cent of the total loss at a reduced 
temperature of 0.6. However, means may well be found 
to control the grain structure of films so as to greatly 
reduce hysteresis loss. 

ENERGY FLOW IN A M ULTIPLE CONTROL CRYOTRON 

The energy flowing into the control terminals of a 
cryotron during the switching of its gate, in the absence 
of bias current and gate current, has been examined in 
detail. In addition, bias has been shown to have an im-
portant effect on stage delay. Consequently, the energy 
flow in a two-control cyrotron undergoing switching will 

be evaluated next. 

3 The author is indebted to A. E. Brennemann for this data 
(private communication). 
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Unfortunately, it will not be possible to take gate cur-
rent into account. The reason is that the switching of a 
gate film in the presence of both gate current and ap-
plied field is not understood fully. The film tends to 
break up into an intermediate state of uncertain struc-

ture. Efforts to write free-energy equations on the basis 
of the classical London model lead to results which do 
not agree with experiment.4 Therefore, gate current will 
be neglected in the present analysis. 
When the gate of a double control cryotron changes 

state the inductance matrix is altered in an interesting 
way [4]. 

—i.1 = 1 1 . (35) 

I_ I 1 1 2 

The quantities Al and 3,/„ are expressed in the Appendix 
in térms of dimensions and properties of materials. The 
first row and column of the matrix relate to the gate, the 
second to the control, and the third to the bias line. 
The self-inductance of the gate is clearly an exception 

to an otherwise orderly pattern. The quantity [IVA/ 
approaches 1/3 for gate thicknesses large compared with 
a penetration depth, vanishes for a gate thickness of 
three penetration depths, and is negative below three 
penetration depths. This unusual behavior will not 

cause problems in the present analysis because the 
gate current is assumed zero. 
Two modes of operation of the cryotron under dis-

cussion are possible. The device may he biased in the 
superconducting state and driven resistive by a signal 
current in its control or, conversely, it may be biased in 
the resistive state and driven superconducting by a sig-
nal which opposes the bias. 

In the first mode, it is assumed that the cryotron is 
biased at point 1 of Fig. 9 by a current — /hi in its bias 
line and is driven resistive by a current —/..-1-/b, in its 
control line. Further assume that these currents are held 
constant during the switching. 
The energy input at each set of terminals during 

switching can be evaluated by carrying out the integra-

tion. 

Energy input = f idX. 
x" 

(36) 

Furthermore, the change in stored field energy is readily 
evaluated from the inductance matrix since the energy 
is a state function [61 of the independent currents and 
flux linkages. 
One finds that the net energy input again is twice the 

increase in stored field energy. The other half is con-
verted into internal energy in the material. Part of the 
net energy input comes from the bias current source 
while the rest comes from the signal control current 

Perhaps the more sophisticated Ginsburg-Landau theory can be 
employed to resolve this difficulty. 

source. Each source supplies a fraction of the total en-
ergy which is equal to the fraction of the critical con-

trol current which it carried during switching. Fig. 10 
shows schematically the flow of energy in the structure 

as a result of super to normal switching. 
If the gate is biased in the resistive state, as at point 

2 in Fig. 9, and then driven superconducting by an 
opposing signal in its control, the situation is somewhat 
different. Both the field and the material give up energy 
so one might expect to find some of it coming out on the 
signal line. This might be advantageous but does not 
happen. 

During the normal-to-super transition the bias line 
carries a negative current — Ih.» while the control carries 

a positive current 'h2 The unit of inductance change 
is —A/ fora normal-to-super transition. The resulting 
energy flow is shown in Fig. 11. The arrows take care 
of the directions of energy flow so that A/ is still a posi-

tive quantity. 
If point 2 of Fig. 9 is as far into the normal region as 

point 1 is into the super region; i.e., In2.-1,=1—Ibi; 
then just as much energy must be put into the cryo-
tron control terminals to drive it normal-to-super as to 
drive it super-to-normal. The energy given up by the 
field and gate material plus the energy put in at the 
control terminals during the normal-to-super transition 

SLOPE .G 

SuI'ERCONDuCTIviTy NEG ,ON 

Fig. 9—Typical gain curve of an in-line cryotron. 
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all emerges at the bias terminals and is fed back into 

the bias-current source. 
The energy flow depicted in Figs. 10 and 11 is the 

reason that an output cryotron delays the driving cir-
cuit, irrespective of which leg of the circuit the cryotron 
is in and irrespective of whether it is driven super-to-

normal or vice versa. 
The operation shown in Fig. 11 suggests that some 

sort of an amplifier is possible. More energy comes out 
on the bias line than is put in on the control line. The 
field and material must then be "recharged," ready for 
the next cycle of operation. 

EDDY CURRENTS 

Thus far, eddy currents in the gate have been neg-
lected. They cause additional switching delay and addi-
tional dissipation. ()ne can obtain an idea of their effect 

by imagining the control of the cryotron of Fig. 1 to be 
subjected to a step of current of amplitude i3, where i3 
is larger than I, as indicated in Fig. 3. Gate current, bias, 
and mutual coupling are to be neglected. 
The crvotron moves instantaneously from point zero 

to point four of Fig. 3. The gate has had no tinte to 
switch so the flux has not increased beyond /„'i3. Now, 
with the current constant at 1.3 the flux builds up from 
point 4 to point 3 at a rate governed by the eddy cur-
rents until tte system comes to rest at point 3. The 
stored field energy and internal energy of the gate mate-

rial are the same as though the current had been in-
creased slowly and the system had followed path 0123. 
However, the energy supplied by the current source 
in the case of the step exceeds that supplied during a 
slow build-up by the shaded area D. Consequently, D 

must represent the heat generated through the mecha-
nism of eddy currents; 

D = — 1,1(i32 — I,). (37) 

Pippard [ 13 [ has studied in detail the propagation of a 

magnetic field through a semi-infinite superconducting 
solid. The surface field is assumed greater than the bulk 
critical field, penetration effects in the superconducting 

region are neglected, and a phase boundary between the 
normal and superconducting regions propagates into the 
superconductor with the field at this boundary equal to 

the bulk critical field. 
According to Pippard's result, the time required for 

the boundary to propagate a distance x is 

I = p.ocr(x • 2z)2 (38) 

where cr is the conductivity in the normal phase and z 

is a function of the driving field such that 

z Erf (z) exp (z2) = — 1). (39) 
/, 

Expanding the left side of (39) in a power series one can 

show that 

for 

2z2 — 1, 
lc 

(40) 

« 1. (41) 

Subject to this approximation, the time of (38) becomes 

pie f  i 
ge   x2 

2 
(42) 

It is crude at best to apply these results to evaporated 
gate films. Penetration effects are not negligible. Critical 
fields are not constant but are known to increase toward 
infinity with diminishing thickness. Furthermore, the 

structure of the intermediate state probably is very 
complex and not much like Pippard's laminar model, 
particularly for thinner films. However. eddy currents 
undoubtedly play a role in the magnetic switching of 
gate films and application of the elementary theory to 
this problem sheds light on the nature of the operation. 

Since the gate of a cryotron in the absence of gate 
current is subjected to an equal held on each face, it 
seems proper to consider two phase boundaries prop-

agating toward the center with each one traveling a 
distance x=d /2, where d is the total thickness. Thus, 
one can perhaps estimate the order of magnitude of 
gate film switching time 1., from Pippard's theory as 

mood' ( i3 
1, = — — 1) . 

8 I, 
(43) 

Just to obtain a feeling for the order of magnitude of 
time involved, assume the same typical parameter 

values as before; namely, 

13 = 0.4 a, 

= 0.25 a, 

d = 6000 À, 

u = (6 X 10-'° ohm — 

Substituting these values into ( 43) gives 

I. = 0.16 nsec. 

Such a short time seems completely negligible at first 
glance. Note, however, that 1, approaches infinity as 
falls toward I. In circuit operation the cryotron is not 
driven by a step from a current source. Instead, switch-
ing begins as soon as i",; reaches L. and the driving cur-
rent i3 may not rise appreciably above I. during switch-
ing. 

It is important to understand the relationship between 

the eddy current switching time I. and the component 

switching time tp calculated earlier. An expression for 
the component delay was derived On the basis of a quasi-

static representation of the cryotron which neglected 
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eddy currents. The resulting delay was found to vary 
inversely with the internal impedance of the energy 

source causing the cryotron to switch. This component 
delay vanishes as the driving source becomes a current 
source with infinite internal impedance. 
On the other hand, considering eddy currents, it be-

comes apparent that there is actually a delay 1, associ-
ated with the switching of the cryotron even when it is 
driven by a current source. In other words, the com-
ponent switching time is adequately represented by the 
expression for / 12 when the cryotron is driven by a very 
low impedance source and the switching is slow com-
pared with t,. As the impedance of the driver is raised, 
the component delay does not tend to vanish as the ex-
pression for / 12 indicates but rather approaches 1„ as a 

lower limit. Thus the effect of eddy currents is always to 
add to the component switching time and to set a lower 
limit on this delay. 

INDUCTANCE CHANGE AND EDDY CURRENTS 

In general, the retarding effects of inductance change 
and eddy currents should be treated simultaneously 
rather than separately.5 An approximate solution to the 
combined problem is very enlightening. 

Consider the time interval during which the gate is 
changing state. Assume that the control current of the 
output cryotron in the circuit of Fig. 4(b) increases 
linearly with time at a rate proportional to the overdrive 
I„— I,. Thus 

12 + (la — 
a 

(44) 

where a is an unknown constant. 
In addition, assume that the location of each inter-

phase boundary is proportional to time. Therefore, 

x = vi, (45) 

where y is some constant but unknown velocity. 
These two assumptions, (44) and (45), are found to be 

compatible with Pippard's freemen t of the eddy current 
constraint. Substituting them into (42)6 gives a rela-
tionship between a and y which is independent of time. 
The component switching time / 12' can, therefore, be 
expressed in terms of a. The result is 

where 

d (mo.a)112 
/12' = 

2 2K 

K = 
IC 

(46) 

(47) 

5 This was first pointed out by Dr. W. B. fuller, III in a private 
communication. 

In (42), (i3) has been used for control current in order to agree 
with Fig. 3. In the present analysis, i2 is used for control current to 
agree with Fig. 4(b). 

During the switching interval, the control current is 
no longer constant and the loop voltage equation be-
comes [from Fig. 4(b)], 

where 

di2 dL, 
(I,— 12)R = L di + L,— + 12-- , (48) 

L = L1+ L2 ± + L9'. (49) 

The control inductance L, changes during the switch-
ing interval by an amount which is small compared with 
the inductance of the rest of the loop L. Hence, Le may 

be treated as nearly constant and the first two terms on 
the right side of (48) may be combined. 

In addition, assume that the amount of control cur-
rent change during the switching interval is small com-
pared with the initial value L. 
Under these conditions, the circuit constraint yields 

another relationship between switching time and the 
constant a: 

1 2 = L,n — L,' Lear 
1 

RK Ra 
(50) 

If a is very large compared with the circuit time con-
stant, so that 12 does not change during switching, (50) 
reduces to ( 18). 

For a given value of K, (46) and (50) now can be 
solved simultaneously for a and / 12 '. This is done graph-
ically in Fig. 12 for K=0.6, a value corresponding to 
L=0.4 a and /, -= 0.25 a. Note that the component 
switching time is more than double the value calculated 
earlier neglecting eddy currents. This strongly suggests 
that eddy currents must be taken into account in any 
effort to predict accurately the switching speeds of fast 
cryotronic circuits. 
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Fig. 12—Circuit and eddy current constraints on 
component switching time. 
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APPENDIX 

This Appendix is intended to provide a ready refer-

ence for previously derived [4] inductance formulas 

applicable to a two-control, in-line cryotron. Typical 
dimensions and parameters are assumed in order to 

provide illustrative values. 

The inductance matrix with the gate superconducting 

is 

gale control bias 

[(hi ± bo ± ba (61 ± bo ± ci) (Ill ± bo + ci) 1 gale 

[L„] =  (111+ bo+ cl) (hi ± 112+ 60+ 62+ 2c1) (li t + h2 + b,,± 2e, + co) control 
11" 

(hi ± bo ± el) (li t ± ho ± bo ± 2c, -+ c2) (h, -I- 112 + 113 + bo ± b3 ± 2c, + 2c)i bias 

where for convenience, 

b„(n = 1, 2, 3 • • • ) = coth 13„d„, 

and 

c„(n = 1, 2, 3 • • • ) = 8„-' tanh (i.1„d„ 

The subscripts n=0, 1, 2 apply in sequence counting 

upward from the ground plane. 

With the gate (conductor 1) in the normal state, the 

inductance matrix becomes 

gale control 

+ bo d, 3) (14 bo d1/2) 

= 11 (hi ± bo + di 2) (hi ± h2± bo 62+ di) 

(hi + bo + di 2) + 62+ bo ± ± c2) 

Consequently, the change in inductance of the state- then 

ture as a result of gate switching is 

gale conlrol bias 

gale 

[1.„ 1— I.l 1 1 control 

1 1 bias 

where 

1.4o 

= — (di — 2c1) 
11" 

go CI 
,Cd„ = — — — 

If' 3 

Assuming the following typical dimensions and pa-

rameters for illustrative purposes 

= 47r X 10-7h/m 

= 0.009 inch 

= h2 = 112= 50002k 

do = d, = d2 = d3 = 6000 

AH = À2 = = 500 

= 1300 A, 

[Ln1— Ls] = 

bias 

(111+ bo d1/2) 

(h, h2+ bo d1+ 

(hi ± h2+ 62+ bo b2+ ± 2c2 

Consequently, 

bo = b2 = b2= 500 

bl = 1500 

co = c2 = c3 = 500 

ci = 1446 A. 

gale 

control. 

bias 

gale control bias 

.978 . 970 . 970 gate 

[1.„] = 10-" — . 970 L94 1.94 control 
in 

.970 1.94 2.78 bias 

gale control bias 

1.05 1.19 1.191 gate 

[1.„ 1.1 = 10-" -- I 1.19 2.37 2.37 I con/rol 
in 

1.19 2.37 3.21J bias 

gate control bias 

.0698 . 217 .217 gale 

10-'" — . 717 .434 .434 I control 
in I 

.217 . 434 . 434J bias 
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Properties of 400 Mcps Long-Distance 

Tropospheric Circuits* 

J. H. CHISHOLMt, W. E. MORROW, JR.t, MEMBER, IRE, B. E. NICHOLSt, 

J. F. ROCHES, MEMBER, IRE, AND A. E. TEACHMAN§, SENIOR MEMBER, IRE 

Summary—Measurements are reported on beyond-the-horizon 
propagation losses at 400 Mcps. Data are given on the losses and 
their variations from 98 to 830 mi beyond the horizon. The transmis-
sion loss between isotropic antennas varies from about 190 db at 100 
mi to about 300 db at 800 mi distance. Also described are measure-
ments of frequency-selective fading, space diversity, and variations 
in the angle of arrival of the signals. 

I NTRODUCTION 

EsGt ilt Nu tNe I 01\f' GT eI IN n 011905,3y, Ltliine 0111 i Lis &tibcohru steotrtys hl us-]  

  conducted an extensive program of UHF tropo-
spheric propagation research designed to investigate 

the feasibility of long-range transhorizon communica-
tions systems. During the course of this program, 
measurements were obtained over paths ranging from 
98 to 830 mi in length, utilizing a series of receiving sites 
along the eastern coastal region of the United States. In 
addition, a cooperative program was undertaken with 
the U. S. Naval Research Laboratory in which a ship-
borne receiving terminal was utilized to obtain over-

* Received November 29, 1961; revised manuscript received, 
August 6, 1962. 

t Lincoln Laboratory, Massachusetts Institute of Technology, 
Lexington, Mass. Operated with support front the U. S. Army, Navy, 
and Air Force. 

t. Sylvania Electronics Systems Division, Amherst, N. Y. 
e Jansky and Bailey, Washington, D. C. 

MEMBER, IRE, 

water measurements in the North Atlantic area by 
continuous measurements out to 734 mi for several 
days in the winter and summer seasons. It is believed 
that these data, which include more than 16,000 hr of 
measurements, have established a definite pattern of 
propagation characteristics at extreme ranges that 
were not indicated by current theoretical models or by 
extrapolation from existing data obtained by measure-
ments over paths a few hundred miles in length. In ad-
dition to signal level measurements, a variety of experi-
ments were performed to investigate the performance of 
large high-gain antenna systems and the limitations 
imposed by the long-range propagation mechanism 
pertinent to the design of tropospheric communications 
systems intended to operate over distances from 400 
to possibly 800 mi. 

TEST TRANSMISSION PATHS 

Fig. 1 shows a map of the various paths over which 
measurements were made. The principal transmitting 
facilities were located at the M.I.T. Round Hill field 
station in South Dartmouth, Mass. The receiving site 
at Riverhead, L. I., N. Y., was operated jointly with 
RCA Laboratories. At Holmdel, N. J., the facilities 
were located at Bell Telephone Laboratories' Crawford 
Hill Site. At Red Bank, N. J., the installation was lo-
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ELBERTON 
8307 
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Fig.1—Paths used for experimental UHF tropospheric propagation 
measurements. The transmitters were located at the M.I.T. Lin-
coln Laboratory Round Hill Field Station, S. Dartmouth, Mass. 

REDBANK 
185 Mi. 

700 Mi. 

BERMUDA., 
734 Mi. 

cated at the U. S. Army Signal Corps' Coles Signal 
Laboratory. The Navy Department provided the 
U.S.S. Achernar for the summer overwater tests and 

the U.S.S. Thubart for the winter tests. Personnel and 
equipment for this joint program were provided by the 
Naval Research Laboratory and Lincoln Laboratory. 

In the latter part of the program, measurements were 
also made over a 640-mi path utilizing a developmental 
military communications system [:\ N ./F RC-47 (X D-1) ] 
employing sites at Sauratown Mountain near Winston-
Salem, N. C. and at Millstone Hill, Westford, Mass. 

EQUIPMENT AND FACILITIES 

A group of the antennas used for transmissions from 
Round Hill during the course of these experiments is 
shown in Fig. 2. In the center rear of this group is 
shown the 60- ft paraboloidal antenna which is steerable 
in elevation and azimuth. This antenna was connected 
to a 50-kw, 400-Mc CW klystron transmitter. The 
transmitting antennas were at heights varying from 60 
to 113 ft above mean sea level and were oriented in a 
southeasterly direction over an open water foreground. 
A view of the 28-ft and 60-ft diameter antennas at 

the Winston-Salem site is shown in Fig. 3. The 60- ft 
diameter antenna had a triple feed system which al-
lowed the beams to be set at various angular positions 
by lateral and vertical movements of the feed assembly. 
A photograph of the moving assembly mechanism of 
this feed system is shown in Fig. 4. 
The most distant receiving terminal was located at 

Elberton, Ga., which is about 830 mi from Round Hill. A 
view of this receiving site is shown in Fig. 5. The terrain 
in the foreground of the antenna has a downward slope 
resulting in an effective antenna height of approxi-
mately 150 ft above the average terrain in the first two 
miles in the direction of Round Hill. 

Fig. 2—The array of fixed and rotating antennas, 28 it and 60 ft in 
diameter, which was used for UHF transmissions from 
Fick], Site at Round I lill, South Dartmouth, Mass. 

Fig. 3—Photograph of the Winston-Salem, N. C., receiving site 
showing the 28-ft and 60-ft eliametcr paraboloidal antennas. 

Fig. 4—Photograph oi iiIlipic feed assembly used at the Winston-
Salem and Elberton receiving terminals. (The individual feeds 
and the horizontal supporting arm were adjustable from the 
ground by means of a cable and pulley system.) 
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Fig. 5--l'hotograph of most ( listant receiving 
terminal located at Elberton, Ga. 

A view of the receiving and recording equipment in-
stalled at Winston-Salem is shown in Fig. 6. Similar 
equipment was employed at the site located at Elberton 
Ga. Dual receiving facilities were incorporated in each 
terminal to permit simultaneous reception on either two 
separated antennas or two separate frequencies. 

All the equipment was attended twenty-four hours a 

day, and calibrations were checked at hourly intervals. 
The block diagram of Fig. 7 shows a typical receiving 
system with signal level recording equipment. The re-
cording equipment consisted of modified Gates signal 
level distribution recorders, Esterline Angus chart re-
corders, and Eclin high speed chart recorders. Amplitude 
calibration was obtained from a laboratory-constructed, 
crystal-controlled signal generator which was highly 
stable in frequency and well shielded to permit calibra-
tion for extremely low signal levels. The over-all maxi-
mum frequency deviatt.on for the transmitters and the 
receivers was generally less than 10 cps for periods of 
several hours, thus making it possible to use receivers 
with bandwidths of 100 cps. 

Signal level distribution recorders were used in most 
instances. In some cases (particularly for weak signals), 
it was necessary to use Esterline Angus chart recorders 
with an integration capacitor connected across the 
AGC circuit. The time constant was variable front six 
to twelve seconds. Hourly median values were obtained 
from the signal level distribution recorders or scaled 
front the Esterline Angus charts in some cases of low 
signal level. Edin chart recorders, capable of recording 
up to 40 cps, were used to study short-terni fading 
characteristics. 
The transmissions from Sauratown Mountain to 

Millstone Hill at 399 Mc were made by means of 120- ft 
antennas and a 20- to 30-kw (('W) transmitter, which 
are components of the AN 'FRC-47(XD-1)tropospheric 
scatter radio system. A view of the Millstone Hill ter-
minal is shown in Fig. 8. 

Fig. t4- - View of dual receiving and rect(rding equipm•ut 
installed at the Winston-Salem site. 
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Fig. 7—Block liagram ut signal level recording system. 

Fig. 8- view of the Nlillstone estIotd. M.ts-.. kl ri].11 
of the AN /FRC-47( X1)-1) tropospheric scat ter '. stem. 
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SIGNAL LEVEL AS A FUNCTION OF DISTANCE 

One of the primary purposes of the program of meas-
urements was to determine the attenuation of the 
signal strength as a function of distance from the trans-
mitter. The levels of signals received over paths of 
98 to 830 mi at 412 to 417 Mc have been analyzed to 
provide information which would indicate the limit of 
the range of communications systems, as well as provide 
information about the nature of the mechanism which 
might be useful to confirm or to indicate modifications 

of proposed theoretical models. In order that the results 
of these measurements may be presented in a conven-
ient manlier for both of these purposes, the data are 
shown in terms of equivalent path loss between iso-
tropic antennas (assuming free space gains are realized) 
and also in terms of signal level relative to that which 
would be obtained under free space conditions. 
System path loss is determined from the following 

relationship: 
PrGTGR 

path loss 1,„ — 
PR 

where PT is transmitter power (watts) GT is the gain of 
the transmitting antenna referred to an isotropic radia-
tor, and Gie is the gain of the receiving antenna referred 
to an isotropic radiator. 

Results of measurements at 400 Mc for a yearly 
period over distances ranging from 98 to 618 mi 
are shown in Fig. 9 for a range of percentile values. 
Only the median value of signals received at the 830-mi 

distance is shown. These data indicate the following 
attenuation rates obtained from the yearly median 
values in the indicated range intervals: 

Range ( mi) 

90-180 
180-350 
350-630 
630-840 

Attenuation rate (db/mi) 

0.22 
0.18 
0.11 
0.20 

The increase in attenuation rate at distances beyond 
600 mi indicates that highly reliable ground point-to-
point communications systems intended to operate 
over paths much longer than 600 mi will become 
rapidly more expensive with increasing distance. 

Several theoretical models predict decreases in the 
rate of attenuation with distancel-3 rather than a 
constant rate of attenuation vs distance. The attenua-
tion rate measured in these experiments for the range 
from 600 to 800 mi is almost twice that observed at the 
400 to 600 mi range. These data indicate that extrap-
olation of levels obtained at shorter distances by curve 
fitting methods would predict signals substantially 
higher at distances in excess of 600 mi than the levels 

H. G. Booker and W. E. Gordon, "A theory of radio scattering 
in the troposphere," PROC. IRE, vol. 38, pp. 401-412; April, 1950. 

2 W. E. Gordon, " Radio scattering in the troposphere," PRoc. 
IRE, vol. 43, pp. 23-28; January, 1955. 

K. A. Norton, " Point-to-point radio relaying via the scatter 
mode of tropospheric propagation," IRE TRANS. ON COMMUNICA-
TIONS SYSTEMS, vol. CS-4, pp. 39-49; March, 1956. 
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Fig. 9—Variation in signal level as a function 
of distance from the transmitter. 

900 

actually observed in these experments. It is believed 
that further theoretical study and perhaps modifica-
tions of existing models will be required to predict ade-
quately the propagation of radio signals at these ex-
treme ranges. 
A comparison of the signal level variation as a func-

tion of distance from the transmitter observed over 
water was made with the levels measured over land. 
The overwater data were obtained in a series of ship-to-
shore measurements and are reported in more detail in 
a paper published in 1958 by Dinger et al.4 The com-
parison of the data obtained over a land path and over 
a water path is shown in Fig. 10. The squares con-
nected by solid lines indicate the monthly median 
values for overland paths under wintertime conditions, 
and the closed circles indicate hourly medians of the 
overwater measurements for two round trips of ship-
borne measurements made in January and February, 
1956. Although the general slope of the attenuation 
curves over both land and water are in fair agreement, 
the overwater paths indicate a signal level for these 
two runs which is about 6 db higher than that ob-
served over land during the winter periods. The dif-
ference in the levels observed over water and the levels 
observed over land may be attributed in part to the 
difference in the foreground of the receiving antennas 
used on overland and overwater paths. In addition, the 
small size of the statistical samples resulting from two 
overwater runs out to 750 mi must be taken into con-
sideration in evaluating the difference in observed 
signal strength on an overwater path vs the long-terni 
data obtained on the overland paths. A third factor to 
be considered is the milder temperatures encountered 
at the more distant portions of the overwater path in 
the Gulf Stream region. 

H. E. Dinger, \V. E. Garner, D. H. Hamilton and A. E. Teach-
man, " Investigation of long-distance overwater tropospheric propa-
gation at 400 MC," PRoc. IRE, vol. 46, pp. 1401-1410; July, 1958. 
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Fig. 11 --ticasonal variation of monthlv media!' values 
of signal level at 400 Mc. 

One of the interesting features of the long-term 

measurements on the 618-mi path is the small sea-
sonal variation as contrasted to the much larger varia-
tions observed over shorter paths. The cyclic seasonal 
variation of the signal levels is shown in Fig. 11 which 

shows the monthly median values of received signals 
observed at distances of 188, 350, and 618 mi over a 
complete seasonal cycle. It can be seen that the (hif-
ference between maximum and minimum monthly 

median values is greatest at the shorter distances. At 
the greatest distance there is less than 6-db difference 
between the maximum and minimum monthly median 
values. 

NI () N'Ili lx ANI) SHORT-TERM SIGNAI, VA k LvrioNs 

The distribution of hourly median values for an in-
dividual month also shows a defmite variation with 
distance. The curves shown in Fig. 12 indicate the dis-
tributions of hourly median values of signal level re-
ceived during January, 1956, over paths 98, 188, 350, 
and 618 mi in length. These distributions indicate a 
definite trend toward a smaller variation in the hourly 
median values between the 10 and 90 percentiles at 618 

mi than that observed at 98 and 188 mi. 
During the summer season, the differences between 

the hourly median values of signal level observed 10 
per cent and 90 per cent of the time at 188 mi, com-
pared to the variation observed at 618 mi, is even more 
marked as shown in the curves of Fig. 13. There is 
some evidence of enhanced conditions even at the 
longer 618-mi distance as indicated by the sharp upturn 
in the distribution curve between the 10 percentile and 
the 1 percentile values. 
The signals received over distances far beyond the 

radio horizon were generally found to be Rayleigh dis-
tributed when sampling periods of about one hour's 

duration were used. Typical distributions of signals re-
ceived over paths of 188, 350, and 618 mi are shown in 
Fig. 14. These data were obtained during the period 

0500 to 0550 EST on January 23, 1957, which was a 
period representative of wintertime conditions. The 
effect of summertime enhancements are indicated in 

Fig. 15 which contains distributions of signals received 
during the month of June for paths of 188, 350, and 618 
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Fig. 13—Distributions of hourly median 3-alues observed at 400 Mc 
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mi in length and show a greater departure from a Ray-
leigh distribution. 

Although there is very little difference in the dis-
tributions of signal amplitude within the hourly periods 

observed at various distances, observations of samples 
of data recorded at fast chart speeds indicate an ap-
preciable difference in the rate of fading for each path 

length. Typical samples indicating the fading observed 
at 188, 350, and 618 mi are shown in Fig. 16(a)—(c). 
An analysis of 30 samples of ten- to twelve-minutes 

duration and evenly distributed through the January 
to July period indicates the following median fading 
rates at the indicated distances: 

188 mi 
350 mi 
618 mi 

0.1 cps 
0.4 cps 
0.2 cps. 
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There appears to be little difference in the fading rate 
at the 618-111i distance between a system using receiving 

antennas 60 ft in diameter and a system using antennas 
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Fig. 16—(a) Example of fading of signal observed over a 188-mi path ; it 400 Me under typical winter conditions. ( b) Example of fading of 
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Fig. 17--Comparison of fading of 400-NIc signals received at 618 mi on a 28- ft and a 60-ft antenna. 

28 ft in diameter. Fig. 17 shows a comparison of the 

fading observed on signals received over the 618-iiii 
path obtained with the 28 ft and 60- ft diameter re-
ceiving antennas. 
A more precise evaluation of the fading is obtained by 

computation of the autocorrelation function of samples 
of fading data 10 min or greater in duration. The auto-
correlation functions for lag times out to 100 sec are 
shown ill Fig. 18(a)—(c) on the next page. In order to show 
the details of the zunocorrelation function in the neigh-
borhood of the origin, portions of these same curves are 
shown in Fig. 19(a)—(c) with an expanded scale for 
the first tell seconds of lag time. Similarly, the auto-
correlation functions were computed from data ob-
tained over the 618-mi path using antennas 28 ft in 
diameter and 60 ft in diameter for both transmission 
and reception over the saine path. Little difference is 
indicated for the differing size of antennas as shown by 
the curves in Fig. 20. 

Further evidence of the effect of the size of the an-
tennas on the rate of fading over a 618-mi path was 
obtained by comparing a signal received on a 60- ft 
antenna with that received on a small coaxiallv mounted 
corner-reflector antenna. The results of these measure-
ments, as shown in Fig. 21, indicated very little dif-
ference in the fading of the signal received on the 
corner-reflector antenna with that received on the 
large 60-ft antenna. 

The similarity of the fading observed on these two 
antennas, widely different in the sizes of their apertures, 
suggests that the effective angles of arrival of the signals 
propagated over the 618 mi are largely confined to 
angular dimensions equal to or less than the beamwidth 
of the 60- ft diameter antenna. ( Half-power beam-
w id t hs 

- 98 

-118 2.)5)1 

— -118 DI3M 

- 98 

Measurements were also made to investigate the ef-
fect on the fading when t he antennas were oriented off 
the great circle path. t'sing two feed horns with the 60-ft 
receiving antenna, two 2.8° beams were produced 
which could be directed by movement of each of the 
horns. In the first series of these measurements, the 
transmitting antenna was oriented along the great 
circle bearing and the two receiving beams were oriented 
+3° off- path. The results indicated that the amplitude 
was about 16 (lb less for these positions than when the 
receiving antenna was oriented on the great circle path. 
An increase in the fading rate was also observed. It ap-
peared that there was little correlation between the 
amplitude received on either beam for this antenna 
configuration. 

Further measurements were made in which the trans-
mitting and receiving antennas were moved off-path 
in azimuth by the same amount. The results of these 
measurements are shown in Fig. 22(a)—(c). A sample of 
the signals received for a two-minute period for both 
antennas oriented on course is shown in Fig. 22(a). 
The results of azimuthal movement of the beams off 
the path are shown in Fig. 22(b) and are characterized 
by a substantial increase in fading as well as a reduction 
in signal strength. Similar experiments were performed 
for angular movement of both transmitting and re-
ceiving antennas in elevation and the results are shown 
in Fig. 22(c) and indicate a less pronounced increase 
in fading. This pattern of variation of fading for angu-
lar movement in elevation and azimuth is similar to 

that observed at 3670 Mc over a much shorter path of 
188 mi with highly directive antennas.5 

5 J. II. Chisholm, P. A. Portmann, J. T. deBettencourt and J. F. 
Roche, " Investigations of angular scattering and multipath proper-
ties of tropospheric propagation of short ratio waves beyond the hori-
zon," l'soc. IRE, vol. 43, pp. 1317-1335; October, 1955. 
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Fig. 20 ( left)--Autocorrelation functions of fading of 400-Mc signals 
received over a 618-mi path on systems using 28-ft antenmis 
transmitting and receiving and using 60-ft antennas transmitting 
and receiving. 
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Fig. 22—Fading of 400 Mc signals received over a 618-mi path with the transmitting and receiving antennas 
oriented as follows: (a) On-path. ( b) 3° east of course. (c) 3° elevated. 
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ANTENNA PERFORMANCE OVER A 600- MI PATH 

An important factor in evaluating the results of 

measurements of signal level obtained with highly di-

rective antennas is the realized gain of the antenna 

system. Earlier theoretical analysis had predicted that 

at a distance of 600 mi and at a frequency of 400 

the effective gain of a 60- ft diameter antenna would be 

from 2.5 to I() db less than the measured plane wave 

gain."."•7 Nleasurements at Winston-Salem of trans-
missions from Round H ill over a twelve-month period 

simultaneously on a 28- ft receiving antenna and a 60-ft 

receiving antenna indicated that the median difference 

in the signals WI1S 6.5 db which is the calculated plane 

wave difference in gain between the two antennas. The 

distribution of the signal levels received on each an-

tenna for a typical month (for example, March, 1956) 
is shown in Fig. 23(a). The difference between the in-

dividual hourly medians of the two antennas was de-

termined from these data. The distribution of these 

differences is shown in Fig. 23(b) indicating a small 

variability over a monthly period. 

A subsequent series of measurements were made with 

28- ft and 60- ft diameter antennas for both transmission 
and reception. These measurements were achieved 

simultaneously by use of two adjacent frequencies at 

412.85 and 412.862 Mc. In order to utilize existing 
facilities, the system using the 60-ft antennas had a 

transmitter with a power output of 40 kw, and the 

system using the 28- ft antenna had a transmitter power 

output of only 12 kw. Distributions of signal levels re-
ceived, using these two systems, are shown in Fig. 24 

for a fifteen- minute sampling period. Fig. 24 indicates 

that the difference in the median values of received 

11. G. Booker and J. T. deBettencourt, "A theory of radio trans-
mission by tropospheric scattering using very narrow beams," l'soc. 
IRE, vol. 43, pp. 281--292; March, 1955. 

7 H. Sta ras, "Antenna-to-medium coupling loss," IRE TRANS. ON 
ANTENNAS AND PROPAGATION, Al'-5, pp. 228-231; April, 1957. 
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Fig. 24— Distribution of signal levels received for a lifteen-minute 
sampling period on systems using 60- ft to 60- ft combination and 
28- ft to 28- ft combination. 

signal was 18 db which is the same value as the dif-

ference in the computed antenna gains and the trans-

mitter power of the two systems. The difference appears 

to decrease for the higher percentile values. Extension 
of the distribution curve for levels below — 138 dbm 

was not possible because of the proximity of the signal 
level to the noise threshold of the receiving systems. 

The results were found to be the same over a series of 

tests during a day in which typical conditions of signal 

level and fading were experienced. 
Comparison between the levels of signals received on 

a corner-reflector an and those received On a 60- ft 
antenna of transmissions from a 60- ft antenna in-

dicates a difference of 24 (lb in the hourly median values 
which is also the same as the computed difference in 

gain of these two antennas. The results further indicate 

that the median plane wave gain of an antenna up to 

25 wavelengths ill diameter at 412 Mc is realized over 

paths 618 mi in length. 

In order to investigate further the probable gain 

performance of antenna apertures in excess of 60 it 
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in diameter, a series of spatial correlation measure-
ments were made over the 618-mi path using two corner-
reflector receiving antennas spaced 100 ft and 700 ft 
along a line transverse to the great circle path. The 
results of these measurements are shown below as the 
average cross-correlation for each of the two spacings of 
the antenna: 

Spacing 
Average correlation 

coefficient 

100 ft 0.5 
700 ft 0.2 

These data were further analyzed in terms of the cross-
correlation function. These curves are shown in Fig. 25. 
It should be noted that the functions are normalized to 
the maximum value of the cross-correlation obtained 
for the 100-ft spacing. The 0.5 correlation coefficient 
for the 100-ft spacing indicated that antenna apertures 
considerably in excess of the 60-ft diameter paraboloids 
could be used effectively over this length of path. 

In the summer of 1959, the AN/FRC-47(XD-1) 
tropospheric communications system between Saura-
town Mountain and Millstone Hill was completed. This 
system employs truncated paraboloidal antennas with 
widths and heights of 120 ft. Systematic gain measure-
ments were made to measure the performance of these 
antennas operating over a path comparable in distance 
and frequency to the previous Round Hill to Winston-
Salem experimental system. The transmissions from a 
120- ft antenna were received simultaneously on 16- ft 
and 120-ft diameter antennas. The measured plane 
wave gains of these antennas were found to be 21 db 
and 39.5 db, respectively. The signals received on each 
antenna were recorded over half-hour periods and the 
distributions determined. Typical distributions of tie 
amplitude of signals received on each antenna for one 
of these half-hour periods are shown in Fig. 26. In this 
case the difference in the received signal levels was 19 
db or within 0.5 db of the difference in the plane wave 
gains. A total of 59 of these half-hour runs was made 
over a seventeen-day period during the summer. The 
distribution of the differences in the median of the signal 
levels received with the 120-ft antenna and those re-
ceived with the 16-ft antenna is shown in Fig. 27. The 
median difference of antenna gain observed over the 
640-mi path was 19.6 db resulting in a median realized 
gain of the 120-ft antenna of 39.2 db. The apparent ab-
sense of severe gain degradation, observed in these 
measurements, indicates that, at a frequency of about 
400 Mc, less than one decibel antenna-to-medium 
coupling loss is experienced when antennas up to 120 ft 
in diameter are used over paths up to 600 mi. 

Antenna height gain measurements were made at the 

Winston-Salem terminal for signals received over the 
618-mi path. The foreground of the antennas consists 
of a smooth grassy field with a gentle upward slope to a 
10-ft elevation above the site elevation at a distance of 
1000 ft where the ground slopes downward to thin woods 
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at a distance of 1500 ft. The measurements were accom-
plished with small identical corner-reflector antennas 
having gains of approximately 12 (lb above an isotropic 
antenna. The first series of measurements were made 
with heights of 10, 20, and 55 ft in January, 1957. Sub-

sequent measurements were made in July, 1957, for 
heights of 25, 50, and 100 ft. In each series of measure-
ments, the data were obtained by means of two simul-
taneous receiving systems with the received signal on 

the upper feed used for a fixed reference. These data 
are shown in Fig. 28, and the median value of the dif-
ferences for the respective heights is plotted with the 

median level obtained from the antenna at the 50- ft 
height used as the zero decibel reference. These results 
indicate that a substantial height gain is achieved for 

the first ten wavelengths of height (approximately 25 ft) 
progressively decreasing to a small rate of height gain 
above 20 wavelengths. The data for July consist of 
measurements for successive hourly periods over a 
duration of two days, whereas the January data consist 

of measurements obtained from four to five hourly 
periods. The July data showed hour-to-hour variations 

in the differences ranging from less than 1-(lb height 
gain for the height increments to as much as 3 db in a 
few cases. The signal levels obtained during the July 
period on the fixed reference antenna at a height of 

100 ft varied over a 25-db range. There does not ap-
pear to be any definite variation in the height gain as-
sociated with variation in the median signal levels. 
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Fig. 28—Results of antenna height gain measurements 
obtained at the Winston-tialem site. 

ANGULAR MEASUREMENTS OF SCATTERING 

Attempts were made to measure the angular spread 
of the incoming signals in azimuth and elevation over 
the 618-mi transmission path in order to study the 
propagation mechanism and to evaluate further the 
effectiveness of antennas of various sizes. Measure-

ments were made to determine the level of signals when 
the transmitting antenna was oriented off-path com-

pared to the signal observed with the antenna oriented 

along the great circle path. Transmissions from the 
60- ft antenna at Round Hill were received simul-
taneously on 60-ft and 28- ft diameter receiving an-

tennas as the transmitting antenna was rotated in 

azimuth and elevation. The geometry of the path is 
shown in Fig. 29(a). The signal level received in the 
off-path position was compared with that obtained 
with the antenna oriented along the path. The antennas 
were oriented back to the on-path position between 
each measurement to ensure that the conditions re-
mained constant throughout the measurements. The 
results of the variation of signal level with azimuthal 

rotation are shown in Fig. 29(b). The solid curve in-
dicates the levels received on the 60- ft diameter an-

tenna, and the broken curve shows the levels received 
on the 28- ft diameter antenna. Since the two patterns, 

normalized to the level received on the 60-ft antenna 
when the transmitter was oriented on the great circle 
path, are essentially coincident, it may be concluded 
that the azimuthal spread of the received signals was 
less than the beamwidth of the larger antenna. Similar 
measurements were made with the transmit! lug antenna 
beam being varied in elevation. The curves in Fig. 29(e) 
show the variation in signal levels received on the 60- ft 
and 28-ft diameter antennas, normalized in the same 
manner as previously described, as the antenna was 
varied in elevation. As in the case of the azimuthal 
rotations, the signal level decreases with angular rota-

tion closely following the antenna pattern of the trans-

mitting antenna. These measurements in both azimuth 
and elevation indicate that the angular extent of the 
scattered signal is less than 2.8° ( the antenna half-
power beamwidth) when the signal levels are averaged 
over fifteen- minute sampling periods. 
Some indication of the apparent instantaneous spread 

of the angle of arrival was determined from the varia-
tion in the signal level received on a fixed receiving 
antenna while the transmitting antenna was rotated in 
azimuth at a rate of 34° per sec. The results of these 
measurements are shown in Fig. 30(a)—(f). In each 
figure, the signal recorded is shown for that portion of 

each revolution of the transmitting antenna when the 
beam is oriented towards the receiving site. In some 
cases, the beam is fairly well maintained; in other cases 
nulls appear in the received pattern. Since the average 
fading rate observed on these signals was several tenths 
of a cycle per sec and the transmitting antenna traversed 
an angle equal to the beamwidth in about one tenth of a 
second, it is likely that the received pattern might have 
been altered by an occasional occurrence of a period of 
rapid fading coincident with the period of traverse of 

the transmitting antenna beam across the great circle 
path. These measurements are similar to the more 

rapid beam swinging measurements reported by Water-
man!' A quantitative interpretation is more difficult be-
cause of the wider beamwidths and limitation of the top 

speed of mechanical rotation of the large 60- ft trans-
mitting antenna. 

8 A. T. Waterman, Jr., "A rapid beam-swinging experiment in 
transhorizon propagation," IRE TRANS. ON ANTENNAS AND PROP-
AGA-FION, vol. AP-6, pp. 338-340; October, 1958. 
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Fig. 29—Angular measurement of scattering obtained at Winston-
Salent by rotation of a 60-ft diameter transmitting antenna at 
Round Hill. (a) Geometry of path indicating regions illuminated 
by the antenna beams. ( b) Results of measurements of signals 
received with azimuthal rotation of transmitting antenna. (c) Re-
sults of measurements of signals received with rotation of trans-
mitting antenna in elevation. 
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M ULTI PÂTI! M EASUREMENTS 

A series of multipath delay measurements were made 
during August and September, 1959, over the Millstone 
Hill-Sauratown Mountain path. A 1- sec pulse was 
transmitted from Sauratown at a 20-kw level at 399 
Mc with repetition intervals of 10 µsec or 20 psec. 
At the Millstone receiving site, the received pulses were 

displayed on an oscilloscope. Pulses were received via 
more than one path; that is, some via shorter routes 

and some via longer routes, their pulses appearing 
earlier or later in time. 

sr A block diagram of the equipment is shown in Fig. 31. 
The transmitter at Sauratown Mountain was keyed by 

2.2* a pulse generator synchronized to a 100-kc crystal 
standard. The received signals were mixed with a local 
oscillator to produce a 30-Mc IF. An echo line integrator 
improved the signal-to-noise ratio to give a usable dis-
play, since the train of pulses added up coherently in 
time over a fraction of a millisecond, whereas the noise 
did not. The pulse stream was then detected and dis-
played on a scope triggered by a second 100-kc standard. 
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Fig. 30—(a)-( f) Measurements of signals received at Winston-Salem 
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Fig. 31—Block diagram of the pulse system used for multipath delay 
measurements at 399 Mc over the Millstone-Sauratown path. 

A display of received pulses obtained in these experi-
ments is shown in Fig. 32. A pulse repetition interval of 

20 µsec was used for these data. The bandwidth of the 
transmitter and receiver distorted and widened the 
pulse but always by a constant amount; widening or 
smearing also occurred which was caused by propaga-
tion effects. In Fig. 32(a) two pulses are observed, sug-
gesting two distinct paths with one pulse arriving 4 µsec 

earlier than the other. The traces were photographed 
about a second apart with time proceeding downward. 
The amplitude scale is linear. Fig. 32(b) shows a vari-
able time shift of an apparent two-path contribution. 
The photographs shown in Fig. 33(a) and (b) were 
made with transmitted pulses having repetition in-

tervals of 10 µsec. In Fig. 33(a), the first sequence 
shows a contribution which, in the succeeding se-
quences, increases in strength compared to that of the 

other relatively stable contributions. Fig. 33(b) shows 
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Fig. 32 — -( a) Photograph if display of transmitted pulses recorded on 
an oscilloscope at the Millstone receiving terminal. Pulses trans-
mitted at 20 psec jilt e- als indkating contribution front two ap-
parent paths. ( b) Photograph of glisplay of transmitted pulses 
recorded on . 11) oscilloscope at the Millstone receiving terminal. 
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Fig. 33—(a) Photograph of display of pulses with 10-msec repetition 
intervals showing a shift in time" and build-up of pulses. ( b) Photo-
graph of display of pulses with TO- sec repetitioa intervals show-
ing pulses arriving stable in time varying alternately ill amplitude. 
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Fig. 34—Diagram showing various transmission paths between 
Winston-Salem and Millstone. 

an example of two pulses relatively stable in time ar-
rival, alternately varying in amplitude. 
A diagram showing the various possible paths on a 

simple ray basis with the differential delays between 
discrete paths given in microseconds is shown in Fig. 34. 
The maximum delay between two paths displaced in 
azimuth (to the 3-db horizontal beamwidth point) is a 
small fraction of- a microsecond. 
The longest differential delay observed was about 8 

µsec. Most of the time, the fundamental mode appeared 

with secondary modes shorter or earlier by up to 4 
µsec and longer or later by up to 6 µsec. The major 
mode would shift in time by up to 2 µsec. 
To place a "bench mark" in the sky, an aircraft was 

flown at midpath at altitudes between 28,000 and 36,000 
ft, and the signal reflected from the plane was observed 
relative to signals via the natural modes. The pulse re-
flected from the aircraft had a characteristic amplitude 
fluctuation that permitted easy recognition. In all cases, 
the midpoint aircraft mode (known to be so by careful 
tracking of the aircraft and communication between 
aircraft, tracking station, and receiver site) arrived 
earlier than the major mode by up to 4 µsec with most 
modes occurring at about 2 µsec. Most of the time, no 
other natural mode signal was observed shorter or 
earlier than the aircraft-reflected mode, but on some 
few occasions natural modes were observed to arrive 
earlier than the signals reflected from the aircraft. 
From these tests, it appears that the major mode ar-

rives via a route along the center lines of both antennas 
plus or minus up to about 20,000 ft vertically or in 
azimuth at the midpoint. However, significant energy 

appears to be transmitted via modes with routes at 
least as low as 20,000 ft and at least as high as 90,000 ft 
when interpreted in terms of simple ray geometry. 

FREQUENCY-SELECTIVE FADING MEASUREMENT 

Frequency-seiective fading measurements were made 

during the winter of 1956 to 1957 on the 618-mi path 
between the 60-ft antennas located at Round Hill and 
at Winston-Salem. The 50-kw FM transmitter was used 

at Round Hill, and the receiving facility at Winston-
Salem consisted of a pair of narrow-band recording 
receivers. 

During the frequency selective fading measurements, 
the transmitter was frequency- modulated by tones at 
frequencies of 10, 20, 30, and 50 kc with a frequency 
deviation ratio of about 2.0 in order to produce maxi-
mum strength in the first sidebands. The two narrow-
band, tunable recording receivers were used with a 
dual-channel pen recorder. A diagram of the equipment 
is shown in Fig. 35 (next page). 

Fifteen- minute recordings were made of 2 frequencies 
separated 20, 40, 60, and 100 kc. Fig. 36 shows typical 
samples with 20-kc and 100-kc separations of the two 
sidebands. The recording scale is linear with voltage. 
The small, rapid variations are produced by receiver 
noise. Notice the appreciable lack of correlation when 
the signals are separated by 100 kc. Fig. 37 shows the 
correlation coefficients of rapid fading of signals received 

at various frequency separations. In order to provide 
the system designer with more specific data on the fre-
quency-selective fading, the recordings were analyzed 
to obtain the distributions of the ratio of signal levels 
received at two frequencies. The results of this analysis 
are shown in Fig. 38. 

This frequency-selective fading is believed to be fur-
ther evidence of the presence of multipath propagation. 
The variations with time are most probably caused by 
small changes in the phase and amplitude of the various 
paths. 

LIGHTNING INTERFERENCE 

In general, it is considered that lightning has little 

effect on UHF communications. It is true, however, 
that the radio frequency spectrum of lightning extends 
into the UHF band. The energy levels are very low but 
are far from insignificant in relation to cosmic noise 
which, in the end, limits the useful gain of highly sensi-
tive receivers at these frequencies. The results of obser-
vations made at Winston-Salem and Elberton (618 and 
830 mi) show that lightning may cause some difficulty 
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Fig. 35—Block diagram of equipment used in frequency 
selective fading measurement. 

Fig. 36--Samples of fading of signal received on two channels separated in frequencies 100 kt- and 20 kc 
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Fig. 37—Correlation coefficient of rapid fading 
vs frequency separation. 

on marginal, long-distance tropospheric communica-

tion circuits. 
On one occasion, lightning bursts caused by a storm 

located over Winston-Salem were recorded at Elberton, 

a distance of 210 mi. On May 30, 1956, high-speed 
graphic recordings were made of lightning bursts 
caused by several storms ranging front 125 to 225 mi 
distant from Winston-Salem along the axis of the re-

ceiving antenna beam. At that time, the transmitter 
was not in operation. Four of the more spectacular 
bursts recorded are shown in Fig. 39. Each graphic 

presentation is for a time period of five sec and shows 
the bursts that are received simultaneously with the 
system using the 28- ft and 60- ft antennas. The time 
constant of the system was approximately 10 msec. 
During many hours of recording at Winston-Salem, 
there was only one period when signal enhancements 

were observed that could be attributed to scattering 
of the transmitted signal from ionized lightning trails. 
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Fig. 38—Distribution of differences OW ill amplitude of signals 
received on two channels separated 20 kr-100 kt-. 

Several other investigators"•I" have reported results 
which appear to indicate that this phenomenon is 

possible. 
In order to obtain some statistical values of the 

character of these noise bursts caused by lightning on 
an active day, the recordings obtained for May 30, 

1956, were processed for distributions of the amplitudes 
and durations of the noise bursts. A distribution of the 
time durations of the noise bursts is shown in Fig. 40. 

The median burst length is 0.75 sec, and for 1 per cent 
of the time the duration exceeds 2 sec. The distribution 
of peak power levels for the noise bursts is given in Fig. 

41 which shows 255 simultaneous cases for the 28- ft 

and 60-ft antennas. 

9 D. R. Hay and T. R. Hartz, " Thunderstorm signals at very-
high frequency and ultra-high frequency," Nature, vol. 175, pp. 941)-
950; May 28, 1955. 

ill L. H. Batter and W. A. Flood, IF forward scatter from 
lightning strokes," l'soc. IRE (Correspondence), vol. 45, p. 1743; 
December, 1957. 
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Fig. 40—Distribut ion of time durations of lightning bursts at 412 Mc 
caused by lightning observed at \Vinston-Salem on May 30, 1956. 

CONCLUS IONS 

The results of these long-term experimental UHF 
measurements appear to provide new evidence of cer-

tain underlying patterns of radio propagation charac-
teristics for these extended ranges. These characteristics 
have interesting implications to both the engineering of 
long-range communications systems and the physical 
validity of theoretical models of the propagation me-
dium advanced by various workers. The practical ex-
tension of tropospheric communications systems to dis-
tances in excess of 500 mi beyond the radio horizon 
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4 
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001 

Fig. 41—Distributions of peak power of lightning bursts from 
lightning observed on a 28-ft and a 60-ft diameter antenna. 

depends critically upon an accurate knowledge of a 
number of separate, but interrelated, propagation 
characteristics. The use of very large transmitters and 
very large antenna systems for a practical communica-
tions system must inevitably be weighed against the 
bandwidth limitations of the propagation mechanism 
and efficiency of the large antenna systems at the ex-
treme ranges. Practically all of the various theoretical 
models, advanced for explanations of the propagation 
mechanism and experimental measurements at lesser 
ranges, have indicated a progressive degradation in 
bandwidth and a decreasing efficiency of large antennas 
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as the propagation path is extended further beyond the 
radio horizon. These effects are inherent in the geome-
try of the ray paths from the antenna to the primary 
scattering or reflecting elements contained in the loca-
tion of the common volume produced by the intersec-
tion of the portions of the antenna beams above their 
respective radio horizons.' This common volume pro-
gressively ascends into the stratosphere as the propaga-
tion path is lengthened beyond the range of 400 to 500 
mi. Since the height of the tropopause varies between 

10 and 14 km in height, it has been suggested that the 
signal level at distances in the region of 500 mi could 
be subject to large variations." One of the unpredicted 
and relatively unexpected results of the signal level 
measurements for the 618- and 830-mi ranges was the 
small variations in the hourly median values during 
diurnal, monthly, and seasonal periods as contrasted to 
the variation observed at ranges of a few hundred miles. 
However, there appears to be a definite reversal of the 
trend of a decreasing rate of attenuation of the re-
ceived signal level versus distance beyond 600 mi. 
While the progressive decrease in antenna performance 
with distance may be a contributing factor to the ap-
parent increase in attenuation rate beyond 600 mi, the 
measured performance of 120-ft antennas, at the 600-mi 
distance, indicated relatively small gain losses. A drastic 

decrease in gain performance of the smaller 60- ft an-
tenna at 830-mi would therefore be required to ac-
count for the large increase in attenuation observed over 
the longer path. It was not feasible to make com-
parisons of gain performance at the 830-mi distance 
utilizing small aperture antennas because of extremely 
weak signals. This trend implies a pessimistic forecast 
for practical tropospheric communications systems 
over paths having distances between radio horizons of 
700 to 1000 mi in length. 

The effective gain of the large 60- and 120-ft antennas, 
measured in the low UHF band in these experiments for 
the 600-mi range, belies some of the extrapolations of 

earlier theoretical results and experimental data. If 
these results are compared to similar gain studies'2 per-

" H. G. Booker and W. E. Gordon, "The role of stratospheric 
scattering in radio communicctions," PRoc. I RE, vol. 45, pp. 1223-
1227; September, 1957. 

12 J. 11. Chisholm, L. P. Rainville, J. F. Roche and H. G. Root, 
"Angular diversity reception at 2290 Mc over a 188-mile path," IRE 
TRANS. ON COMMUNICATIONS SYSTEMS, vol. CS-7, pp. 195-201; Sep-
tember, 1959. 

formed at much shorter distances at 2000 Mc for an-
tenna systems of comparable gain products of about 
78 db (gain product of the 120-ft antennas at 400 Mc), 

it would appear that the antenna performance for a 
given aperture dimension in wavelengths and a given 
distance decreases with frequency and would appear to 
favor the longer wavelengths for operation of tropo-
spheric communications systems at these extreme dis-
tances. Further experiments at extreme ranges at much 

higher frequencies than 400 Mc would be required to 
substantiate this apparent frequency trend of antenna 
performance as well as the possible existence of a fre-

quency trend of the path loss vs distance. 

The results of the pulse studies over the 640-mi path 
strongly suggest that discrete reflecting or scattering 
layers play a dominant role in the propagation process. 
It is believed that the variability of the relative time 
delays of the apparent discrete multipath contributions 

pose some interesting problems for further research 
into the physical nature of the propagation process, 

particularly with reference to the few cases of pulse 

signals which seem to arrive ahead or comparable in 
time with reference to scattering from an aircraft fly-
ing below the nominal radio horizon. 

Although these measurements indicate the neces-
sity for further research into the physical nature of the 

propagation mechanism and the necessity for further 
experimental measurements at higher frequencies at 
ranges of 600 mi and beyond, they have, nevertheless, 
demonstrated the feasibility of long-range tropospheric 

systems operating over ranges out to 600 mi. 
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Correspondence  

The Use of a Paraboloidal Reflector 
of Small Focal Ratio as a Low-Noise 

Antenna System* 

The recent developments in the design 
of low-noise amplifiers for very high fre-
quencies have made it necessary to consider 
ways of reducing the other contributions to 
t he input noise of a receiving system. One 
of these is ground radiation received in the 
"spillover" lobes of the antenna reception 
pattern and for a paraboloidal reflector of 
comparatively large focal ratio a typical 
value for the noise temperature attributable 
to ground radiaticni is 20°K. Jelley and 
Cooper,' for exampie, using a 60- ft re-
flector with f/D = 0.35 quote ( 20 ± 5) °K at 
1420 Mc, while more recently Schuster, 
Stelzreid and 1.evy2 have achieved ( 17 + 4) 
°K at 960 Mc using an 85-ft reflector with 
f/D =0.43. These are values measured with 
the antenna directed towards the zenith. 

In attempts to minimize this contribu-
tion horn-reflector antennas and Cassegrain 
systems have been constructed. The former 
may give a ground noise no more than 
(2 + 1) °K at .5650 Mc' and for the latter 
6°K has been reported at 960 Mc,' this 
figure including ground radiation scattered 
front the reflector support-. 

It is the purpose of t hi, communication 
to point out that for a paraboloidal re-
flector with a conventional feed there may 
be very little ground contribution if the focal 
ratio is small. This fact emerges front experi-
ments which have been carried out in con-
nect ion with a survey at the Mullard Radio 
Astronomy Observatory of the galactic back-
ground radiation at 404 Ic,5 a survey in 
which particular attention wits paid to 
calibration with thermal loads. 

The antenna was a dipole and reflector 
combination supported by an axial tube at 
the focus of a paraboloidal reflector 27 ft in 
diameter and with f/D =0.23. Measure-
ments of the reception pattern showed that 
85 per cent of the power was concentrated 
into the main beam (defined as the region 
within 10° of the axis), 14 per cent was in 
other forward lobes and less than 1 per cent 
in the back lobes. The gain was calclulated to 
be 27.4 dl) and the ratio of effective area to 
physical area 55 per cent. 

* Received September 17,1962. 
J. V. Jelley and B. F. C. Cooper, "An operational 

ruby maser for observations at 21 centimeters with a 
60- foot radio telescope," Sci. Instr., vol. 32, pp. 
166-175; February, t')0. 

D. Schuster, C. T. Stelzreid, and G. S. Levy. 
"The determination of noise temperatures of large 
paraboloidal antennas," IRE TRANS. ON ANTENNAS 
AND PROPAGATION, vol. AP- It), pp. 286-291: May, 
1962. 

3 R. W . DeGrasse, D. C. Ilogg, E. A. Ohm. and 
It. E. D. Scovil. " 1"Itra-low-noise antenna and receiver 
combination for satellite or space communication," 
PrOC. NEC, vol 15, pp. 370-379; 1959. 

P. D. Potter, " Unique feed system improves 
space antennas," Electronics. vol. 35. pp. 36-40; June, 
1962. 

I. I. K. Pauliny-Toth and J. R. Shakeshaft, "A 
survey of the background radiation at a frequency of 
404 Mc/s " Monthly Notices Roy. Astron. Soc., vol. 
124, pp. 61-77; 1962. 

The receiver was of the Dicke type with 
an electron beam parametric amplifier as 
the first stage. The runs noise fluctuations of 
the output were + 0.2°K and the zero drift 
was less than 1°K in a 12-hour period. 

The determination of T2, the noise 
temperature contribution from the ground, 
involved measurement of the variation of 
T„ with elevation by tracking several 
regions of sky from the horizon to the zenith. 
It was found that the observed changes of 
7;7 could be accounted for by assuming a 
ground brightness temperature of 250°K in 
the vicinity of the antenna and 125°K for 
the distant ground seen at grazing incidence. 
Using this model the ground contribution at 
the zenith was computed as about 1°K, 
most of this being due to the zone between 
zenith angles 90° and 120°. This conclusion 
was confirmed by placing a wire netting 
screen 100-ft square under the antenna. 
This had the function of reflecting cold sky 
radiation into the antenna rather thait 
ground radiation. It wts raised at the edges 
so that only radiation from the distant 
ground could still reach the antenna. With 
the antenna beam in the zenith the addition 
of the screen caused no detectable change of 
output from a number of different points in 
the sky, therefore proving that the radiation 
from the area covered was certainly less than 
0.5°K. 

The ground contribution at the zenith 
was thus fixed as about 1°K. After allow-
ance had been made for the changes in sky 
radiation in the sidelobes during the tracking 
experiment, the curve in Fig. 1 could be 
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oo 

plotted (solid line). This gives the variation 
in the ground contribution with elevation, 
together with any variation in atmospheric 
noise with elevation. The figures given by 
liogg6 suggest that the increase in atmos-
pheric noise between elevations of 90° and 
18° is 2°K. If allowance is made for this, it 
can be seen that down to an elevation of 
18° the ground contribution is less than 
10.5°K. The other curve in Fig. 1 (dashed 

• D. C. Hogg, Effective antenna temperatures due 
to oxygen and water vapor in the atmosphere,' J. 
Ape Phys.. vol. 30, pp. 1417-1419; September, 1959. 

line) gives the observed variation of ground 
and atmospheric radiation when the screen 
is present and in this case the ground con-
tribution remains less than 2.6°K. 

To summarize, it is apparent that there 
is considerable advantage to be gained in a 
low-noise paraboloidal antenna system by 
1) having the feed below the rim of the re-
flector, and 2) surrounding the antenna by 
a ground screen. 

I. 1. K. PACIANY-TOTII 
National Radio Astronomy 

Observatory 
Green Bank, W. Va. 

I. R. SIIAKESHAFT 
R. W IELEBINSKI 

Mullard Radio Astronomy Observatory 
Cavendish Laboratory 
Cambridge, England 

Effect of Mirror Alignment 
in Laser Operation* 

While many of the operating parameters 
of lasers have been studied in many labora-
tories, the relatively important question of 
the effect of parallelism of plane end re-
flectors on laser operation has not been re-
ported in detail. We have studied the effects 
of parallelism of external end mirrors on the 
threshold for laser action for a ruby laser. 
The uncoated ruby rod was mounted be-
tween the mirrors of a Hilger and Watts 
Fabry-Perot interferometer with its axis 
approximately normal to the mirrors and 
was excited by two U-shaped flash tubes. In 
this way the parallelism of the end mirrors 
could be varied without changing any of the 
other parameters of the laser system. 

The end plates of the interferometer were 
aligned parallel t to within an estimated error 
of 0.5 second of arc) using the method of 
multiple images of a mercury arc. After the 
threshold for laser action was measured, the 
alignment was changed by adjustment of the 
end plates. The deviation from parallelism 
could be determined by the displacement of 
the multiple images. Data on the threshold 
energy as a function of parallelism are 
shown in Fig. L These data were obtained 
by rotating one mirror by various amounts 
about a fixed axis, starting at zero misalign-
ment, going to a maximum misalignment in 
one direction, returning to zero, and going 
to maximum misalignment in the opposite 
direction. Data taken at a given point, when 
moving in one direction, agreed with that 
obtained at the same point going in the 
opposite direction. 

* Received September 28, 1962. 
I S. Tolansky, "High Resolution Spectroscopy,' 

Pitman Publishing Corp., New York, N. Y., ch. 9; 
1947. 
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Fig. 1—Laser threshold energy vs mirror alignment. 

The orientation of the axis of the ruby 
rod relative to the end plates is not signifi-
cant, since changing the orientation by rea-
sonably small amounts did not affect the 
data. The use of magnesium oxide reflectors 
around the flashtube-ruby configuration re-
sulted in a diffuse illumination of the ruby, 
so that the threshold of laser action was 
characterized by emission from a consider-
able portion of the ruby face, rather than 
from a few active filamentary volumes. 

The curve shows several interesting fea-
tures. Over a range of about two minutes in 
mirror alignment, the threshold varies from 
its minimum value by only a few per cent. 
The threshold doubles only upon a displace-
ment of about five minutes from the mini-
mum position. These data show the thresh-
old to be surprisingly insensitive to mirror 
alignment, and suggest that taking great 
care to polish laser rod ends to close paral-
lelism is not necessary. The reason for this 
lack of sensitivity is presumably caused by 
the presence within the ruby of strains and 
optical inhotnogeneities which make the 
path of the light in the ruby depart from a 
straight line trajectory. Making the end 
parallelism more perfect than the ruby does 
not improve the laser operation. 

It is also interesting to note that the 
minimum threshold energy does not fall at 
the position of most exact alignment, but 
occurs at a misalignment of almost one min-
ute of arc. We postulate that this amount of 
misalignment tends to correct the deviations 
of light rays in the ruby and is the position 
in which the end plates are most nearly opti-
cally parallel considering the presence of the 
crystal within the interferometer. These con-
clusions are qualitatively in agreement with 
the results of other workers2 who found that 
an external mechanical stress on the ruby 
could compensate strains within the ruby 
and yield lowered thresholds and more sym-
metric emission patterns. 

We have observed no dependence of the 
divergence of the laser output beam near 

M. S. Lipsett and M. W. P. Strandberg, "Mode 
control in ruby optical lasers by means of elastic de-
formation," And. optics vol. I. pp. 343-357; May. 
1962. 

threshold on the alignment of the end plates. 
These results may be of interest to in-

vestigators using Q-spoiled lasers with ro-
totating mirrors or prisms, since the paral-
lelism of the external mirrors required to 
yield laser action has not been previously 
defined. If, for example, a mirror rotates at 
1500 revolutions per minute, it will pass 
from a position of 10-minutes misalignment 
(where the laser should be "off") to zero 
misalignment ( where the laser will be "on") 
in about 2X10-" seconds, a time long com-
pared to the duration of emission. The laser 
thus "turns on" slowly, a fact which should 
be considered in interpretation of the re-
sults using Q-spoiled lasers of this type. 

J. F. READY 
D. L. HARDWICK 

Honeywell Research Center 
Hopkins, Minn. 

Electro-Optic Properties 
of Zinc Selenide* 

The Pockels effect, or linear electro-optic 
effect, is an electric field induced, reversible 
change in the optic properties of piezoelec-
tric crystals. The first general treatment of 
the effect was presented by Pockels.' More 
recently, Vlokh and Zheludev2 published 
equations for the optic parameter changes 
for each of the twenty piezoelectric classes 
of crystal symmetry and for various direc-
tions of applied field. Kaminow3 and \Vat-
kinsi employed this effect in devices for am-
plitude modulation of light at frequencies up 
to 10 kMc. 

Crystals of class 4.2m ( Vs), such as 
KH2130,(KDP) and N114112P0,(ADP) are 
widely used for light modulation applica-
tions because of their large Pockels effect. 
The birefringence of these crystals severely 
limits the optical aperture and requires that 
the electric field be applied in the direction 
of light propagation for maximum effect. 
Crystals of the cubic class 43m ( Td) permit 
construction of a light modulator of wide 
angular aperture and application of the 
electric field perpendicular to the direction 
of light propagation. Recent work indicates 
that hexamethylenetetramine, N,(C112)6, of 
this crystal class has suitable properties for 
light modulator applications.' Namba' has 
reported the electro-optic properties of ZnS, 
but since single crystals of ZnS in the cubic 
modification are practically non-existent, 

* Received September 20, 1962. 
r F. Pockels, "Lehrbuch der Kristalloptik, B. G. 

Teubner, Leipzig, Germany; 1906. 
0. G. Vlokh and I. S. Zheludev, "Changes in the 

optical parameters of crystals caused by electric 
fields," Soviet Physics— Crystallography, vol. 5, pp. 
368-380; November-December, 1960. 

I. P. Kaminow, "Microwave modulation of the 
electro-optic effect in KlhPO4," Phys. Rev. Len., vol. 
6, pp. 528-530; May, 1961.1 

.1 M. C. Watkins, "Microwave Modulation of 
Light with ADP," presented at 18th Annual Nat'l 
Electronics Conf., Chicago, III.; Oct. 8, 1962. 

R. W. McQuaid, "The Pockels Effect of Ilexa-
methylenetetramine," to be published. 

S. Namba, " Electro-Optical Effect of Zinc-
Mende," J. Opt. Soc. Am., vol. 51, pp. 76-79; January, 
1961. 

this material is of little practical value. Zinc 
selenide, ZnSe, crystallizes primarily in the 
zincblende structure7 and it was of interest 
to determine whether it possessed electro-
optic properties similar to ZnS. 

The crystals used in these measurements 
were mounted on a device designed for use 
on the stage of a polarizing microscope. With 
this device it was possible to apply elec-
trodes to opposite faces of the crystal and 
perpendicular to the direction of propaga-
tion of the light. The crystal faces to which 
the electrodes were applied were silvered to 
assure a uniform electric field and the crys-
tals were immersed in oil to prevent arcing 
across the surface of the crystal. In all cases 
the electric field was applied perpendicular 
to the 110 plane of the crystal. The wave-
length of light used in all measurements was 
547.5 ma. The phase difference was meas-
ured using the polarizing microscope as a 
Senarmont compensator by inserting a prop-
erly oriented quarter-wave plate. The elec-
tric field was applied by means of a dc power 
supply capable of developing 15,000 volts. 

The birefringence b, introduced by ap-
plication of an electric field under these con-
ditions is 

b = n3r.fi Vel (1) 

where n is the refractive index, re is the 
electro-optic constant, V is the voltage ap-
plied, and d is the crystal thickness in the 
direction of the applied field. The phase dif-
ference .0 of the light components expressed 
in degrees is 

360X-1N (2) 

where X is the wavelength of light and 1 is the 
crystal thickness in the direction of light 
propagation. Combining ( I) and (2), re may 
be calculated by means of (3) 

= (4,Xd)/(360n317) (3) 

from measured values of çt:f and V. Fig. 1 
shows the phase difference of a ZnSe crystal 
as a function of the applied voltage. This 
sample of ZnSe showed a breakdown voltage 
lying between 5000 and 5500 volts so that 
measurements were taken to 4000 volts only. 
The value of re determined from the data of 
Fig. 1 is 4.82 X10-2 cm/statvolt. These 
units were used in order that the coefficient 
may be compared to values already in the 
literature. 

It was of interest to determine the new 
refractive indexes of ZnSe. Under the condi-
tions that the measurements were taken, 
ZnSe becomes biaxial under application of 
the electric field with the principal refrac-
tive indices as follows: 

a = n 1/2n3r.ii 

= n 

= n — 1 / 2n3r.oVd-'. 

(4) 

(5) 

(6) 

The new indexes of refraction for the crystal 
used in Fig. I at 4000 volts are a = 2.90, 
#=2.89, and -y=2.88. This index change, 
10-2, is significant when compared to KDP 
where the change is of the order of 2 X10-4. 

Due to its low breakdown voltage and 
low electro-optic coefficient, ZnSe is imprac-

D. C. Reynolds, Aeronautical Research Labora-
tory, Wright- Patterson AFB, suggested this material 
and kindly supplied the author with the crystals used 
in this work. 
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Fig. 1 -- Relation between tdiase difference and applied 
voltage as measured by the Senarmont compen-
sator metho,l. 

tical as an opt k modulator material. Zinc 
selenide may be of practical value in an 
application where a relatively large refrac-
tive index change is of interest. 

R ICHA It!) W. NI cQuAto 
Aircraft Armaments, Inc. 

Cockeysville, Md. 

On Power Dissipation in Semi-
conductor Computing Elements* 

Landauer' has shown that the energy 
dissipated in a switching or logical opera-
tion nmst, for fundamental reasons, be 
several times larger than the thermal 
energy kT. The power dissipated in prat--
tical semiconductor devices is always many 
orders of magnitude greater than this. The 
present note represents an attempt to inter-
pret these very large powers. 

For the present purpose the power can 
be written roughly in the form V2/1?, where 
V is the voltage level at which the element 
operates and R is the resistance level. The 
voltage, V, in a practical nonlinear semi-
conductor circuit must be large enough so 
that the energy which an electron can obtain 
from the external voltage is larger than the 
thermal energy, that is V>gikT/q. Here q 
is the electroaic charge and gi is a number 
greater than one, its exact value depending 
on the reliability required. 

First, consider relatively fast computers. 
Rapid and effective communication of an 
element with other elements must be pro-
vided. This means that the impedance level 
at which the element operates must be 
chosen to match some type of transmission 
line. The impedance of a transmission line, 
however, is the impedance of free space 
modified by various geometric factors and 
electric susceptibilities. For the present 

* Received August 29. 1962; revised manuscript 
received September 13, 1962. 

R. W. Landauer, " Irreversibility and heat gen-
eration in the computing process," IBM J., vol. 5, 
pp. 183-191; July. 1961. 

order of magnitude estimates these modify-
ing factors shall be neglected. Then, setting 
gi=5 and T=300°K, the power dissipated 
by a switching element turns out to be 

P = (gikT)2/q2Z0 = 5 X 10 w. (1) 

Next consider slow computers. Here 
"slow" means that vr (r=velocity of light 
and r= time per operation) is large com-
pared to the dimensions of the system. Then 
the problem of matching transmission lines 
is unimportant. The power in the expression 
172/R can be lowered by making R greater 
than Zo. The extent to which R rall be in-
creased is limited to values such that RC 
(C=capacitance of device and associated 
circuitry) is not greater than T. C is generally 
somewhat larger than CI, a typical dimen-
sion of the system ( in electrostat k uttits). 
C=g2C,,, say. Thus the minimum dissipation 
will correspond to R=7-/g2C, which gives 
for the power 

P = g121:2(kT)2C„/er. (2) 

This power can also be regarded as that 
used to charge a capacitance g2C9 to a 
voltage gikT/q every rsec. 

Finally, the extension of the above con-
siderations to very fast computer elements 
(very small T ) breaks down for various 
fundamental reasons. The first of these is 
the uncertainty principle. In order to cir-
cumvent the uncertainty principle it is 
necessary to require V =g3h/qr whereg2 is 
similar to g,. Now the power is 

P = (2.5 X Br" wsec2)r-2. (3) 

The powers given by ( 1)-(3) are sum-
marized by Fig. I. Suppose I cm is re-
garded is a conveniently attainable di-
mensig111:11 parameter, i.e.. C0=1 cm, and 
that g2 is taken as 100. Dien, starting with 
large r at the right-hand side of the figure 
and proceeding to the left, the power dis-
sipation is given by the dotted line labeled 
"100 etid." As T is made smaller the power 
increases in inverse proportionality to T. 

When the dotted line intersects the hori-
zontal full line labeled Zu, ( 2), the limita-
tion imposed by the velocity of light on 
signal transmission is encountered, and r 
can be further reduced only by making the 
device smaller, that is by reducing Co. If 
this reduction of size in proportion to the 
reduction in r is carried out, the power is 
given by the line Z0 until the quantum limi-
tation is encountered. 

It is also instructive to compare the 
energy dissipated per operation with 
Landauer's fundamental limitation.' The 
energy per operation, w, is obtained from 
the above formulas by multiplying the cal-
culated powers by r. The values of w/kT 
are plotted in Fig. 2. It is seen that the 
values of ulkT are very large. Analysis 
shows that the origin of these large values 
lies in the fact that many electrons are 
used for each operation. It is found that 
Landauer's result applies per electron; 
that is, that w/kTdivided by the number of 
electrons which pass through the device in 
the time r is of order of magnitude somewhat 
greater than one. ln turn, the large number 
of electrons is required in order for the ap-
plied voltage to do enough work to create 
the necessary electromagnetic fields in the 
device. 

e - 

- 

zo 

10' 

(SEC) 

Fig. 1 - Power dissipation in a computing element ac-
cording to (2), (3), and (5). The dimensionless 
parameters g, and g“ have been set equal to S. The 
dotted lines are labelled with the value of g,Co in 
(3). 

TIS,C1 

Fig. 2 - Energy dissipated per operation in a comput-
ing element in the examples of Fig. I. The energy 
is measured in units of kT. 

The author is indebted to many col-
leagues for suggestions and criticisms, and 
particularly to R. \V. Landauer, R. F. Rutz 
and F. H. Dill. 

Ronmer W. KEvEs 
Thomas J. Watson 

Research Center 
IBM Corp. 

Yorktown Heights, N. Y. 

A Method of Switching Persistent 
Currents in Superconducting Coils* 

The generation of magnet k fields by 
means of supercgmducting coils has received 
much interest recently. One of the design 
problems in any superconducting circuit is 
the heat leak to the helium bath through the 
incoming leads. This heat transfer is the 
result of both thermal conduction and 
Joule heating. By creating a closed super-
conducting path for the current in the coil, 
it is possible to disconnect the external 
power source thereby eliminating Joule heat-
ing in the leads except during the time 
necessary to initiate a persistent current. 
The material and diameter of the leads can, 
therefore, be chosen to keep the thermal 
conduction at a reasonably low value or, if 
necessary, a method could be devised for 
removing the leads entirely. Employing a 
persistent current also eliminates the prob-
lem of drift in the power supply. 

The circuitry for switching the persist-
ent current is shown in Fig. I. The coil 
at the bottom represents the superconduct-
ing magnet. A piece of superconducting 
wire is spot-welded across the input leads 

* Received September 13, 1962. 
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of the magnet forming a superconducting 
loop. Next a heater element is placed near 
a portion of the shorting wire. This will 
allow the wire to be brought out of the super-
conducting state by heating it above its 
critical temperature. If a current were 
passed through the heater at this time, a 
considerable amount of the liquid helium 
would be vaporized. To overcome this a 
glass sleeve with a small opening at each 
end is placed around the heater and shorting 
wire. The sequence of operation is as fol-
lows: First close switch A. This vaporizes 
the liquid in the glass sleeve and brings the 
portion of wire within the glass out of the 
superconducting state. There is now a small 
but finite resistance in parallel with the 
zero resistance of the magnet coil. Next close 
switch B. After the initial transient, all of 
the current will flow through the magnet 
coil. If the magnet coil is highly inductive, 
the time constant of this transient may be 
large. A simple method of decreasing this 
time constant is to lengthen the amount of 
wire brought out of the superconducting 
state. This may be easily accomplished by 
winding many turns of the wire around the 

GLASS -
SLEEVE 

Nioeium 
WIRE 

LIQUID HELIUM 
LEVEL 

COPPER 
WIRE 

NICHROME 
COIL 

Fig. I-- Schematic representation of 
switching circuitry. 

heater element. The rheostat is now ad-
justed to obtain the proper value of field. 
We next open switch A. The liquid flows 
back into the glass sleeve and quickly 
brings the wire back into the superconduct-
ing state. No current, however, will flow 
through the shorting wire at this time since 
there is no potential difference across the 
input leads of the magnet. If we now open 
switch B, the current in the magnet coil can 
no longer flow through the external cir-
cuitry and therefore switches to the zero 
resistance path of the superconducting short. 
Since there is no loss mechanism in the 
superconducting loop, the current will per-
sist. To shut off the current it is merely 
necessary to close switch A and wait for 
the current to decay according to the L/R 
time constant of the closed loop. 

In this method the shorting wire is 
brought out of the superconducting state 
by increasing its temperature above the 
critical value. Another way of quenching 
superconductivity is by generating a field 

at the wire greater than its critical field. 
Methods of inititating the persistent cur-
rent employing this principle and other 
methods employing pulsing techniques and 
dc transformers have previously been 
described.' Each of these may have certain 
advantages in specific cases. The method 
described in this note is simple in operation 
and construction and is particularly well 
suited to highly inductive devices. 

In our experiments 5-mil diameter, silk 
covered niobium was used as the supercon-
ducting wire. The heater coil was ten turns 
of 20-mil diameter nichrome wire. A quarter 
of an ampere through the nichrome coil is 
sufficient to bring the niobium wire out of 
the superconducting state. 

The author would like to acknowledge 
the many helpful discussions with J. T. 
Sibilia and J. J. Degan in this work. 

NI . D. BONFELD 
Bell Telephone Labs., Inc. 

Allentown, Pa. 

R. F. Barron, "Superconductivity," Machine 
Design, p. 26; February 15, 1962. 

Varactor Frequency Doubler from 

11.5 Ge to 23 Gc* 

This note describes the performance of 
a frequency doubler, from 11.5 Gc to 23 Gc, 
which employs the epitaxial silicon varactor 
diode developed at Bell Telephone Labora-
tories. The best result obtained for the 
conversion loss (including circuit losses) is 
3.7 db. The available output power is in 
excess of 200 mw. At 23 Gc, instantaneous 
bandwidths of 300 Mc and tuned band-
widths in excess of 1000 Nle have been ob-
tained. This doubler, with a Western Elec-
tric 457A klystron, was originally designed 
as a pump source for parametric amplifiers. 

The harmonic generator consists pri-
marily of the diode and the input and output 
waveguide circuits. The diode is in the out-
put guide and coupling between the two 
waveguides is accomplished by means of a 
coaxial line. This coaxial circuit also serves 
to hold the diode; at the same time, it sup-
plies the dc bias and prevents the output 
power from feeding into the input wave-
guide. 

The diodes used for this study are the 
epitaxial silicon diodes whose structure has 
already been reported.' The circuit param-
eters and total conversion loss ( including 
circuit losses) for representative diodes are 
listed in Table I. 

The variation of conversion loss with 
input power is shown in Fig. 1. In this case, 
only the bias is adjusted for minimum con-
version loss. The data indicate no increase 

*Received September 13, 1962. 
I K. M. Eisele and R. L. Rulison, "Low noise 

reactance amplification using refrigerated epitaxial 
silicon varactor diodes," PRoC. IRE (Correspondence), 
vol. 50, p. 1523; June, 1962. 

in conversion loss up to 28 dbm of input 
power. This is the maximum power avail-
able from the klystron used. It is expected 
that the input power may be further in-
creased without harm to the diode. It 
should be noted that the output power ex-
ceeded 200 mw during this experiment. 
The output power of third and fourth har-
monics is sufficiently low that there is no 
measurable change in second harmonic out-
put when a low-pass filter rejecting third 
and higher harmonics is inserted into the 
output circuit. 

TABLE I 

Diode 

Total 
Capacity 
at Zero 
Bias* 

Break-
down 

Voltage 
at 

-10 pa 

Dynamic 
Quality Cover-
Factort sion loss 

at db 
11.5 Gc 

1.42 
2 1.01 
3 0.95 
4 1.07 
5 0.82 
6 0.93 

18 
22 
16.6 
21.0 
21.0 
25 

4.5 
4.7 
5.2 
5.1 
6.5 
5.3 

6.2 
5.0 
4.6 
5.3 
3.7 
4.7 

*Total capacity at zero bias includes 0.35 pf of 
package capacitance. 
t The dynamic quality factor 0 is given by 

0 -  where Q =  
2C4 

2Co 

Co and CI are the coefficients of the capacitance 
C =Co cos ma • • • , and Rs is the spreading re-
sistance of the diode. The dynamic quality factors 
quoted here include the circuit losses of the doubler. 

e 
BIDS ADJUSTED FOR MINIMUM CONVERSION LOSS AT FAO., SPOT LEVEL 
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3" 

83 
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26 

Fig. 1-Conversion loss vs input power 
for diode No. 3. 

26 

The harmonic generator described here 
was designed for a fixed single frequency 
application for which a high conversion 
efficiency was needed. However, the in-
stantaneous 3-db bandwidth was more than 
300 Mc at 23 Gc, and there appeared to be 
no change in bandwidth characteristics 
with increased input power as long as the 
bias voltage was adjusted for each indi-
vidual input power level. ‘Vith a simple 
adjustment of circuit and bias voltage, 
the bandwidth was expanded over 1000 Mc 
with an output power variation of ± 0.5 db. 

Output powers much higher than 200 
mw can be generated without degradation 
of the varactor diode. A diode using the 
present silicon mesa wafer, but in an im-
proved package, should give greater con-
version efficiency. It is anticipated that 
this harmonic generator can be modified 
without much difficulty to generate more 
than 10-mw power at 50 Ge. 

NI. UENOIIARA 
R. L. RtitisoN 
C. H. BRICKER 

Bell Telephone Labs., Inc. 
Murray Hill, N. J. 
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An Electronically 

Variable Delay Line* 

During experimental work on a low-noise 
crossed-field parametric amplifier, it was 
found that this tube could be used as an 
electronically variable delay line. 

Fig. 1 shows a schematic drawing of the 
tube when used as a delay line. The tube 
resembles a Coedit coupler.' The RF en-
ergy is transferred to the fast cyclotron 
wave on the crcesed-field beam in the input 
cavity. The modulated electron beam is 
slowed down and drifts at a low velocity 
over an appropriate length. In the output 
cavity the original beam velocity is re-
established and the kinetic modulation is 
converted back to RF energy. The in- and 
output cavities are half-wave coaxial cav-
ities with a resonance frequency equal to 
that of the cyclotron frequency of the elec-
trons. The focussing dc electric field is set 
up between the positive center conductor 
and the negative tube envelope. The tic 
magnetic field is perpendicular to the draw-
ing of the tube in Fig. I. 

GUN 

INCH COLLECTOR 

FIELD 

COMPENSATING 

END HAT 

In one experiment the in- and output 
cavity beam voltages were fixed at 0.42 Y. 
With a beam current of 4 pa front a space-
charge-limited cathode, the bandwidth was 
7 Mc. A change in the drift velocity in the 
drift region between the two cavities front 
0.42 to 0.014 v ( which corresponds to a 
voltage change between the positive and 
negative plates from 100 to 18) produced a 
change in the delay of an 100-kc RF pulse 
of 0.80 ± 0.02 psec. The length of the drift 
region is 7.2 cnt giving a theoretical change 
in the delay of 0.81 psec. The total measured 
delay of the pulse with the lower drift veloc-
ity in the drift region was 1.30 ± 0.02 psec. 
The theoretical delay over the 19-cm length 
through the in- and output cavities at the 
higher drift velocity is 0.47 psec, giving a 
total theoretical delay of 1.28 psec. Of this 
time the electrons take 0.18 psec to trans-
verse either of the two cavities. We see that 
the total delay of the pulse is given by the 
time it takes the electrons to travel from 
the beginning of the input cavity to the end 
of the output cavity. The energy transfer 
from electromagnetic to kinetic energy in 

N-TYPE CONNECTORS 

CENTER CONDUCTOR . 

BEAM 

O 
INCH 

SECTION A-A 

Fig. I. 

So that no direct RF leakage occurs be-
tween the in- and output cavities, the drift 
region has to be nonpropagating at the 
operating frequency. This is achieved by 
narrowing down the coaxial guide as shown 
in Section A. with only a spacing be-
tween the center conductor and the tube 
envelope on the other side of the beam. The 
breaks in the center conductor also serve to 
decrease the leakage. 

The group velocity for the fast cyclotron 
wave is equal to the beam velocity. Unlike 
longitudinal focussing the thermal velocities 
of the electrons do not determine the lower 
limit of the beam t-elocity, which is always 
given by Ow de electric field over the dc 
magnetic field. Any excess energy over the 
drift energy will go into rotational motion 
of the electrons. This does not prevent the 
RF modulation from being transported on 
the beam without loss if electron-electron 
collisions can be neglected, and the field is 
uniform. 

* Received September 20, 1962; revised manu-
script received September 26, 1962. 

C. L. Cuccm. "The electron coupler," RCA Rer.. 
vol. 10, pp. 270- 303; june, 1040. 
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SECTION B-B 

the cavities takes place with the group veloc-
ity. The total loss of the coupler to a signal 
at 2000 Mc with the low beam velocity in 
the drift region was 3 db. This loss results 
from approximately 0.4-db line loss and 2.6-
db cavity losses. Except for these resistive 
losses, de tube operates as a lossless coupler 
under these conditions. The pressure was 
10-6 at the collector end of the tube. 

It was possible to slow down the beam 
to a drift velocity corresponding to 3.4.10 -3 
v and still operate the tube with a low loss 
of 4 db. This gives a beam velocity that is 
1/9000 times the velocity of light. The tran-
sit tinte of the electrons over 26 cm was 8 
psec. For minimum loss the collector cur-
rent was 15.10 -9 a. which corresponds to a 
bandwidth of only a fraction of a megacycle 
at 2000-Mc signal frequency. 

In the design of an actual delay line the 
bandwidth would determine the beam cur-
rent and the beam voltage in the cavities. 
For a cavity made from a 50-ohm coaxial 
line and with a 4-mm separation between the 
sole and the center strip, a 40-Mc bandwidth 
at 2000-Mc signal frequency would require 
a current of 60 pa and a voltage of 1.8 y 

under optimum design conditions. By stag-
ger tuning the cavities the transmission loss 
may be traded for bandwidth. A broader 
bandwidth can be obtained by using dis-
tributed couplers. 

To avoid loss to the signal in the velocity 
jumps the change in the de velocity, i.e., the 
electric or the magnetic field over one cyclo-
tron orbit should be small. The maxinutm 
rate of change of the tinte delay is also de-
termined by the adiabatic conditions. Thus 
a change in the delay by a factor of 10 would 
allow a 10-Mc time rate of change at 2000-
Mc signal frequency. 
A further investigation into the charac-

teristics of crosses- field ultra-slow beams 
should be profitable. The primary interest 
in this device lies in its low loss, large band-
width and rapid tuning rate at kilomega-
cycle frequencies. 

J. W. KILÜVER 
Bell Telephone Labs., Inc. 

Murray Hill, N. J. 

Tunnel Diode Audio-Frequency 

Noise* 

For certain applications, we have found a 
useful evaluation of the noise of tunnel 
diodes to be the noise voltage of a diode 
biased at the point of maximum negative 
resistance. Such a measurement permits a 
quick rank ordering of diodes for noise with 
readily available laboratory equipment. The 
noise characteristics of tunnel diodes have 
been reported by a number of investigators, 
but data describing the audio frequency 
noise spectrum in the negative resistance 
region is scant Il j-[41. 
A block diagram of the measuring scheme 

is shown in Fig. I. Audio-frequency voltages 
appearing at A-A, whether noise or an 
arbitrary audio frequency from a signal 
source, may be considered as having been 
developed by a current passing through the 
parallel resistance consisting of the negative 
resistance of the tunnel diode and the two 
parallel resistors R2 and R2 comprising the 
load. The total resistance can be made arbi-
trarily large within limits of stability; hence, 
a voltage resulting from either the signal 
current or the noise current can be made 
large. This model is shown in Fig. 2, where 
I„ is the noise current source, — gd is the 
diode conductance, and gL is the load con-
ductance. 

The effective amplification of the diode 
network is first established by introduction 
of an audio frequency of known amplitude 
as determined by the voltage drop across the 
fixed resistor Rt. The output voltage across 
points A-A, maximized by adjustment of 
R4, establishes the point of maximum nega-
tive resistance. Next, resistor R3 is adjusted 
for a convenient signal level with attention 
to distortion and switching instability. 
Finally, the oscillator or signal source is 
resnoved and the noise voltage is observed 

• Received August 10, 1962; revised manuscript 
received. September 19, 1962. 
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Fig. 1—Block diagram of noise measuring circuit. 

A 

Fig. 2—Noise current source model in tunnel diodes. 
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Fig. 3— Noise voltage of a GaAs tunnel diode 
IT I A653 ); one-third octave band analysis. 

• 

• 

o 

soo0 

s000 

coo 

SO 

17 RCA 
3 GE 
2 GE 
I T1 

PERCENTILE 

IN3128 
1 N2939 
1N3218 
NA653 

lo 

2 Hoffman 
X 1 Hoffman 
A 3 Philco 

1N2928 
1N2929 
I N3500 

Fig. 4— Distribution of observed 1000-cps one-third 
octave band noise currents in groups of several 
diode types. 

from which simple calculations permit the 
determination of the effective noise current 
source in the diode. Obviously, conditions 
for stability must be met in the measure-
ment PI. For example, with a 1N2939 
(GE) it is possible to use a diode holding 
fixture, such as described in the literature 
(3] with a carbon resistor, R2, connected 
across the diode terminals and with the disk 
resistors omitted. The variable resistor, R3, 
consisted of a decade resistance box. 

It was helpful to have an oscilloscope at-
tached across Ri and A-A for viewing the 

V curve of the diode. Diodes with ap-
parently smooth V curves showed large 
noise values under some circumstances. 
Further investigation determined that there 
was, in fact, some switching of a random 
nature occurring and adjustment could be 
made to eliminate this switching in which 
case the noise reading reduced appreciably. 

A typical one-third octave band spec-
trum analysis of a tunnel diode is given in 
Fig. 3. Ignoring the components introduced 
at 60 cycles power line frequency, the 
spectrum is seen to be approximately 1/f 
throughout the range. 

The distribution of noise currents I„ in 
the third octave band centered on 1000 cps 
for a group of diodes is plotted on a proba-
bility scale graph in Fig. 4. A scale of 
equivalent shot noise current, is shown 
for convenience: 1„,,=1„2/41f, where q is 
electronic charge and .1f is frequency band-
width. 

Assistance of R. C. Ose with some of the 
measurements is acknowledged. 

M. D. BURKHARD 
E. F. SIDOR 

Industrial Research Products, litc. 
Franklin Park, Ill. 
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Focused Side Pumping 
of Laser Crystal* 

One of the most efficient optical coupling 
arrangements to deliver light output from a 
flash lamp to a cylindrical laser crystal rod 
utilizes an elliptical reflecting cylinder.' The 
linear flash lamp and the laser crystal rod 
are placed at the two conjugate foci of the 
elliptical cross section. Under an idealized 
configuration of 1) large diameter reflecting 
cylinder, 2) lamp diameter approaching zero, 
and 3) laser rod diameter approaching zero, 
the pump flux incident at the laser rod sur-
face will be constant and independent of 
direction of arrival. All the pump flux propa-
gation vectors will intersect the laser rod 
axis but not necessarily at right angles. The 
ptunp flux is focused by the rod and may at-
tain a high value at the rod center. Due to 
absorption, the flux will be attenuated in 
proportion to the depth into the rod. 

In a recent paper, side pumping of a com-
posite (dielectric-clad) laser rod using a 
source of diffused pump light has been 
treated.2 An equation is given for the energy 
density within the composite rod, and a 
graph is presented for the case of a com-
posite rod with an index of refraction of 1.76 
and no attenuation. In the present paper 
only focused side pumping is considered as 

* Received October 1, 1962. 
M. Ciftan, C. F. Luck, C. G. Shafer and H. 

Statz. "A ruby laser with an elliptical configuration," 
PROC. IRE (Correspondence), vol. 49, pp. 960-961; 
May 1961. 

2 G. E. Devlin, J. McKenna, A. D. May and A. L. 
Schawlow, "Composite rod optical masers," Ape 
Optics, vol. I, pp. 11-15; January, 1962. 

found, for example, in an elliptical configura-
tion. A full treatment of side pumping of a 
laser rod in an elliptical cylinder requires 
many factors which when considered fully 
will make the analysis beyond solution in 
closed form. Some of the elementary char-
acteristics can be solved which will provide 
some qualitative insight into the more diffi-
cult problem. In the present simplified anal-
ysis it is assumed that all pump flux propa-
gation vectors are normal to the laser rod 
axis and that the flux is constant and inde-
pendent of direction of arrival. 

At an air-dielectric interface a portion of 
the incident power P is reflected. The 
amount of power transmitted P' relative to 
P is given by P'/P=4n/(n+1)2 where 
n = index of refraction of the dielectric. If 
PR is designated as the pump flux incident 
normal to the surface of a cylindrical laser 
rod of radius R, then the flux P, due to 
focusing at some inner radius r is given by 

P, P, PR' R 4n 
. =   

PR PR' PR r (n + 112 

In this analysis scattering effects are con-
sidered to be negligible. If the pump flux is 
attenuated by the laser rod, then P, is re-
lated to the incident flux by the following: 

P, = 4n R 

PR + 1)2 r 

where a =absorption coefficient. 
In an elliptical configuration, focused 

pump flux can arrive at each elemental vol-
ume in the laser rod from two diametrically 
opposite directions. hence the total pump 
flux at any radius r comprises two com-
ponents as given in the following equation: 

Pr 4n R [e-out-,) e-o(R+1. 
(n + 1)2 r 

Contributions due to internal reflections are 
small and are neglected in this analysis. By 
factoring out the reflection loss at the air-
dielectric interface, the following is ob-
tained: 

Pr 2 cosh aRr' 

PR' r'e n 

where r' - r/R. For convenience this equa-
tion is plotted in Fig. 1. If the rod is com-
pletely transparent, a and aR=0. The fo-
cussing action within the rod is depicted by 
the infinite value of PdPie' at r'=0. How-
ever, with a finite diameter of the lamp, the 
flux will become large but not infinite at the 
rod center. If aR =0, the intercept value of 
P,./PR'=2 at r'=1.0 and this is due to pump 
flux arriving from two opposite directions 
thereby doubling the value at the surface. 
As another example, if aR = 5, P,/Pu' 0.1 
at r'=0.2 which infers that the rod surface 
and possibly the rod center will more likely 
exhibit laser action rather than the interven-
ing region. In order to attain nearly uniform 
pump flux within the entire rod, a value of 
aR of about 2 offers a good compromise. 

One of the criteria in considering the 
optical efficiency of an elliptical configura-
tion is the one-way attenuation of the pump 
flux passing diametrically through the laser 
rod. Neglecting reflections at the air-dielec-
tric interfaces, the one-way attenuation is 
e-2". The percentage of power absorbed as 
a function of aR is tabulated as follows: 
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aR 0.50 0.75 1.00 

Per cent absorbed 63.2 77.7 86.5 

1.25 

91.8 

1.50 

95.0 

2.0 I 3.0 

98.2 99.8 

This shows that aR should be greater than 
unity to achieNe high efficiencies. The value 
of aR for a typical 1-inch diameter, 0.05 
per cent chromium-doped sapphire, is about 
0.9 for blue pump flux. 

Since pump flux arrives at each volume 
element in the laser rod from two opposite 
directions it is of interest to determine the 
fraction F of the total flux which comes from 
the nearer surface. This fraction can be 
shown to be equal to F=1/(1-Fe-2«e'). 
With aR and r' as parameters, curves of two 
values of F, viz 80 per cent and 90 per cent 
are plotted in Fig. I. As expected, pump flux 
from the nearer surface makes a greater con-
tribution particularly when aR is large. 
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Fig. 1 Pump flux distribution 
inside a laser crystal. 

1.0 

The foregoing analysis was greatly sim-
plified by assuming a to be a constant, and 
this assumption is valid if the pump flux is 
small. If the pump flux is large as required 
for laser action, population inversion of the 
active ions takes place and a will decrease 
from its initial value au. The "penetration" 
of intense pump flux may be visualized 
qualitatively by referring to a curve of aR 
less than aoR to be applicable near the rod 
surface, and to slide upward the initial aoR 
curve to match P,/ PR' at an intermediate 
value of r'. 

The fact that P,/PR'-- co at r' =0 helps 
to explain the observation of a small central 
filament of laser action at threshold energy 
levels.3 It should be noted that at these low 

Tyuge Li and S. D. Sims, Observations on the 
pump-light intensity distribution of a ruby optical 
maser with different pumping schemes. PROC. IRE 
(Correspondence). vol. 50, pp. 464-465; April, 1962. 

energy levels, focusing in the laser rod is 
enhanced since the flash lamp discharge 
diameter is smaller than at higher energy 
levels. 

K. TOMIYASU 
General Engrg. Lab. 
General Electric Co. 
Schenectady, N. Y. 

Efficiency of a Multiple Ellipses 
Confocal Laser Pumping 
Configuration* 

The problem of optical pumping of a 
laser is one of focusing as much light as pos-
sible into a small volume. Probably the most 
interesting approach that has been made to 
this problem is through the use of the con-
jugate foci of an elliptical cylinder.' Except 
for reflectivity losses, this method provides 
for almost 100 per cent coupling between the 
light source and laser rod. 

Recently, we have considered an optical 
pumping system which would make use of 
several light sources and several truncated 
elliptical cylinders, all sharing a common 
focus which would contain a laser rod. The 
configuration is as illustrated (Fig. 1). This 
is essentially the saine configuration as de-
scribed by Bowness, et al.2 

An investigation of the expected im-
provement in ability to concentrate large 
amounts of light at the absorber has shown 
that the improvement is apparently non-
existent. It was found that while large ec-
centricity in the ellipse increased the angle 
over which light would be gathered and 
focused in each of the truncated ellipses, 
it had the disadvantage of increasing the 
spread of the image. If the sources had been 
line sources instead of extended sources, 
this would not have been the case. 

To provide some feel for the significance 
of the eccentricity we have tabulated the 
relationships between the semimajor axis, 
semiminor axis, the eccentricity, and the 
percentage of the light gathered when the 
ellipse is so truncated as to allow four light 
sources to pump one laser rod. The semi-
major axis is taken as unit length. 

Fig. 1--Four ellipses t•onfocal laser pumping con-
figuration. ( 0, light source; lb, laser rod;   
reflecting wall; - removed section of truncated 

For a laser rod as small or smaller in 
diameter than the light source, the spread 
in the image reduces the total power gathered 
by the rod in proportion to the decrease in 
the optical power density. The appropriate 
integrals to allow for the two competing 
effects of light-gathering capability and 
image spread were evaluated approximately, 
through numerical techniques. It was found 
that the optical power density at the laser 
rod wits proportional to the function 1(n, e) 
where n is the number of light sources used 
and e is the eccentricity of each of the trun-
cated ellipses. This is tabulated as follows: 

2 
4 

(n. 

0.1 0.3 0.6 0.707 0.8 

3.2 
3.2 
2.9 

3.1 
3.1 
3.1 

2.7 
3.1 
3.1 

2.5 
3.1 
.3.2 

2.1 
3.11 
3.1 

These are to be compared with the value 
for a single light source and a nontruncated 
ellipse of eccentricity e = 0.1: 

1(1, 0.1) = 3.0. 

It seems, then, that there is no appreciable 
gain in going to the multiple source config-
uration, especially when considering the 
increase in total power required. We would 
suspect that the improvement reported by 
Bowness, et al. is simply due to using a lamp 
much smaller in diameter than the laser rod 
diameter. Presumably this same effect at 
least could be obtained by using a larger 
diameter, larger total light output lamp, in 
a single elliptical cavity with very low ec-
centricity. 

Eccentricity 0.1 0.3 0.6 0.707 0.8 

0.45 Semiminor Axis 0.95 0.84 0.63 0.54 

Percentage Light Gathered 29 41 69 79 87 

* Received October 8,1962. 
M. Ciftan. C. F. Luck, C. G. Shafer, and H. 

Statz, "A ruby laser with an elliptic configuration," 
PROC. IRE (Correspondence), vol. 49, pp. 960-961; 
May, 1961. 

C. Bowness, D. Missio. and T. Rogala. "A high-
energy laser using a multi-elliptical cavity," Paoc. 
IRE (Correspondence), vol. 50, pp. 1704-1705; July. 
1962. 

D. L. FRIED 
ELTGROTH 

Information Systems Lab. 
Space and Information Systems Div. 

North American Aviation, Inc. 
Torrance, Calif. 
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A 35.5-kMc Parametric 
Amplifier* 

Parametric amplification and subhar. 
monk oscillations with a varactor diode 
have been previously reported at frequencies 
as high as 30 kMc.' Experiments with these 
diodes at X band2 indicate that they could 
be useful at even higher frequencies. To 
demonstrate this capability a degenerate, 
reflection-type, parametric amplifier was 
constructed to operate in the Q-band region. 

The amplifier, as shown in Fig. 1, and 
sketched in Fig. 2, consists of two crossed 
waveguides machined from a silver block 
with the varactor mounted at the junction. 
One guide ( Q-band) houses the signal cavity 
with tunable end plates. One of these plates 
has a small hole through which the signal is 
coupled. The smaller guide ( E-band) pro-
vides for the 71-k Mc pump power input 

PUMP INPUT 

SILVER 
BODY 

Fig. 2— Cross-section sketch of parametric amplifier. 

and is terminated with a moveable short. 
The point contact varactor diode was 

fabricated directly within the amplifier 
using an N-type, tellurium-doped, gallium 
arsenide crystal (p =0.002 U-cm) and a 
0.001-inch spring-tempered phosphor bronze 
whisker. The fabrication process is very 
similar to that described by Sharpless.3 

Information on the device as an ampli-
fier has not yet been obtained but subhar-
monic oscillations in a degenerate or quasi-
degenerate mode have been induced at 
35.5 kMe. The pump power is derived from 
a Raytheon QKK 865 klystron and based 
on its specifications, oscillations have been 
induced with as little as 5 mw of pump 

* Received July 5, 1962; revised manuscript re-
ceived. September 17, 1962. 

I B. C. DeLoach, " 17.35 and 30-KMC parametric 
amplifiers." Pnoc. IRE (Correspondence), vol. 48, p. 
1323; July 1960. 

2 N. HouMing, "Measurement of varactor qual-
ity," Microwave J., vol. 3, pp. 40-45; January, 1960. 

a W. M. Sharpless, "High-frequency gallium 
arsenide point-contact rectifiers," Bell Sys. Tech. J., 
vol. 38, pp. 259 269; January, 1959. 

Fig. 1— Parametric amplifier. 

SIGNAL CAVITY 

VARACTOR DIODE 

REXOL IT E SLIDING 
TUNERS WITH COPPER 
END PIECES 

power. As microwave components become 
available at higher pump frequencies, it is 
expected that these diodes can be made to 
operate even further up into the Q-band 
region. 

GEORGE W. FITZSIMMONS 
The Boeing Co. 
Seattle, Wash. 

Two Results in the Preliminary 
Design of Optimum Linear 
Systems* 

Two results are presented here which may 
be used to advantage as short cuts in the 
preliminary design of optimum linear filters. 

*Received April 23, 1962; revised manuscript 
received May : 4, 1962. 

They are useful mainly when operations to 
be performed on the signal are specified in 
the time domain. 

Let a signal x(/), belonging to a station-
ary ergodic random process, consist of an 
information-carrying signal s(t) along with 
additive noise n(t). On passing x(/) through a 
linear time-invariant physically realizable 
system with impulse response h(t), the out-
put is 

y(t) = f h(r)x(t — r)dr (1) 

where the lower limit of integration is zero 
rather than — se due to the physically 
realizable nature of the system (i.e., h(t)=-0 
for t<0). Now we are actually interested in 
performing a certain desired linear operation 
D on the information signal s(/) alone: 

Dfs(01 f hd(r)s(s — r)dr se fd(1) (2) 

where h,i(/) is the corresponding desired im-
pulse response of a system that is under no 
restriction Of physical realizability. Then 
the mean-square error E is given by the 
expected value of lid(S) — y(t)12, and by the 
well-known techniques of Wiener theory, E is 
minimum if h(t) satisfies the condition 

fh(te.:(7 — 12)dei 

= f het (M) er,(7. )(1M, T > 0. (3) 

In this equation R.,(r) and Rd(r) are the 
known auto- and cross-correlation functions, 
respectively. The right-hand side is known 
after it„, has been computed from ( 2). Thus 
(3) is a Wiener-Hopf equation which en-
ables h(t) to be determined. 

Up to now h(t) has been required to be 
zero for 1<0. On removing this restriction, 
taking Fourier transforms of both sides of 
(3) with respect to r and rearranging, we 
get for the optimum nonrealizable filter's 
transfer function 

4.(co) 
llovu(w) = --- •//d(w) (4) 

where each ‘1, is the transform of the cor-
responding R or 0. 
Thus the design procedure would usually 

require 

a) the determination of hd(t) from the 
specified operation D {s(1)} by the 
use of ( 2), and either 

b) the use of 140) in (3) to solve for 
h(t) or 

c) the use of lid(es) in ( 4) to solve for the 
ONR filter, which leads to the opti-
mum-realizable filter by following, 
say, the method of Bode and Shannon.' 

The results that simplify the procedure 
are based on the fact that one can obtain the 
end results, viz., values for the right-hand 

H. W. Bode and C. E. Shannon, "A simplified 
derivation of linear least-square smoothing and pre-
diction theory," Pgoc. IRE, vol. 38, pp. 417-426; 
April, 1950. 
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sides of (3) and (4), without having to de-
termine hd(t) first. Thus it is shown below 
that 

1) the Wiener-Hoof equation for the 
optimum linear filter can be ex-
pressed as 

fo 
h(m)R„(r - ii)dµ DIR„(r)1, T > 0 (5) 

2) the optimum nonrealizable filter has 
the transfer function 

Have.(cd) = [e-P"D ei'4 11. (6) 

Notice that the quantity within the large 
brackets is independent of t since the linear 
operation by D will Itve an ei"" as the mul-
tiplier of e-m. 

The design procedure thus reduces to the 
obtaining of HoNu(w) from ( 6) and computa-
tion of HoR(td) by the usual methods. The 
short cut is obviously useful when D is an 
operation specified in the tinte domain. If 
on the other hand the design requirement is 
already expressed in the frequency domain, 
i.e., lid is given, then ( 4) can be used at once 
to get Haw,. Two examples will illustrate the 
point. 

A & MOB:et:1141117SM Problem 

Let the desired output be a voltage pro-
portional to the angular position of a shaft as 
also to the shaft's angular velocity. Thus 
with obvious notation 

DI 5(1)1 = As(t) + B t.,ll s(l) 

where A and B are constants. I knee 

= . 1eiaq Bji.dei" 

ttnd front (6) 

//ova(w) = — (•4 + 13.W. 
ttt,-,(w) 

This represents a significant reduction 
in work as compared to the alternative pro-
cedure which requires calculation of h,, and 
HON R front ( 2) and ( 4). 

(7) 

(SI 

Low- Pass Filter 

Let it be desired to have a sharp cutoff 
in the frequency dotnain when ca 
Thus 

1, w < co0 

-= 0, 41 kw°. (9) 

In this case it is unnecessary to obtain t) 
since ( 4) yields the result directly. 

4(d) 
Havo(...›) = • 1, to < wo 

=0 I W > WO . (10) 

Proofs 

To prove result 1) we note front ( 2) that 
the defining equation for D when operating 
on g(r) can be expressed as 

g(r)1 f hd(cr)g(r - cr)dcr 
• 

so that 

= f hd(cr)R.,..(r - cr)dcr, ( 11) 

which holds for all r and therefore for T >0. 
Comparing the right-hand sides of ( 3) 

and ( 11) we find them equal if a is replaced 
by j.t so that D `, 1?,,(r): can be substituted 
for the former. Hence ( 5) holds and 1) is 
correct. 

In order to prove result 2) we recall the 
definition 

Ild(co) = f hd(r)e-ju'dr. (12) 

Multiplying by outside the integral sign 
and by e±iw' inside we get 

//d(ca) = f hd(r)ei'"-T'dr. (13) 

A comparison with the defining equation 
(2) shows 

= (14) 

Combining ( 13) and ( 14) we have the 
usef ill relation 

//d (co) = e-je'D (15) 

and substitution in ( 4) yields result 2). 
S. H. DUKRANI 

Elec. Eng. Dept. 
University of New Mexico 

Albuquerque, N. Mex. 

Low-Frequency Circuit Relations as 
Developed from Field Theory* 

Standard textbooks on electromagnetic 
theory have not been complete in developing 
circuit relationships from the field theory; 
the methods used are not adequate since the 
derived expression for the external induct-
ance of a circuit is not consistent with the 
usual definition ill ternis of the flux linkages. 
The ustiiiI argument has been to consider 
the electric field at any point in the circuit 
to be composed of an impressed field ( E,) 
due to sources such as generators and that 
produced by the currents and charges in the 
circuit ( T). Thus one can write 

using 

Tt = I + T 

Ti = T = — (ro +jwi) 

(I) 

(2) 

where 4, and 7 are the retarded potentials 
given by 

f  pe-IHR 
9 = d vol, 

4re R 

f 
= - d vol. 

4r R 

* Received April 20.1962. 

(3) 

Fig. 1. 

At low fretitietwies e' 1. which is 
equivalent to specifying a circuit which is 
small with respect to the wavelength. In-
tegrating ( 1) around the surface of the cir-
cuit conductor from A to B (integration 
around the closed path is not possible since 
i and a are both zero in the dielectric) gives 
(see Fig. 1) 

" 
= jco f J'A A 

911 -"" 9A 

where 

Q 011— 41.4 = = 
Jag' 

for time-harmonic dependence. 
Then (4) is written as' 

1 1 
= I [.K jud. 

.noe 

In this form one defines 

L, f¡ A 

If the path of integration is closed, then 

1 _ 1 
— = (r)a) • ildit 

9 à 
= - - I 

I - 

(4: 

(5, 

(6 

(7 

However, ( 6) is not consistent with thi: 
definition. 

The difficulty can be avoided by con 
sidering an imperfect capacitor as opposet 
to an ideal one; then the circuital law can bu 
written as 

fTa•iiT = 
ffi 

" i(s) - 3T, + 

+ jw.n .dT + ,er • itT. (8 

or 

1', -= 

f.1 1(jcul„) + 0. (9 

One needs to consider the remaining integra 
front B to .4. At any point in the dielectri 

I E. C. Jordan, " Electromagnetic Waves and Radi 
kiting Systems," Prentice- Hall, Inc., New Von 
N. V., 1st ed., pp. 381-388; 1960. 
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Fig. 2— Equivalent circuit 

medium the total current in the circuit can 
be expressed as 

a/ = in)A (10) 

where A is not necessarily the area of the 
electrodes but some function of the geom-
etry; a is a unit vector in the direction of 
the sum of the conduction and displacement 
current densities. 

Now 

dl = (cr jcue)-IDA (11) 

so that 

fa 
= 1 A   
J g (cr -1-iWE)A 

A j cue)ti • az =1 J. (cr2 -FttPe2)A 
which for a parallel plate capacitor becomes 

(« — jwe)d 
I = (13) 

(0 2 w2e2)A 

This is recognized as the parallel impedance 
of an R and C where 

1 d e.1 

(12) 

(14) 
A d 

The equivalent circuit for ( 8) is, then, as 
drawn in Fig. 2 without requiring an alter-
nate definition of external inductance I,. 

ANTHONY J. FERRARO 
Dept. of Elec. Engrg. 

Pennsylvania State University 
University Park, Pa. 

Single-Sideband Modulation and 

Reception of Light at VHF* 

In a previous note' the principles of sin-
gle-sideband (SSB) light generation using 
electrooptic techniques were described. This 
work was an extension of the phasing 
method of SSB modulation' to optical fre-
quencies. In the present letter we present a 
VHF version of this light modulator and 
then describe an optical analog of the phas-
ing method of SSB reception.' 

The SSB optical modulator contains two 
crystals of KH2PO4 ( KDP) oriented with 
their "c" axes along the light propagation 

* Received September 21, 1962. 
C. Buhrer, V. Fowler and L. Bloom, "Single-

sideband suppressed-carrier modulation of coherent 
light beams," PROC. IRE (Correspondence). vol. 50, 
pp. 1827-1828; August, 1962. 

2 Donald E. Norgaard. The phase-shift method 
of single-sideband signal generation," PROC. IRE, 
vol. 44, pp. 1718-1735; December, 1956. 

Donald E. Norgaard, "The phase-shift method 
of single-sideband signal reception," PROC. IRE, vol. 
44, pp. 1735-1743; December, 1956. 
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Fig. 1—Single-sideband optical modulator 
and receiver for VHF. 

quarter wavelength before entering the de-
tector with the direct beam. 

The phase of the RF intensity compo-
nents differ by 90° in the two beams as a re-
sult of the different orientations of the 
polarizers, but because of the additional 
path of one beam, their phases at the de-
tector differ by 0° or 180°. If the beam in-
tensities are equal, complete cancellation of 
the RF intensity components occurs for 
that sideband having the 180° phase differ-
ence. The opposite sideband under the same 

n 
(b) (c) (rI) 

Fig. 2-0scillograms of detector outputs. 

direction and their "a" axes at 45° to each 
other. As shown in Fig. 1, the crystals are 
located in a 52-Mc (cie„,) resonant circuit 
driven by a VHF power source such that 
in-phase electric fields exist along their "c" 
axes. The required 90° phase difference' 
between the voltages on the two crystals is 
obtained by choosing the spacing between 
crystals to make the light transit time a 
quarter cycle at w„,. A yellow beam from a 
zirconia arc lamp with a Corning CS 3-66 
filter and a left-circular polarizer complete 
the modulator which is shown on the left in 
the figure. A multiplier phototube ( RCA 
1P21) with circuitry to filter out and rectify 
the 52-Mc component of anode current was 
used as a detector. Two outputs, propor-
tional to the average (dc) intensity and 
RF component of intensity, respectively, 
were monitored. 

As explained in the previous note,' the 
output light should consist of a left-circu-
larly polarized carrier and a right-circularly 
polarized single sideband. It can be shown 
that the resultant polarization state has 
constant ellipticity with principal axes ro-
tating at w,. /2 in a direction dependent on 
which sideband is present. Unwanted side-
band suppression was checked by passing 
this light through a rotatable polarizer into 
the detector and noting the detector out-
puts. Constant dc and RF components of 
light at the detector as the polarizer was 
rotated through 360° were taken as proof 
of good suppression. 

After alignment for good sideband sup-
pression, the modulator served as a single-
sideband light source for testing the phasing 
method of single-sideband reception. The 
optical receiver is shown at the right of Fig. 
I. The light from the modulator is split into 
two beams by a prism, and each is filtered 
by a polarizer, the one in the diverted beam 
having its polarization axis horizontal or 
vertical, and the other with its polarization 
axis at 45° to the vertical. As shown in Fig. 
1, the diverted beam travels an additional 

conditions has a 0° phase difference between 
the RF on the two beams at the detector 
and is received. 

In Fig. 2 are shown a series of oscillo-
grams taken under various conditions with 
the upper traces showing the level of the RF 
(52 Mc) intensity component and the lower 
traces showing the dc light level. A light 
chopper was used to show the base level 
with beam off in both traces. Fig. 2(a) indi-
cates the RF signal due to noii.e with the 
modulator signal turned off; Fig. 2(b) is 
obtained at maximum rejection of the side-
band produced by the modulator, and, as 
can be noted, the RF level is oily slightly 
greater than for the case of Fig. 2(a). This 
small increase may be due to incomplete 
cancellation of the rejected sidelmnd either 
in the modulator or receiver. Fig. 2(c)- shows 
a case in which the diverted beam was 
blocked; the dc light level is halved, but the 
RF level increases markedly. In Fig. 2(d) 
the oscillogram is obtained with the receiver 
set to pass the generated sideband by rotat-
ing the plane polarizer in the diverted beam 
from the horizontal position used for Fig. 
2(b) to the vertical position. Here the RF 
components in the two beams add as noted. 

This receiving technique should be ap-
plicable to suppressed-carrier transmission 
provided both the suppressed carrier and 
reinserted carrier ( local light oscillator 
beam) are coherent. The incoming signal 
and local oscillator could be circularly 
polarized, merged in a beam splitter to give 
two compsoite beams and processed as 
above. Other polarization combinations can 
be used, and, with some extra complexity, 
simultaneous upper and lower sideband re-
ception is possible. 

The authors acknowledge the help of 
Dr. E. M. Conwell in preparing this letter. 

C. F. BUHRER 
L. R. Btoom 

General Telephone and 
Electronics Labs., Inc. 

Bayside, N. Y. 
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Breakdown Voltage of GaAs Diodes 
Having Nearly Abrupt Junctions* 

The data presented in t his column nication 
show the dependence of gallium arsenide 
breakdown voltage on resist is  i y and carrier 
concentration. The GaAs diodes used in this 
study were fabrica ted as follows : N-t ype Ga As 
crystal was grown horizontally on the Ill 
axis, sliced, lapped and polished. Slices were 
then Zn-dill used a t I000°C to a depth of ap-
proximately 6 to 20 microns. In subsequent 
operations small mesas 1 to 2 mils in diame-
ter) were formed, the cr\ st al was diced and 
etched down to a thickness of 3 mils, ohmic 
contacts were made to both sides of the 
junction, and the assembly was then etched, 
baked and encapsulated. 

Because of the behavior of Zn diffusion 
in GaAs III, junctions obtained by this 
technique were nearly abrupt. The abrupt 
nature of these junctions was est,iblished as 
follows: A cliode was reverse-I iiased at — 1 v 
and its quality factor was measured at 10 
Gc [2]. The quality factor (2, is gi \ (. 11 by 

1 
= ----- • (1) 

271-RCJ 

The bias was then increased and the quality 
factor was measured at the same frequency. 
Because the variation of the depict ion-region 
thickness with voltage was negligible as 
compared to the thickness of the GaAs 
wafer, the diode series resistance R did not 
change. The only change occurred, therefore, 
in the junction transition capacitance Cr. The 
ratio of the qualit y-factor measurements at 
the voltages V, and VE in terms of the ca-
pacitaiwe is given by 

Q C2 

Q2 Cl 

(2) 

The junction capacitance varies with volt-
age in the following manner: 

Cr = 
— v)^ 

(3) 

where K is a constant, V is the applied po-
tential, and eb is the built-in junction poten-
tial. The value of n can be determined from 
(2) and ( 3) as follows: 

= 

In — 
Q 2 

n 

In (-42-7 11-1) -- 172 
(4) 

The contact potential was determined for 
each diode by "curve-fitting" ( 3) on a log 
—log plot. The value of 4) was found to vary 
front 1.0 v to 1.3 y depending on the re-
sistivity of the GaAs pellet. The variation of 
the exponent n between 0.43 and 0.50 con-
firms the near-abrupt characteristics of the 
diodes under consideration. 

N-type GaAs resistivity was measured 
by a Q mer technique, and breakdown 
voltage was defined as the voltage at a cur-
rent of 20 pa. Fig. 1 shows curves of break-
down voltage at 25°C as a function ot crys-
tal resistivity for both GaAs and silicon. For 
the same resistivity GaAs breakdown volt-

* Received May 31, 1962; revised manuscript 
received. June 7, 1962. 
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function of the room-temperature breakdown 
voltage VI. 

age is always higher than that of silicon. 
Fig. 2 shows the dependence of the GaAs 

breakdown voltage on the carrier concen-
tration, and Fig. 3 shows resistivity as a 
function of concentration [3]. The general 
shape of the breakdown voltage curve for 
GaAs is similar to that of silicon and at low 
resistivities flattens considerably. 

Breakdown voltages were also de-
termined at liquid-nitrogen temperature 

( — 196°C). The relative changes of the 
breakdown ( 17( — 1",),/ V, are shown in Fig. 4 
IS a function of the room-temperature 
breakdown voltage V,. In all the diodes 
tested the breakdown voltage exhibited a 
positive temperature coefficient. 

KREssEt. 
A. BUCHER 

l. H. GintioNs, lo. 
Semiconductor and Materials I liv. 

RCA 
Somerville, N. J. 
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The 0-Type Backward-Wave 
Oscillator Frequency Pushing* 

The purpose of this correspondence it 
to disclose a general formula of the 0-type 
backward-wave oscillator frequency pushing 
depending upon space charge and circuit 
loss. This equation was derived in order te 
investigate the transfer functions of micro-
wave tubes. Tlw derivation is based on tin 
usual BWO model of Johnson.' 

It is assumed that 1) the phase-velocit) 
conditions are satisfied, 2) the value of thc 
interaction parameter C is small and th( 
tube acts as a linear device. For large Q( 

and L=0, it is well known that b= V4QC 
This condition applies to the case of hug( 
QC ancl L >0 after some modifications o 
Johnson's formula. 'Men general charac 
teristics of the frequency pushing can bi 
summarized as follows: 

1) In the region of small space eh:up 
and L≥0, 

fat f 

= (CN)0•141[(1/1e) ' IS — 1]/(T55)a. 

2) In the region of middle space (-harp 
and L≥0, 

=(CN)„,•141[(1/1.,)"2— 11/2(Tb).g. (2 

3) In the region of large space charge am 

foi — 

1..1 — I = (CN).t 
.b.11(111.0 1/2 — (1/1a) "]/(1.6.-). t, 

where 

1,,= Value of beatn current to start thi 
oscillation, 

* Received April 17,1962. 
II. R. Johnson, "Backward-wave oscillators, 

PROC. IRE, vol. 43, nre 684-697; June, 1955. 
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/ = Beam current operating value, 
f.:=Frequency when I= 
f = Frequency for operating beam 

current, 
L = Total cold-circuit distributed loss 

in decibels, 
= Transit time of an electron and 
RF energy down the length of ac-
tive portion of beam and circuit, 

b= Pierce's velocity parameter, 
N= Number of guide wavelength on 

circuit, 
C= Interaction parameter, 

(CN)“, b„1, (Th.)„, =-  Values of parameters 
when /= 1,. 

TABLE I 

THEORETICAL (CW), • b„, 

CQ 

o 
0.25 
0.50 
0.75 
1.00 
1.50 

0 

0.4781 
0.5154 
0.6117 
0.8546 
1.0182 
1.3799 

4 10 

0.4974 
0.5453 
0.15841 
0.93(M 
1.1145 
1.5025 

15 20 

0.5290 
0.5974 
0.8034 
1.0457 
1.2828 
1.7134 

0.5574 0.5881 
0.6472 0.7027 
0.8969 0.9865 
1.1559 1.2761 
1.4192 1.5564 
1.8959 2.0808 

Values of (CN)„, • b., can be easily shown in 
Table 1 from Johnson's results.' Good ex-
perimental confirmation is obtained with 
backward-wave oscillators. This further de-
tail was reported elsewhere.2 

'cunt° SAMS:MIA 
Faculty of Engrg. 

lokkaido 1 niversity 
.lok ka ido, Japan 

I. Sakuraba, "Analysis of the 0- type backward-
wave oscillator frequency pushing," J. Elec. Comm. 
Eners. of Japan, vol. 43, pp. 810-815; September, 
1959. 

Determination of Depletion Layer 
Thickness at Indium-Germanium 
Contacts with No Applied 
Voltage* 

Electrochemical transistor technology 
makes possible a series of punch-through 
voltage measurements of a transistor as a 
function of metallurgical base width on a 
single piece of germanium. Such data, taken 
on transistors with homogeneous base mate-
rial, provide a means for determining the 
depletion layer thickness for a given com-
bination of materials, at a contact with no 
applied voltage. Such information is impor-
tant when the metallurgical base width of a 
transistor, the punch-through voltage and 
the net dopant density are to be quantita-
tively related. 

Fig. 1 shows the results of some measure-
ments made for indium contacts on homo-
geneous N-type germanium of several val-

* Received April 2,1962. 

ues of resistivity. In the region where the 
applied voltage is sufficiently large to make 
the built-in voltage comparatively negligi-
ble, the slope can be used to calculate the 
dopant density. 

N K 
rdrpT"-r 
L dIV J 

where for germanium K is 2.7 X10'2 with the 
units of N in cm-3, IIT in mils and Vio' in 
volts. The extrapolated line intercepts the 
abscissa axis at a value equal to the sumo 
of the two equal depletion layer thicknesses. 

elkln 

Fig. 1--The relationship between the square root of 
the punch-through voltage (volts) and the metal-
lurgical base width 

TABLE I 

Sample 
Numlx:r 

I, 2 & 3 
4 

& 7 
8 

N , 
Calculated 

from 
Fig. I 

2.7 X10 11 
8.4 X10" 
4.6 X10" 
3.7 X10" 
2.2 X10" 

Calculated 
from 

Resistivity 
Measurement 

(cm-.) 

2.5 -3.1 X101 
5.5 X10" 
5.5 X10" 
3.0 X10" 
3.0 X10" 

_ 

Single 
Depletion 
Layer 

Thickness 
with No 
Applied 
Voltage 
(mils) 

0.035 
0.065 
0.065 
0.070 
0.080 

Table I shows the values calculated from 
the data given in Fig. I. Also shown are 
values of the net dopant density calculated 
from the measured values of resistivity 
made on the germanium wafer before being 
processed into a transistor, assuming a value 
of 3900 cm2/volt-sec for the mobility. 

D. P. SANDERS 
E. S. SCHLEGEL 
Lansdale Div. 
Philco Corp. 

Lansdale, Pa. 

WWV and WWVH Standard Fre-
quency and Time Transmissions* 

The frequencies of the National Bureau 
of Standards radio stations WWV and 
WWVH are kept in agreement with respect 

* Received] October 24,1962. 

to each other and have been maintained as 
constant as possible since December 1, 1957, 
with respect to an improved United States 
Frequency Standard ( USFS).1 The correc-
tions reported here were arrived at by means 
of improved measurement methods based 
on transmissions from the N BS stations 
WWVB (60 kc) and WWVL (20 kc). The 
values given in the table are 5-day running 
averages of the daily 24-hour values for the 
period beginning at 1800 UT of each day 
listed. 

The time signals of WWV and WWVH 
are also kept in agreement with each other. 
Since these signals are locked to the fre-
quency of the transmissions, a continuous 
departure from UT2 may occur. Corrections 
are determined and published by the U. S. 
Naval Observatory. The time signals are 
maintained in close agreement with I -T2 by 
properly offsetting the broadcast frequency 
from the LTSFS at the beginning of each year 
when necessary. This new system was com-
menced on January 1, 1960. 

WWV FREQUENCY 
W ITH RESPEC 1 IIT I.. S. FREQUENCY STANDARD 

1962 Parts in 1010* 

September 1 
2 
3 
4 

7 

9 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

- 129.7 
-129.7 
-129.7 
- I30.6t 
- 130.6 
-130.6 
-130.4 
- 130.3 
- 130.2 
-130.1 
-129.9 
- 129.8 
- 129.8 
-129.7 
- 129.6 
-129.6 
- 129.5 
-129.4 
-130.2 t 
- 130.1 
- 129.9 
- 129.8 
- 129.7 
- 129.6 
- 129.6 
- 129.5 
- 129.5 
- 129.4 
- 129.3 
- 129.2 

Monthly Mean: - 129.83 

* A minus sign indicates that the broadcast fre-
quency was below nominal. The uncertainty associ-
ated with these values is + 5 X10 -11. 

t WWV frequency adjusted as follows: 
September 4, -0.9 X DI -. at 1800 UT 
September 19, -0.8 X10 -10 at 1800 UT 

Subsequent changes were as follows: 

FREQUENCY OFFSET, WITH REFERENCE 
TO l HE USFS 

January I, 1960,-150 parts in 10. 
January 1,1962,-130 parts in 10. 

TIME ADJUSTMENTS, WITH REFERENCE 
TO THE TIME SCALE .T2 

December 16, 1959, retardation, 20 milliseconds 
January I, 1961, retardation, 5 milliseconds 
August 1.1961, advancement, 50 milliseconds. 

Adjustments were made at 0000 UT on 
the foregoing dates: an advancement means 
that the signals were adjusted to occur at an 
earlier time than before. 

NATIONAL BUREAU OE STANDARDS 
Boulder, Colo. 

See " National standards of time and frequency 
in the United States." PRoc. IRE (Correspondence), 
vol. 48, pp. 105-106; January, 1960. 
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Prediction of Rise Time in Junction 

Transistors* 

SUMMARY 

This communication presents a general-
ized expression for rise time in junction 
transistors in applications where collector 
cutoff can be neglected. This expression in-
cludes a factor K determined by the im-
purity distribution in the base layer of the 
transistor. Experimental results are pre-
sented which verify the analysis. 

INTRODUCTION 

The existing rise-time relation' is suit-
able for alloy transistors; however, it is nec-
essary to modify this equation to include 
the effects of the impurity distribution of 
the base region. This modification results in 
a generalized expression for rise time in 
junction transistors. It has been reported2 
that a factor K is determined by the impur-
ity distribution in the base layer of the 
transistor. The following conditions prevail 
for various values of K: 

1) K=1 for a retarding field in the base 
layer. 

2) K = 0.82 fur uniform base layer. 
3) K<0.82 for "built in" fields in the 

base layer. 

ANALYTICAL RESULTS 

When Laplace transform notation is 
used, the common-emitter dc current gain 
Af is given by 

(K - 1) s 
exp 

i,(s) N/K wa 

= s 
1 ± 

=(1c connuon emitter current gain ( dI)) 
2rf„ =W a =  Radian frequency common 

base 3411) point ( Mc). For a step input, ( 1) 
is modified as follows: 

(K - 1) s 
wifiu exl) - 

i,(s) 

s(s Iv)) 

(1) 

(2) 

The exponent of ( 2) can be rewritten in the 
following form: 

(K - 1) s (K - 1)-1 s 
1 +[ N,/_K exp - _ 

N/K w„ 

Then 

i,(5) [ 1 

I Baowl s(s iz,1 

- 1) 
kw„(s wo1. (3) 

The inverse transform of ( 3) is given by 

i,(/) 

7.:If30/8 

1 (K - 1)w. 
-[1 - cel. (4) 
UI K 

* Received April 16,1962. 
1 .1. J. Ebert. and J. L. Moll, "Large-signal be-

havior of junction transistors," PROC. IRE, vol. 42, 
pp. 1761-1772; December, 1954. 

2 D. E. Thomas and J. L. Moll, "Junction tran-
sistor short-circuit current gain and phase determina. 
tion," PROC. IRE., vol. 46. pp. 1177-1184; June, 1958. 

TABLE I 

EXPERIMENTAL RESULTS 

RCA 
Type 

Comm" base 
cutoff 

freqUelley 
:le (Mu) 

(5v, 10 ma) 

de 
Common 

base 
current 
gain 
"°o 

(5v, 10 ma) 

dc 
Common 
emitter 
current 
gain 
8., 

(5v, 10 ma) 

Common 
emitter 
gam 

bandwidth 

.1.1 (Mc) 
( 5 v, It) ma) 

K 

Collector 
junction 

capacitance 
C. 
l'f 
(IV) 

Rise 
time th. 

nsee Meas ( 
(le = loma) 
(111 = 3tna) 
(RL =220) 

2N1708 485 0.9766 39.0 330 0.700 3.45 7.6 
495 1).9768 38.9 355 0.735 3.50 6.0 
445 0.9710 34.1 32.0 0.746 3.20 7.0 

2N697 108 0.9785 44.1 90.5 0.86 28.4 28 1 
101 0.9821 52.8 84.5 0.84 30.2 28 3 
117 0.9912 120.0 101.0 0.87 26.6 22 2 

'alcu-
lator 

6.05 
5.80 
5.90 

9.1 
1.5 
5.6 

Because 

0.9 V „  
- = 0.9/1 

IB = base current (ma), /c =collector cur-
rent ( ma), 

1 - 1)w,t 

w„ 
=   • (5) 

0.9/c 

1813o 

"l'he rise time tu is then given by  

[ 
1  \/"K 

In = - log, (0) 

[ JnO 
1 

When w,RX,> I, u,, is reduced. This is 
expressed as 

w„w,(1 - au) 1 
- and w, = 

+w,. 

C=Collector junction capacitance ( pf) 
an=dt: corm:lion base current gain (db) 
1?1,= Load resistance in ohms 
r„ = 0.026//E at 2.5°C where IK =emit ter 

current ( ohms). 

For transistors with a retarding field in the 
base region the common emitter gain-band-
width equals that of the COMMON base. For 
K.< I the common base gain-bandwidth ex-
ceeds that of the common emitter. 

f5 
and K auK o oa.f« • 

wy = 27(fr = colmnon emitter gain-band-
width radian frequency ( Mc). 

fd=common emitter 3-dl) point ( Mc). 

Thus, the expression for rise time becomes 

[ (Ri„ r,)C, auk = - + ar J 

'log,, 

(K - 1)(1 - ao)ior 
1 

w,„)‘/K 

0.91 e 

80u 

When K=1, (7) reduces to the Ebers and 
Moll equation for rise time. 

. (7) 

EXPERIMENTAL RESULTS 

Experimental tests were performed on 
RCA 2N1708 and 2N697 transistors. Tests 
of /if, and a as functions of frequency were 
made on a General Radio Transfer Bridge. 

C 
o 

o 

3 
›.= 
œ 

o. 

LI 
e '` LFF I --I- III,' i• 39 . fzu• 
6  
4 

o• 0.9768 
lç..y2 

2 \ 
Itit 3 

I 0 
• K L00 

80 

RI:e300 OHMS 
C. 3.43 pf 

-e0.33 a IT, G 
Wh• fe• I 8 • 2s(RL•ti)Cp 

4 

2 ' 

LI, 

K•0.77 

e 
I 

6 
4 

\ 2 

ll 
)1 2 4 6 8 2 4 6 8 2 4 6 8 

GAIN- BANDWIDTH PRODUCT IT) - Mc 

Fig. I 

o 

tests of eto and au 011 a Boonton Radio 275A 
test set, and tests of rise time on an HP 
Sampling Scope. Table I shows a cross sec-
tion of the test results, and compares meas-
ured and calculated rise times. 

CONCLUSIONS 

The experimental results are in good 
agreement with calculations. "Ilerefore, 
(7) can be very useful in predicting rise time 
for all types of transistors. Fig. 1 shows the 
gain-bandwidth prodtu•t ;u il f11 Oct ion of 
rise time with K as a parameter. 

P. E. kof.K 
Semiconductor and NIaterials Div. 

RCA 
Somerville, N. J. 

Simplified Calculation of Un-
absorbed Field Intensity on 
Overseas Transmission 
Circuits* 

Unabsorbed field intensity is defined as 
the strength of a signal received at a distant 
point in the absence of i(s),(spheric absorp-
tion. It depends uiiiuii the a t tenuation due to 
path length, or, in other words, on path 
attenuation. Adding an eventual ionospheric 

* Received .‘i wit 12, 1962. 
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absorption attenuation, the over-all signal 
attenuation is obtained. 

Information on path attenuation is par-
ticularly important for analytical work on 
overseas propagation, as, for instance, the 
determination of the Lowest Usable High 
Frequency (LUHF) and of the transmitting 
power required for a certain path. Approxi-
mate figures being sufficient for many appli-
cations, a simple logarithmic relation has 
been used, with different constants, by both 
the U. S. National Bureau of Standards' and 
H. Bremmer:2 

y log D (I) 

where 

S =attenuation in decibels 
D = distance in kilometers 
-y = constant =22.0 or 25.0, respectively. 

Together with results of his propagation 
studies and an analytical proof of his 
Chordal-Hop theory, the author published 
some years ago a new formula, which yielded 
more correct data for normal types of trans-
mission circuits investigated by him: 

[D > 10'km] 

O'-''38.2N/log D. (2) 

According to the chordal-hop theory," 
a predominant mode of propagation consists 
of chordal hops along ionospheric layers 
without touching the earth's surface. Read-
ers are also referred to a discussion, in these 
PROCEEDINGS, of echo-signal analysis with 
the aid of chordal-hop propagation.' In the 
majority of cases, a ray is not supposed to 
touch ground between transmitter and re-
ceiver, and ground losses have thus been dis-
regarded in (2). However, focussing has 
been taken Mt. account. 

The formula having been used success-
fully for comprehensive propagation stud-
ies, '•7 the author herewith intends presenting 
its derivation from basic relations. 

Maxwell's field equations yield, in the 
practical system of units, 

30X/h 60/h 1207r/h 
E = +j - (3) 

7rX3 x2 XX 

with 

E= field intensity in volts/ni 
I = effective antenna current in amperes 
h =effective antenna height in meters 
x = distance from transmitter in meters 
X = wavelength in meters. 

11. S. National Bureau of Standards, ‘Vashing-
ton, D. C., Circular 462: 1948. 

7 Il. Bremmer, "Teriestrial Radio Waves," Elsev-
ier, Amsterdam. The Netherlands: 1949. 

7 II. J. Albrecht, " Further studies on the chordal-
hop theory of ionospheric long-range propagation," 
Arch. Me/coro!. Geophys. u. Bioklimatol., vol. A2, pp. 
84-92; 1959. 

Il. J. Albrecht. "Analysis of world-wide iono-
spheric propagation to and from Australia. 1953-54," 
J. Wireless I nst. Auer.. vol. 24, pp. 2-5; October, 
1956. 

H. J. Albrecht, " Investigations on great-circle 
propagation between Eastern Australia and Western 
Europe," Geofis. pura e appl., vol. 38, pp. 169-180; 
1957. 

6 H. J. Albrecht. "Applying the chordal-hop theory 
of ionospheric long-range propagation to echo-signal 
delay." PROC. IRE (Correspondence), vol. 49. PP. 
356-357; January, 1961. 

7 11. J. Albrecht, "Analysis of ionospheric paths in 
long-range propagation," Indian J. Meleorol. Geophys., 
vol. 2, pp. 57-63; January, 1960. 

Neglecting ternis with x" and x2, and repre-
senting the power radiated by P=1579 
(lh/X)2, (3) may be simpliiied to yield a 
reference signal at the reference distance of 
1 km: 

L0 knit 9.5 X 110-3.VP (4a) 

or, expressed in decibels above 1/µv/m 

En km) 79.5 + 10 log P. (41)) 

On the other hand, nt-sterling and Lassen 
published, in 1931, the following general ex-
pression for ionospheric propagation by "in" 
multiple hops between layer and earth's 
surface:" 

e9 ri"'-' cos 
(Sa) 

4/CiRm sin 
RI 

à 214 tan 00 

1 + cos Ibo 
orT sin ci,o In (5b) 

R + hu 1 - COS ftio 

a' = 
C f2 

1 - - -i 
"Yo .4 2 

(Sc) 

where 

E= field strength at receiving point 
= !nimber of hops between grouml and 
ionosphere 

= transmission angle 
R= the earth's radius 

Ir' = reflection coefficient of the earth's 
surface 

Ou = angle of incidence at the layer 
= constant depending upon trans-

miel mg power 
f= operating frequency 
f,= (-rairai frequency of the layer 
C= half thickness of the layer 
lo= minimum height of ionosphere 
ho= height of reflection. 

Emphasizing that we are interested in de-
riving a simplified expression of path attenu-
ation, (Sa) may be modified for the purpose 
of chordal-hop propagation; the constant e,, 
is given by (4a), Ir I and cos 1,i, equal unity 
while in denotes the number of ionospheric 
touching points. The average value of in can 
be obtained approximately from a range of 
possible values of layer height and minimum 
path height, i.e. lowest height of a ray path 
with respect to the earth's surface. Taking 
its limiting data as a layer height of 300 km 
with a minimum path height of 5 km and a 
layer height of 200 km with a minimum path 
height of 60 km, corresponding to values 
found in an analysis of the Australia-
Europe transmission circuit, the average 
value of m is given by 

3.12 X 10-'D. (6) 

The objective of extreme simplification 
would permit us to substitute the numerical 
value of 0.7 for the sine function in (5a), 
thus restricting the validity of the simplified 
expression to distances larger than a mini-
mum limit. 

K. Forsterling and Il. Lassen. "Die Ionisation 
der AtmosplUire und (lie Ausbreitung der kurzen 
electrischen Wellen ( 10-100 m) über die Erde," 
Z. lechn. Physik, vol. 12.1)1). 453-469 and pp. 502-527; 
1931. 

The signal intensity would thus amount 
to 

9.3 X 103VP 
(7a) 

144.6 X 102D 

or, ill decibel form, 

E 79.5 + 10 log P - 36.5 - 10 log D. (7b) 

Negative ternis may be transformed by 
means of a square-root approximation and 
intensity becomes 

E 79.5 + 10 log P - 38.2%/log-D (8) 

where the last terni is identical to (2). 
Eq. (8) is of practical usefulness for the 

determination of the signal intensity in the 
absence of ionospheric absorption. It should 
be noted, however, that the transmission 
term 79.5+10 log P corresponds to ideal 
conditions. One method to account for 
frequency-dependent changes in this refer-
ence signal is the addition of a corrective 
terni to the decibel expression. For short-
wave calculations, the author has success-
fully used a terni equal to - 0.02 f, wheref 
is the operating frequency in megacycles. 
With this in mind, (8) becomes 

E 2".2 79.5 + 10 log P - 0.02f2 

- 38.2Vlog D. (9) 

Applying the relation given in (2) and 
(9) in propagation calculations, much better 
agreement was found to exist with measured 
intensities. A further advantage has been 
notice(' with LU HF calculations which ap-
pear to display an improved accuracy when 
carried out with the new formula. 

HANS J. ALBRECHT 
c/o Schramberg-Stulgen 

WürlteMberg, West Germany 

Parameters of a 
Piezoelectric Crystal* 

The four fundamental parameters ca-
pacitance Cli inductance LI, resistance 
and shunt capacitance Co of the equivalent 
electric circuit of a piezoelectric oscillator 
excited by electrodes which form a two-
terminal network define the network shown 
in Fig. 1 completely, and all other picora-
eters may be derived from them. It is gen-
erally assumed that the losses associated 
with Co can be neglected. This assomption 

Rs 

Xs 

Fig. 1- Equivalent electric circuit of a piezoelectric 
vibrator near a resonance. 

* Received April 16,1962. 
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TABLE I 

SOLUTIONS FOR THE VARIOUS CHARACTERISTIC FREOUENCIES SHOWN IN FIG. 2 

Characteristic 
Frequencies 

fin 

15 

fs 

fo' 

fu 

Iv 

fa 

fP' 

Ii, 

fn 

fitf 

Nleaning 

Frequency of Maximum Bp 

Frequency of Maximum Admittance 
(Minimum Impedance) 

Motional Series) Resonance Frequency 

Resonance Frequency 

Frequency of Minimum Bp 

Frequency of Maximum Phase 

Frequency of Maximum Xs 

Autiresonance Frequency 

Parallel Resonance Frequency 
(Frequency of Maximum Resistance) 

Parallel Resonance Frequency 
(Lossless) 

Frequency of Minimum Admittance 
(Maximum Impedance) 

Frequency of Minimum Xs 

* Refers to real roots: complex roots to be disregarded, 

t. U. t. 
RUA/EC 

Fig. 2- Impedance re-istance R„, reactance 
and series arm reactance Xi of a piezoelectric vi-
brator as a function of frequency. Z„, and Z,, denote 
minimum and maximum impedance, R, and R. 
the impedances at zero phase angle. For the mean-
ing of the different (rem:elides. see Table I. 

is valid for most crystals in practical use 

except for ferroelectric materials such as 

polarized barium ti tanate ceramics and 

others. The parameters of the equivalent 

electric circuit are characteristic constants 

for a given mode of motion of a particular 

specimen and functions of the orientation 

and dimensions of the electrodes. 

In the IRE Standards 11 J the equation 

for the impedance Z or admittance Y is 

presented in the form 

1 1 co„ RIQ 

Y jw r 

co oh) 
1 jQ 

jQ 
r Nut, 

• ( 1) 

Condition 

dBp 

do, 

d ! Z. I 
= 0 

du 

X I =0 

Xs = Bp =0 

--=0 
du 

d Xs\ ii / Bp\ 

!is) d - 

d X s 
 =0 
du 

Xs = Bp =0 

dRs 
-- =0 
du 

Xs = 

d;ZI 

d X s 
—=0 
du 

Using the generalized quantities 

.2 
= --- and q = coCoRi, 

0.,p2 

Constituent Equation for Frequency 

.1(1 - à) - q(q - 1) =0 

(.12 -f.q2)1 - 2,1,(à -I-r) - 2.1r ( I -.1) -.12=0 

=0 

-q2 =0 

.1(1 -.M-9(9-1-1)=0 

(2.1-1)(.5 -I-2r) -1-(.12-Fq2) 

--,1) - (t(q+1) =0 

..1(I --(/' =0 

2(1 - -Fr) -er =0 

à = 1 

CY +0' - 24'(à - 2ar ( 1 -.1) = 1) 

.1(1 - à) - q(q - 1) = 1) 

this equation can be simplified ( 21 

Z = — = jÀo   Pl. (2) 

Eq. ( 1) or its equivalent ( 2) defines the 

characteristic frequencies and conditions 

under which they occur; these are shown in 

Table I. The designation used in the IRE 

Standards [ I] are also shown in this table. 

For the purpose of defining the different 

characteristic frequencies, the impedance Z 
of the equivalent electric circuit, its resis-

tive component R, (resistance), its reactive 

component X „ (reactance) and the reactance 
X1 of the Li, Ch R1 branch are plotted as 
functions of frequency in Fig. 2. Z„, and Z„ 
denote the minimum and maximum im-

pedance, respectively, and Kr, R. the im-
pedances at zero phase angle. This figure 

corresponds to the values r = 2, Ri= 1 it and 
M = 3. For symbols used in this communica-
tion, see IRE Standards [ 1 J. 

R. IlEctimANN 

A. D. BALLATO 
U. S. Army Signal Res. and 

Dev. Lab. 

Fort Monmouth, N. J. 
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A General Expression for the Out-
put of a Dicke-Type Radiometer* 

There have been several analyses made 

of Dicke-type radiometers.' -' The results of 

an analysis' are described here, which differ 

from the previom ones in that the effects of 

realizable tilters, and asymmetrical rectan-

gular modulation and demodulation are 

considered. 

The analysis was done by representing 

Gaussian noise entering the radiometer as a 

Fourier series of sinusoidal waves, with 

rainlom phase angles and amplitudes, and of 

fundamental period O. This series was oper-
ated on by the various components of the 

radiometer, and then, at the output, e was 
made to approach infinity. This method was 

* Received March 29, 1962. 
S. 3. (;oldstein, "A comparison of two radiometer 

circuits." Pgoc. IRE. vol. 43, pp. 1663-1668. Novem-
ber. 1955; as corrected by I). G. Tucker, II. M. Gra-
ham, and S. J. Goldstein, Pitoc. IRE (Correspond-
ence). vol. 45, pp. 365-366. March. 1957. 

2 L. D. Strom, "The Theoretical Sensitivity of the 
Microwave Radiometer, A Problem in Nonstationary 
Noise Analysis," Ph.D. dissertation, t niversity of 
Texas. Austin; June. 1957. 

2 W. Selove, "A dc comparison radiometer." Rev. 
Sci. I nstr.. vol. 25, pp. 120-122; February, 1954. 

• F. V. Bunkin and N. V. Karlov, "The sensitivity 
of radiometers." Vow. Tekh.. Fix_ vol. 25, pp. 43°-
435. March; pp. 733-741. April, 1955. 

J. Knight, "Evaluation and Analysis of Radi-
ometers," M.A.Sc. thesis, Dept. of Elec. Engrg., lini-
versity of Toronto, Ontario, Canada; September. 
1961. 
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originated by Bennet' and was recently used 
by Green7 in an analysis of a somewhat 
similar system. 

Consider the model as shown in Fig. 1, 
with a modulating waveform f(t) as shown 
in Fig. 2. Then if a and b are the lengths of 
time the antenna is connected and dis-
connected respectively, one finds that 

11(1) = Co + E c„, COS (Oicogi ± On) (I) 

where 

— h 
= 
a + h 

4 nora 
C„, = -- sin -- --flor • a + b 

nuira 
= • 

a + h 

and cog= 2r /a + It equals the fundamental 
angular frequency of f(1). 

It will be assumed that the integrator 
cutoff frequency is much lower than cog, that 
the harmonics of ca„ have negligible power at 
any frequency comparable with the IF 
bandwidth, and that the noise power input 
oN2 and the signal power input o„2 are sta-
tionary, ergodic Gaussian processes satis-
fying 

OW' » 2. 

%Vith these assumptions the signa l- to-
noise ratio (SNR) is found to be 

¡'de 
S/N = 

27ra 1(0) 12  C,,,21 11(nuo)1 2 cos 15„,o,1 2 

16 f 1 ¡(w) 12 E" c„,2 I n(n.,)12,od..., 

where 

/(a) is the integrator transfer function. 
H(teung) is the transfer function of the 

band-pass filter at frequelicy 
Ili 41, 

8„, is the phase shift of this filter at 
frequency mw„, and 

a is the effective input bandwidth 
of the radiometer defined by 

(2) 
bra 

where 

G,(a) is the input power spectrum. 
P,k/P„, is the ratio of desired signal power 

which emerges as pure dc in this 
model, to the power in the ran-
dom fluctuations of the output. 

If we further assume that the phase-shift 
L. is negligible at all harmonics of (.4 with 
appreciable power content, that 11(0)1 = 1, 
and if one sets 

I S. O. Rice, "Mathematical analysis of random 
noise," Bell Sys. Tech. J., vol. 23. pp. 282-332, July. 
1944; vol. 24, pp. 46-156. January, 1945. See sec. 3.4 
and the comments after eq. ( 2.8-6). 

P. E. Green, "The output signal-to-noise ratio 
of correlation detectors," IRE TRANS. ON INFORMA-
TION THEORY. vol. IT-3, pp. 10 -18, Mardi, 1957; as 
corrected in IRE TRANS. ON INFORMATION THEORY, 
vol. IT-3, p. 82, June, 1958. 

(I, 

Ito 

 r 
Fig. 1- - - Model of radiometer: ( 1) the modulator, (2) 

the square-law detector. (3) the band-pass filter 
with transfer function //(to), (4) the rectangular 
wave generator, (5) the multiplier, and (6) the 
integrator with transfer function /(,a). 

o 

Fig. 2—The modulating function .f(n. 

'washing, symmetry 

TIME 

Fig. 3 plot of switching symmetry against SN R. 

one obtains 

Pd,. 2 te- a 
.57.V = — = — — E G.21 iffin.„) 12. 

16 as' ,,,-

For an ideal band-pass filter, with character-
istic 

10 if in = 0 
I = 

1 nt 0. 

one gets 

Pa, oars' a a 
S/A' = )(1 — 

P„„ 2l'a,v1 a b a +— h • 

For a Dicke system with a reference source 
of power art9 one obtains 

fide = (aki _ a \ 

P.. 2 • a + 

(4) 

Note that this can no longer be considered as 
an SN R. 

By removing the appropriate harmonics 
of f(1), ( 3) can be transformed to give ex-
pressions in agreement with those of 
Strum,' Galejs' and Goldstein.' 

" P. D. Strum, "Considerations in high sensitivity 
microwave radiometry," l'soc. IRE. vol. 46. pp. 43 
53, January, 1958; as corrected by R. S. Colvin, 
Paoc. IRE, vol. 47, p. 2105, December, 1959. 

J. Galejs. "Comparison of subtraction-type and 
multiplier-type radiometers." Paoc. IRE, vol. 45, 
p. 1420-1422, October, 1957. 

These equations allow one to evaluate 
proposals using asymmetrical switching. For 
example, in a Dicke radiometer no advan-
tage is gained by leaving the input connected 
to the antenna for a longer period than to 
the reference source, as a plot of the SNR 
shows ( Fig. 3). 

Below meter wavelengths the reference 
source in a Dicke radiometer usually has a 
much higher noise temperature than the sig-
nal, thus radiometer gain variations are not 
as effectively removed as when the two are 
equal. It has been suggested that this might 
be corrected by keeping the reference source 
connected for a shorter part of the switching 
period, so that the average power was the 
same for both the signal and the reference 
source. Consider (4). We are no longer look-
ing for a minimum Pde/P as when SNR 
was being considered, but rather for a null-
balance obtained by changing the coefficients 
of au' with respect to osz to get Pd, = 0. Otte 
sees, however, that changing the partial 
period a a ffects bot h e2 and crs2 equally. 

if a =0 or a = I, which is equivalent 
to saying that a bridge has a null-balance 
when its oscillator is shut off. Note however, 
from ( 2), that narrowing the input spectrum 
of the reference source decreases an and thus 
produces the desired result. 

An intuitive idea of these results can 
be obtained from the Fourier series for a 
rectangular wave ( 1). The sum of the 
ac components are symmetrical about 
(a — b)/(a +b)=0 as shown in Fig. 3. In-
creasing the time during which the signal is 
connected, that is making (a — b)/(a +b) >0, 
actually decrease-, the power in these ac 
terms. The extra signal power goes into the 
de term Co. This dc term is equivalent to the 
portion of the signal power which is un-
modulated. The receis ir noise is also unmod-
ulated so both come out of the detector at 
zero frequency, and both are removed 1>y the 

JOHN KNIGHT 

Dept. of Elec. Engrg. 
l'niversity of Toronto 

"roronto, Ontario, Canada 

An Expansion for Log-Periodic 

Functions* 

In the course of an investigation of the 
propagation of waves on a log periodically-
loaded transmission line, a general repre-
sentation for log- periodic functions has sug-
gested itself. Such functions have the fol-
lowing property: 

1(x) = I(rr). (1) 

That is, the function takes on the same 
values at intervals spaced according to a 
geometric series along the x axis. 

1(sp) = 1(xier) 1(xor2) = (.47') = • • • . ( 2) 

* Received May 9, 1962. Part of this work was 
supported through consultation with Sylvania Elec-
tric Products Co., Mountain View, Calif. 
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Fig. I. 

An example of such a function is shown in 
Fig. 1. 

It is well known that a periodic function 
may be expanded in a Fourier series. Thus, 
if p(y)=p(y±fl, then 

p(y) = E rei(2., • , Tly. (3) 

The change of variables x =cm in ( 3) leads 
to a new series in which each terni satisfies 
(1) with T= In T. This new series 11lay then 
be used to represent an arbitrary log-periodic 
function 

L(r) = E any(" 
In r 

a =• (4) 
27r 

It remains to find the formula for the co-
efficients a,, and to show that the representa-
tion is complete. 

Let u„(x)=x“^:e. u„(x) is then a solution 
of the differential equation 

x2u„"(x) xu„'(x) + (2-1-)211„(x) = 0. (5) 
a 

The u„(x) are orthogonal over the period r, 
that is, over any interval b<x<br, with b 
arbitrary. The scalar product is complex and 
requires the weight function 1,/x. 

by• 

x 

1 
f x(" x jt•o -i''' • — dx In ( 6) 

.v 

If we multiply both sides of ( 4) by 
xm-'^bodx/x and integrate over (b,br), we find 
with the aid of ( 6), that the coefficients in 
the expansion ( 4) are given by 

= Lux-ion . 
1 fe dx 

b X 
(7) 

Any function defined over an interval 
(b, br) which is square integrable over that 
interval may be expauded in the log-periodic 
series by mearis of ( 7). In as much as the 
interval (b, br) is finite and the series ( 4) 
contains all the eigerfunctions of ( 5) which 
satisfy the log-periodic boundary condition 
(1), we can reasonably expect that the rep-
resentation is complete. It can also be shown 
directly that the series expansion of a square 
pulse converges, although not uniformly, 
and therefore, by superposition, the series 
for any piecewise continuous function 
should converge. Of course, any function 
defined only over the finite interval which is 
expanded according to (4) and ( 7) becomes 
a log-periodic function over all x. It is worth 
emphasizing, however, that for representa-
tions of functions over finite intervals ( 4) 
may be a convenient alternative to, say, a 
Fourier series. 

It is interesting to consider the limit of 
the sum ( 4) when r is allowed to approach 
infinity. For this purpose it is convenient to 
rewrite (4) and ( 7) slightly. 

L(x) = — E a„xj(^1') 
r 

. dx 
= f L(x)x-a"0 — • (8) 

Proceeding in a formal way, we write 
j(n /a)=2nin /In r = V„ and a„=a(v„). Then 

2rja 2n j(n — 1) 2rj 
(9) 

In r In r In r 

Substituting into ( 8), we have 

ap„ L(s) = E a(v„).e" — • ( 10) 
27r3 

In the limit as Av—nlv, and the sum 
becomes an integral. 

wit h 

1  L(x) — f a(v)xvdv 
27rj 

dx 
a(v) = f L(x)x- — • 

This is the "one-sided" Mellin Transform 

P. M. 
Theoretical 
New York, 

W. J. W ELCH 
Dept. of Elec. Engrg. 

University of California 
Berkeley, Calif. 

Morse and II. Feshbach, " Methods of 
Physics,' McGraw- ii ill Book Co.. Inc., 
N. 3/.. pt. I. 497; 1953. 

Autocorrelation by Magnitude 
of the Difference* 

For reasons of ease of implementation it 
is sometimes desirable to use functions other 
than the linear correlation function to exam-
ine data for coherence. One such function is 
the "comparison correlation function." This 
function may be written 

C(x) I 1(x) —1(x + I 

where the multiplying operation of linear 
correlation is replaced by the indicated sub-
traction operation. 

The comparison autocorrelation func-
tion may be rea.lily calculated for a random 
pulse train such as theone shown in Fig. I. The 

are independent random variables hav-
ing the same probability density function 
H(a); and the interval lengths (x„ —x„,) w„ 
are likewise independent random variables 
having the sanie probability density func-
tion L(w). 

* Received May 2, 1962. This communication 
presents a result oi one phase of study sponsored by 
the Navigation and Guidance Laboratory AS13, 
Wright- Patterson Air Force Base, Ohio, under Con-
tract AF33(616)-8407. 

5.. o 

I 
*z, 

Fig. 1--A random pulse train. 

The comparisf it, autocorrelat ion function 
of f(x) is then 

C(X) = a,, — a „,k I Q ( X ) 

± I — (4•4411.1 — Q(X) 1, 

where Q(X) is the probability f(x) has the 
same value in the interval X. The first term 
on the right accounts for the cases where 
a „ and a„.,_k lie in the saute interval and is 
therefore  identically zero. The quantity 

k I is the mean absolute value of the 
difference and will be designated ep. C(X) 
then becomes 

C(X) = Eu[l — Q(X)I. 

The linear autocorrelation function of 
the function of Fig. 1 is 

R(X) = 2 -I- 6,„2Q(X) 

where cr.' is the variance of the variable a, 
(a2—ti2). It follows that C(X) and R( .V) are 
related by the equation 

C(X) = [(1 — R(x)J. 

For a Poisson distribution of the xi's 
which have a mean density of points per 
unit x, it can be shown' that 

Q(X) = 

Substitution of this result in the equations 
for linear and comparison autocorreliit 
gives 

R(X) = d2+ 

C(X) = en11 — ereirx 1]. 

A second example of interest is one in 
which only two values of f(s) are permitted. 
The two levels may then be assigned the 
values b and C. 

For an assumed Poisson distribution of 
zero crossings it can be shown that2 

(b — c)211 + e-441 1 
R(X) = bc + 

4 

and 

I  
C(X) = [1 — e-211x1.1. 

2 

Although derived independently these equa-
tions agree with the expressions for multi-
level a utocorrela t ions. 

T. A. MARTIN 
Goodyear Aircraft Corp. 

Akron, Ohio 

II. M. James. N. B. Nichols, and R. S. Philips, 
"Theory of Servomechanisms," M.I.T. Ratl. Lab. Ser. 
McGraw-Hill Book Co., Inc.. New Vork. N. V.. 
vol. 25, pp. 300-303; 1947. 

2 T. A. Martin, "A Comparison Correlation Func. 
tion for Digital Data Correlation." Ph.D. Dissertation, 
Rensselaer Polytechnic Institute, Troy, N. V., pp. 
128-130; 1962. 
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Synchronous Wave Amplification 
in the Quadrupole Pump* 

This communicitt ion explains some phys-
ical meaning of the synchronous wave am-
plification by describing beam patterns and 
electron orbits. 

We already reported on the cyclotron 
wave amplification ( cd,, —‘1,,v0=-1-2(05) and 
the energyexchange 4,-13,,vs= ± If the 
electron and pump wave velocities are 
equal, i.e., w,, — i3,,r0=0, there are also the 
exponential solutions. In the case of the 
clockwise pump, the x and y displacements 
are as follows: 

.r(z, (kw'1—.1„,(0) cosh sz 

•exl) Li(wi — $e)] .4,2(0) sinh sz 

•exl) — wr)i — (tg, 

+ .4,2(0) cosh le; • exp Ij(w/ — 

— „, (0) sinh 

•exp — (e, e„):1 II 
y(z, 1) j(kw,) -1 [— Ad (0) cosh sz 

'eV fj(w/ — OA)] .4,2(0) sinh 

•exp I jI (co — cop)! — (e, — 

— .1,2(0) cosh sz •exp — OA-) 

+ii,,(0) sinh Ks. 
'exl) (w wp)! — (O.+ II,p)z IL 

where s=tiK/wev, e,p=cor/zto and all other 
symbols are the same as those given by Sieg-
man.2 

Fig. 1 shows the beam patterns ( snap-
shot) and the electron orbits in he ease of 
positive energy synchronous ‘, 1t 

cation. In the plane z = 0, the patterns ( only 
shown in the black points to avoid roinpli-
cation) rotate counter-clockwise . 1,, time 
passes, showing that the input sigied is a 
positive energy synchronous wave. As the 
rotating directions of signal and pump wave 
are opposite, idler wave becomes a negative 
energy synchronous wave regardless of 
values of to and co,„ and then the beam pat-
terns are complicated by superposition of 
both waves. The electron orbit of a syn-
chronous wave should increase without 
transverse velocity; however, when the idler 
frequency is different front the signal fre-
quency, a phase difference occurs. Then the 
directions of increasing radii differ front 
each other, so that the resulting pattern be-
comes a little twisted. 

Fig. 2 shows the case of negative energy 
synchronous wave amplification. In case 
w>co„ the idler wave becomes the positive 
one and in case e.e<wp the negative one. 

The particular case where cup =0 and 
(1,,, = 0, means the dc pump where the sig-
nal and idler frequencies have the same fre-
quency and opposite energy. Fig. 3 shows 
examples of positive energy synchronous 
wave amplification in the de pump. As 
the amplitude increases, both patterns and 
orbits approach a plane. 

* Received April 6, 1962; revised manuscript re-
ceived. April 20, 1962. 

I K. Kakizaki and M. Otomo, "Analysis of trans-
verse type electron beam parametric amplifiers," J. 
Inst. Elec. Comman. Engrs. (Japan). vol. 44, pp. 
1464-1473; October, 1961. 

2 A. E. Siegman, "DC pumped quadrupole ampli-
fier," PROC. IRE, vol. 48, pp. 1750-1755; October, 
1960. 

W P 2. 

(6)01,6i 

Fig. 1—Amplification of the ositive energy synchronous waves in clockwise IIF pump. 

Wp=-1-2 C0 

cb) Ori)it 

'N( 
 s 

Fig. 2—Amplification of the negative energy synchronous waves in clockwise IIF pump. 
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41.4y2 

(6) Orbi f 

Fig. 3—DC pump amplification of the positive energy synchronous wave. 

The behavior of electrons is similar to 
that of electric quadrupole focusing where 
electrons diverge in the x direction and con-
verge in the y direction; the reverse is true 
in the case where the field is rotated by 90 
degrees. In the parametric synchronous 
wave amplification, the quadrupole is 
equivalent to one section of dc focusing in 
case co„=0, and HF focusing in case co,,00. 

K. KAKIZAKI 
Central Res. Lab. 

Tokyo Shibaura Electric Co., Ltd. 
Kawasaki, Japan 

Resonant Frequency Shift 
Phenomenon in Parametric 

Amplifiers and Harmonic 
Generators that Use Current 

Driven Nonlinear Capacitors* 

During an investigation into the behav-
iour of current driven (or shunt-type) har-
monic generators using nonlinear capacitors, 
a considerable resonant frequency shift with 
changing current amplitude was observed. 
Existing small signal theories' tail to pre-
dict this phenomenon because they do not 
take account of the bias circuit. 

If a sinusoidal current is passed through 
a nonlinear resistor a change in the mean 
dc voltage across the device occurs, and if 
an external conducting path is provided, a 
dc current will flow. In the case of an ideal 
nonlinear capacitor a similar dc voltage 
change would occur if no external current 
path were present. In practice a nonlinear 
capacitor always possesses some shunt con-
ductance and an external bias is often ap-
plied, under these conditions, since no dc 
current can flow through a capacitor there 

* Received A:nil 16, 1962. 
1 For example, D. B. Leeson and S. Weinreb. 

"Frequency multiplication with nonlinear capacitors 
—a circuit anal sis," PROC. IRE, vol. 47, pp. 2076-
2084; December, 1959. 

can be no change in the mean dc voltage and 
a parameter change must occur to com-
pensate for this. This•effect may be explained 
by considering the following example. 

Consider the case of an abrupt junction 
diode connected as shown in Fig. 1. 

ices(wk) 

tb 

Cte) 

Fig. I- Circuit f iodel discussed. 
The filter allows on y dc and low-frequency 

transient charging currents to flow. 

For the case of an abrupt junction diode 
the incremental capacitance C(v) referred 
to the working point Vo is given by 

C(v) = Ca • Vo' 12(1‘ + v)-112 (1) 

where Vo=te+ VI, and v is considered posi-
tive in the normal reverse direction. Now 

dg dg dv dv 
i -= — = —•— = C(v)• — • (2) 

dl dv dt db 

Since no dc current can flow through a 
nonlinear capacitor the bias current (la) 
will be zero, and the dc component of the 
diode voltage ( v) must always equal the re-
verse bias voltage ( Vo). In practice a small 
bias current will flow due to leakage current; 
however, this may be considered to be ex-
ternal to the nonlinear capacitor. Substitut-
ing for i and C(p) in ( 2) gives 

/ cos (w!) dl = Col.,' ' 24 + • 2 • dv. (3) 

Integrate ( 3) 

A = 2C0V0"2(4, + v)"2. (4) 

Leeson' assumes that the constant of inte-
gration A is independent of the current 
amplitude I. In fact A is dependent on I as 
shown by the following analysis. Simplifying 

(4) gives 

/2[I — cos (2011)] Al sin (col) 
v = 

&Konya 10(.02V o 

A 2 
(5) 

4CO2170 

As explained above the dc component of v 
must be Vo, hence the arbitrary constant A 
is given by 

12 
42 = 4CO2V 02 — — • 

20.12 

Substituting for A in (5) gives 

v = V + VI 12 sin 4) (I) 
COCO 8412C 02 

  cos (101). 
8.2cow o 

The effective capacitance ( C,) is thus given 
by 

(6) 

C GO --

V 8.2cuivoi 

and not by Co as proposed by Leeson. 
An estimation of the maximum value 

that Co can attain ( without conduction tak-
ing place) may be obtained if we assume 
that the absolute minimum value of lc is 

To do this it is necessary to obtain the 
maximum permissible value of I; it can be 
shown from ( 7) that this value is given by 

(7) 

/oco. = coCoVol/— • 
3 

(8) 

(9) 

The corresponding value of capacitance 
C, co.: is given by 

73-
Ccooc.= 4/—• Co -= 1.23C. (10) 

2 

Due to the fact that the minimum value 
of v cannot reach —4,, an increase in effec-
tive capacitance of approximately 20 per 
cent of nominal must be expected when in-
creasing the alternating current from zero 
amplitude to that value that just causes 
conduction on the peaks of the voltage ex-
cursion. If the diode is the only capacitive 
element present in a resonant circuit, a 
resonant frequency shift of up to 10 per cent 
can occur. The theoretical and measured 
resonant frequency shift characteristics ob-
tained from an experimental series resonant 
circuit are shown in Fig. 2. The divergence 
of the two characteristics was due in part to 
the fact that the diode used did not possess a 
perfect abrupt junction and also to the fact 
that incomplete suppression of the second 
harmonic current led to measurement errors. 

Obviously this change in effective ca• 
pacitance is undesirable because it alters th( 
frequency response of associated circuitry 
and also complicates measuring techniques. 
The effect may be reduced, but cannot bx 
eliminated, by including external passivi 
capacitors in the resonant circuits. When 
possible the current amplitude should- 1y 
held constant; for example, the pump ampli. 
tude of a parametric amplifier should bc 
stabilized, to ensure that the system op 
erates tinders its optimum conditions. 
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Fig. 2--Resonant frequency shift characteristic for 
a series tuned circuit employing a nonlinear ca-
pacitor as the only capacitive element. 

This resonant frequency shift phenome-
non may explain the frequency-dependent 
maximum efficiency condition for harmonic 
generators observed by Utsunomiya and 
Yuan.2 
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and performance of maximum efficiency variable re-
actance frequency multipliers," Pgoc. IRE, vol. 50, 
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Measurement of Effective Suscep-
tibility of Magnetic Inks* 

An important aspect of magnetic print-
ing is the behavior of the iron-powder inks 
used under the influence of a magnetic field. 
The behavior of a magnetic ink particle de-
pends on the forces applied to it, which in 
turn depends on the recorded tield strength 
and the susceptibility of the particle. Also, 
susceptibility determinations are important 
because they tell us how to design the inks, 
how to select the ferrous ink materials, and 
how to control the ink properties during 
manufacture. 

The dry powder ferromagnetic inks de-
scribed here were prepared from a comnier-

• Received March 8, 1962; revised manuscript 
received. March 19, 1962. 

cial grade of iron powder, Hoeganaes Ancor 
EP 1024, 99 per cent Fe, nominal size: 
through 200 mesh. The particles were coated 
with resins, waxes, carbon black, or dyes, 
singly or in combination; typical concen-
trations were: iron powder 85-95 per cent 
by weight; coating material 5-15 per cent by 
weight. Coatings were applied by any of 
several methods, such as precipitation, sol-
vent slurry coating, or fluidized bed coating. 

The magnetization of a uniformly-
magnetized homogeneous material may be 
expressed by M=kH, where k is the volume 
susceptibility. However, the magnetic field 
H is not wholly the applied field lío, but 
is reduced by the self-demagnetizing field D 
(due to shear) of the magnetized material. 
Thus II = Ho— D. The demagnetizing field 
is proportional to the magnetization: 
D=N211/4r where the constant of propor-
tionality, N, is a function of the geometry 
alone. 

We may thus rewrite M =ktl as 
=l10—(N111/41r) or 

M = 110. 

1 + k 

Now we can define an effective susceptibil-
ity as 

k' — 

1 — k 
4r 

If the susceptibility is very large (e.g., in 
a ferromagnetic material) and the product 
Nk is sufficiently greater than one, the effec-
tive susceptibility may be approximated by 
k' = 1/(N/4r) regardless of the type of ferro-
magnetic material. 

The expression for the demagnetization 
of most particle geometries is quite complex; 
however, the application of certain assump-
tions somewhat simplifies the problem. Let 
the shape of the iron particles of interest be 
approximated by prolate ellipsoids ( the ap-
proximation is not unreasonable for the type 
of particle used in magnetic printing, as may 
be observed under a microscope). The de-
magnetization factor N may then be taken 
front curves constructed for prolate ellip-
soids,' after determining the major to minor 
axis ratio, in, where the axes are those of the 
envelope containing the particle. 

Generally, the particle is porous, and the 
ni ratio of the envelope will not accurately 
identify the particle. Consider the particle as 
being composed of incremental bar magnets 
where the total cross-sectional area of mag-
netic- material is given as: A'=A( 1—p), 
where A is the (Toss section of the envelope, 
and p is the porosity of the particle. The 
effective diameter is then d' = d-V1 — p. We 
now define an effective in ratio as 

in  
in = — —   

d — p 

This N-altte nt' must be used in determining 
the demagnetization for porous particles. 

The size of the magnetic particles (about 
40 microns) limits the methods of measure-
ments by which it is feasible to determine 

R. M. Bozorth, " Ferromagnetism," D. Van Nos-
trand 8: Co., New York, N. V.; p. 846; 1933. 

effective susceptibility. Torsion balances 
may be used,2 but the approach is difficult 
and delicate. A simpler method is available, 
which gives the average effective suscepti-
bility of a large number of particles. 

The apparatus used is a modified Critten-
den hysteresis loop tracer, where the sample 
of magnetic ink is placed into a tube ( 0.20 
cm i.d., 80 cm long). The tube is vibrated to 
achieve maximum packing. The sample of 
ink is diluted with a Zn powder with about 
the same particle size and angularity as the 
iron powder. Fig. 1 shows the effect of de-
creasing the percentage ( by volume) of iron 
on the bulk susceptibility of the iron powder. 
As the particles become spaced far apart, 
the susceptibility asymptotically approaches 
that of 2 per cent of iron (by volume). This 
asymptote is the susceptibility of a single 
particle, for the spacing is so large that the 
interaction between particles is negligible. 
That the effect is virtually independent of 
particle size ( in the range of 30-150 microns) 
is shown in Fig. 2. 

Fig. 1—Volume susceptibility of iron particles 
in a notunagnetic diluent. 
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Fig. 2—Volume susceptibility of iron 
particles vs particle size. 
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Many samples of ink were prepared for 
experimental study; however, due to the ex-
treme difficulty of measuring the density of 
the ink particles, and consequently the 
porosity, the deviation of the effective sus-
ceptibility, as obtained from the above equa-
tions from that obtained in the hysteresis 
curve tracer of diluted samples, were as low 
as + 4 per cent and as high as ± 32 per cent. 

Finally, we may draw the conclusions 
that the effective susceptibility of a ferro-
magnetic ink particle is inversely propor-
tional to its self-demagnetization, N; the 
effective nt ratio and its porosity. The aver-
age susceptibility of ink particles is inde-
pendent of particle size, over the range of 
30 to 150 microns. 

H. J. Kt-mP 
IBM Computer Lab. 

Components Div. 
Poughkeepsie, N. Y. 

2 Bozorth, Ibid., p. 858. 
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Minimum-Power FM Reception 
Using Frequency Feedback* 

Enloe's two-threshold concept' has been 
used in formulating a generalized design pro-
cedure for designing FM feedback receivers 
for minimum-power reception. The key 
factor in this approach is the receiver closed-
loop transfer function. The procedure con-
sists of adjusting this transfer function to 
satisfy simultaneously three sets of condi-
tions, as follows: 

1) The two thresholds must be equal. 

2) The common threshold power must 
be minimized. 

3) The loop must be satisfactory from 
the standpoint of stability and tran-
sient response. 

The receiver closed-loop transfer func-
tion, If(s), relates WO frequency (or 
phase) to the frequency ( phase) of the re-
ceived signal. It is made up, in part, of the 
post-discriminator filter, F(s). The form of 
the latter and, therefore, of H(s), may be 
chosen arbitrarily as long as the three condi-
tions above can be met. The conditions 
would be met, in a given case, by appropri-
ately adjusting the parameters ( loop gain, 
filter time constants) of the selected transfer 
function. 

The generalized design procedure owes 
its existence to the possibility of expressing 
the two thresholds in terms of H(s). Thus, 
the two thresholds may be written, 

feedback threshold power CM? 

= (3.11)2n fI //(:no) 12(ff (1) 
o 

open-loop threshold power CTOL 

= 10/rnAf ! 1 — //(jon)I (2) 

where n = receiver noise power density, 
watts/cps; Af= peak received carrier fre-
quency swings, cps; and =on,/27r= highest 
modulating ( base-band) frequency. 

Eq. ( 1) reflects the experimentally deter-
mined fact that feedback threshold occurs 
when total rms WO phase perturbation due 
to input noise equals 1/3.11 radian. Eq. ( 2) 
assumes IF 3-db bandwidth need be only 
twice the residual carrier frequency swing, 
Afl 1 — H(jw„,)!. In cases where this is not 
true (i.e., low index systems) a more com-
plex threshold equation is required which, 
however, will still be a function of H(s). 

The design procedure then calls for ad-
justing H(s) until the value of ( 1) equals 
that of ( 2) to satisfy condition 1) above. For 
condition 2), the smallest value of received 
power for which equality can be realized 
should be sought. Finally, loop stability, 
etc., must be maintained [condition 3]. 

The above will be illustrated by a simple 
example which is nevertheless of consider-
able practical interest. Specifically, let the 
filter, F(s), be a simple RC low-pass section. 

* Received May 4, 1962; revised manuscript re-
ceived May 28, 1962. 

L. II. Enloe, " Decreasing the threshold in FM by 
frequency feedback," PROC. IRE, vol. 50, pp. 18-30; 
January, 1962. 

Then the closed-loop transfer function takes 
the form (Fig. 1) 

H(s) —   (3) 
(K + 1) + (ri r2)s + rer2s2 

The ! 1 —H(jcoo)! term in ( 2) becomes 

1 — H(jcob) 

[ (1 _,,,,tri „.2)2+(.7., +„.2)2„,b2 1/2 

. (4) 
[(K + 1) —coeTiT212+ (Ti ±T2)2coi.2 

Eq. ( 4) is greatly simplified by proper choice 
of filter time constant, namely by letting 

=1/coo2To. This also very nearly minimizes 
(4), thereby satisfying, for all practical pur-
poses, the second of the above conditions. 
With this choice of ri, ( 4) can be closely ap-
proximated by 

! 1 — /Won) I = 

where X = (we-2+1410-o )• 

0r 
RECEIVED ; 

FF LOW PASS 
EOUVALENT 

It S/YB 1 

X 

K + 1 

DRCRRAINATOR 

0, VOLTS/CPS 

l IOLTAGE TROLLED POST-CON DISCRIMINATOR I 
1 OSCILLATOR ..-- FILTER l 

l CPS/VOLTS FIS).  
I     I 

L J 
ci 

K KIXA 

•1*Fx  C F I Ti.,1K•1)]' 1. 

Fig. I— FM receiver with frequency feedback. 

(5) 

The two thresholds now can be written 

and 

Cros. 

CTFB = 
2X(K 1) 

107riz.VX 

(3.11)27rnfok 2 

(6) 

(7) 

Condition 1 is now satisfied by setting 
loop gain K to a value Ko which equalizes ( 6) 
and ( 7). Using the approximation (3.11)2 

10, this is found to be 

2Af )1'2 
K O = X . (8) 

The time constant, To, of the IF filter low-
pass equivalent is found from the assump-
tion that this filter bandwidth equals the 
residual IF swing, WI 1 —H(jtob)l. Solving 
for r2, using ( 5) and ( 8) gives 

r2 lb-OA/A. (9) 

That condition 3 is met can be verified 
by checking damping factor, e. Using the 

relation given in Fig. 1, e is found to ap-
proach a minimum of about 0.35 for large 
modulation index. 

In the above fo and Af are considered 
"given" quantities. As a numerical example, 
considerfo=3 Mc and Af=60 Mc, the values 
used in Enloe's sample design. Optimum 
loop gain Ko proves to be 27 db; RC filter 
bandwidth, 1/2w-7.1=0.95 Mc; and IF 3-db 
bandwidth = 19 Mc. Comparing the above 
IF bandwidth with Enloe's figure of 12.3 
Mc, the present receiver is seen to have a 
threshold about 1.9-db higher. This may be 
attributed to the more sophisticated base-
band filtering used by Enloe. 

The foregoing example illustrates a gen-
eral procedure usable with loop transfer 
functions of arbitrary form. With more com-
plex filtering the required computations, of 
course, are more involved, but the basic idea 
is the same. The value of the above approach 
lies in the direct link established between 
general design objectives ( the three condi-
tions stated at the outset) and fundamental 
circuit parameters such as gain and filter 
time constants, which must be adjusted to 
achieve these objectives. The link is estab-
lished by expressing the two thresholds in 
terms of loop transfer function. 

ROBERT E. I luaTzmAN 
Communications Div. 
Hughes Aircraft Co. 
Los Angeles, Calif. 

A Method of Measurement and 
Display of Probability Functions 
of Ergodic Random Processes 
by Orthogonal Series 
Synthesis* 

INTRODUCTION 

With the growing importance of statistics 
in the fields of communication theory, 
vibration theory, acoustics, etc., a need has 
arisen for real time display of probability 
density functions and cumulative probabil-
ity functions. Heretofore these displays have 
been carried out by one or two methods, 
both involving digitizing the range of the 
random signal into very narrow cells and 
employing counting or time measurement 
techniques. Both of these methods have a 
number of drawbacks. These are: 1) band-
width limitations due to quantization, 
2) counting or time-measuring accuracy, and 
3) expense in performing these measure-
ments using digital methods. The purpose of 
this communication is to introduce a new 
method of displaying probability density 
and cumulative probability distribution 
functions simultaneously and in real time by 
utilization of orthogonal series synthesis. 
The method was previously reported upon' 

*Received April 23, 1962. 
A. A. Wolf. Some recent advances in the analy-

sis and synthesis of nonlinear systems," Trans. 
A1EE, vol. 80, Imp. 289-300; November, 1961. 
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Fig. 1—Synthesis of probability functions by orthogonal components displayed in real time with 
I >0 corresponding to x positive and negative. 

in its application to the measurement and 
display of instantaneous2 and short-term 
correlation functions in real time. 

PRINCIPLE OF THE M ETHOD 

The probability density function is syn-
thesized as a linear combination of orthog-
onal functions with measured coefficients 
C,„ In this scheme an ergodic random 
process, x(t), is applied as shown in Fig. 1 
to a function generator whose outputs are 
a set of functions {h„(x)1., n=1, 2, • • • , 
obeying the orthogonal relationship 

f_h„(x)hk(x)dx n k 

n k. 
(1) 

These functions are then time-averaged to 
give 

C„ = /,(x). (2) 

Since the random process is ergodic, 

-C(7) = E[h„(91 (3) 

in which the right side is the expected value 
of h,,(x) defined by 

E1h„(x)1 = f h„(x)p(x)dx. (4) 

lience from (2), ( 3) and (4) 

C,, = f h„(x)p(x)dx. (5) 

Eq. ( 5) is recognized as a linear integral 
equation of the Fredholm type, which has 
the solution 

p(x) E Cd1A(X) • 
n..I 

(6) 

The quantities { C„} form a set which are 
statistics of the process x(t) given by the 
temporal average, ( 2). If x is now displayed 
as a linear function of time, it is then obvious 
that the probability density function can be 
displayed in real time over the range of x. 

A. A. Wolf. "On the significance of instantaneous 
and short-term correlation functions for a class of 
stochastic processes," PRoc. IRE (Correspondence), 
vol. 50; September, 1962. 

If the display is to be done on a cathode-ray 
oscilloscope, then either a multiplex arrange-
ment can be used to display both negative 
and positive x or dual beam arrangement 
may be used with timing circuits to shut the 
process off at the interface between the 
positive and negative parts of the sweep. The 
figure gives an implementation of this 
method in which it is shown that the orthog-
onal filter box generates impulse responses 
h„(l) which are orthogonal and have the 
sanie functional relation to I as the outputs 
of the function generator have with respect 
to x. Obviously in this method it is impossi-
ble to have an infinite number of orthogonal 
filter components in a physically realizable 
system. It has been found both theoretically 
and experimentally that in the integral-
square sense the error produced can be made 
very small by truncating the series at some 
reasonable value of k. The error expression 
turns out to be given by' 

eN2 f p2(x)dx — E 

ability distribution functions can be accom-
plished in real time as the process is exam-
ined. It is, of course, limited to ergodic' 
processes in order to take advantage of the 
fact that the statistics C,„ which are ob-
tained by the time averages, are equal to the 
saine statistics obtained by probability 
averages as noted in ( 2) and ( 3). The ac-
curacy of the method is given by ( 7) and it 
is possible by means of ( 7) to make the 
process adaptive such that the error can be 
minimized automatically as a function of the 
process being measured by maximizing the 
C2„. This will be reported upon in detail in a 
later paper“ discussing the limitations and 
theoretical basis of the method. The display 
in real time is accomplished by means of 
orthogonal filters which are easily synthe-
sized by RC active networks as reported 
elsewhere' and the function generation is 
accomplished by well-known techniques 
using diodes and resistor networks. 

A. A. WouF 
J. Dirrz 

Emertron, Inc. 
Silver Spring, Md. 

A. A. Wolf, "On a Sufficient Test for Ergodicity 
in a Class of Stationary Random Processes," General 
Dynamics/Electronics, Tech. Rept. NO. 5; April 12, 
1961. (To be published in Trans. A IEE (196.1).) 

A. A. Wolf and J. II. Dietz, "A statistical theory 
of fault detection, parameter identification. and trans-
mission characteristics, of linear and nonlinear sys-
tems." J. Franklin Inst., (to be published 1963). 

A. A. Wolf and J. II. Dietz, "Theory of Adaptive 
Correlation and Probability Function Systems," to 
be presented at the AIEE Winter Geueral Meeting, 
New York, N. Y., 1963, (and to be published in 
Trans. A IEE). 

(7 Reflection Cavity Maser 

Large Gain Bandwidth* 
where ex2 denotes the integral square error 
produced by truncating the number of terms 
in the series to N terms. 

It will be noticed in the figure that since 
the cumulative distribution function and the 
probability density function are related 
according to 

PCE < = f pwde = F(s). (8) 

where F(x) is the cumulative distribution 
function and p(x) is the probability density 
function; the display of both of these, then;-
fore, can be obtained simultaneously. 

CoNcusioNs 

The method presented in this communi-
cation has a number of advantages over 
standard methods for doing the same thing. 
Primarily, this is that the display of the 
probability density and cumulative prob-

3 A. A. Wolf and J. H. Dietz, "An adaptive cot'. 
relator for underwater measurements." to be pub-
lished in the Trans. ISA. Presented at the Fall Meet-
ing of the Instrument Society of America, Los An-
geles, Calif.. Paper 90-LA-61; 1961. 

with 

Measurements on a parallel configuration 
of two ruby reflection cavities at X band 
have shown voltage gain bandwidth prod-
ucts (GBP) of over 1700 Mc at a tempera-
ture of 4.2°K. The basic arrangement uses 
two silvered ruby cavities in a resonant 
coupling scheme recently described' but 
modified to allow adjustment of the cou-
pling separately to each cavity. The cavity 
resonators were silvered and slotted as de-
scribed by Cross,' and were operated 
through this investigation ; it the double 
pump angle for ruby (54.74'). (See Fig. 1.) 
Fig. 2 shows the range in GBI for a two-
cavity pair with signal and pump frequen-
cies nominally 9.255 Gc and 23.285 Gc, re-
spectively. Assuming a G1'2" = k variation, 
the GBI' may be written as Gil2B=kG("-"12" 
where n is the number of resonant elements. 
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Fig. 1— Expanded view of two-cavity maser. Cavities 
and colliding plate are clamped to waveguide 
openings. 
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Fig. 2 G Ir two 0.05 per cent ruby 
cavitie, cut at 0=90°. 

For n=2, G' 214 = kG'' 0 which has been veri-
fied for two resonant elements consisting 
of a coupling plate and one ruby resonance.' 
For n = 3, G' 2B = kG"which is an improve-
ment of Gu' over the nonresonant coupling 
case n = 1. The experimental values obtained 
in two separate runs gave a least-squares 
fit with exponent 0.305 which is close to the 
expected improvement ill GBP for three 
elements. The isolated point at 1.9°K shows 
very closely a IlT dependence. 

The problem of broad-band reflection 
cavity masers has received some attention 
mainly through the technique of combining 
the maser cavity resonance with suitable 
microwave structures. 16 6 With two separate 
cavities, the dimensions may be selected to 
allow identical modes in each that are sepa-
rated at X band by about 20-30 Mc. The 
two window coupling plate is then used to 
separately couple the modes into a wider 
composite resonance. In lieu of an exact 
method for computing the resonant fre-
quencies of the ruby rectangular box, a 
semi-empirical approach has been used to es-

Cook, et al., op. cif., ro. 771. 
M. W. I'. Strandbeig and R. L. Kehl. Res. 

Lab. of Electronics. M.I.T., Cambridge. Mass., 
Quart. Prog. Repts , lune, 1961; L. Kylil. Negative 
L and C in solid-state masers," Pgoc. IRE (Corre-
spondence), vol. 48, p. 1157; June, 1960. 

A. E. Siegman. et al., Solid-State Electronics 
Labs., Stanford University, Stanford, Calif., Quart. 
Status Repts.; September. 1961. 

11 R. W. Terhune and L. G. Cross, Lecture Notes: 
Solid State Microwave Amplifiers and Oscillators. 
University of Michigan, Ann Arbor; summer session, 
1960. 

tablish a feel for the dimensions required to 
support a given mode. 

Initially, one designates in the range of 
interest three frequencies corresponding to 
three lowest possible modes in the box, viz: 

huh and fill. The coordinates of the box 
will determine which frequency is the lowest. 
Three equations of the form 

h1„,12 = , 2/4 [/2/ r2 m 21,0 ,2 + n2/„„.21 

are solved for the xyz dimensions. Here 
ff., is the resonant frequency of mode him, 
c the speed of light and e.„, e„, e, the relative 
permittivities in the coordinate directions 
(taken .-- 10 for the first trial). The observed 
frequencies of a test cavity are now used to 
calculate e.„, e„, and e, which may then be 
used in the expression above to determine 
the dimensions of a new cavity having the 
desired operating frequency. The second 
cavity of the final pair may be designed by 
changing one dimension slightly. If this di-
mension is, say, z, then dx =dy =0 and 
df = ilf/az dz or = eaz .1.s. Since 

0f/az= — (1/4 2/4fe,z3, = — 4f.lfe,z3/c20 

where f is the resonant frequency of the 
cavity before the z dimension is changed. 
For the second cavity the dimensional 
change is generally one or two mils. By re-
stricting the cuts made in the bottle to cer-
tain preferred directions, the effect on the 
mode picture of the ruby anisotropy may be 
minimized. The insert in Fig. 2 shows the 
relation between the box and crystal coor-
dinates for the C axis parallel to the xy face. 
It may be shown that the dielectric tensor 
has the form 

cos20 + e :41120 

sin 20 
--- 41. — e.;) 
2 

sin 29 
-- (el — e 
2 

o 

el sin' 0 + cos'0 0 

0 0 

which for 0=0°, 90° becomes diagonal. For 
90°, el and el= e„= 

A. W. Nm;v 
G. E. FRIEDMAN 

Applied Physics Lab. 
The Johns Hopkins University 

Silver Spring, Md. 

The Sifting Property of 
a Common Function* 

It is well known that the impulse func-
tion 8(t) has the "sifting" property; that is, 

— a)dt = ¡ if(a+) f(a —) 1 ( 1) 

for a function f(1) which has no worse than 
an ordinary discontinuity at t = a. Other 
functions have the sifting property as well. 
One of these is the sin x/x function provided 
f(t) is appropriately bandlimited. 

* Received April 17, 1962. 

Let f(t) be a function of the real variable 
t such that its Fourier transform F(:no), de-
fined by 

F(jc.o) = f J(1) exp (—jult)dt, (2) 
- 

is zero for I col > sr. Consider the integral 

sin 7r(1 — a)dt 
I = f 1(14 • (3) 

sr(t — a) 

/ is in the form of a convolution integral so 
that / is found by raking the inverse trans-
form of the product of the Fourier transforms 
of the factors of the integrand. Letting 4,(jco) 
be the Fourier transform of ( sin trt)/( id), we 
find that 

4(.i0)) = 
= o, 

F(j(0)4.(jco) = njw), 
= 0, 

Then 

1.1 
1 1 
1.1 
1.1 

< 7r 

> rr 

< r 

> 7r. 

/ = f "F( ko),1,(jto) exp (jcoa)dco 
2r 

= f F(n.o) exp (jcoa)dai 
2r 

= (a) (4) 

since, by hypothebis, F(jw) =0 for lull > sr. 
f(t) is assumed continuous at t = 0. 

By a simple scale change, one may get the 
more general formula 

r_."«, sin 7-80 — a)dt 
f(I)   — f(a)/b (5) 

nb(t — a) 

for those functions f(t) whose Fourier trans-
forms F(jcu) are zero for I col > 

I IARRY LI RKOWITZ 
Philco Scientific Lab. 

Blue Bell, Pa. 

A Low-Impedance Maxwell Bridge 
for Measuring Toroidal Magnetic 
Materials from 1 kc to 100 kc* 

A specially designed Maxwell bridge 
(Fig. 1) extends the range of coaxial mag-
netic measurements several orders of mag-
nitude lower in frequency and complex per-
meability. This bridge measures the quan-
tities shown in Table I at frequencies from 
I kc to 100 kc using toroidal magnetic ma-
terials. 

The effect of contact resistance upon the 
measurment is reduced as follows. The Un-
known arm is always closed. To insert a 
sample into this arm, the higher impedance 
product arm, B, and the detector branch are 
opened. 

The unknown arm U (Fig. 1) is a shorted 
section of coaxial line. The product arms are 
special coaxial resistors while the parallel 

* Received May 4, 1962; revised manuscript re-
ceived, May 21, 1962. 
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Fig. I—Schematic of the low impedance Maxwell 
bridge for measuring toroidal magnetic materials 
Irons I kc to 100 kc. 

are compared to data using other techniques 
(Fig. 2). 

The equations for the inductance change 
(AL„) and the resistance change (AR„) due 
to the insertion of a sample into the un-
known arm (' are to a close approximation, 

= AGRARy 

and 

R. = RARIJI:M; — co2.AGA" 

where A refers to the change in a parameter 
with the sample in and with the sample out 
of the unknown coaxial arm U. AC, is the 
capacitance change of the capacitance 
standard, AG is the contluctance change of 
the capacitance standard,' AG0 is the con-

TA BLE I 

Quanta y I Resolution 

Inductance 10 henry 
Resistance 10 1f0 ohm 
Tangent ô 10 

* f = the frequency in kc. 

100:10 
8000 
6000 

Range Accuracy 

10 ,I-10 henry 
10 ^i*-10 •1 ohm 
16 to 

0 Ri MAGNETIC PERMEANETER.rel Nap] 
o DEMOUNTABLE COIL, ref 1.1 
• LOW IMPEDANCE MAXWELL BRIDGE 
COAXIAL LINE 

4 6 8 10 20 40 60 80 re 
FREQUENCY, kc 

(a) 

Fig. 2—Low impedance Maxwell bridge data 
were toroidal ferrite cores. Other types of 
bridge. 

arm is made up of commercially available 
components. The resistance of arm .4 is 0.1 
ohm. The resistance of arm B can be changed 
to 10 ohms, 50 ohms or 100 ohms. The resid-
uals of the product arms are evaluated but 
not compensated. The parallel standards 
arm S (Fig. 1) consists of a continuously ad-
justable capacitor 100 mi.if to 0.10 pf and a 
111,110-ohm resistor with decade steps of 
one ohm. The triple-shielded generator and 
detector transformers ( Fig. 1) are enclosed 
within the bridge itself. Two volts or less 
are applied to the bridge depending upon the 
scu,itivity of the satnple to RI' magnetic-
field strength. Toroidal magnetic materials 
with known inductances and negligible 
losses are used to calibrate the conductance 
changes of the capacitance standard and the 
impedances of the product arms. 

Initial permeability (A') and dissipation 
factor ( tan 8) data obtained using the bridge 
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accompanied by data using other techniques. Samples 
toroidal magnetic materials are inezisurable using this 

ductance change from the resistance stand-
ard R0 RA is the resistance of product arm .4, 
RB is the resistance of product arm B, w is 
the angular frequency, and K is a calibra-
tion constant dependent on the impedances 
of the product arms.' 

The permeability ( p') is calculated using 
the equation, p'=(AL„-I-1..«)//,,„ where L„ 
=the equivalent air inductance of the space 
occupied by the magnetic core. For a core 
of rectangular section with a single turn, 
L0=- 2•10-7h b/a henries where h is the 
height in meters and b and a are the OD 
and ID, respectively. 

The dissipation factor ( tan 6=e/ix' the 
complex permeability being defined as 
et* = 1i — hi" ) is calculated using the equa-
tion, tan 8= àR„/w(AL„-FL„). 

Standard toroidal samples are used to obtain 
these calibration quantities. 

The authors thank W. A. Pittman for 
making most of the measurements and 
0. E. Holz and W. F. Clore for constructing 
the equipment. 

A. I.. RAsxtussEN 
R. C. PowEt.i. 

Radio and Mcrowave Nlaterials Sec. 
Natl. Bur. Standards 

Bottlder, Colo. 
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Spurious Responses in Microwave 
Garnet Devices* 

Above the saturation frequency the only 
troublesome spurious responses that are en-
countered in the design of single-crystal 
garnet resonators are the so-called magneto-
static modes' which are set up by inhomo-
geneities in the exciting RI: magnetic fields. 
It should be noted tha t there are man y appli-
cations where the spurious response is either 
too low in amplitude to cause difficulties or 
else can be tolerated. For eNample, in a 
multituned filter employing .1 series of cas-
caded garnet elements, the slit I riills response 
will generally be too weak to be of impor-
tance. The level of the strongest spurious 
response in a single-tuned filter t•an usually 
be kept at least 20 di) below the main. Then, 
in a triple-tuned structure the spurious re-
sponse will be at least 60 db down and will 
usually be greater than this. This is because 
the spurious responses will generally not 
couple as well as the main." Even for a 
single-tuned resonator the spurious may be 
ignored in some cases. For example, if the 
garnet filter is used as the input preselector 
of a superheterodyne receiver and there is 
only one spurious of consequence which is 
above the main response in frequency (a 
usual condition), then it is enough to choose 
the local oscillator to be below the signal to 
eliminate the undesirable effects. 

In cases where ii is still advantageous to 
meliorate the intensity difference between 
Main and spurious responses, it is necessary 
to consider the size and shape of the garnet 
crystals themselves in addition to the effect 
of coupling on the uniformity of the RE 
fields. Two factors play a role in this: first, 
it is never possible in practice to build RE 
structures that can achieve absolute uni-
formity of field st) that the nommiformity 

*Received May 8, 1962. 
I L. R. Walker, "Ferromagnetic resonance: line 

structures," J. A ppl. Phys.. vol. 20, pp. 318--323; 
March, 1958. 
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the magnetostatic modes," J. App!. Phys., vol. 30, 
supp. no. 4, p. 181S; April, 1959. 
O P. S. Carter, Jr., "Crystal garnet resonators." 
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TABLE I 

(b) 

(e) 

Fig. I-Spurions response as a function of sphere 
diameter at 14.0 kMc. (a) 0.040-in diameter V IG 
ball in a 0.059- in waveguide iris, frequency spread 
larger than that of (b) and (c). (b) 0.045-in 
diameter VIG ball in a 0.059-in waveguide iris. 
(c) 0.050 in diameter VIG ball in a 0.059-in wave-
guide iris. 

"seen" by the garnet crystal will depend in 
part on its own geometry, and second, the 
characteristics of the spurious responses 
themselves are shape-dependent.' 

Some of our recent work with single-
tuned K-band filters using single-crystal 
highly polished YIG spheres has pointed 
this up very clearly. Supposedly identical 
or similar YIG spheres obtained from vari-
ous sources sometimes showed widely dif-
fering spurious spectra ( Fig. 1). Pertinent 
data on four such YIG crystals is given in 
Table I. Of particular interest are the two 
spheres ( nos. 2, and 3) having identical 
diameters but widely differing spurious 
amplitudes. Linewidths and insertion losses 

Sphere 
No. 

Mean 
Diameter 
(2 planes) 

Sphericity 
(2 planes)' 

0.0408 
0.0407 

0.0500 
0.0497 

3i, 0.494 
0.493 

0.0001(1 
0.00005 

0.111)(NO 
O. 00035 

0. 00015 
O. 00005 

4" 0.448 
0.456 

0.00050 
0.00030 

Main Response 

Linewidth 
at 14 gc 

(oc) 

2.0 
± 10% 

Frequency 
(gc) 

Filter Inser-
tion Loss 

((lb) 

13.95 
16.50 

1.4 
± 15% 

13 . 75 
16.45 

1.5 13.75 
±15% 16.50 

3.5 
± 10% 

12.5 
18.0 

2.5±0.5 
2.0 

2.1) 
1.5 

2.8 
1.5 

Band-
width 
(me) 

22 + 2 
30 

30 
45 

31 
53 

2.0 
2.0 

22 
30 

Largest Sieuriousd 

Frequency 
(gc) 

13.85 
17.7 

db Below 
Main 

Response 

11.0 ± 0.5 
10.5 

13.00 
16.8 

13.00 
16.8 

13.0 
17.7 

4.0 
2.5 

8.0 
8.0 

23.0 
16.0 

" Single -V-tal chip purchased; ground and polished at Loral. 
h Polished sphere purchased. 
Difference between maximum and minimum diameters obtained by rotation about an axis in each of two 

perpendicular planes. Probable error is about + 0.018M5 inches. 
il Main spurious is approximately 700 Mc below main in all cases. 

Fig. 2- Response of VIG no. 4 (Table I). 

of both samples were the saine within the 
experimental error. Nos. 1, 2 and 3 were then 
subjected to X-ray diffraction analysis, as 
well as measurements with the GE "gonio-
stat" using a scintillation counter. All were 
found to be single-crystal YIG with no de-
tectable impurities ( lattice constants were 
12.36A + 0.01A). No detectable difference 
between the balls was found except possibly 
for differences in what was believed to be a 
thin amorphous surface layer which caused 
all balls to be poor diffractors of X rays. It 
is doubtful if this layer plays a significant 
role; it is probably associated with the 
polishing operation and its presence has been 
detected by others.' The only significant dif-
ference found between the two 50-mil balls is 
the departure from sphericity of the one 
having the more prominent spurious spec-
trum. The data involving spheres (nos. 1 
and 4), where greater polishing seems to 
enhance the spurious, is believed typical; 
these two spheres were originally part of the 
same crystal, polished for different lengths 
of time. It is conceivable that different sur-
face irregularities effect the coupling be-
tween magnetostatic modes and degenerate 
spin waves dithrently and decrease the 
spin-spin relaxation time by a different 
amount for a particular magnetostatic mode 
than for the Kittel mode [Figs. 1(a) and 2]. 

In general, the magnitude of the spurious 
responses call be expected to increase with 
sphere diameter ( Fig. 1). The most obvious 
reason for this is that the degree of RI: field 
inhomogeneity can be expected to be greater 

R. C. LeCraw (private communication). 

for samples whose physical extent in space is 
greater. However, there is another factor 
that comes into play. Fig. 1(c) shows the 
response of a YIG sphere in a waveguide iris 
of diameter only slightly larger than its own. 
The dense sets of spikes are probably higher 
magnetostatic modes excited by eddy cur-
rents induced in the iris wall and edges. The 
same sphere in a :arger iris gave a much 
cleaner response. (A different structure was 
used to obtain (a), ( b) and (c) of Fig. 1 than 
that used to obtain Table I.) 

R. BLAU 
E. SULLIVAN 
M. SKRILL 

Loral Electronics Corp. 
New York, N. Y. 

A Note on the Radiation 
Resistance and Field 
Strength of a Large 
Loop Antenna* 

Imrie's note' is reviewed with interest 
since ( except for differences in notation) his 
(6) represents a special case of the general 
solution for the "far- field" vector potential 
produced by a circular loop antenna with 
current 

/cos Put,\ 
i(q5, 1) = sin ndtl e 

"Hie general expression, 

A = j"[1.111.12- E, '" el l {ER sin O + 0 cos 01 
4r 

/sin ncA\ 

2n \cos no,/ /cos n4,\ 
.1„(tia sin 0) -I- ( ea sin \sin ttdd 

li• i_r „_,(e,, sin 0) - . I „,,(ed sine)] 
1 

* Received May 7, 1962. 
1 K. S. Imrie. "A note on the radiation resistance 

and field strength of large loop antennas." PRoc. 
IRE. vol. 50. p. 477; April, 1962. 
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has been derived both through an applica-
tion of a limiting process' and a direct inte-
gration process.' The direct integration proc-
ess is based on an earlier work' which 
clearly outlines the use of a power series ex-
pansion in terms of (ekt sin 0) for the deriva-
tion of the Sommerfeld integral expression 
for Bessel functions. 

E. J. M ARTIN, J. 
Midwest Research Institute 

Kansas City, Mo. 

2 II. L. Knudsen. "The field radiated by a ring 
quasi-array of an infinite number of tangential or 
radial dipoles." Paoc. IRE. vol. 41, pp. 781-789; 
June, 1953. 

E. J. Martin. Jr., " Radiation fields of circular 
loop antennae by a direct integration process." 
IRE TRANS. ON AN EN NAS AND PROPAGATION. viii. 
AP-8, pp. 105-107, January. 1960; "Correction," IRE 
TRANS. ON ANTENNAS AND PROPAGATION. vol. A P-R, 
p. 515. September, 19611 

E. J. Martin. Jr., "An Approximation of the 
I lelical Beam Antenna." M.S. thesis, University of 
Kansas, Lawrence, Kan.; 1956. 

Optimum Cross-Correlation 

Radar System* 

Some time ago R. I.. Nlattingly reported 
in a communication' that the conventional 
Dolph-Chebyshev design of linear arrays 
was inadequate in the ru lar case. Ile pointed 
out that if the Iwo-way pallern is considered, 
one obtains the pattern 'P,,( u) where 7',,(U) 
is the Chebyshev polynomial of degree n 
and u = u,, Ms 1111 sill 0 I where 

= phase constant in radians per meter 
1= element spacing in meters 
El=angle measured from the normal to 

the array. 

The constant no is related to the sidelobe 
level p of the pattern T,,( u) by the formula 

P = 20 logh.T„(u0). ( 1) 

Now as Mattingly indicated, the two-way 
pattern P„( u ) is a polynomial of degree 2n 
but is of course mu the desired Chebyshev 
pattern of that degree, 7'2,,( u). Ile recom-
mended that the relation 

T2,,(u) = 27'„2(u) — 1 
(2) 

1 
= 2 (7'„(u) — --)( 7.„(u) ±  1 ) 

Nt2 •t2 

he used to obtain a tu-o-way i)attern which 
is the optimum Chebyshev solution. To do 
this one simply transmits with, say, the 
pattern 7'„(u)— I 1‘ 2 tini receives with the 
pattern T„(u)-1- t, \ 2. The two-way pattern 
is their Pht,du a hich by (2) yields the 
desired ChebyThey solution. Matt-ingly con-
sidered this to be the optimum design for 
the radar case. 

However, with such a system the ter-
minal voltage of the receiving antenna at 

* Received May It 1962. This work was carried 
out under the sponsorship of the Wright Air Develop-
ment Center, Contract AF33(616)-6079. 

R. L. Mattingly, " Nonreciproral radar anten-
nas, PROC. IRE, vol. 48, pp. 795-796; March, 1960. 

angular frequency to and time I will be 

FR(/, u) = Re T.2„(u)ei"" (3) 

where Re indicates "the real part of .. 
If the usual square-law detector is used in 
the receiver the system output will be 

Pm(u) = n„ (u). (4) 

This represents an improvement over the 
conventional Dolph-Chebyshev system 
whose output is 

P(u) = T,,4(u) 

but again the result is not in the form of a 
Chebyshev polynomial. Ideally we would 
have the output given by 

P0( u) = T,,, (u). (6) 

Such a pattern is not realizable with con-
ventional antennas but can be obtained if a 
cross-correlation antenna system is used. 

Consider the system shown in Fig. I. 
The transmitter signal is divided into two 
equal parts and one part is shifted in fre-
quency front co to to + col. with Lt./ ' Lt/i. Then 
the two signals enter an aperture- weighting 
network whit-h determines the transmitting 
patterns of the system. The t wi j distinct 
transmit ted signals are 

vn ti. y) = Re .4u(u)e'' 

and 
vr2(I, u) = Re .12(u)elt"'-'-''" (7) 

where A i(u) and .12(u) are the field strength 
patterns of the two coincident antennas. 

- ARRAY 

IT' II 111-'4 11 
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Fpu I 

Fig. I —Cr•Is•--cotrelation radar system. 

When the system is in the receiving state 
there are two more distinct outputs with 
associated patterns /3,(u) and 139(u). One 
of the signals is tagged with the modulation 
frequency 3w i. Then the two outputs in the 
presence of a single target in the u direction 
are given by 

u) 

= Re 1(Adu)  

and 

u) 

= Re{ (A t(u) :12(u)em9B2(u)ei'll. (8) 

If these two voltages are multiplied and the 
low-frequency part is fed into a synchronous 
detector along with a reference signal at 
frequency 2w1, then the system output can 

be shown to be proportional to 

= Re ,41(u).-12*(u)Bdu)B,*(u) (9) 

where * indicates the complex conjugate of 
the quantity. 

In particular if we let 

At(u) = T,,(u) ± (4 -F ) (10) 

.1 2(u) = 7(ii)— 1 )11 2 (11) 
2•%/2 

Bi(u) = T„(u) — ( i ± --1- - r 2 (12) 

/3,(u) = l',,(u) — ( 4 — 2-%/21—) 2 (13) 

it can easily be shown that except for a con-
stant factor 

P,-) u) = Po(u) = T,„(u). (14) 

This is the oplinium power pattern for the 
radar case in that for a given beamwidth it 
has the smallest sidelobes. A quantitative 
analysis of the three types of patterns 
showed that for large arrays (n > 10) and 
for identical beamwidths n-teasured to the 
tirst null, the Mattingly pattern had a side-
lobe improvement with respect to the con-
ventional pattern of about 5 or 6 db while 
the correlation pattern's improvement was 
about 7 or 8 db. This is shown graphically in 
Fig. 2 where the improvement is plotted as 
a function of the sidelobe level of the con-
ventional Dolph-Chebyshev array. In both 
cases improvement is greater when the 
original sidelobe level of the conventional 
array is high. 

„.  
CONVE.T.0.1. DOL.•CmEll•SMEW SIDELOel LEVEL IN 08 

-40 

Fig. 2 Sidelobe level improvement , if the Mattingly 
and cross-correlation radar patterns as a function 
of the conventional Dolph-Chebysliev sidelobe 
level. 

This correlation SVS1(911, it should be 
noted, involves one munip/icative 
operation. Consequently it is linear in aver-
age power when the various target returns 
are it incoherent. Letting the aver-
age power reflected by the targets be given 
by the distribution Q(u), the system output 
in their presence is 

R,(u„) = Re f Q(u).4 1(u — u.)A2*(u — u.) 

131(u — uJ132*(u — u,,)du (15) 

where u, corresponds to the antenna beam 
direction. The corresponding output from a 
conventional system employing square-law 
detection is 

R(u,,) = f Q(u)I A(u — u,,)1 4du (16) 
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where A(u) is the voltage pattern of the 
antenna. If the reflections are mutually co-
herent they can be represented by the com-
plex function q(u) which gives their ampli-
tude and phase at the phase center of the 
antenna. The correlation system's output 
in this case is 

R,.(u„) 

= Re f q(u)A i(u — u„)Bi(it— u„)du 

fq*(1)A2*t:v — u„,)132*(t, — u„)dv (17) 

and in the conventional case 

R(u) = f q(u).4 2(u — u„)du 12 (18) 

which in reality is just a special case of the 
correlation radar system which results when 

ROBERT H. MACPHIE 
Elec. Engrg. Dept. 

University of Illinois 
Urbana, Ill. 

An Interesting Black Box Problem 

Solved by a Noise Measurement* 

Shown in Fig. 1 are two linear circuits 
encased in two black boxes A and B. If R, L, 
and C are ideal in the sense of energy dissi-
pation and energy storage, can we devise a 
terminal measurement which would uniquely 
determine which circuit is in which box? 

The impedances of both circuits are 
equal to R.. Hence, no transient or steady-
state measurement would solve the problem. 
However, below we have solved the problem 
by a "gedankenn measurement which uti-
lizes the different noise properties of the two 
circuits. 

In particular, let us separately place a 
battery in series with an inductor' across 
each pair of terminals and measure the rias 
noise voltage at each terminal pair. We shall 
now show that the two circuits have differ-
ent output voltages due to unequal heating 
in the circuit enclosed in box A. 

The capacitor in box íl presents an open 
circuit to the battery and similarly, the 
inductance looks like a short circuit. There-
fore, the battery current will flow through 
R„ but not through Ri,. Thus, R„ in box A 
will heat the same as R. in box B. 

At some moment of time after the batter-
ies have been placed across the two pairs of 
terminals, the resistors R and Ro will be at 
a temperature 7.1, and Rh will be at a tem-
perature T2 <1.1. Assuming that the re-
sistances do not change in value, then the 
noise spectral densities, G,, 2 of boxes A and 

*Received May 10. 1%2. 
To enable us to make an open circuit noise meas-

urement. 
J. C. Hancock, An Introduction to the Princi-

ples of Communication Theory," McGraw-Hill Book 
Co.. Inc.. New York, N. Y.; 1.961. 

Box A 

Ro 

_J 

— — — — — 

R = R = R , 7 

1 

_J 

Fig. 1—Two black boxes encasing two 
different linear circuits. 

B are, respectively, 

[ 0'7'2 (1/RC)271 
(a.)5„5 A = 2kRo , (1) 

-1- (1/RC)2 

and 

B = 2kRun. (2) 

Taking 7.2 = ni T1, where 0 < ni < 1, we 
can rewrite (1) as 

(Gr)so. A 

(1 — m)0,2  

RC)2 
2kRun — 2kRuTi [---/ ]• (3) 

(1  

The second term on the RHS of ( 3) is 
positive, but less than 2k/tilt. Hence, 

O < (Ge.)130x A < (Gr) = 2kRun. (4) 

Thus, we have developed a measurement 
which solves our black box problem. 

R. B. GOLDNER 
Dept. of Elec. Engrg. 
Mass. Inst. of Tech. 
Cambridge, Mass. 

Electron Ray Tracing* 

Classical ray-tracing methods' do not 
yield correct position nor angle, even in a 
region of constant field. A method without 
this fault is proposed. 

Let V, and V„.f.i be two adjacent equipo-
tentials. Let P,,, N,, and 0,, be the point of 
incidence, the normal to V„ at P„ and the 
angle of incidence respectively, of the ray 
entering V„. ( See Fig. 1.) 

*Received May 8. 1962. 
O. Klemperer, "Electron Optics," Cambridge 

University Press, New York, N. V.; 1953. See Circle 
Method, Parabola Method, Trigonometrical Method, 
etc. 

Along the incident ray, lay off A P„ and 
use it as one unit. Project A onto N„ to ob-
tain point B. With B as a center, draw an 
arc of radius •VIT/ V„ and let this arc 
meet with the parallel to N„ through A, 
at C. Project C onto N„ to obtain D. Extend 
line DC to E, so that DC= CE. Join EP„ to 
meet V„,1 at Then the point 1"„ +i is 
the first estimate of the point of incidence at 
Vu+1. The first estimate of the angle of inci-
dence, is equal to the angle CBD. 

Let the angle between N„ and N„ be a. 
(See Fig. 2.) Lay off GP„,..' = DB — BP.. 
Construct HG_I_GP'„ ÷a 

Fig. I. 

Fig. 2. 

Let P„4.1 and 0,,-st be the modified point 
of incidence and the angle of incidence, re-
spectively. P„,1 can be obtained by the tri-
angle EDP„ with the vector HG added to 
the side DE to replace DE. Similarly, for 
0„.0, HG is added to the side DC of the tri-
angle CDB to replace DC. 

In a constant field region, the unprimed 
values are the same as the primed values 
since 45 is zero. Furthermore, the estimate 
yields correct values for both the point of 
incidence and the angle of incidence at 
This is so since the triangle EDP„ is propor-
tional to the effective velocity vector dia-
gram of the ray passing from V,, and 
since the triangle CDB is proportional to the 
final velocity vector diagram of the ray at 
V,,,.. 

In a nearly constant field, /5 is not zero. 
To see that the ulprimed values are better, 
note that the triangle HG!",, is propor-
tional to the final incremental-velocity 
vector diagram of the ray at V„.o. Accord-
ingly, O„,a is the angle of incidence of the 
ray at V„ Also, P„,4 is better than I",, ,.i 
since it is reasonable to assume a linear varia-
tion of the velocity component transversal to 
N„. Or, an effective transversal velocity 
component of IHG can be assumed. 

R. H. LEE 
Automet tic Corp. 

Paramount Building 
New York, N. Y. 
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Interesting Behavior of VA-99 as a 
Millimeter- Wave Amplifier* 

The purpose of this communication is to 
report interesting behavior of a reflex 
klystron VA-99 when this is used as a milli-
meter-wave amplifier. The VA-99 amplifier 
indicated the highest gain and the lowest 
noise among all reflex klystron amplifiers 
ever tested at millimeter wavelengths. 

The schematic diagram of the VA-99 
amplifier test circuit is shown in Fig. 1. The 
amplifier circuit consists of a VA-99 reflex 
klystron, an 11-plane tee and two El I t utters. 
Waveguide switches were used in measuring 
the insertion gain of the amplifier. The iso-
lator and buffer attenuator were used for 
stabilization. The output of the circuit was 
observed by a kW-T R- I31 millimeter- wave 
superheterodyne receiver. 

The VA-99 amplifier indicated rela-
tively high gain and wide dynamic range at 
relatively high signal levels. Most reflex 
klystron amplifiers that were tested indi-
cated saturation at about - 30 dbm-input.' 
The VA-99 does not saturate even at - 10-
(11)111 input IFig. 2(a ) 1. 

When the amplifier was adjusted for 
low-level input, it had extremely high gain 

25,-44.9 (lb, Fig. 2(b)1. The band-
width of the amplifier was approximately 30 
Mc at high gain. 

The kW-T R-BI receiver output is shown 
ill Fig. 3 with the sweep voltage applied to 
the horizontal axis. The bottom left is the 
input signal ( - 64 (Ibm) and the top left is 
the output ( - 41 dbm) of the VA-99 ampli-
fier ( 23 (lb gain). The middle left in Fig. 3 
shows the coexistence of oscillation and 
amplification at different frequem ies liv 
improper adjustment of repeller. voltage. If 
supply voltage and circuit are poorly ad-
justed, reflex klystron amplifiers are noisy: 
proper adjustment and the right choice of 
tubes can make them very quiet2." as shown 
in Fig. 3. 

Without the amplilier the input signal 
was decreased until it ( malty disappeared as 
shown in the bottom right ( Fig. 3). When 
the VA-99 amplifier was in front of the RWT 
R- I31 receiver, the signal could be clearly 
seen as shown in the top right ( Fig. 3 ). Using 
the amplifier, the RWT R-131 receiver de-
tected signals approximately 20 db below its 
tangential sensitivity. The tangential sensi-
ti‘ ity of the VA-99 amplifier itself could not 
lit measured because of the R\VT R- B1 re-
ceiver noise. 

As Ishii predicted".' and Brown ex-
plained,, this rellex klystrini did not gener-
ate much noise as is seen at 1lie right in Fig. 
3. Hie noise figure in this case was estimated 
at less than 5 di:. The noiselessness of this 

* Rect.' ve ‘ I NLiN 9, 1962. "fhis research ti-tus partly 
suinorted by a Frederick Gardner Cottorell grant to 
Marimette I Iniversity, Milwaukee. \Vis. 

K. Ishii, "On use of reflex klystrons for micro-
wave and millimeter waves," Pror., vol. 16, 
iir». 744-752: 1960. 

, Ishii, "Noise figure of reflex klystron amplifiers," 
IRE TRANS. 1/N M ICROWAVE THEORY AND TECH-
IQ!'ES, Vol. Nrr-r 44, pp. 291- 294; May, 1960. 

K. Ishii, " Impedance adjustment effect on reflex 
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Fig. 2— Input-output relations of VA-09 amplifier. 
(a) Iligh-level characteristic. (b1 Low-level 
characteristic. 

Fig. 3— Input and output display of VA-99 amplifier 
at 73.39 kMc. Va = 2200 v. Top left: Amplified 
output ( — 41 dbm). Vr = —319 v. Middle left: 
Oscillation and amplification. Vr = —314 volts. 
Bottom left: 1111ot ( — 64 dbm). Top right: 
Receiver output wit li VA-99 preamplifier. Bottom 
right: Receiver output without VA-90 preamplifier. 

VA-99 amplifier is shown in Fig. 4. The top 
of Fig. 4 indicates the output of the Rw-r 
R- 131 receiver when its input is terminated. 
The bottom of Fig. 4 indicates the sanie 
output when the VA-99 amplifier is con-
nected in front of the RWT R-BI receiver. 
The VA-99 preamplifier had 26-db gain 
with its input terminated. 

Fig. 4 Noise output of RWT R BI superheterodyne 
receiver without ‘'A-99 preamplifier (top) and 
with VA-99 preamplifier (bottom). 
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A New Method to Find the Roots 
of a Fourth- Order Equation* 

The roots of the fourth-order equation 

f(z) = zi -F tz 4- A o (1) 

are known when the factorization 

f(z) = z2 yiz .r, y2z .r2) (2) 

is known. The coefficients itt t are assumed 

to he real and cunisequently the c:teiticients 
Yi . s alld X1.2 itt ( 2 ) are real, however as yet 
unknown. Depending on the polarity of the 
discriminants 

= _Vt2 — = 1 and/or 2), (3) 

(1) has either 

(a) two pairs of conjugate complex roots 
(d; <0) 

(b) one pair of conjugate complex roots 
and two real roots (d, <0, d2>0) or 

(e) four real roots (d1 >0), where no pairs 
are defined. 

If one or both discriminants are zero, f(s) has 
double roots. 

Consider now the third-order equation 

= - 021' + - Ou. = 0 (4) 

* Received May 10, 1962. 
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which can be factorized as 

0( 17) = - 11)(P - ao). (5) 

In (4) the coefficients are also assumed to 
be real and consequently the coefficients ao 
and a, in ( 5) are real. We make (4) depend-
ing on ( 1) by defining 

Ou = A 3(A tr12 - 3.4 - A 12 (6a) 

01= A22+ AiA2- 4.4 0 (6h) 

02 = 2.4 2. (6c) 

Depending on the polarity of the dis-
criminant 

= ala - 4a0 (7) 

(4) has in addition to the real root Y, either 

(a) a pair of conjugate complex roots 
(8 < 0) or 

(#) two real roots Y2 and Y3 (3>0). 

It may also have a double real root ( 0=0). 
It can be proved that if f(z) has the 

above property (b), then 0( Y) has the 
property ( a) and its real root is 

Vl = YIY2. (8) 

On the other side, if f(z) has either the 
property ( a) or the property ( c), then 0( Y) 
has the property ( 0) where all three roots 

1'2 and Y3 are real. Depending on the 
polarity of the differences 

= A32 - 41'; (i = 1, 2, 3) (9) 

f(z) has the property ( a) if only one of the 
differences is positive. This one is identical 
with the product yiy2 and has to be labelled 
as Y, according to ( 8). Eq. ( 1) has the 
property ( c) if all the differences are posi-
tive. In this case any of the real roots of 
0( Y) can be identified with the product yiy2. 
A real root of ( 4) can be found in first 

approximation by using a power table in 
evaluating 0( I') for real numerical values of 
the variable Y in ( 4). The result can be 
brought to any d*iired accuracy by the well-
known Newton Formula which is schema-
tized in Horner's method. This root is called 
Y, in ( 5). With the linear root factor also, 
the quadratic residue polynomial in ( 5) is 
known. If b defined in ( 7) is negative, the 
product yiy2 is known .aready. This product 
is also already krown if 15 and all the differ-
ences in ( 9) are positive. If ô and only one 
of the differences are positive, we have to 
make sure that the correct root is labelled 
as Y, = y0.2. 

By the identity of ( 1) and ( 2) 

yr + y2 -= A3. (10) 

Eq. ( 10) and the correct definition of Y, 
according to ( 8) yield 

2y, = .-12+ V .432 - (11a) 

2y2 = A3 VA32- 41'1. (11b) 

It can be shown that the two other co-
efficients in ( 2) are 

via - A3y:2  + A2yi - A 
= (12) 

2vi - 213 
with i = 1 and/or 2. 

cients known by (6a, b, c) and its variable 
defined by ( 8). The further computation of 
the coefficients in ( 2) and of the actual root 
locations is a triviality. The technique seems 
to be remarkably easy. The method also 
works if f(z) has double roots. The infor-
mation given in this letter is sufficient to 
apply the method. Its derivation and proofs 
have recently been published by the author.' 
The content of this communication is one 
result of a root-finding technique for high-
order polynomials on which the author is 
working at the present time. In his opinion 
it is worthwhile to be precommunicated. 
Here are three illustrative examples. 

Example I 

Problem: 

f(z) z* - za - 7z2 - 13z + 4 = 0. 

We derive 

0(Y) = + 14 12 + 46 I' + 264 = 0. 

A real root of 0(Y) has been found 
to be - 12. Therefore 0( 1') = ( Y+12)• 
( 172+2 Y+22) with 6=-1-88 < 0, and hence 
0( Y) has the property ( a) and f(z) has the 
property ( b). We identify immediately 
Y, = - 12 = y,y2. By ( 11a, b), we find yl =3 
and y2= -4 and by ( 12), x, =4 and x2=1. 

Example 2 

Problem: 

f(z) = z4 + z3 + 2z2 - z + 15 = 0. 

We derive 

0( 1') = 1'3 - 4 l'a - 57 I" + 18 = 0. 

A real root of 0( Y) has been found to be 
approximately +0.31. Hence 

0( 1') = ( I' - 0.31) ( 2 - 3.691" - 58.1) 

with 0=13.62 + 232.4 > 0. Therefore 0( Y) 
has the property (f3) and f(z) has the 
property (a) or ( c); which one has to be de-
cided by first solving the square equation 
1'2-3.69 Y-58.1 = 0, and then by investi-
gating the differences defined in ( 9). We find 

0(Y) = ( 1" - 0.31)(Y + 6)(1' - 9.7). 

Only l', = -6 yields a positive difference 
and therefore f(z) has the property (a). We 
proceed as in Example I. 

Example 3 

Problem: 

f(z) = za - 2z3 - 13z2 + 14'; + 24 = 0. 

We derive 

0( = V3 + 261'2 + 451' - 72 = 0. 

A real root of 0( Y) has been found to be 
+1. Hence 0( Y)=-( Y- 1)( 12+27 Y+72). 
The roots of the residue square factor are 
-24 and - 3. The discriminant of this factor 
is 0=729 - 288>0, 0( Y) has the property 
(e) and f(z) either the property (a) or ( c). 
The differences (9) are 

• = 4 - 4 = 

[12 = 4 + 96 = 100 

• = 4 + 12 = 16. 

The problem of finding the factorization 
(2), according to the described method, I K. H, Haase, "A New Method of Finding Roots 
essentially boils down to the problem of oz ic,ournrii)ZederRie',01iLlisial Coefficients." 

finding one real root of ( 4) with its coeffi- No. AkRI,-g62-44;'.Januar. 1962. Rep 

The difference ,3,1 has to be counted as posi-
tive since the two others are positive and 
hence f(z) has the property ( c). No matter 
which one of the three real roots of 0( Y) we 
identify with yiy2, we always get the result 

f(z) = (z + 1)(z - 2)(z + 3)(z - 4). 

KURT H. II AAsE 
Electronics Research Directorate 
AF Cambridge Research Labs. 

Office of Aerospace Research 
United States Air Force 

Bedford, Mass. 

Systematic Matrix Inversion by 
Signal-Flow Graph* 

Signal-flow graphs, since their first official 
appearance,' have resulted in a large num-
ber of papers giving elegant solutions to a 
number of problems involving systems of 
linear ( differential or not) equations. In this 
case, the usefulness of flow graphs is based 
on greater human ability to identify and 
compute on patterns rather than to apply a 
pure algorithm. 

Recently Leibowitza has exposed the 
simple case of multiplication of second-
order matrices with the help of flow graphs, 
this help being, however, minute since 2nd-
order matrix niultiplication is not a draw-
back for human limitations in applying 
rotes or algorithms. The method exposed in 
Leibowitz's paper can, of course, be applied 
to a number of nth-order matrices, but the 
drawing complexities-crossed lines-will 
by no means facilitate the calculus for an 
engineer, even though he is fluent in flow-
graph techniques. 

The numerical inversion of a matrix is a 
pebble in almost every engineer's shoe. For 
flow-graph-minded people, what follows can 
be of some help in this respect. 
A system of n-linear equations can be 

written as 

(1) 

with 

x = nX1 column matrix col (xi, x2, " • x.i) 

y = n X1 column matrix col (y,, y2, • • • y,.) 

.4 A [ow] = ItXtt matrix, i, j = 1, 2 • • • n. 

If A is a nonsingular matrix, the solution for 
y is. 

y = (2) 

In flow-graph ternis, to solve system ( I) 
corresponds to finding an equivalent system 
in which the xi variables play the role of 

* Received April 30, 1962. 
S. J. Mason, "Feedback theory-some properties 

of signal flow graphs," Pgoc. IRE, vol. 41, pp. 1144-
1156; September. 1953. 
 , "Feedback theory- further pr,u,erties of 

signal flow graphs," Pttoc. IRE, vol. 44. pp. 920-926; 
July, 1956, 

2 M. R. Leibowitz, "Visual matrix multiplication 
by flow graph," Pgoc. IRE (( orrespondence), vol. 50, 
pp. 211-212; February, 1962. 
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sources while the yi are, at least, sinks. This 
is easy if we consider the two equivalent 
forms cf the same algebraic expression 

and 

Xt = all)'! ai2Y: • ' • + 

ai2 
= — YS 

(3) 

+ • • • + (— ( 4)auif 

or the equivalence of their corresponding 
flow graphs: 

Yn 

Flax graph of (3). 

11 

Yn 

Flow graph of (4L 

When representing the linear system of ( 1) 
by a flow graph, cr;.; will be the gain between 
node xi and 

The inversion of a second order matrix 
can be seen in Figs. 1 and 2. 

By direct inspection ( see Mason') of the 
flow graph in Fig. 2, and using Mason's no-
tation, we obtain 

cri2a2t 
z. 1 — ---

aita22 

1 

aii 
= — 
A 

1 [ 

0(21 

au Ian 

0(12 

al es.: 

1 

(222 

For the inversion of a 3rd-order matrix 
[ail with (i, i -= 1, 2, 3 we refer to Figs. 3 
and 4 where ag.tin by inspection we can ob-
tain and A-- i. 

An importa ut observation is that by in-
serting, in the triangle yi, y, y3 of Fig. 4, ex-
actly this same figure (reduced in scale) de-
fining a new relation 

z 

we hind that the resultant flow graph is the 
flow graph of the inverse of the product of 
Iwo Matrices.1 and B 

z = 13 i. = 113 -1 .4 -'k= 1.1BP.L. 

Note that there will be no crossed lines in 
this resulting thin- graph, which is an ad-
vantage when identifying the closed loops. 

This last example ;vas just for the love of 
art. Fig. 3 is not needed, since from the very 
beginning of this paper, [( 3) and ( 4)i, it is 
obvious that the inverse-matrix flow graph 
can be directly drawn with each y; receiving 
a "contribution" of 1,/a,.; from .r; and of 
(—otiilaii) from each other y;. 

Fig. I t- = Ay, 

Fig. 3 Ay. Fig. 4 y = A 'r. 

X2 

Fig. 5- Modified flow graph of the inverse of a Sth-order matrix. 

By using this observation we can easily 
obtain the general Ant. graph of 1/ir inverse of 
an nth-or& r matrix. This is exemplified in 
Fig. 5, where the nodes yi ( i 01) have been 
substituted by circa inferences. 

A .5th-order matrix is taken to illustrate 
this new method of drawing a flow graph. 
In this figure, the beginning or end of 
branches is represented by a heavy dot. 
Other crossings have no mean. 

X, 

This particular way of drawing a signal-
flow graph is crucial for our aim of simplify-
ing the "reading" of a flow graph, since all 
the closed loops are now recognized as closed 
path contours of sectors ( like A013, DOF, 
etc.) and ring sections ( like ABCD, AEFD, 
etc.). 

JEAN-l'AUI. JAColt 
IBM Nordiska I,ab. 
Stockholm, Sweden 
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A DC-Pumped Amplifier Using 

Space-Periodic Magnetic Field* 

The dc-pumped cyclotron-wave amplifier 
described by a number of atithors 1-1 ampli-
fies the fast cyclotron wave in a periodic 
electrostatic quadrupole array. The quad-
rupole field introduces coupling between the 
positive-energy fast cyclotron wave and the 
negative-energy slow cyclotron wave, result-
ing in exponential growth and, therefore, 
amplificat ion. 

In addition to thi, mechanism there are 
basically two other possible de-pumping 
schemes for transverse waves, eat-h illy( dying 
interaction between one posit ive-eliergy 
yvave and one negative-energy WaN"l't listed 
below.' 

Waves Coupled 
in the dc Pump 

Cyclotron-
Cyclotron 

Cyclotron-
Synchronous 

Synchronous-
Synclirt ))))) us 

dc Pump Structure 

Periodic electric or magnetic 
quadruPole' 

Peritglic electric or magnetic 
Eels of rotational symmetry 

Straight electric or magnetic 
quadrupoles 

Bass 5 has descriUed an it based 
on the second pumping scheme, involving 
cyclotron-synchronous coupling by means 
of a pump consisting of an electrostatic 
ring system. This communication describes 
the basic features and experimental results 
of a similar amplifier using a magnetostatic 
pump. 

As shown in Fig. 1 the input atul output 
couplers are of the Cuccia type. The pinup 
consists essentially of an array of live kovar 
disks introducing a ripple on the a \ial mag-
netic field. I'mvided the periodicit y equals 
the cyclotron wavelength, the ripple intro-
duces cumulative (-omitting between the fast 
cyclotron signal wave originating front the 
input coupler and ill... appropriate synchron-
ous wave. The resulting amplitude growth is 
illustrated in Fig. 2. showing the trajectory 
of 4111 illdiVidUal electron] in the pump field. 

If : 1,, r. a in I IJ. represent the 
wave amplitudes of the fast cyclotron wave 
and the syncrronous wave In-fore and after 
the pump, ruspectively, the interaction is 
described by the following relations:' 

.111 = cosh es: a:. ( 1) 

= . 12' cosh a:- . 11 shill a: (2) 

where az=7/A., 11, /2 Bo. The relative ripple 
is Bi/B,, and the number of cyclotron 
wavelengths in the pump is .V„, in our case 

* ReCeiVell NI,L 2T, 1062; revised manuscript 
received, June 15, 1962. 

, E. I. Gor,lon, "A transverse field traveling-wave 
tube," Plow. IRE Worresbondrusel. vol. 48, p. 1158: 
June, 1060. 

E. Siegman. "The de-pumped quadrupole 
amplifier a wave anWN;sis," Puoc. IRE, vol. 48, 
pp. 1750 1755: October, 1960. 

J. C. Bass and M. G. F. Wilson, "Cyclotron wave 
interaction in spatiallv periodic electrostatic quad-
rupole fields." 4. Elec.b.onics, vol. 11, pp. 125-144: 
August, 1961. 

+ K. Blittekjger and T. Wessel- Berg, "Some aspects 
of cyclotron-wave amplfication in time-periodic and 
space- periodic fields," Record Internat.! (-mtge. Micro-
71,IPe Tubes, Munich, Germany, June, 1060, Friedr. 
Vieweg. and Sohn, Braunschweig, pp. 372-382: 
Germany, 1961. 

, J. C. Bass, " Microwave amplification in electro-
static ring structures," Puoc. IRE (Correspondence). 
vol. 49, pp. 1424-1425; September, 1961. 
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3 ((OVAR DISKS 

INPUT CUCCIA COUPLER 

Fig. 1 - -Cross section of the de-pumped amplifier. 

Fig. 2—Trajectory of an electron in the pomp. 

131/B0=0.209 and N, = 5. Hence az= 1.64, 
yielding a theoretical electronic gain of 8.5 
ilk The tube was operated at 28 V and 
0.4 ma beam current at a frequency of 730 
Mc. Fig. 3 shows the measured sonall-signal 
gain plotted vs frequency. The agreement 
with theory is good. 

Saturation, which occured at 0.7-mw RI' 
power at 9-mw de beam power. was not 
caused by beam interception which varied 
only a few per cent up to fall saturation. 

Undesired beam expansion and inter-
ception ill the pump structure were avoided 
by means of a special focusing scheme which, 
in principle, can be applied to any dc'-
pu ni  tubes, but not to RV-pumped tubes. 
The principle is based on the fact that the 
relation between output and input ampli-
tudes is given by ( 1) and ( 2) for all signal 
(regencies from zero to infinity. 111 particu-
lar, by considering the beam as made up of 
an assembly of li Ionien tars beams carrying 
waves of zero frequency, the beam expan-
sion in the pump is described by the sanie 
set of equations, provided space-charge 
forces are small. By using a dc beam charac-
terized by A'+.1 2 = 0, (1) and ( 2) reduce 
to 

.4 1° = Amiea' .42" = (3) 
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Eig. _I Experimental and theoretical 
gain plotted vs frequency. 

Under these circumstances the beam cross 
section decreases exponent lily with z. The 
required condition is satisfied by a dc beam 
in which the individual electrons rotate in 
circles intersecting the axis; the beam is 
therefore hens is scalloped. This was ob-
tained by haying zero magnetic flux at the 
cathode and beam space charge considerably 
below the Brillouin value. The correct phase 
between A' and ...11 was obtained by locat-
ing the maximum beam scallop at the 
entrance to the pump structure by means of 
the dc voltage. The focusing action could 
be verified by observation of the intercepted 
current which was negligible at the correct 
scallop position. 

The suggested focusing method can, in 
principle, be applied to all types of dc-
pumped tubes by providing the correct type 
of dc beam, ant; possibly help I'vercome un-
desired beam expansion which is one of the 
major obstacles in obtaining high gain in 
these tubes. 

T. WESSEL-BERG 
Microwave Laboratory-

Stanford Universit).. 
Stanford, Calif. 
K. Bi.i.irEKJ.F.R 

Norwegian Defense Research Estab. 
Bergen, Norway 
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A New Precision Low-Level 

Bolometer Bridge* 

Reisener and Birxt have presented an 
interesting method for the measurement of 
low-level RF power. I have been using an 
alternative system which I believe has some 
advantages over that described. The block 
diagram is shown in Fig. 1. 

The method employs as the reference 
power a 1-Mc signal modulated by a square 
wave at a suitable audio frequency. The 
reference signal is fed to the bolometer in the 
off-periods of the unknown power which is 
chopped by the same square wave in anti-
phase. Power measurement is effected by 
adjustment of the level of the 1-Mc signal 
to achieve a null on the output meter at 
which setting the unknown power equals the 
1-Mc reference power. The 1-Mc power is 
very easily found from a knowledge of bolom-
eter resistance and 1-Mc applied voltage. 

Reisener and Birx use a dc pulse in place of 
the 1-Mc pulse used here. This makes neces-
sary a bridge circuit which is not required if 
an RF reference is used. The bridge circuit 
is needed to discriminate between the square 
wave of reference power which is used to 
maintain the bolometer resistance constant 
and the square wave at the same frequency, 
which exists due to modulation of the bolom-
eter resistance at unbalance and which 
contains the information necessary to bal-
ance the unknown and reference power. 

As a detector of small powers the bridge 
circuit is less sensitive than that shown here. 
This can be seen by reference to equivalent 
circuits [Fig. 2(a) and ( b)] where 

I = Bolometer bias current. 
= Change in bolometer resistance 
due to RF power. 

=Nlean-square-noise voltage of re-
sistance R. 

VNB =Nlean-square-noise voltage of 
bolometer. 

VNA2 = Mean-square-noise voltage of am-
plifier referred to input. 

RL = Resistance presented to the cir-
cuit by the amplifier. 

If, as is the case in practice, Ri,»R».1/?, 
then for Fig. 2(a) 

P.A., V Se ± 31' NU2 4r.vA2 

for Fig. 2(b) 

P„1,,  (/.11?)2 
  oc 
Psoh,e 1'2» ± 

The bridge method is as sensitive as the RF 
injection method only in the extreme case 
where bolometer noise swamps all other 
noise. The RF injection method is likely to 
show the greatest advantage in sensitivity 
when cooled and evacuated bolometers are 
used. The smallest quantity of power which 
can be measured with a given accuracy is, 
of course, proportional to the minimum de-
tectable power. 

* Received May 21, 1962. 
I W. C. Reisener and I). L. Birx, "A new precision 

low-level bolometer bridge," Paoc. IRE, vol. 50, pp. 
39-42; January, 1962. 
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The RI: injection system also eliminates 
a major practical difficulty of the bridge sys-
tem, viz., that to achieve balance a small 
differential signal ni ist be amplified by the 
ac amplifier in the presence of large signals 
appearing on both inputs in phase. 

The effective time during which bolom-
eter drift can introduce an error is the 
square-wave period for the RF injection sys-
tent, whereas for the bridge system it is the 
delay time of the dc servo amplifier, which 
is significantly longer. 

The measurement system of Fig. 1 suf-
fers two drawbacks. First, three meter read-
ings are required to determine power after 
a null has been obtained. Second, long-terni 
drifts may affect the bolometer match to the 
unknown power. These disadvantages can 
be eliminated as shown in Fig. 3 by the addi-
tion of a bridge and servo system for the 
bolometer bias supply which is used solely 
to maintain the bolometer resistance con-
stant over periods which are long compared 
to the square-wave frequency. A match to 
the unknown power is thus ensured during 
the whole of the measurement process and 
since the bolometer resistance is fixed the 
only meter reading required once a null has 
been achieved is that of 1-Mc voltage. The 
parallel resonant circuit in Fig. 3 isolates the 
bridge front the remainder of the measure-
ment circuitry at the square-wave fre-
quency and thus in no way affects sensi-
tivity. 

In practice the simpler system has func-
tioned adequately for laboratory use and the 
extra complication of a bridge and servo 
loop has not been found worthwhile. 

Q. V. DAVIS 
Royal Radar Establishment 

Malvern, Worcestershire, England 

An Unexpected Effect in an Experi-

mental Transverse Wave Tube* 

The present letter is concerned with a 
rather surprising effect observed in an ex-
perimental tube designed to study magneto-
static pumping of cyclotron waves. The tube 
employs two parallel-plate couplers ( Cuccia 
couplers) separated by a metallic drift tube 
of 59-mm length and 2.6-mm inner diameter. 
The tube was intended for investigation of 
periodic magnetostatic pump structures ap-
plied external to the drift tube, which is 
part of the vacuum envelope, but the effect 
discussed here was observed while carrying 
out preliminary tests in the absence of pump 
fields. The theoretical transmission loss due 
to circuit losses in the resonant couplers was 
one-to-two db, which in general agreed well 
with the measured Nralues. However, under 
certain circumstances gain was observed 
and when the conditions were optimized, 
gain in excess of 30 db was obtained. An 
experimental gain-vs-frequency response is 
shown in Fig. 1. The dc potential of the 
couplers and the drift tube was 25.5 volts. 
The collector current was 600 'AA and the 
drift-tube current 140 et.A. It should be 
pointed out that gain was also observed with 
no current intercepted on the drift tube. In 
Fig. 1 the solid line represents the net gain 
and the dotted line the electronic gain, which 
to a certain extent is frequency-dependent. 
This may be due to the attenuation caused 
by axial velocity spread. 
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The observed gain is not predicted by 
any of the existing theories of transverse 
waves, and it seems necessary to look for 
effects which have not been paid attention 
to. In the following we shall describe an 
effect which possibly is involved in the 
amplification mechanism, although the the-
ory presented here does not give an entirely 
satisfactory explanation. 

The electron beam represents a space 
charge which induces an image charge in the 
surrounding drift tube. If the beam is not 
concentric with the drift tube, the field due 

* Received May 14, 1962; revised manuscripts re-
ceived May 24. 1962 and August 9, 1962. 
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to the image charge acts on the electrons 
and may under certain circumstances cause 
growth of the transverse Iteam waves. 

The following discussion is based on the 
issiuniption that the de beam performs a 
helical motion due to small imperfections 
in the gun region. This is justified experi-
mentally by the fact that higher gain was 
obtained if the dc beam was deflected by 
means of a transverse magnetic field pro-
duced by an external coil. \Ve shall consider 
a very simplified model, assuming a fila-
mentary beam performing a helical [no-
tion with a frequency rot at a nmstant dis-
tance rn from the center of the drift tube. 
The transverse RI: displacement is consid-
ered as a small perturbation of the dc 
motion. An approximate expression for the 
electric field at the beam position is given by 

Kr, Ka" 
— — cos 

at: _ 7.02 (a' — 

Kr,,2 
— - (3 cos 20 + y sin 20) (1) 

((12 — 1'02)2 

Kr,. Ka' 
— — sin 

a' — ru2 (to 4 2)2 ' 

where 

and 

K r,,2 
(.rsin 20 — y cos 20) (2) 

ro2)2 

K = (21renv.,) (3) 

= wiz/vo. (4) 

In these equal ions, a is the drift tube radius, 
In is t he de beam cur-en t is the axial beam 
velocity, is ! he axial pi)sit ion, and x and y 
represent the transverse RI: displacement. 

The first terms on the right-hand sides of 
( and ( 2) are dc terms, causing the dc ro-
tational frequency WI to be lower than the 
cyclotron frequency co,.. The second terms 
have a similar effect on the RV notion. 
Since the two terms are of different magni-
tude, col is different from the natural fre-
quency co2 of the RF motion. 

The remaining terms represent a periodic 
field equivalent to that produced by a quad-
ruidar helix. This field gives rise to cyclotron 
wave amplification, provided the periodicity 
of the field is correct for cumulative interac-
tion. The required synehronizzition condi-
tion would be satisfied if the two frequencies 
col and (42 were equal. As mentioned above, 
this is not the ease, and it appears that the 
propagation mnstalts for the waves are all 
purely imaginary, i.e., no amplification 
occurs. Therefore, the simple filamentary 
beam model does not explain the observed 
gain. \Ve still have the possibility that space 
charge effects in a finite diameter beam may 
cause the two frequencies co' and WI to coin-
cide. Assuming that this is true, a theoretical 
gain of 32 ( lb is obtained for ro equal to 0.9 
nun, Le., tilt.- be. un center is 0.4 nun front 
the drift- tube wall_ These values scent quite 
reasonable since the nominal radius of the 
beam is 0.4 min, and a large fraction of the 
beam is intercepted on the drift tube. 

To conclude, two items have been dis-
cussed in the present letter, namely, the ex-
perimentally observed amplification of cy-

clotron waves in a drift tube and a suggested 
mechanism for amplification due to image 
charges in the drift-tube wall. Further the-
oretical and experimental investigations are 
required in order to determine whether this 
is the correct explanation for the observed 
gain. 

The authors are indebted to Mr. Magne 
Sitrensen, who ccintributed to the success of 
the work by making the tube. 

K. BLÜTEK.1.-Elt 

M icrowave Labora tory 
Stanford University 

Stanford, Calif. 
B. Mm.sNEs 

A. NORDBOTTEX 
Norwegian Defence Res. Establ. 

Bergen, Norway 

Microwave Measurement of 
Conductivity and Dielectric 
Constant of Semiconductors* 

measurement of semironcluetor paratn-
eters at microwaves have been reported by 
several authors.' , In some of the reported 
measurements," the samples were put in-
side a waveguale and the semiconductor 
parameters were obtained by measuring the 
attenuation and phase-shift of the trans-
mitted signal. Essentially the same method 
has been described in detail recently by 
Jacobs, e/ at.," for evaluating the conduc-
tivity of a semiconductor sample assuming 
the value of the dielectric constant. Other 
workers obtained the semiconductor param-
eters2 by putting a small sample inside a 
cavity and determining the resonant fre-
quency and Q of the loaded cavity. In the 
present communication it microwave method 
is proposed for measuring both the conduc-
tivity and dielectric constant of semicon-
ductor crystals having conductivities lower 
than 1 v/nt. The method is similar to that 
used for low-loss dielectrics.' 

The experimental arrangement for the 
proposed method is shown ill Fig. 1. The 
sample is shaped to lit inside a waveguide 
and the rear s:irface is shorted by a copper 

* Received May 28,1962 
T. S. Benedict and W . Shockley. "Microwave 

observation he of t collisionre tquency , if electrons in 
germanium," Phys. Re,-., Vol. 89, pp. 1152-1153; 
March, 1953. 

T. S. Benedict. "MkTowave observation of the 
collision frequency of holes in germanium." Phys. 
Rep., vol. 91, pp. 1565-1566; September, 1953. 

F. D'Altroy and Il. V. Fait, " Polarization of im-
purities in germ; iii i ll tn," Phys. Rev., vol. 100, p. 
1260; November. 1955. 

.1. M. Goldley and S. C. Brown, " Microwave de-
termination of t average masses of electrons and 
holes in germanium," Phys. Rev., vol. 98, pp. 1761-
1763; June. 1955.. 
à T. Stubb, " Nleasurements of the temperature 

variation of the effective mass of the free carriers in 
silicon, with 3 cm. wavelength." M ale Ins!. fin- Ter: h. 
Res., Helsinki. Finland, Publ. 42; 1958. 

11 Jacobs, F. A. Brand. j. I). Meind1,11. Benanti 
and R. Benjamin. " Electrodeless measurement of 
semiconductor resistivity at microwave frequencies," 
Pgoc. IRE, vol. 49, pp. 928 932; May, 1961. 

C. A. Montgomery, "Technique of Microwave 
Measurements," M.I.T. Rail. Lab. Ser., McGraw-
Hill Book Co., Inc., New Vork, N. V.. vol. 11, p. 625; 
1947. 

Fig. I— Schematic diagram showing tile 
est beriinental arrangement. 

SAMPLE 

MOLDER 

plunger. The dielectric constant and con-
ductivity of the sample is tul It ned by locat-
ing a quarter wave frequency for the guide 
section loaded with the semiconductor and 
measuring the VS \VR at that frequency. 

The phase t‘mstalit, attenuation con-
stant and the tvave impedance of the semi-
ductor Irtarled guide are given respectively 
by 

... = 2„:  x 1,1"2 

a. = 4/ri •--- (2) 
cruu 1 

2 en N/K, — 

4, [1 — (X, / X(,)2]t 2 

zo I K • — (XI Ao)21" 

(1) 

(3) 

where au/rok..e.4"..1. The symbols have their 
usual meaning. It should' be noted that the 
approximation ou/wk,,E,.<<I, is valid for all 
semkoodoetor samples having 17 IOW er than 
1 v/m. 

Ilence if the length of the sample be such 
that it is an odd multiple of a quarter wave-
length K. can be avaluated frcnn the relation 

= ( \ 2 + r Xi( 2 n 11-1 2. (4) 
X0) L 4/ J 

The unknown integer n in the above equa-
tion may be eliminated by locating the next 
quarter-wave or half-wavelength frequency. 

The measurement of the VS \VR at tht 
quarter-wave frequency also enables one tt 
evaluate ou. The relation giving ou in term' 
of VS\VR is 

iee %/K. — (WW2 
00 = 217 • 

me 

-coth I [-." 1" (Xi/X")2 
VI — (WW2 -y 

where / is the length of the sample and y 
the VS\VR at the quarter-wave frequency 
It should be noted that the accuracy in du 
measurement of ou is limited by the ac 
curacy of the measured value of y. In thi; 
method by properly choosing I, y may con 
veniently be arranged to be of the order of 1 
where the accuracy of its measuremen 
would be maximum. 

The quarter-wave fris ii may be con 
veniently located by measuring the VS \VJ 
at different frequencies. The frequency a 
which it is minimum corresponds to a quar 
ter- wave frequency. 

:Measurement of the dielectric constan 
and conductivity of a silicon sample havim 
a conductivity of 0.7 v/in were made by thi 
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method. The value of K, was obtained to 
be 11.5 and the value of Cf0 agreed to within 
10 per cent of the de value. 

It may be noted that the proposed meth-
od requires comparatively simple experi-
mental arrangement, namely a SW12 de-
tector and a variable-frequency signal source 
only. The temperature control may also be 
conveniently introduced by enclosing the 
sample holder inside a bath. A detailed 
description of the method for measuring the 
conductivity and dielectric constant at dif-
ferent temperatures and the experimental 
results will be published later. 

The authors wish to express their appre-
ciation of the constant encouragement re-
ceived from Prof. J. N. Bhar and their 
thanks to other colleagues of the laboratory 
for their kind cooperation. 

B. R. NAG 
S. K. Roy 

Inst. of Radiophysics and Electronics 
University of Calcutta 

Calcutta, Inclia 

Reciprocal Ferrite Phase-Shifter 
Measurements* 

The results of high-power ( spill-wave) 
experiments on microwave ferrites are 
generally published in the form of y =,f(h), 
where y is the loss component of permeabil-
ity or susceptibility and h is the microwave 
magnetic field. Similar results for the real 
component of the complex permeability can 
also be plotted but are rarely published. 
These graphs represent important intrinsic 
characteristics of the ferrites luit unfortu-
nately mean little to the general microwave 
practitioner who prefers to see graphs of 
phase shift and attenuation in a given ge-
ometry. It must be realized, however, that 
phase shift cannot be entirely ascribed to the 
real, and loss to the imaginary component 
of the complex permeability. 

In the course of some experiments on 
reciprocal phase shifters it was found con-
venient to plot their behavior in the form of 
Smith charts, in which the two components 
mentioned above can easily be recognized. 
The experiments were performed at 9 Ge in 
rectangular large X-band waveguide. The 
test circuits for low- and high-power measure-
ments are shown in Figs. 1 and 2, respec-
tively. In the latter case the incident power 
was determined by replacing the ferrite 
phase shifter with a solid short. 

The difference in behavior between the 
MgMn ferrite " Ferramic RI"' and the Ni 
ferrite "Airtron C3P50"2 is striking. The 
former exhibits an obvious increase of its 
loss component in higher microwave fields, 
while the reactive component remains al-
most constant, as shown in Fig. 3. The mag-
nitude of the RF field was calculated at 
about 30 oersteds for the maximum power 

* Received May 16, 1962. 
I Indiana General Co., Keasbv, N. J. 
2 Airtron Div. of Litton Indus tries, Morris Plains, 
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input of 100 kw. In the case of the Ni ferrite, 
on the other hand, the two components of 
the complex permeability seem to have 
switched roles. Fig. 4 shows that at 1200 
oersteds the loss component experiences 
little change with increasing power, while 
the phase-shifting ability is noticeably re-
duced. At 700 oersteds neither component 
exhibits a significant change. Because of this 
unexpected behavior the phase shifter was 
cold-tested again after the high-power ex-
periments; no significant deviation from the 
original results were observed. 

Although the graphs of Figs. 3 and 4 do 
not represent intrinsic material character-
istics it is felt that such a presentation con-
veys more information to the microwave 
engineer than the usual susceptibility plots. 
If some standard configuration could be 
agreed upon, the Smith-chart presentation 
should he quite sufficient for most power 
applications of ferrites. 

NIAx J. SCHINDLER 
Electron Tube Div. 

RCA 
Harrison, N.J. 

Hilbert Transforms and Positive-
Real Functions* 

In a recent communication' Papoulis 
has given a proof of the angle constraint 
for positive-real functions along the lines 
of that which Bayard attributes to Leroy.2 
The method is based upon the Hilbert 
transform and consequently bypasses the 
lengthy arguments based upon Schwarz's 
lemma. 

Sino-e the proof based upon the Hilbert 
transform is less general than that using 
Schwarz's lemma, it is of interest to know 
the limitations of the first method. For 
instance, the Hilbert transform method 
cannot be directly applied to the positive-
real functions 

F(p) = 

F(P) = + 

F(P) = Ê [PAin!)]/Ili2 + /m)2]. 

In contrast, the Schwarz's lemma proof 
holds for all positive-real functions. 

To see the limitations, we realize that 
the ' When transform proof rests upon equa-
tions ( 5) and (6) of Popoulis 

R(w) = f ey)(5(co — y)dy CS) 

1 r' R(y) 
F(p) = j d.)'• (6) 

e -«, P — 1Y 

* Received June II, 1962; revised manuscript re-
ceived. June 25, 1962. 

A. Papoulis, " Hilbert transi,irms and positi ve-
real functions," Psoc. IRE WorreNtiondencei, yd. 50, 
p. 470; April, 1962. 

2 M. Bayard, "Théorie des réseaux de Kirchhoff," 
"Éditions de la Revue d'Optique." Paris. France, p. 
259; 1954. 
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For (5) to be valid we require R(y) to be a 
distribution, and for (6) to be valid we re-
quire that R(y) and X(y) be distributions 
which can be convoluted with 1/ca and 

R(0.1) = lim Re F(p), X(w) = hm 1m F(p) 
0-41 

o>0 o>0 

where the limit is taken in the distributional 
sense.' For this we assume, along with 
Papoulis, that Re p>0 and that the 
imaginary constant at infinity, which 
generally occurs in ( 6), is zero, since we are 
interested in positive-real F(p). 

The limitations placed upon the Hilbert 
transform proof are then 

1) R(co) and X(w) be distributions de-
fined by the above limit, and 

2) R(w) and X(ca) be convolutable with 
110). 

If these restrictions are satisfied, the proof 
given by Popoulis is valid. (F need not be 
rational.) Note that the three functions 
given above cfon't satisfy these restrictions. 
The beauty of the proof of Papoulis lies in 
the interpretation of (6) as a convolution, 
to which engineering concepts such as the 
impulse response can be applied. 

It should be emphasized that the real 
part of F(p)= /(p is undefined. If 
in this latter expression one approaches 
jcur by letting 0<a-4), then one gets R(w) 
-=Kab(ca—cor) for the "real part." Ilow-
ever, if one approaches ice° by letting 
0>cr--.0, then one gets — KriS(co—w) as 
the "real part." If 011.2 'CIS 0—.0 through both 
positive and negative a, then an indetermi-
nate expression resn'ts." 

By using Schwarz 's lemma, one easily 
shows that, = angle of, 

41,(p) ≤ j pj in Re p > 0 

if F(p) is any positive-real function; con-
versely if F(p) is analytic in Re p>0 and 
satisfies this constraint, it is positive- real.' 
\Ve wish to point out that if F(p) is a sym-
metric, jx)sitive-reai. nXn matrix,' then 
.i-F(p)x is a positi‘e-real scalar for every 
real n vector x; tilde = transpose. Conse.-
quently an nXn, syminetric matrix, F(p), 
is positive-real if and only if 

1) F(p) is analytic in Re p>0 
2) 14F(p)xl ≤ 12ç_p¡ in Re p>0 for 

every real fl- vector x. 

We also wish to point out that, as Prof. 
Kuh has suggested, the angle constraint for 
nonreciprocal networks is still unknown. In 
this latter connection, Belevitch has some 
interesting results which are soon to appear.' 

R. W. EiVCOM It f 
Dept. of Elec. Engrg. 
Stanford l'niversity 

Stanford, Calif. 

R. \V. Newcomb, " Hilbert Transforms—Dis-
tributional Theory," Stanford Electronics Lab., 
Stanford university, Calif., Tech. Rept. No. 2250-1, 
p. 2; February, 1962. 

D. F. Tuttle, .Jr.. " Network Synthesis." John 
Wiley and Sons. New York, N. V., vol. I, pp. 115-121: 
1958. 

D. C. Vola, L. j. Castriota. and II . J. Carlin, 
"Bounded real scattering matrices and the founda-
tions of linear oassive network theory," IRE TRANS. 
ON CIRCI'IT THEORY. vol. CT-6, pp. 102-124; March, 
1959. (See p. 122, def. 21; note that F(//) need not be 
rational.) 

°V. Belevilch, private correspondence; May 2, 
1962. 

Selectivity and Sensitivity in 
Functional Blocks* 

The problem of obtaining a narrow band-
pass (i.e., selective) frequency response 
without inductance has long been of interest. 
The main area of application of such selec-
tive networks has been at low frequencies 
where the inductors that would be required 

component which causes the poles to move 
to the left of their desired location causes 
loss of selectivity, while a small error to the 
right causes loss of bandwidth. Of course 
the network becomes self-oscillatory if the 
poles touch the jca axis. 

It is not difficult to show quantitatively 
how sensitive Q is. The sensitivity of the 
dominant pole is given by 

ds, r (dap jdco,,) x («Aar+ cordcor) j(ordwi, — cepdar) 
= x -= • 

dx (a„ jw„) dx ap2 dx 

are undesirably large. Presently a selective 
network is being sought that call be built 
into a solid functional block where appreci-
able inductance is not obtainable. The pur-
pose of this communication is to point out 
the seriousness of the sensitivity to com-
ponent variations which is inherent and un-
avoidable in in, of the solutions that are 
being proposed. Although this sensitivity 
has been known for years,' it is often 
either ignored or else treated as something 
which can be overcome by some slight re-
finement. 

This discussion pertains to all linear net-
works which achieve selectivity by using an 
active element to counterbalance losses in 
the remainder of a feedback loop. Included 
are all amplifiers using an RC null circuit 
or phase shifter in the feedback path and all 
of the various forms of simulated induct-
ance in negative resistance devices where 
feedback is inherent in the bilateral negative 
resistance." The resonant response of such 
networks is dominated by a conjugate pair 
of simple poles of the transfer function lying 
very close to the jco axis. If a Q of 10 is arbi-
trarily accepted as the lower boundary for 
"selective" response, the Q resulting from a 
pair of poles at sr = a„ -±jw,, is 

Q = --- • 
—2a,, 

(1) 

The selective region of the s plane for which 
Q> 10 then extends only tan -' —«„/cor.--,3° 
to the left of the jüe axis. Any error in a 

* Received May 14, 1962. 
H. Fleisher, "Low-Frequency Feedback Ampli-
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Tube Amplifiers," Rad. Lab. Ser., McGraw. 
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S. \V. Punnett. "Audio frequency selective 
amplifiers," J. Brit. IRE, vol. 10, pp. 39-59; Feb-
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N. S. Nagaraja, " Effect of component toler-
ances in low frequency selective amplifiers," J. Indian 
Inst. Sci., vol. 37, sec. B, pp. 324-337, October. 
1955; vol. 38, sec. B, pp. 81-92. April, 1956. 
t J. M . Brown. "A Transistor:zed Negative Feed-

back Iligh-Q Filter," Polytechnic. Inst., Brooklyn, 
N. V., Res. Rept. R-664-58, PIB-592; January 13, 
1959, 

\V. D. Fuller and P. S. Castro. "A microsystems 
bandpass amplifier," Proc. Nat'l Electronics Conf., 
vol. 16, pp. 139-151; 1960. 

6 B. T. Murphy and J. D. flusher, "A frequency-
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Electronics Conf., vol. 16, pp. 592-599; 1960. 

7 M. Schuller and W. W. Gartner. " Inductive 
elements for solid state circuits," Electronics, vol. 33, 
pp. 60-61; April 22, 1960. 

H. G. Dill, " Inductive semiconductor elements 
and their application in band pass amplifiers," IRE 
TRANS. ON M ILITARY ELECTRONICS, VOL MIL-5, 

In/. 239-250; July, 1961. 
II . A. Stone and R. M. Warner, "The field-

effect tetrode," Puoc. IRE, vol. 49, pp. 1170-1183; 
July, 1961. 

(2) 

This sensitivity may be evaluated from the 
characteristic equation of the network and 
is equal to the percentage variation in the 
pole caused by a I per cent error in some 
element, x. The Q sensitivity is then 

dQ x wpdo„ — apdce,, x 
= 
Q ds dx 

=2 
co, — .v 

—2a,, ca,,2 dx 

— 2Q Im SA, for co,,» — ap. (3) 

The real part of the pole sensitivity results 
in a radial motion of the pole which changes 
the resonant frequency but does not affect 
Q. On the other hand, the Q sensitivity is the 
imaginary part of the dominant pole sensi-
tivity magnified by a factor of 2Q. 

If ( 2) and ( i) are evaluated for any 
passive selective network ( which must be 
absolutely stable) such :IS an LC tank 
circuit, the imaginary part of the pole sen-
sitivity is found to be inversely proportional 
to Q. Therefore, the Q sensitivity is inde-
pendent of Q and is not excessive. 

However, it can be shown that the 
imaginary part of the pole sensitivity of an 
active feedback network which achieves 
selectivity by approaching the verge of 
oscillation does not change appreciably 
across the narrow select ive region. Therefore, 
the higher the Q that is achieved, the more 
sensitive Q is to element variations. As an 
example, if a standard parallel- T null circuit 
is used in the feedback path of a high-gain 
amplifier to obtain selectivity, the imaginary 
parts of the pole sensitivities for the various 
elements range from to 1. To attain a Q 
of 50 within ± 10 per cent would then re-
quire that the components in the null circuit 
maintain tolerances of about ± 0.1 per cent 
over the entire range of operating condi-
tions. Similar conclusions apply to all other 
ways of achieving selectivity by using either 
an active feedback loop or negative resist-
ance. 

Although these concepts are not new to 
circuit theorists, they do not seem to have 
been fully appreciated by those who are seek-
ing solutions to the solid-state tuning prob-
lem. A realistic approach to selectivity re-
quires an understanding of the related prob-
lems of sensitivity. The desired selectivity 
must not only be attained, but also main-
tained within reasonable limits. On this 
basis a proposed solution is worthy of con-
tinued investigation only if the associated 
tolerances are likely to be achievable. 

W. E. NEww. 
Research and Development Ctr. 

Westinghouse Electric Corp. 
Pittsburgh, Pa. 
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The Majority Decision Element 
as a Null Detector* 

The possibilities inherent in the null-zone 
reception of binary transmissions have been 
explored in considerable detail.' "3 It has 
been shown that even for unidirectional 
systems, null-zone reception is capable of 
increasing the information rate. More im-
portantly, it has been shown to provide a 
useful decision mechanism for decision-
feedback systems. These treatments were 
based on null-zone detectors which, in the 
uncoded case, consisted of dividing the 
possible received signals into three zones, 1, 
0, and 0. For the coded case the detectors 
were based on the properties of the code. 
This brief presentation considers the use of 
multiple receptions and a majority decision 
element as a null detector. 

Consider an uncoded binary symmetric 
communication system in which N replicas 
of the same binary signal are received either 
by using N different receivers and a single 
transmission, or by using one receiver and 
N repetitions. A binary decision is made on 
each replica and the N decisions minprise a 
N-digit word which is processed by a major-
ity decision element. 

The majority decision element con-
sidered here is one with a null region. For 
each N-digit word input, a ternary output 
results. If the number of ones (or zeros) 
present in the input word exceeds the num-
ber of zeros (or ones) in the input word by 
more than a width-setting K, a one (or zero) 
is generated at the output. If the difference 
is equal to or less than K, a null output is 
obtained. Since K can assume only integral 
values, the null region is "quantized." This 
principle of operation is illustrated in Fig. 1. 

In order for the output of the majority 
decision element to be in error, more than 
(N +K)/2 of the N binary digits must be in-
correct. If the number of incorrect binary 
digits, j, is bounded by 

(N—K)/2<j<(N±K)/2, 

a null symbol is generated by the majority 
decision element as an indication that the 
inputs are sufficiently ambiguous to warrant 
withholding a decision or, in the case of a 
feedback system, to warrant requesting 
further information. 

For convenience consider the case in 
which the probability of each binary de-
cision being in error is independent of the 
correctness of the other decisions. Let all 

* Received May II, 1962. 
F. J. Bloom, S. S. L. Chang, B. Harris, A. Haupt-

schein, and K. C. Morgan, " Improvement of binary 
transmission by null- zone reception." Puoc. IRE, vol. 
45, pp. 963-975; July. 1957. 

2 B. Harris and K. C. Morgan, " Binary symmetric 
decision-feedback systems" Trans. A I EE, vol. 38 
(Commun. and Electronics), pp. 436-442; September, 
1958. 

B. Harris, A. Hauptschein, and L. S. Schwartz, 
"Optimum decision-feedback systems: . 1957 IRE 
NATIONAL CONVENTION RECORD, pt. 2, pp. 3-10. 

B. Harris, A. Haupschein, K. C. Morgan, and 
L. S. Schwartz, " Binary communication feedback sys-
tems." Trans. A I EE, vol. 40 (Commun. and Electron-
ics), pp. 960-969; January, 1959. 

6 B. Harris, A. Hauptschein, K. C. Morgan. and 
I,. S. Schwartz, " Binary decision-feedback systems 
for maintaining reliability under conditions of varying 
signal strengths," Proc. NEC, vol. 13, pp. 126-140; 
dctober, 1957. 

6 S. S. L. Chang. B. Ilarris, and K. C. Morgan; 
"Cumulative binary decision-feedback systems," 
Proc. NEC, vol. 14, pp. 1044-1057; October, 1958. 
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these error probabilities have the same value 
Po. Then the probability of incorrectly ac-
cepting a digit is 

r = E N\ P01(1 — 
1≥.(Ni-K+1),2 

and the probability of rejection is 

u = E . )puici — (2) 
4012 .1 

The allowable values of K are 

K N — 2, N — 4, • • • , O. 

(1) 

(3) 

It is interesting to note that as po approaches 
one half, the probability of accepting an in-
correct digit is 2-N, provided the null width 
is set at the maximum allowable value N-2. 
This improvement ill reliability is a con-
sequence of the redundancy introduced by 
the multiple receptions and decision 
processes. 

The performance of a decision-feedback 
system using the majority decision element 
as a null detector is given in Figs. 2 and 3. 
'These curves also apply to unidirectional 
systems in which repeats are not requested 
but the nulls are printed out. One practical 
application of these results is to those com-
munication systems in which the signals are 
masked primarily by receiver front-end 
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as a still detector; four-digit input. 

noise. By using parallel receivers and a 
majority decision element as a null detector, 
significant redtu•tions in error probability are 
obtained. 

The author wishes to thank L. S. 
Schwartz of New York University, N. Y., 
for suggesting this SORly. 

ROBERT C. SOMMER 
College of Engineering 
New York University 

New York, N. Y. 

Some Combinations of 

Noise Signals* 

Consider two. independent Gaussian 
noise signals, N1 and N2, each with rms 
value an and probability density function 

1  
050(S) - — - exp — • (1) 

Narao2 1,02 

* Received May 21. 1962. 
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The cumulative distribution function of N1 is 

where 

1 
< xl = -2- ( 1 + erf -:‘k) 

2  en f = v f exp (- y2)dy. 
r 

(2) 

The density fum•tiim of a full-wave 

rectified noise signal N,-! is given by 

t2ç5„Lr), x > 
PICO = (3) 

(0, x < 0 

and its distribution function is 

en f - • x > 0 
v2uo - • 

0, x<O 

PI I Ni I < xi = 1 (4) 

The clensit y funclion. I, of the sum of 

two statistically intli.•pendent rectified noise 

.V, 1, is given by the con-

volution of I), u it 11 itself. Thus 

(1),,Cv), x>0 
= 

0, x <0 

where 

= 4 f cpu(yir>otx - y»iy 

2 
= ex') ( 

Í 4cro2 • o 

-"j 2 
•exp I d Y. 

CFO 

I lene 

4cptx) erf — • 
Mx) = 2cru (5) 

I 0, x < 0 

where 

1 
41(x) = c\()(- ), = 

2o 2 

and 

P! NI! + .v21 < 

= • x > 
. (6) 

I 0, x< 0 

It is interesting to note from (4) and (6) 

that the distribution function of the sum of 

the absolute values of two independent 

normally distributed random variables ( with 

zero means and equal variances) is equal to 

the square of the distribution function of 

the absolute value of the sum of the saine 

two random variables 

P{INII N2I <xi I NI -FN,1 <x112. 

The density function, fb, of the sum of a 
rectified noise signal and a Gaussian noise 

signal. NI! + N2, is given by the convolution 

of pi with Thus 

= 2 f ct.,.(y)00(x - y)dy 

.v2 

exl) (- 4 o•-,72 f-. r12,1„ 

eXI) 

Hence 

fh(x) = 4,(x) [1 + erf (7) 
2u0 

and 

1 x 
Pi I NI + N2 < xl = - [1 + erf . (8) 

4 2u0 

The densit y function, f., of the difference 

of two rectified noise signals. IN, - I N21, is 

given by the convolution of pi(x) with 

P:( - x). Thus 

x > 

Mx) = 
2lb(x). X < 

where 

= 4 f OuCN.)464 - 

= 2.1b(x) - P,‘(x). 

Hence 

.4.(x) = 20(x) [ 1 - erf I xi 

and 

(9) 

Nil N•-• I < 

= I _2_1 [ 1 2 erf 2-2z: o - exf2 (Olf1) 

- xi 

Ir1 + 2 erf + ecrri---] x < 0. 
2u 

The density functions ( 1). ( 3), ( 5), ( 7), 

and (9) are ilListrated in Fig. 1. 

0.4/rro 

0.4/ 

o 
-4ab 

0.4/as 

Fig. 1-Probability density functions for 
sottie combinations of noise signals. 

Bounds on the 3-Positions 

Experiment Integral* 

It is known that the 3-positions experi-

ment integral'' 

P3(d) = f (1,1,1 - tI) ['l'ff I, 2/11 

‹b(i) = f ocodso) 

(I) 

1 
- -Or-  exp - (2) 

2 

is bounded below''' for all a land a pproxi-
mated 2•3 for large a ) by 

Using 

Pi(a) > 21,(-a - 1. (3) 
N/2 

= f — al,K1)(1! = (---7.) (4) 

we obtain 

o < 

= PJ(1) - 

Combining with 

2 
D'(,)] — — 

it i en that 

to 'Nil + 11.121 P3ta 1 > )1 > 2th ( 2-N/21 7) - 1, (7) 

(5) 

L )_ 2 (6) 

fc 

KENNETH AREN!) 

Philco Scientific Lab. 

Blue Bell, Pa. 

giving an even tighter h ' wet- bound on P3. 

Letting 

erf x = 2 exp (- /2)t//t x 
• 

J‘j 

1 .v 
= — (1 erf • 
2 V 2 

(8) 

* Received May 21. 1962. 
J. L. Lawson and G. E. Chlenbeck, "Threshold 

Signals," M It. Rad. Lab. Ser., McGraw-Hill Book 
Co., Inc., New York. N. V.. p. 171; 1950. 

2 R. II. l'rbano, ".\tialysi, and Tabulation of the 
M Positions Experiment Integral and Related Error 
Function Integrals," A E Cambridge Res. (7tr., Elec-
tronic Res. Directorate Re;!. No. TR-ss-ox), AsTl.‘ 
Doe. No. Al) 79394; April, 1955. 
" C. W. Helstrom, -The comparison of digital com-

munication systems." IRE FRANS. ON COMMUNICA-
TIONS SYSTEMS, VOI. CS-8. pp. 111-150; September, 
1960. 
+ G. Lieberman, "Quantization in coherent and 

quadrature reception of orthogonal signals," RCA 
Rep.. vol. 22, p. 464; septeinher, 1961. 



2520 

we obtain 

P3(a) = 

4 

2 X 
1 — eNp — —) < erf2 --

2 

2) 

icer .— a) erf2 du] • 
N/2 

the inequality 

1 
1 — exp—  

N/2  

PROCEEDINGS OF THE IRE 

On the Two-Generator Method 
(e„, i„) of Noise Characterization* 

A system of noise measurement first pro-
posed by Rothe' has been gaining popo-

(9) larity recently as a method for noise char-
acterization of transistors at low frequencies. 
The form of Rothe's system most often used 
replaces the noisy fourpole with a noiseless 
fourpole plus a series-input voltage generator 
and a parallel-input current generator. 

< 1 — exp — --) ( 10) 

< f ;15(.r — erf2 dx 
N/2 

G 1 — r exp 2a2 
V 4+ r V 4 

is obtained. Hence 

et-a _ 1 exp a2\ 

‘‘,/2i 4 N. 2 \ 4 

N/2 

1 f 2a2 
4 V •-- i I 44+r V 4+r) 

or 

4,( a —) — 0.17678c -0 < P3(a) 

(12) 

< — 0.16575e-°- e ( 13) 

The upper bound of ( 13) is always a close 
approximation for P(a), while the lower 
bound of ( 7) is close for a » 1. These bounds 
are illustrated in Fig. 1. 

I— Bounds for the 3- positions experiment integral. 

KENNETH ABEND 
Philo Scientific Lab. 

Blue Bell, Pa. 

5 G. Polya, " Remarks on computing the probabil-
i(y integral," Proc. Berkeley Symp. on Mathematical 
Statistics and Probability, University of California 
Press, Berkeley, Calif., p. 63; 1949. 

J. T. Chu, "On bounds for the normal integral,' 
Binmetrika, vol. 42, pts I and 2, p. 263; June. 1955. 

so 

December 

Fig. =equivalent thermal noise voltage genera-
tor for j,,, =equivalent shot noise current 
generator for the emitter junction. i,,, = equivalent 
shot noise current generator for the collector junc-
tion. 

2'oo 

Fig. 2- Noise correlation lastos v hkl.: with rh' re as )1 parameter. Assume o = I. I rh re =0, 
2) rb re = I. 3) rb' re =10, 4) rh' re = 

The noise ligure can be computed by ( I) 
frnin and i,, if the correlation factor, 1,, is 
known. The usual assumption is that y is 
equal to 011e.2 

1 e,,2 
F = 1 ± —.[in2Ra —n (1) 

4k/..,à/ 

Obtaining the noise figure may be quite im-
portant since it does give a direct index of 
noise performance. The assumption that 
7 = 1 can only be justified in regions where 
it is known that one type of noise dominates, 
e.g., in the LF region. However, ill the pla-
teau region where the noise figure is flat, 

and mav be much less than one. Con-
sider Fig. 1 which is a good noise model of a 
transistor in this region. 

In order to determine the equivalent 
short-circuit voltage generator, e„, at the 
input, we short-circuit terminals 1-1'. The 
output noise at terminals 2-2' will contain 
noise from all three generators. Next, termi-
nals 1-1' are open-circuited to determine 
the equivalent noise current generator, 
this case the noise originating in rt,' will be 
absent from the output. Since the noise in 
rb' is not correlated with the other two gen-
erators, the correlation between e„ and i„ 

* Received May 12, 1962; revised manuscript re-
ceived, May 18, 1962. 

II. Rothe, "Theory of noisy fourpoles," IRE 
TRANS. ON ELECTRON DEVICES, Vol. ED- I, pp. 258-
268; December, 1954. See also, 11. Rothe and 
W. Dahlke, "Theory of noisy fourpoles," Pgoc. IRE, 
vol. 44, pp. 811-818; June, 1956. 

2 A. E. Sanderson and R. G. Falks, "A simplified 
noise theory and its application to the design of low-
noise amplifiers," IRE TRANS. ON Ac1310, vol. AU-9, 
pp. 106-108; July-August, 1961. 

will always be less than one and is ostia 
considerably less than one. 

Perhaps a more elegant demonstration 
of this can be made by equating Neilson's' 
noise-figure expression to the noise figure 
based on the alternate system. 

F -= 1 + 1 [ i„2RG 
4k TAf RG 

rb' r„ (rb' r,  RG)2 
= 1 —„ ,„ „„ (1) 

zicu icr„-K Grdtrie 

(Neilson's equation is in a simple form for 
the plateau region.) 

Letting RG-41, we can solve for e„2, and 

r, (r, re,)2 
eb2 = 4kTàf [re; — ----] • 

2 2n,02rdiple 

Similarly, for s„, let RG--, oc 

2k TA., 

Oo2r,hFE 

(2) 

(3) 

We can now insert these two expressions 
for e„2 and i„2 in ( I ) and solve for 

— 

rb' 
—r, 1 

2rb' rb 
— 1] [a0211FE1 [— ± 1 
r, r, 

This is shown graphically in Fig. 2. 

E. G. Neilson, " Behavior of noise figure in junc-
tion transistors," Pgoc. IRE, vol. 45, pp. 957-963: 
July, 1957. 
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As would be expected, -y strongly de-
pends on the ratio of r I,' to r. At low emitter 
currents, (tc>>ra'), 

1 

(a02111, E 

So, y is small at small emitter currents. Thus 
the assumptioa that y = 1 is not valid in the 
region where transistors are often most use-
ful. 

HARRY F. CoOKE 
Central Res. Lab. 

Texas Instruments, Inc. 
I >alias, Tex. 

3-D Display System* 

Recently a new family of three-dimen-
sional displays employing rotating planes 
have been developed. Asa nidial xy plane is 
rotated at high speed, spots of light are rap-
idly gated on and off and the targets appear 
to hover in the contained c\ 

Two variations have been publicized: 
it A rotating reflective xy plane upon 

which are pritjected spots of light from an 
external solItee: To get full circular coverage 
the external light scurces must surround the 
display of else rotate with the vane. Further-
more, the lights must be repetitively gated 
on for a few Mill-I/secon(ls and also deflected 
on the xv pl..ne. 

2) A rot iting electroluminescent panel 
acting as the xy plane: A cross-conductor 
matrix causes intersect 1011S ITO glow when the 
appropriate circuits are energized. Although 
this arrangement has many advantages 
there are (lisa(lvive,ages such as 

a) Insufficient brightness of electrolu-
inescent panels, 

b) Limited resolution because each 
matrix conductor must be brought 
out through a slip ring and brush. 

CBS Laboratories has proposed a 3-1) 
display employing a rotating cathode-ray 
tulie that overcomes the problems inherent 
in the other devices.' 

As shown in Fig. 1, the cathode-ray tube 
employs a single electron gun positioned to 
excite a range-height (x-y) phosphor plane 
within a transparent hemisphere. The entire 
tube is rotated at 30 rps ancl each target is 
flashed on at a 30- times-per-second rate. 
The electron beam is positioned to unique 
points on the range-height plane and gated 
on moment.trily in iccordioutce with incom-
ing information. Targets appear as moving 
or hovering spots of green light within the 
hemisphere. Transparent phosphors are 
used to eliminate he spatial haze generated 
by standard phosphors. 

* Received June 1, 1062; revised manuscript re-
ceived, July 13, 1962. 

Described in a proprietary proposal CLD-136, 
to the Federal Aviation Agency for airport traffic con-
trol; May 12, 1961. 
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Fig. I- 1\16nochroine 3-D display. 
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Fig. 2- Display ineel :laical assembly. 

A second plant., oriented 180° with re-
spect to the phosphor plane, serves as a 3-1) 
reticle. Range-height calibration markings 
are etched on the surface of the glass and 
edge lighted by a red light front beneath. 
This light can be continuous or stroboscopic. 
Slip- rings carry the deflection signals and 
low voltages to the electrim gun. I ligh volt-
age is generated in a small package fastened 
to the bottom and rotating with the tube, 
thus eliminating the need for high-voltage 
slip rings. 

Color is added information that can be 
used in a number of ways. For air traffic 
control, colors can be assigned to airplanes 
as a function of priority to land or for 
identification. Targets can be made any 
color in the spectrum with the proposed dis-
play. 

The color 3-1) display is similar to the 
monochrome display except that separate 
red, green and blue phosphor range-height 
planes are excited by separate electron guns. 
Each gun is gated on when its plane is lo-
cated correctly for the target. Overlapping 
sequential combinittions of primary colors 
provide a great variety of tints. 
A map can be projected on the flat base 

of the display as an aid to interpreting the 
azimuth direction and position of targets. 
This is accomplished with a small optical 
projector, positioned directly above and on 
the axis of the rotating hemisphere as shown 
in Fig. 2. Slides call be changed autimmti-
rally to accommodate different radar ranges. 

As shown in Fig. 2, the 3-D hemisphere 
is mounted atop a four-foot enclosure with 
the balance of the cathode-ray tube hidden. 

Above the he:nisphere is the small optical 
map projector. Within the enclosure, the 
tube is supported by a shaft driven by an 
1800-rpm motor. 
A converter is needed to translate the 

radar information to a form usable in the 
display. Whereas the PP1 radar views the 
target once c\ er \ revolution of the antenna, 
the target must be , tvailable to the display 
30 times per second. We proposed to use digi-
tal circuitry and magnetic core shift regis-
ters to store the range-height informati(,n. 

Actually, the 34) cathode-ray tube is 
not cinnplicated because there are no mov-
ing parts relative to the tube itself. Dynamic 
balancing is important and the hemisphere 
should be optically nondistorting. Since the 
spot diameter to be generated on the phos-
phor screen is of the order of 1/16 inch, a 
SI /ph ISL ¡Cate( I electron gun is unne('essary. 

Advantages of the CBS Laboratories 3-D 
display are 

1) I ligh resolution limited only by spot 
size and deflection accuracy. 

2) Bright display. 
3) Potential for full color operation. 

A. A. GOLDBERG 
CBS Laboratories 
Stamford, Conn. 

"Egg Crate Reflector Surface for 
Large Paraboloids* 

With parabolic reflectors of area equal 
to a large playing field now being planned to 
operate in winds that may reach gale force, 
the problem of finding ways of reducing the 
pressure differences between the back and 
front of the reflector surface in a manlier 
acceptable electric -o is becoming an im-
portant economic one. 

It has been conclusively demonstrated, 
by Jet Propulsion Lab. test s on model paro il 

aerials ill a wind tunnel Il J, that 
perforation of the surface to provide air flow 
between the back and front of the reflector 
is effective in reducing the maximum forces 
and moments on the aerial st tire. 

The purpose of this communication is to 
point out that a cellular mesh made up of 
short lengths of waveguide has electrically 
ideal properties and offers attractive trans-
parency to the tlow of air between the front 
and back faces of the reflector. 

Electrically at frequencies below the 
cutoff frequency the fields corresponding to 
waveguide propagation in a waveguide are 
out exponentially : Li-cording to the 
formula 

L = [1 — -)21 1 'decibels 
X,, X 

where X,.=cutoff wavelength, X = operating 
wavelength and d =guide length. Hence for 
X = 1.5X,„ L = 40.6 db/X, length of waveguide. 

* Received June 18. 1962. 
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A square cellular "egg crate" made of 
sheet metal is an aggregate of waveguides. 
If these panels are made of depth four times 
the cell width, when subjected to a normal 
incident wavefront on its front face it will 
act as a reflector, and the leakage between 
the front and back faces through the re-
flector would be 81 dl) for an operating 
wavelength three times the wall side, and 
would increase proportionally as the depth 
is increased. 

The mechanics of reflect ion is as follows: 
the air space impedance to the progress of a 
wavefrcnt in the cell is very high, hence the 
front edges of the sheet metal forming the 
cellular mesh collect and reflect the incident 
electrical wavefronts. Hence we must add to 
the above attenuation that corresponding to 
the reflecting mesh against a space of re-
active impedance equal to the entry im-
pedance of the waveguide. A similar mis-
match will occur at the back ends of the 
waveguide where they discharge into the air. 
These losses add to the electrical effective-
ness of the screen, but to determine them is a 
difficult problem, related to that discussed 
by Kieburtz and I shimaru 141. 

The determination of the air resistance 
of a structure with the egg crate reflector 
surface is a complex one, only likely to be 
satisfactorily solved by wind tunnel tests. 

However, in a perforated panel, decisive 
factors in keeping the resistance to the flow 
of air low for a given area of air passage is 
to keep the perimeter of the air passage low. 
The waveguide cellular structure proposed 
has the double advantages of large air 
passage area (approaching 100 per cent) 
with relatively low perimeters of air passage 
per unit area. Further most of the loss of 
head will be at the entrance and exit to the 
mesh, and it is considered that increasing the 
depth of the mesh to provide very high at-
tenuation will not add substantially to the 
resistance to air flow. Although these pro-
posals will greatly increase the area of sheet 
metal used in the reflector, over-all weight 
need not increase significantly as the cellular 
structure can be made strong and rigid with 
very thin sheet metal, and saving in struc-
tural steel due to force and moment reduc-
tion should be considerable. 

In conclusion it is considered that 
whether used as panels in an existing surface 
or as a complete reflecting surface the egg 
crate type panel offers attractive possibilit ies 
in effecting economy in the cost of large 
paraboloidal reflector installations. The 
author thanks his colleagues at the Jet 
Propulsion Lab., Pasadena, Calif., for useful 
discussions, and the University of Adelaide 
for study leave. 

E. O. Wu.f.ot-canty 
Jet Propulsion Lab. 
Calif. Inst. of Tech. 

Pasadena, Calif. 

[11 "Advanced Antenna System," Jet Propulsion 
Lab.. Calif. Inst. of Tech., Pasadena. Calif Space Pro-
grams Summary No. 37-14, vol. 1, p. 119; April 1, 
1962. 

121 " Reference Data for Radio Engineer," ITT 
and Co., New York, p. 628; 1956. 

131 1.. G. Huxley, " Principles and Practice of 
Wave Guides," Cambridge University Press, New 
York, N. V.; 1958. 

pH R. B. Kieburtz and A. Ishimarti, "Scattering by 
a periodically apertured conducting screen," IRE 
TRANS. ON ANTENNAS AND PROPAGATION, vol. AP-9, 
p. 506; Nov., 1961. 

Origin of the Word "Radio"* 

Evidence of early thoughts on the best 
nomenclature for the new communication 
technique is to be found in the Correspond-
ence column of The Electrician, January 21, 
1898. There, J. Munro writes: 

"Sir: Wireless telegraphy is not a had 
technical term; but if a more scientific 
name be desirable, would not Radio-
telegraphy or Ray Telegraphy be prefer-
able to Space Telegraphy, which Dr. 
Lodge employs in his interesting lectures? 
Perhaps someone will suggest a good 
term. Yours etc." 

Apparently no one has thought of a better! 
E. F. GOODENOUGH 
Nlarconi's Wireless 
Telegraph Co. Ltd. 
Baddow Res. Labs. 

Chelmsford, Essex, England 

* Received May 28. 1962. 
See " Poles and Zeros," Pgoc. IRE, vol. 49, p. 

1373; September, 1961; and L. Espenschied, "Origin 
of the word, radio." Pgoc. IR E, (Correspondence), pp. 
327-328; March. 1962. 

Function Generator for Y= A X3 
-1-BX2-1-CX, Employing the 
Galvanomagnetic Effects in 
Semiconductors* 

The Hall effect in semiconductors has 
been utilized to niultiply two electrical quan-
tities, control current and magnetizing cur-
rent, and thus provides a useful means as a 
square analog device. A sent icondtwtor 
analog device reported here is an application 
of the magnetoresistance effect in semicon-
ductors and can be used as a cubic element 
in an analog computer. Furthermore, 
simultaneous application of the Il all effect 
and the magnetoresistance effect in a semi-
conductor piece provides a rather simple 
and accurate analog device for any cubic 
equa 1 ion. 

As is well known, the electric resistance 
of a semiconductor containing high-mobility 
carriers shows an increase proportional to 
the square of the magnetic induction when 
g13«1 in mks units. 

Therefore, if a current / which energizes 
the magnet is passed through the semicon-
ductor piece, the increase in the voltage drop 
across the semiconductor becomes propor-
tional to P. 

An experimental result obtained with the 
use of a Halltroni is shown in Fig. 1, where 
the slope is just 3.0. 

Fig. 2 is a practical circuit for the combi-
nation of the magnetoresistance effect and 
the Hall effect in a semiconductor and gives 
an analog output for any Y=AX3-1-B,Y2 
+CX+1), where the bridge should be 

* Received May 31, 1962; revised manuscript 
received June 7, 1962. 

I Made by Ohio Semiconductors. Div. of Tecumseh 
Products Co., Columbus, Ohio. 

o. 
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Current 

Fig. 1—('haracteristics of a cubic device for Y -=.4 A . 

Fig. 2- .\nalog device for V -1-11.V2-1-.C.X +D. 

(1): Ru = 1111 
(II): RH =0.61! 

(III): RH =311 

Fig. 3—Characteristics of an analog 
device for Y =A X3-1-BX2. 
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balanced in advance with shorting St and 
S2 and opening S3. 

The values of the constants A and B can 
be controlled to a large extent by varying 
the resistance Ra and Ra in holding the bridge 
con(lition. 

Another method of controlling the values 
for A and B is to adjust a variable resistance, 
RH, connected to the Hall terminals as 
shown in Fig. 2. The connection of a load 
resistance RI/ t.) the Hall terminals tends to 
increase the magnetoresistance and to de-
crease the IlaII effect effectively. Conse-
quently the smaller the load resistance RH, 
the bigger the value for A and the smaller 
the one for B, or vice versa. The connection 
of the output termim:1 to either of the I lall 
terminals decides the sign of B. Thus any 
values for A and B can be obtained. The 
values for C and I) can also be controlled 
easily. 

Experimental results of the analog de-
vice for Y= A X"-I-BX2 are shown in Fig. 3, 
where the I lalltron and the magnetic circuit 
i\ CI were used. The semiconductor element 
is of InAs polycrystal and has an input 
impedance of 1.6S2 at zero magnetic induc-
tion. The influence of the load resistance RH 
on the characteristics can clearIN be seen. 

With an error of less than I per cent 
accuracy in these analog devices seems to be 
good enough for practical application, and 
the temperature dependency could be com-
pensated with appropriate connection of 
thermistors. 

Further investigations into the mecha-
nism and the characteristics are in progress. 

ti. KAT.NoKA 
YAti.cum 

Elect rotechnical I.ab. 
Nagata-cho, Chiyoda-ku, 

Tokyo, Japan 

Frequency Dependence of the 
Equivalent Series Resistance 

of Varactor Diodes and its 
Effect on Parametric 

Amplification* 

In most application , the equivalent cir-
cuit representation Of a aractor diode con-
sists of comiect um of a resistance R„ 
and a voltage-dependent capacitance.' This 
communica t ion discusses t lii, it- tilt s of meas-
urements made in the UHF range to deter-
mine R, as a function of frequency and the 
effect of a nonconstant R, mi the operation 
of a lower sidelmnd up-converter paraunetric 
amplifier. 

To determine the equivalent series re-
sistance of a varactor at different frequen-
cies, the varactor impedance was first meas-
ured at a specific frequency as a function of 

* Received lune 4,1962. 
L. A. Blackwell and K. L. Kotzebue, "Semicon-

ductor-Diode Parametric Amplifiers," Prentice Hall, 
Englewood (7Iitfs. N. J.; 1961. 

bias and this measurement was then re-
peated at different frequencies. The varactor 
was mounted ill a coaxial line holder and the 
reactance of the varactor at a particular bias 
was tuned out with a short-circuited stub 
in series with the varactor. A plot of the 
impedance of the varactor as a function of 
bias and at a particular frequency is shown 
in Fig. I. The impedance locus follows a con-
stant resistance circle which gives the value 
of the equivalent series resistance of the 
diode normalized to the characteristic im-
pedance of the transmission line. It is seen 
that the resistance R„ is essentially inde-
pendent of bias in the bias range limited by 
+10 pa of conduction current. Fig. 2 shows 
the variation in R, with frequency for sev-
eral types of varactors. At low frequencies 
the equivalent series resistance increased 
considerably, thus decreasing the Q of the 
varactor froto its expected value based mi 
high-frequency measurement s. 

Sawyer2 and Eng' have noted the effect 
of increasing resistance at low frequencies 
on germanium diodes and have concluded 
that it is due to surface effects which are de-
pendent on the atmosphere surrounding the 
varactor junction. If this is the case the ef-
fect should not be limited to germanium 
Nhractors alone. The measured data shows 
the same effect for diffused mesa and epitaxi-
ally constructed varactors, for gallium 
arsenide, as well as for silicon varactors. 

It is of interest to consider the effect that 
a nonconstant resistance will have on the 
opera ii, ii of a parametric amplifier having a 
low signal freqttemy and a high output fre-
quency. A lower sideband up-converter 
amplifier whose unwanted frequencies are 
:di open-circuited at the diode terminals is 
assumed. R,, is taken as the equivalent 
series resistance of the varactor at the sig-
nal frequency co, and similarly .1?,,2 at the 
idler frequency co, Following the analysis of 
l'enohara4 the 'mover gain of the amplifier 
from col to co2 is 

R„Ri, 
4 (R,à- ' '= , 

(1 + ( 1 + 

R.1 ) R82) V  V- I 

where 

=impedance seen by the varac-
tor at ou and Re (Z11 ) = 

Z22 = impedance seen by the var-
actor at co,, and Re ( Z.22) 
=R ,,+R2 

RL= load resistance at eh 
R„= genera tor internal impedance 

0.1 and ()), = dynamic quality factors of 
the varactor at co, and w2, re-
spectively, and are assumed 
known. 

0, is known so that if 

I). E. Sawyer, "Surface-dependent losses in vari-
able reactance diodes," J. Ape Phys., vol. 30. pp. 
16139-1691: November, 1961. 

S. T. Eng, "Characterization of microwave vari-
able capacitance amplifiers." IRE TRANS. ON M ICRO-
wave THEORY AND TECHNIQUES, Vol. MTT-9, pp. 
11-21; lanuarv. 1961. 

Centlara and K. Kurokawa, "Minimum 
noise figure of the variable-capacitance amplifier." 
Bell Sr. Tech. J., vol. 40, pp. 695-722; May, 1961. 

Fig. I—SnUth diagram. Varactor impedance vs bias. 
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Fig. 2-- Equivalent series re,istance vs frequency. 
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are chosen to best utilize this value of 01 
appreciable gain can be obtained. 

Noise considerations of the amplifier 
yield a noise figure given by 

F = 1 + TR + 

-F TLRL T„Re Zit* 12 
- 1+ --

TuRuQt2 

where 'Ph T,, T„ and T L are the temiteratures 
of Ri, R„, R„ and RL, relmec u ivel y. Normally 
the last term is insignificant lout if 0, is 
degraded due to an increased resistance RA 
the term will beeoine significant. I ti addition, 
the tent T,R„, contributes a greater value 
than usual if R, is higher than expected. As 
a result the noise figure of the amplifier in-
creases somewhat when the series resistance 
of the varactor varies with frequency but the 
gain can be made independent of Ra by a 
proper choice of impedance ratios 

and ( 

R.1 

It should be noted that any effects due to 
the nonconstalt resistance are negligible 
above 1000 Mt- for the varactors measured. 

The author wishes to acknowledge the 
many helpful suggestions of Prof. J. I,. Yen 
under whose supervision this investigation 
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was performed. Acknowledgments are also 
due J. Zaleski who performed many of the 
measurements. Appreciation is extended to 
Texas Instruments, Sylvania Electric and 
Northern Electric for supplying sample 
varactors. 

The varactor measurements described in 
the foregoing were taken using ordinary 
slotted line techniques. At low frequencies 
the Q of the diode normally increases and 
since the voltage across the junction is Q 
times the incident voltage when series reso-
nating the diode, the voltage across the 
junction can become quite high; a large 
voltage swing across the junction could lead 
to harmonic generation or oscillations and 
power loss at these frequencies. This effect 
would be interpreted as an increase in the 
equivalent series resistance of the varactor. 
Hence measurements in the lower frequency 
ranges could be inaccurate unless a low 
enough measuring power level is used. 

Measurements made in the above man-
ner at 320 mc were checked using the follow-
ing method. The signal was fed into the 
probe of a slotted line which was connected 
to the diode under test at one port of the 
slotted line section. The power level incident 
on the varactor diode was less than — 70 
dbm. The signal from the remaining port of 
the slotted line was then fed through a cir-
culator for isolation amplified by a 320 mc 
low noise amplifier, mixed to a 30 mc i.f. and 
then amplified and detected in a normal 
manner. Results on several varactors were 
identical to previous results for which a 
power level of — 20 dbm at the %quartor was 
used. 

It then appears that reasonably high sig-
nal levels could be used in the measurement 
of varactor characteristics at low frequencies 
without sacrificing accuracy. However, the 
use of a radiometer for measurement at low 
frequencies guarantees good accuracy. 

Acknowledgments are due J. D. McNeill 
for making possible the taking of these 
measurements using the Radio Observa-
tory's radiometer. Acknowledgements are 
also due Dr. A. Uhlir, Jr., of Microwave 
Associates for suggesting remeasurement of 
the varactors at low frequencies. 

L. D. BRAUN 
Radio Astronomy Project 

Dept. of Elec. Engrg. 
University of Toronto 

Toronto, Can. 

A Stability Chart for Linear 

Discrete Systems* 

A linear discrete system is considered to 
be stable if all the roots of its characteristic 
equation lie inside the unit circle in the 
z- plane.' Thus the stability problem reduces 
mathematically to obtain the necessary and 
sufficient condition for the roots of the fol-
lowing real polynomial to lie inside the unit 
circle:' 

F(z) = ao + alz a2z2 + • • • ± a„_kz"-k 

± • • • ± aoz", with a„ > 0. (1) 

* Received June 11.1962. 
I E. I. Jury, "Sampled- Data Control Systems," 

John Wiley and Sons, Inc., New York, N. V.; 1958. 
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Fig. 1— Stability chart for linear-discrete systems. 

Three methods of analytic test for sta-
bility, namely the determinant,2 the table' 
and the division' methods, have been re-
cently introduced. All of these tests involve 
certain algebraic calculations which can be 
simplified considerably for a quick test of 
stability of the polynomial of ( 1). The pur-
pose of this note is to introduce a chart 
(Fig. 1) which can be used in some cases to 
determine a quick stability test. It should 
be noted that this chart does not include the 
necessary and sufficient conditions for the 
roots of ( 1) to lie inside the unit circle, but 
it does give these conditions for certain 
classes of polynomials. 

The calculation of this chart is based on 
the material from a recent article by Wilf6 
which introduces the "minimax" principle. 
This method gives precisely the largest root 
of another equation which dominates the 
form of ( 1). This maximum root is given by 
several relationships, but for our discussion 
the following one is used!' 

1z ≤p+ max 3 
<k<ff 

and for k = n 

I a,,a„ 

an-k 

an 

1 

- (k- i) • p>0 (2) 

p > 0. (3) 
le + I 

E. I. Jury, "A simplified stability criteria for 
linear discrete system." Pitoc. IRE, vol. 50, pp. 
1493-1500; June, 1962. 

E. I. Jury and Jean Blanchard. "A stability cri-
teria for linear discrete system in a table form," 
l'utoc. IRE (Correspondence), vol. 49, pp. 1947-1948; 
December, 1961. 

E. I. Jury, " A stability criterion for linear dis-
crete system using a simple division," PROC. IRE 
(Correspondence), vol. 79, p. 1948; December, 1961. 

II. S. Will. " Perron-Frobenius theory and the 
zeros of polynomials," Proc. Am. Math. Soc., vol. 12, 
pp. 247-250; April. 1961. 

For the development of the stability 
9 chart we require that lzi = 1 and for the 

application of the method, p should lie be-
8 tween zero and unity. If we let a,,= 1 we 

obtain from ( 2) and (3) 

a„_ki ≤ — pk, k = 1, 2 • • • n — 1 (4) 

and 

1 
or 

po+1 

By letting 

and 

y = pk-1 pk 

aol . (5) 

(6) 

= (7) 

we obtain the chart for different values of k 
as a function of p and also for different 
values of n. The maximum of the curves is 
given by 

(k — l)k-' 
Ymax = 

kk 
(8) 

The chart is designed for systems up to 
n = 7 and could be extended for higher order 
systems. 

Exasnples: 

To illustrate the application of the chart 
we test the following polynomials for sta-
bility: 

a) F(z) = zi -1-0.2z3+0.01z2+0.032z — 0.024. (9) 

From the chart we find that for certain 
range of values of p <0.8 the inequalities of 
(4) and ( 5) are satisfied, and hence the sys-
tem has all its roots inside the unit circle. 
The roots of (9) are 

— 03, z2 = 0.3, z3.4 = ± j0.4 ( 10) 

b) F(z) = — 0.8z3-1-0.31z2-0.128z+0.024. ( 11) 

In this case no value of p between zero 
and unity satisfies (4) and ( 5) and hence the 
chart is not suitable for obtaining informa-
tion on the roots of F(z). However, in this 
case the system is stable and the roots are 

=.• 0.5, z2 = 0.3, zo, = + j.4. ( 12) 

Although a general statement on the rela-
tive use of the chart is not accurately feasi-
ble, if the roots are equally scattered among 
the four quadrants of the unit circle the 
chart is then quite effective to determine 
stability. Furthermore, the use of the chart 
in quick design for stabilizing an unstable 
system should not be overlooked. 

In conclusion, it should be pointed out 
that the chart is very useful for a quick 
check of stability of linear discrete systems. 
A similar chart cannot be calculated for the 
continuous case in the s plane; however, by 
use of bilinear transformation which maps 
the left half of the s plane into the unit 
circle, one can also in certain cases use the 
chart for a quick check of stability of linear 
continuous systems. 
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Engineering Specialist in the new Systems 
Technology Center, Arlington, Va. 

Mr. Teachman is a charter member of 
the Professional Group on Broadcast Trans-
mission and a Past President of Capitol 
Radio Engineering Institute Alumni Associa-
tion. He is the author of many published 
articles and papers. 

Stephen Yando was 
born in New York, 
N. Y., on June 7, 
1923. Ile received the 
B.E.E. degree front 
the Cooper Union 
Institute of Technol-
ogy, New York, 
N. Y., in 1943, and 
the M.E.E. degree 
from the Polytechnic 

Institute of Brooklyn, N. Y., in 1956. 
From 1943 to 1952 he obtained a broad 

experience in electronic systems and com-
ponents at the Sperry Gyroscope Company, 
Mackay Radio and Telegraph Company, 
Hazeltine Electronics Corporation, Press 
Wireless Manufacturing Company and 
Amperex Electronic Corporation. From 
1952 to 1958 he was engaged in micro-
wave and television system research and 
development at the Bayside Laborator-
ies of Sylvania Electric Products 111c., 
Bayside, N. Y. Since 1958 his field of in-
terest has been electroluminescent display 
devices. Initially started by Sylvania this 
work has been supported since 1960 by its 
successor, the General Telephone & Elec-
tronics Laboratories, Inc., Bayside, where 
he is presently employed. 

Mr. Valid° is a member of the G. T.& E. 
chapter of the Research Society of America. 
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Books  

Introduction to Radar Systems, by Mer-
rill I. Skolnik 

Published (19621 by McGraw-Ilill Book Co., Inc., 
330 W. 42 St., New Vork 36, N. V. 636 pages +12 
index pages +ix pages -1-references by chapter. Illus. 

X9I. $ 14.50. 

This is all excellent book for anyone en-
gaged in the radar profession. The best re-
view of the book is in the Preface, wherein 
the author clearly outlines the organization 
and the subject matter covered. Using many 
of the author's own words: "This book 
presents a unified approach to the systems 
aspect of radar. Although the subject is of 
particular interest to the specialist in the 
radar field, it will also be of interest to 
civilian and military users of radar, design-
ers, operations analysts, st talents, managers, 
as well as engineers and scientists in related 
fields." 

Racktr Systems Engineering," MIT 
Radiation Laboratory Series, Vol. 1, has 
been a stamkird systems engineering refer-
ence book since it was published in 1947. 
This new book pnlvides an excellent up-
dating of this import:oft subject, and within 
the restraints of security classification and 
convenient size, it is remarkably complete 
and current. The book is divided into four 
general areas covering the basic charac-
teristics of radar, subsystems and compo-
nents, signal processing and applications. 

The accuracy of the historical data is 
indicative of the completeness of reference 
research. The detinit ion of systems engineer-
ing and the examp:es of typical radar pmj-
ects in Chapter 13 should go a long way 
towards clearing up the general misuse of 
this title. In most cases the "introduction" 
to each element of the subject is adequate 
with numerous references, and the resulting 
reference chain, providing for any depth of 
penetration desired. There are some areas 
that might provoke iiisagreement, but in this 
lively profession, this is a healthy situation. 
The ch:t pier on antennas is perhaps the most 
lengthy one in the book, numbering about 
ninety pages. By contrast, the four and one-
half pages covering displays is indeed 
"treated lightly." The many references, 
while ext reoielv useful, may 1tot always be 
available; howri , for most purposes, the 
systems engineers will find that this book 
will stand Ante, and will certainly stati(! out 
on the bookshelves of the profession. 

I. L. NICNALLY 
Raytheon Company 

Wa),Iand, Mass. 

Control System Theory: Feedback Engi-
neering, by Gladwyn Lago and Lloyd M. 
Benningfield 

Published <1962) by Ronald Press Co., 15 E. 26 
St., New Vork 10, N. V. 493 pages +5 index pages +xii 
pages +6 appendix pages. Illus. 61 X91. $12.00. 

This book should more properly be 
titled " Linear Control System TheOry," 
since it is carefully limited to a discussion of 
linear systems at an introductory- level most 
useful in classroom teaching of linear con-
trol system theory. The contents of the book 

are essentially the same as that of a fair 
number of other books written for the same 
purpose: Laplace transform, electric circuits, 
electromechanical and mechanical systems, 
simple control system analysis, stability, 
frequency response in terms of Nyquist 
and Bode diagrams, transient and steady-
state relationships, and root loctts. The ma-
terial included on hydraulic and pneumatic 
systems, network synthesis, direct syn-
thesis, and analogue computors is not so 
uniformly found in other texts. Since the 
authors avoided almost all discussion of 
nonlinearities, no material was included on 
describing functions, phase-space analysis, 
or relay control systems. Also omitted was 
discussion of carrier type systems, except by 
very oblique reference, and of sampled data 
systems. 

The book seems carefully written, and 
in most cases, it is only whe-n the authors 
feel constrained to introduce a complex topic 
in a brief and simple fashion that an incom-
plete treatment is given. Examples are used 
very freely to carry along the logic of the 
presentation, and must be covered for proper 
understanding. This generous use of exam-
ples should greatly help those engaged in 
self- study. 

It is to the disadvantage of the reader 
that the over-all quality of the print is not 
the best, and the examples are set off in 
smaller type. The figures used with the ex-
amples are designated by a complex num-
bering scheme without captions, and refer-
ence to them is buried in the small print of 
sunlit. example. Eyes tire. 

The examples probably will not suffer 
from technological obsolescence, since the 
;tuthors have taken little advantage of the 
opportunity to present an insight into the 
nature of real systems. There are no missile 
dynamics, no -sun trackers, no feedback 
accelerometers. 

The text considers the control system 
only as a device intended to specify On in-
put-output relationship in the absence of 
disturbances. The companion problem of 
reducing the system sensitivity to dis-
turbances in the form of undesired inputs or 
system parameter changes is not considered. 
As a consequence, the uninitiated will finish 
this Innik with a good understanding of only 
one aspect id' the problem. 

Iii summary. the book is plain fare, com-
petently written to cover the input-output 
relationship in linear feedback control sys-
tems. The format could be improved. 

A. M. 110PKIN 
University of California 

Berkeley, Calif. 

Microminiaturization: Proceedings of the 
AGARD Conference, G. W. A. Dimmer, Ed. 

Published (1962) by Pergamon Press, Inc., 122 E. 
55 St., New York 22, N. V. 352 pages +x pages +3 
index pages +references by chapter. Illus. 10 Xi5}. 
$15.00. 

In July 1961, a Conference on Micro-
miniaturization as applied to electronics was 

held in Oslo, Norway, for the Avionics Panel 
of the Advisory Group for Aeronautical 
Research and Development (AGARD) of 
NATO. This book presents six British, 
three French, and sixteen American papers 
by experts in the field. The three French 
papers, still untranslated, highlight the in-
ternational flavor of the book. 

The coverage of the three main systems 
of microminiaturization — micromodules, 
thin Iilm circuits, and integrated semi-
conductor circuits—raliges from broad 
survey papers to details of developmental 
applications. Discussion by conference par-
ticipants provides additional perspective. 

The papers on micromodules include sys-
tems based on the 0.310 inch square micro-
element ; an 0.450 inch circular microele-
ment; 0.500 inch square parts of varying 
thicknesses stacked horizontally; 0.030 
inch thick "dot" type parts; metal and 
glass encased assemblies of small parts; 
0.500 inch square individually sealed multi-
elements wafers with tab connections; and 
small parts assembled to substrates ill 
flat 1.6X0.8X0.1 IS inch modules. 

Deposition of thin film circuitry is dis-
cussed in terms of resistive and capacitive 
fillits formed by anodization of sputtered 
tantalum; chemical deposition of electro-
less nickel resistors and electroplated copper 
conductors; vacuum deposition of nichrome 
resistors, chromium-gold or chromium-
copper conductors, and silicon-monoxide 
capacitors; vacuum deposition of multi-
layered thin films using aluminum for con-
ductors, nichrome for resistors, and silicon 
monoxide for capacitors and insulation; 
nickel-iron magnetic films; and till and 
lead cryotron memory films with silicon 
monoxide insulation. 

The papers on integrated single crystal 
semiconductor circuit fabrication provide a 
broad coverage of this approach to the de-
sign and processing of both passive and 
active elements. These include diffused p-n 
junction resistors, depletion layer variable 
resistors, p-n junction variable capacitors, 
n-p-n type oc capacitors, p-i-n+ diode type 
fixed capacitors, shaped distributed re net-
works, p-n junction diodes, and diffused 
transistors. An extensive treatment of cir-
cuit design, fabrication and application of 
semiconductor networks of various types is 
also given. 

In this fast moving field, the book pro-
vides a definitive record of the 1961 status 
of the various competing and complemen-
tary approaches and technologies. For those 
specialists actively engaged in the field, the 
book gives a quick look at pat Its some others 
are following. For development engineers 
throughout the electronics industry, a care-
ful evaluation of the various approaches 
and capabilities discussed can provide valu-
able guidance for the selection of appropriate 
microminiaturization techniques for ad-
vanced equipment designs. 

ROBERT A. GERHOLD 
U. S. Army Electronics Research 

and Development Laboratory, 
Fort Monmouth. N. J. 
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The Age of Electronics, Carl F. J. Overhage, 
Ed. 

Published ( 1962) by McGraw-Ilill Book Co., Inc., 
330 W. 42 St., New York, N. Y. 212 pages-1-6 index 
pages +ix pages. Illus. 6 X9. $ 7.95. 

As the first decade of operation of the 
Lincoln Laboratory at the Massachusetts 
Institute of Technology was drawing to a 
close, a series of lectures was conceived of 
as a fitting mark of this decennial occasion. 
The eight lectures comprising the series were 
presented at M.ur. during the winter of 
1961-1962. "The Age of Electronics" is 
comprised of these eight lectures substan-
tially as presented, and an introductory 
first chapter outlining broadly the fields 
covered in the ensuing eight. This first 
chapter is by Carl F. J. Overhage, Director 
of the Lincoln Laboratory since 1957. 

The book has its value not so much in 
what it says alone, but rather through the 
insight provided into the thinking and per-
sonalities of the eight outstanding contem-
porary scientists chosen as the lecturers. The 
lectures were directed to the technical staff 
of the Laboratory and their peers who at-
tended as guests, thus providing a techni-
cally intellectual audience without specific 
scientific orientation. The lectures are not 
highly theoretical but tend to be historical 
and philosophical, as each is seen through 
the eyes of a scientist intimately identified 
with his subject. 

The chapter entitled " Maxwell, hertz, 
and Lorentz" lays the scientific background 
upon which the very existence of the tech-
nologies of the ensuing seven chapters is 
based. This heritage of European science, 
laid down largely in the first half of the past 
century, is placed before the reader by 
Hendrik B. G. Casimir, a recognized Euro-
pean scientist, who studied with Ehrenfest, 
Bohr, and Pauli, and is now Director of the 
Philips Research Laboratories. 

Lloyd V. Berkner, President of the 
Graduate Research Center of the Southwest, 
and IRE Past President, presents in Chap-
ter Three the basic principles of communi-
cations from the concepts of information 
theory, through the properties and limita-
tions of various transmission media. Insight 
also is presented regarding the receiving, 
interpretation, and retention capabilities of 
animate communicants, including man. 

Radar, its inception and development, is 
reviewed in the next chapter by Ivan A. 
Getting, who participated intimately in 
that development while at M.I.T. and later 
through direction of research and develop-
ment of radar tubes at Raytheon. He is 
now President of Aerospace Corporation. 
His chapter, which is largely historical, tends 
to point up the origins and consequences of 
important developments. 

There is a bit of spicy philosophy regard-
ing computers and their use in scientific re-
search contained in the fifth chapter by 
Stanislaw M. Ulain, Research Advisor at 
the Los Alamos Scientific Laboratory. The 
limitation now imposed on science by the 
lack of adequate knowledge about non-
linear transformation is discussed in light 
of the use of large computers. 

Remote from our terrestrial environment 
lies the vastness of the universe, about which 
intriguing new clues are being added 
through scientifically directed use of radio 

astronomy. The course of this fascinating 
development is outlined in the chapter by 
Edward G. Bowen, Chief, Division of Radio 
Physics, The Commonwealth Scientific and 
Industrial Research Organization, Sidney, 
Australia. 

William Shockley, formerly with the 
Bell Telephone Laboratories and now Di-
rector, Shockley Transistor, Unit of Clevite 
Transistor, was co-winner of the Nobel 
Prize for his part in the work culminating 
in the transistor. In his own engaging way, 
he reviews the nature of conduction in semi-
conductors, starting with his now familiar 
analogy to the closely parked jeeps and con-
tinuing through field effects and surface 
states to the transistor of today. 

While Professor of Physics at Columbia 
University, Charles H. Townes, who is now 
Provost at M.I.T., foresaw the use of stimu-
lated emission of radiation in a nonequilib-
rium system as a means of generating and 
amplifying microwave and ultramicrowaye 
power. Particularly interesting is that por-
tion of his chapter relating to the steps of 
conception that led to the maser. 

"Satellite Relays," which is the final 
chapter, deals with a subject of high current 
interest. The man whose name has perhaps 
been most closely associated with the rise of 
this new technology is John R. Peirce, 
Executive Director, Research, Communica-
tions Principles Division of the Bell Tele-
phone Laboratories. I lis chapter deals ex-
tensively with Telstar and its terrestrial 
accouterments both as a technical develop-
ment and as a communications transmission 
medium. His intimate identification with 
the science underlying the communications 
industry lends much to his historical review 
and his recounting of the meticulous detail 
in which the program has been carried out. 

There are, of course, some shortcomings 
in the book. It is all too short to do justice 
to the historical development and the basic 
sciences underlying the eight subjects 
covered. Then too, the technical level of the 
presentations varies considerably through 
this does not detract from the insight into 
the scientific personalities of the authors. 

ROBERT M. BOWIE 
General Telephone & 

Electronics Laboratories 
New York, N. V. 

Linear Vacuum-Tube and Transistor Cir-
cuits, by Alfred J. Cote, Jr. and J. Barry 
Oakes 

Published ( 1961) by McGraw-Hill Book Co., Inc., 
330 W. 42 St., New York 36, N. Y. 402 pages+9 
index pages +XXVI pages. Illus. 6 X91. $ 10.75. 

It is the intent that this book present a 
unified basic approach to the analysis and 
synthesis of vacuum-tube and transistor 
linear circuits, emphasizing the device simi-
larities and differences. The eleven chapters 
with title and contents are as follows: 

Chapter 1. Preliminary Considerations: 
Ideal elements, symbols and equations, 
Ideal and practical active elements, Termi-
nology and conventions, Static characteris-
tics and bias. The concepts of device trans-
fer characteristics are introduced and 
transvoltage, transcurrent, transadmittance, 
and transimpedance are defined. 

Chapter 2. Two-Port Theory: Equations, 
Interconnection, Input and output immit-

tances, Power transfer, Two-ports of par-
ticular interest, Negative immittances, 
Stability criteria, Poles and zeros. 

Chapter 3. Vacuum-Tubes and Transis-
tors as Two- Ports: Equivalent circuits, 
matrix representation, Low-frequency prop-
erties, Input and output admittances, 
Transfer quantities. 

Chapter 4. Effect of Frequency on Active 
Element Performance: Transcurrent, Trans-
voltage, Active element pairs, Duality and 
Analogy. 

Chapter 5. Passive Two-Port Networks: 
Filters, Normalization, Mathematical ap-
proximations, Interstage filter. 

Chapter 6. Cascaded Stages: Basic cas-
cade configuration, Higher order filters, 
Practical cascaded amplifiers, RC coupled 
cascade, Transformer coupled cascade, 
Video amplifiers, Compensation. 

Chapter 7. Bandpass Cascades: Overall 
design, Selection of active element, Repre-
sentation of Active Element, Neutraliza-
tion, Selection of coupling networks. 

Chapter 8. Feedback Con figurations: 
Basic feedback equation, Feedback circuits, 
Stability, Nyquist plot, Properties and ap-
plication of feedback. 

Chapter 9. Feedback Oscillators: Basic 
configurations, Frequency, Stability. Some 
of the limitations of the linear approximation 
are mentioned. 

Chapter 10. Two- Port Stability and 
Power Gain: Power flow, Analysis of power 
flow, Power input and power output sur-
faces, Forward power gain, Charts and 
overlays. 

Chapter 11. Matrix Analysis of Net-
works: Network graph, Elements of branch, 
Reduction of branches to general form, 
Network matrices, Nodal network equa-
tions, Mesh network equations, Node-pair 
network equations, Loop network equa-
tions. 

Throughout the book two-port network 
theory is used. A more descriptive title 
would be: "Two- Port Network Theory with 
Emphasis on Linear Active Circuits." The 
Preface states the intention that this book 
be used as a text by senior undergraduate or 
graduate electrical engineering students. 
Obviously, to use it effectively in an under-
graduate curriculum will require more than 
ordinary adjustment of other courses, to 
avoid duplication and to incorporate essen-
tial supplemental material. 

As background, the authors recommend: 
electrical physics, electrical network equa-
tions, passive filter theory, physics of 
vacuum-tubes and transistors. 

To this list, I would add an elementary 
electronic circuits course to impart greater 
feeling for such things as characteristic 
curves, basic circuits, element selection, 
operating point, and load lines. To round 
out the electronics knowledge of the under-
graduate additional courses should be in-
cluded on non-linear processes, analysis, 
and circuits. 

This book is very impressive in the range 
and scope of its coverage. Numerous ex-
amples illustrate application of the various 
topics. For those seeking greater depth each 
chapter contains a generous reference list. 
Though its immediate adoptability as an 
undergraduate text can be questioned, it 
should be of interest in graduate electronics 
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courses and as a basis for self-study by 
practicing engineers. Its lucid presentation 
of many modern techniques will also make 
it a valuable reference. 

IAN O. EBERT 
Michigan State University 

East Lansing, Midi. 

The Dynamics of Automatic Control Sys-
tems, by E. P. Popov 

Published ( 1962) by Addison-Wesley Publishing 
Co., Inc., Reading, Mass. 757 pages pages-1-3 
bibliography pages. Illus. 61 X10. $111.75. 

In recent y.ears, many books on ele-
mentary control theory have been published. 
Unfortunately, many of them essentially 
have been rearrangements of the material 
in previously published textbooks. Con-
sequently, new books on fundamental con-
trol theory have not been received with 
great enthusiasm. Nevertheless, this book on 
basic control theory by Popov should be of 
interest to the novice or expert, especially 
if the reader is not acquainted with Russian 
contributions to control theory. 

For example, the book places special 
emphasis on the study of stability, and the 
methods of Mikhailov, Vyshnegradskii, 
japunov, Nrylov-Bogoliubov, are developed 
in detail and are compared with the methods 
of Hurwitz and Nyquist. Of course, many 
more Russian contributions are described, 
and a summary of Russian work and interest 
in automatic control is given in the short 
Chapter IV entitled, "Some Problems in the 
Theory of Automatic Regulation." It is in-
teresting to learn that the Russian Vyshne-
gradskii founded the theory of automatic 
regulation ill 1876, and I. I. Polzunov de-
veloped the first automatic regulator in 
1765. The author admits that he has not 
included a complete history of automatic 
control and that he has not reflected the 
work of foreign authors. Thus, to the West-
ern reader, it may seem strange not to find 
in this historical section the names of 
Watt, Maxwell, Hazen, or Nlinorski and 
their early work in automatic control, but 
it may be just as strange for the Russian 
reader of a book written in the West not to 
find the names of Vyshnegradskii or Polzu-
nov. 

The book itself is clearly written in spite 
of the translator's warning that his direct 
translation of the Russian text preserves 
much of the Russian sentence structure 
which is not always the same as it would be 
if originally written in English. In fact, the 
Translator, A. D. Booth, notes that the book 
will be "of interest to English readers in 
showing the meticulous detail into which 
Russian engineers and students are led 
when discussing these subjects." 

Although elementary, the book is not 
based on the use of operational calculus or 
the theory of functions of a complex vari-
able. The first chapter of 29 pages describes 
the concept of automatic control, and many 
examples are given to illustrate the meaning 
of linear, discontinuous, and sampled data 
control systems. 

The next chapter discusses "Transients in 
Automatic Regulation Systems," beginning 
with a clarification of linearity and its mean-
ing in a physical system. Various forms of 
nonlinearities are described including satura-
tion, discontinuities, and hysteresis. In ad-

dition, emphasis is given to the fact that all 
linear systems are not described by ordinary 
differential equations, and that linear sys-
tems also include variable parameters, dis-
tributed parameters, transport lag, and 
sampled data. Transient responses for 
linear systems are described as solutions to 
differential equations; a relatively long dis-
cussion is devoted to the significance and 
determination of initial conditions; and the 
significance of errors and stability is in-
troduced. Forced oscillations lead to the 
frequency response concept and to the use 
of the Fourier series. The next section is 
concerned with the transient responses and 
stability of nonlinear systems, and detailed 
comparisons are made between the response 
characteristics of linear and nonlinear sys-
tems. 

This chapter ends quite significantly by 
introducing the concept of transforming an 
nth order differential equation into a system 
of n first-order differential equations, and 
this in turn provides an introduction to the 
concept of phase space on which modern 
advanced control theory is based. Liapu-
nov's concept of stability is given and the 
use of phase trajectories in phase space is 
illustrated through the phase plane, first 
wit h linear systems, then with nonlinear 
systems, the latter providing a basis for dis-
cussing stability in the "small" and in the 
"large." Thus the fowndat ions for advanced 
control theory currently being studied is 
introduced quite thoroughly at the begin-
ning of this book. It should be noted that 
none of the recent books on basic control 
theory written in this country have intro-
duced these important concepts. 

The book continues with discussions of 
"Methods of Improving the Regulation 
Process," ( Chapter III) essentially a discus-
sion of system structures. After Chapter IV, 
previously mentioned, Part II begins with 
"Linearization and Transformation of the 
Differential Equations of an Automatic 
Regulation System." Linearization tech-
niques are described which lead to more de-
tailed discussions of frequency responses and 
their asymptotic representations. Methods 
of "Setting up Equations of Linear Auto-
matic Regulation Systems" are described in 
Chapter VI and various "Stability Criteria 
for Ordinary Linear Systems" are given in 
Chapter VII. 

These ideas are expanded into the 
"Chr)ice of Structure and Parameters of 
Ordinary Linear Automatic Regulation Sys-
tems from the Stability Condition" in 
Chapter VIII using Vyshnegradskii's sta-
bility criterion, and this leads to approxi-
mate criteria of the quality of transient 
responses in Chapters IX and X. 

Part III describes "Special Linear Auto-
matic Regulation Systems" with derivation 
of equations containing delay and dis-
tributed parameters in Chapter XI, and an 
investigation of their stability in Chapter 
XII which is based mainly on the Mikhailov 
stability criterion. Part III ends with 
Chapter XIII, describing the equations 
and stability of sampled data systems. 

The next part of the book discusses 
"Non-Linear Automatic Regulating Sys-
tems," starting with the derivation of equa-
tions in Chapter XIV, and continuing with 
stability studies in Chapter XV using phase 

trajectories and the Andronov point trans-
formation method and the method of iso-
clines. Also included in this chapter is a 
fine introduction of Liapunov's direct 
method and its applications. The introduc-
tion is quite detailed in spite of its brevity. 
For example, the method of obtaining 
dtildt is described in detail and several illus-
trations are given. The limitations and diffi-
culties in using the Liapunov stability 
theorem, because it is a sufficient but not 
necessary condition for stability, are dis-
cussed in detail. Liapunov's theorem is ex-
tended to the study of instability of non-
linear systems and the works of Aizerman 
and Lur'e are introduced. 

The difficulties of obtaining exact solu-
tions to stability problems lead to a discus-
sion of the approximate method of Krylov 
and Bogoliubov and its variations, in 
Chapter XVI. Approximate methods are 
used to determine stability of systems con-
taining several types of nonlinearities, and 
the chapter ends with a description of the 
methods developed by Gol'dfarb (describing 
function method), Bulgakov, and ',nee. 

Part IV ends with Chapter XVII, on the 
subject of "Self Oscillations in the Presence 
of External Force and Forced Oscillation on 
Non-Linear Systems." This includes a 
description of the approximate methods of 
Pospelov, Gol'dfarb, and Tsypkin, the latter 
for relay systems only. 

The last part of the book contains two 
chapters on obtaining the response of a 
system to various inputs and disturbances to 
verify that the structures and parameters 
have been chosen properly. Approximate 
methods of Bashkirov for linear systems in-
cluding time-variable parameters and for 
non-linear systems are given in Chapter 
XVIII, and analytic solutions and frequency 
methods are described in Chapter XIX. 
Nearly ten pages of this chapter are devoted 
to the Laplace transform and its use in ob-
taining a system response. The book ends 
rather abruptly with Solodovnikov's method 
of trapezoidal frequency characteristics and 
a bibliography of 51 references, all Russian, 
except one by Lauer, Lesnick, and Matson 
("Servomechanism Fundamentals," Mc-
Graw-Hill Book Co., Inc., 1947). 

As illustrated by this detailed review, 
this book is basic but different from the 
many that have been published. In fact, it is 
in many ways more basic and meaningful 
than most of the current elementary texts, 
because it leads directly and logically to an 
understanding of techniques used in ad-
vanced control theory. 

Nevertheless, the book does have some 
deficiencies, especially for students in this 
country. For example, very little reference 
is made to the works of Western authors 
who have made significant contributions 
similar to those of the Russian works, which 
are not easily obtained. Another difficulty 
is that the author naturally uses symbols 
and terminology which have not been de-
veloped or used in this country, and some-
times assumes that the reader is more 
familiar with mathematical notations than 
the ordinary engineer is in this country. An-
other minor defect is that the book has no 
Index. 

Although this book may not be used as 
a classroom text in this country because of 
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its lack of conformity to the usual control 
course organization and terminology, it 
should prove to be a valuable reference for 
those who are interested in obtaining a clear 
and basic introduction to modern control 
theory and Russian contributions to auto-
matic control. 

GEORGE S. AXELBY 
Westinghouse Electric Corp. 

Baltimore, Md. 

Physical Electronics, by C. L. Hemenway, 
R. W. Henry and C. Caulton 

Published (1962) by John Wiley and Sons, Inc., 
440 Park Ave. S., New York 16, N. Y. 364 pages +12 
index pages +xiy pages +16 appendix pages +refer-
ences by chapter +problems and answers. Illus. 
6X9. $8.25. 

There was a time, about thirty years 
ago, when the electronic engineer could be 
reasonably proficient in his field with only a 
minimum of knowledge of the behavior of 
electrons outside of his circuits. True, a few 
engineers were concerned with the dynamics 
of electrons in cathode ray tubes and magne-
trons, but on the whole, if you knew Ohm's 
law, circuit theory, and had a smattering of 
Maxwell's theory, you were fairly well 
equipped for the times. 

In the short span of three decades, new 
needs and the expanding technology to meet 
them have produced a bewildering variety 
of new electron devices, most of them de-
pending on an intimate knowledge of the 
behavior of electrons in various strange en-
vironments such as super-conductors, semi-
conductors, plasmas, and the like. 

In the thirties these were provinces be-
longing to the physicists. Now, however, the 
devices coming out of them have now so 
permeated the field of electronics that the 
competent engineer must master at least 
the fundamental physical processes that 
underlie them. There is need, then, for a 
book such as " Physical Electronics" which 
gathers all of the diverse fields together in 
terms of the basic physics involved. This is 
an ambitious program, but one in which the 
authors have succeeded admirably. 

The first three chapters cover the ele-
ments of quantum mechanics and statistical 
mechanics. The concept of the "Fermi 
level," which is so important for an under-
standing of transistors, is developed care-
fully and lucidly. 

The next four chapters are devoted to the 
"classical electron devices," a new name for 
the lowly vacuum tube. In these the student 
is given a brief review of the fundamentals 
of the interactions between electrons and 
fields in a VaCM1111. 

Chapter 8 takes up the behavior of as-
semblies of particles undergoing collisions, 
and the Boltzmann and Einstein relations 
for equilibritun conditions, and diffusion 
under nonequilibrium conditions are derived. 
In Chapter 9 this theory is applied to 

gaseous processes, and Chapter 10 treats 
gaseous devices. Chapter 11 considers the 
liquid state and plasmas, and if this chapter 
is short, it is because, as the authors state, 
there is a large gap in our real knowledge of 
these states. 

Chapter 12 picks up the solid state, with 
a discussion of the band theory of solids. 
This chapter is rather hard going. One re-
grets that the authors did not include in 
their list of suggested references that ex-
cellent small treatise of Rice and Teller on 
"The Structure of Matter," where the band 
theory is treated with great skill. 

Chapters 13 and 14 take up semicon-
ductors and semiconductor devices, re-
spectively. Only the fundamental theory is 
treated, but this is done in excellent fashion. 
Electron and hole concentrations are de-
rived, using the Fermi distribution de-
veloped in Chapter 3, and the calculation of 
the Fermi level is explained in detail. Under 
devices, the characteristics of p-n junctions 
are developed, leading to the theory of the 
junction transistor. Depletion-layer capaci-
tance, Zener diodes, and tunnel diodes are 
also discussed. 

Chapter 15, on the physics of electron 
beams again reverts to the classical de-
vices, with an introduction to coupled mode 
theory in klystrons. The book closes with 
Chapter 16, ait excellent introduction to the 
theory of modern amplifiers. I'he interaction 
between electron beams and slow wave 
structures is extended, with emphasis on 
power flow and coupled mode theory, using 
the several varieties of Twr as examples. 
Parametric amplifiers are explained very 
well, and the discussion includes Weiss's 
delightfully simple quantum •mechanical 
derivation of the Manlev-Rowe relations. 
Masers are treated only briefly. 

The book has adequate appendices cov-
ering the symbols used in the text, selected 
physical constants, vector relationships, and 
some fundamental relationships of electro-
magnetism. Well formulated :ind instructive 
problems , ( s0Ille of them wit h ; Inswers) are 
given at the end of each chapter. The reader 
is reminded by this reviewer that the ability 
to work the problems is a useful check on 
his understanding of the theory. 

While the book is designed specifically 
for a junior or senior level course in elec-
trical engineering or physics, it › Innild be 
invaluable as a review for the busy prac-
ticing engineer who feels that he has l. pped 
or forgotten some of the physics of the 
devices with which he works daily. 

C. W. CARNAHAN 
Menlo Park, Calif. 
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Pollack, Harvey. Experimental Electronics 
for Young People. John F. Rider Pub-
lisher, Inc., 116 W. 14 St., New York II, 
N. Y. $3.45. For the 12-16 year age 
group. Teaches electronics through a 
series of 49 experiments. including dia-
grams. 

Smith, R. A. Ware Mechanics of Crystalline 
Solids. Min Wile' Wil and Sons, lute., 440 
Park .\ ve. S., Neu.' York 16, N. Y. Aims 
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Scanning the Transactions  

LANGUAGE—Information theoreticians would be the 
first to admit that the English language has no exclusive claim 
to information-carrying capacity. The September, 1962 issue 
of the IRE TRANSACTIONS ON INFORMATION THEORY bears 
witness to this by including three papers in French. This is the 
first time full-length papers have been published in a major 
IRE publication in a language other than English. In view of 
the international character of the Institute, it is not inap-
propriate that this " first" has occurred. An additional point 
of interest is that this issue, which contains the papers pre-
seined at the 1962 International Symposium on Information 
Theory held in Belgium. was printed in the Netherlands. 

PERT has two definitions. The first, that of lexicogra-
phers, says the word means bold, saucy, lively. The second, 
the specialized definition of engineering managers (who spell 
it PERT but pronounce it pert), states that it refers to a 
management control tool for defining and integrating what 
must be done to accomplish program objectives on time. In 
this usage, PERT is also the acronym for " Program Evalu-
ation and Review Technique." \Ve are here concerned with 
the second definition, noting in passing, however, that the 
first definition might have some relevancy in that PERT is 
still somewhat controversial and open to lively and bold discus-

sion. 
PERT was developed several years ago to deal with a spe-

cific problem: the creation of the U. S. Navy's Polaris weapon 
system. It met with surprising success in this application. 
Since that time, a quantity of words verging on the illimitable 
has been written about this management technique. This 
prolixity of PERT prose often results because not everyone 
is looking at the same thing—or the same way at the saine 
thing. It has been proposed that one of the most basic im-
pediments to a common understanding of the technique is the 
belief that it is a tool for performing the classical functions of 
planning and control. This it is not, says one writer. He pro-
poses that it is rather a tool for aiding project decision making, 
something distinct from classical planning and control. He 
states that " it helps the project manager decide, in a dynamic 
environment full of technical breakthroughs, unanticipated 
problems, and customer- and contractor-generated design 
changes, how he should be using his resources today to secure 
the best chance for successful, economcal project completion." 
In his paper, he gives a description of the general framework 
of the decision-making process; applies this framework spe-
cifically to the R and D project management problem; shows 
the relationship of standard PERT information outputs to the 
decision-making framework; and demonstrates in detail the 
use of slack-path analysis to provide useful additional infor-
mation for project management. ( R. E. Thompson, " PERT-
Tool for R and D Project Decision Making," IRE TRANS. ON 
ENGINEERING M ANAGEMENT, September, 1962.) 

BEETHOVEN created his magnificent works without the 
benefit of the modern scientific tools of mathematical analysis 
and synthesis. It is doubtful if, had they been available, his 
creative spirit would have found it necessary or desirable to 
invoke their aid. In retrospect, however, it is interesting to 
analyze mathematically his and other great music in an at-
tempt to gain a modicum of objective insight into its genius— 
without implying that artistic value is something which can be 
measured. A recent paper presents the results of a study of the 
statistical properties of music written during the last four 
and a half centuries, thus covering the works of such diverse 

composers as Bach, Mozart, Beethoven, and the contempo-
rary artists. The statistical distributions of pitch and intervals 
appearing in the various works were determined. One con-
clusion, not too surprising to those who look with something 
less than favor on it, was that modern classical music has a 
strong random nature ( noise?) to it. (\V. Fucks, " Mathemati-
cal Analysis of Formal Structure of Music," IRE TRANS. ON 
INFORMATION THEORY. September, 1962.) 

A PULSE MODULATION technique has been developed 
which differs from, and has several advantages over, existing 
methods. Capable of operating with a high degree of precision 
and overcoming certain bandwidth problems associated with 
other techniques, the modulator appears to hold excellent 
possibilities for a variety of applications in control systems 
and data transmission. It can be used wherever dc or low-
frequency information is to be amplified or transduced. 

The modulator converts a dc-input signal into a pulse 
train with constant amplitude, but with both the pulse fre-
quency and width varied in such a way that the ratio of the 
pulse "on-time" to the total time is linearly proportional to the 
magnitude of the dc-input signal. The information is thus 
contained in the pulse train as relative time and is independent 
of pulse amplitude. This means that the amplitude character-
istics of any amplifying devices which follow are relatively 
unimportant, and amplification may be performed by non-
linear devices. A significant advantage is that the pulse train 
requires only limited bandwidth for transmission over a com-
plete range of duty ratios, whereas pulse-width and pulse-
frequency modulation require infinite bandwidth. Demodula-
tion of the pulse train, to yield a dc output proportional to 
the dc input, can be accomplished by a device with low-pass 
frequency characteristics so as to reject the periodic com-
ponents to a satisfactory degree. This pulse-rate technique 
has been studied and is discussed in detail in a recent paper. 
Appropriate modulating circuits are presented with complete 
analyses and test data. ( R. A. Schaefer, "A New Pulse Modu-
lator for Accurate DC Amplification with Linear or Nonlinear 
Devices," IRE TRANS. ON INSTRUMENTATION, September, 
1962.) 

LIGHT MODULATION—The developer of an efficient 
technique for the modulation of light may not have the world 
beat a path to his door, as is predicted for the proverbial in-
ventor of a better mouse trap, but he will indeed receive the 
gratitude of those waiting to exploit the untapped potentials 
of optical communications. A step in this direction has been 
made in a proposed scheme to improve wide-band light 
modulation using the electro-optic effect. Modulation by this 
means requires a traveling-wave type of reaction. If electro-
optic material is lossy at the microwave modulation frequen-
cies, the modulating field is strongly attenuated and low 
modulation efficiency results. In the proposed technique, in-
stead of using one waveguide containing the active material, 
as is usually the case, two ‘vaveguides are used which are 
continuously coupled so that power is fed throughout the en-
tire length of the guide containing the electro-optic material. 
By the strategem of suitably tapering the coupling and the 
appropriate propagation constant, an analysis shows that 
the modulation efficiency can be significantly increased. ( I. P. 
Kaminow, R. Kompfner, and \V. H. Louise11, " Improvements 
in Light Modulators of the Travelling- \Vave Type," IRE 
TRANS. ON MICROWAVE THEORY AND TECHNIQUES, Septem-
ber, 1962.) 
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Abstracts of IRE Transactions  

The following issues of TRANSACTIONS have recently been published, and 

are now available from The Institute of Radio Engineers, Inc., 1 East 79 
Street, New York 21, N. Y., at the following prices. The contents of each issue 

and, where available, abstracts of technical papers are given below. 
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Libraries 

and 
Non-

Colleges Members 
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Microwave Theory and 

Techniques MTT-10, No. 5 2.25 3.25 
Space Electronics and 

Telemetry SET-8, No. 3 2.25 3.25 

Communications Systems 

Vol.. (7S-10, No. 2, j UNE, 1962 

$4.50 

4.50 
4.50 

4.50 
4.50 

4.50 

4.50 

Editorial—(p. 131) 
Techniques for Incoherent Scatter Com-

munication-- Donald P. Harris ( p. 134) 
Special radiometric-detection procedures 

are appropriate when communication signals 
are severely distorted by a rapidly fluctuating, 
noisy, time-dispersive channel. This liai sr pre-
sents a performance analysis of soim. digital 
communication tecliniques tliat can be used 
when most other techniques fail. Error-proba-
bilit y expressions are derived and evaluated for 
a wide range of possible operating conditions. 
Effective use of available signal power is found 
to be possible on badly behaved channels, pro-
vided there is sufficient bandwidth available 
for the optimization of pet 1.01.111:111Ce. 

The Influence of Fading Spectrum on the 
Binary Error Probabilities of Incoherent and 
Differentially Coherent Matched Filter Re-
ceivers—P. A. Bello and B. Nelin (p. 160) 

Previous derivations of the influence of fad-
ing on the error probabilities of binary data 
transmission systems have iissumed that the 
fading rate is so slow that fluctuations within a 
bit may be ignored. This slow fading assump-
tion is removed in the present paper which de-
rives general expressions for the binary error 
probabilities of incoherent and differentially 
coherent matched filter receivers employing 
post-detection diversity combining. •i In the 
analysis it is assumed that the transmitted 
signals occupy a bandwidth much smaller than 
the coherence bandwidth of t he niedium so that 
"flat' fading may lw iissuine,I. lui addition, it is 
assumed that the amplitude and phase fluc-
tuations produced by the medium have the 
same statistical character as those of narrow-
band Gaussian noise. 

The general analytical results are special-
ized to the cases of frequency shift keying 
using incoherent detection, and phase shift 
keying using differentially coherent detection. 
and to the cases of exponential and Gaussian 
fading correlation functions. For these special 
cases, signal-to-noise degradation curves are 
given as a function of fading bandwidth. The 

PSK system is degraded more rapidly with in-
creasing fading bandwidth than is the FSK 
system. Curves are given which show the error 
probabilities and corresponding fading band-
widths for which the noncoherent FSK and the 
differentially coherent PSK systems break 
even. For lower error probabilities or higher 
fading bandwidths, the FSK system becomes 
superior to the PSK system in the sense of be-
ing able to provide the same error probability 
with less signal-to-noise ratio. 

The existence of an irreducible error proba-
bility is demonstrated for the incoherent and 
differentially coherent matched filter receivers. 
Thus, in general, an increase in transmitted 
signal power cannot reduce the error proba-
bility below a certain value depending upon 
the fading spectrum and order of diversity. 
Theoretical curves of irreducible error proba-
bility are given for the incoherent FSK and dif-
ferentially coherent PSK systems. 

An important result of the analysis is that 
the shape of the fading spectrum can make a 
significant difference in the amount of signal-
to-noise degradation. 

The results of the analysis also indicate that 
care must be exercised in employing a "slow 
fading" assumption since, if low bit error prob-
abilities are desired, significant degradations 
in performance can occur even though the fad-
ing rate is quite low relative to the data rate. 

Comparative Performance of Digital Data 
Transmission Systems in the Presence of CW 
Interference— Frank G. Splitt (p. 169) 

During the last decade there has been a 
considerable amount of work done on the anal-
ysis of digital data transmissions in an inter-
ference environment. With few exceptions, the 
type of additive interference considered is 
normal noise. This paper treats the case where 
the interference consists of CW that falls 
within the pass band of the receiver. The re-
sults obtained can also be utilized to ascertain 
system performance in the presence of interfer-
ence from similar systems and for certain 
classes of interrupted CW (ICW) interference. 

The performance of differential phase-shift, 
coherent phase-shift, amplitude-keyed, fre-
quency-shift and time-shift binary digital data 

transmissions is determined. Mae average digit 
error probability is taken as the measure of sys-
tem performance. The element of uncertainty 
involved in the CW interference analysis is due 
to random variation in the phase angle between 
the signal and interference. The performance of 
systems employing angle modulation is found 
to be independent of this phase angle for cer-
tain values of the interference frequency. In 
general, it is shown that the digit error proba-
bility varies as the arc cosine of a function of 
the signal-to- interference ratio, the function 
being dependent on the system under consider-
ation. 

It is shown that, of the systems investi-
gated, coherent phase-shift keying is the best 
transmission technique in the face of CW Inter-
ference'. The digit error probability in ;I differ-
ential phase-shift-keyed transmission is found 
to be a sensitive function of the frequency of 
tlw interfering tone, and depending on this fre-
quency, can be quite different from that ob-
tained in a coherent phase-shift-keyed trans-
mission. Frequency-shift keying is found to 
exhibit the lowest threshold of the noncoherent 
systems considered, while time-shift keying is 
found to give an improvement of approxi-
mately 4 db over a simple aunditutle-keyed 
system. 

Theoretical Diversity Improvement in Mul-
tiple Frequency Shift Keying Peter M. Hahn 
(p. 177) 

Multiple frequency shift keying ( M FSK) is 
a modulation suitable for transmitting digital 
data under fading conditions. A qmintitative 
analysis of MESK-with-diversity is presented. 

The MESK signals on the several diversity 
channels are presumed to be perturbed inde-
pendently by Rayleigh fading and additive 
white Gaussian noise. Also, it is assumed that 
fading is slow and that envelope, cross-corre-
lation (matched filter) detection is used. 

The diversity combining method is chosen 
so that the receiver performs a likelihood-ratio 
test in deciding which fine of K frequencies was 
transmitted. This optimum combining method 
is to square and add the detected outputs of 
corresponding filteis from each diversity chan-
nel. 
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Theoretical error probability as a function 
of signal-energy-per-bit received is derived, and 
curves are plotted for two-, four-, and eight-
frequency MFSK-with-diversity. Bandwidth 
requirements, as a function of type and order 
of diversity, are determined. 

Eight-frequency MFSK with triple di-
vrrsity has a 21.8-db advantage over simple 
FSK for transmitting 6-bit characters with a 
0.001 error probability. 

On the Optimum Performance of N-ary 
Systems Having Two Degrees of Freedom— 
R. W. Lucky and J. C. Hancock (p. 185). 
A digital transmission system with n pas-

sible transmitted symbols is considered. If the 
time between transmitted symbols is To sec-
onds and the bandwidth is IV, the n possible 
symbols correspond to n vectors in a 2 WTo di-
mensional signal space. This paper considers 
the theoretical properties of a class of digital 
systems where the signal space is two-dimen-
sional. Such systems are both amplitude- and 
phase-modulated. Approximate expressions 
are derived for the average probability of error 
for these systems as a function of the place-
ment of the n symbol vectors in the two-dimen-
sional signal space. Optimum placements are 
then given which minimize this probability of 
error for a given average or peak power SNR 
constraint. It is shown that the optimum chan-
nel structure is a function of the alphabet size 
n, and the type of power constraint, as well as 
the SNR. In general the optimum system is a 
phase-modulated system for low SNR's and for 
alphabet sizes n < 16 in the high SNR region. 
The performance of this optimum system in 
terms of channel capacity and probabilit y of 
error is then compared with the performam7e of 
one-dimensional systems, AM-only and PM-
only, in a complete set of curves for both peak 
and average power. 

TV Broadcast from an Earth Satellite— 
Richard G. Gould (p. 193) 

This paper considers the need for and the 
feasibility of direct continental TV broadcast 
to conventional home receivers from an orbit-
ing stationary satellite. Among the factors con-
sidered are time and language differences of 
the potential audience, the lack of suitable pro-
gramming material, and frequency allocation 
problems. Required transmitter and primary 
power have been calculated for several coverage 
situations on both a VHF and a UHF channel. 
These powers are significantly above previous 
estimates published elsewhere, and above the 
power capability of even the proposed SNAP 
8, 60-kw nuclear reactor except for coverage of 
limited areas on the ground. 

AFC for Frequency Hopping Systems— 
T. J. Rey and H. C. Pascalar (p. 202) 

An AFC system has been developed for 
stabilizing the frequency of a voltage-tunable 
oscillator near any one of many discrete fre-
quencies. A delay line takes the place of the 
conventional cavity in the discriminator. The 
discrete steps correspond to the electrical 
length of the delay line, e.g., 2 Mc in the S-
band system reported herein. Slow frequency 
fluctuations inherent in the oscillator are re-
duced; a stabilization factor of 100 has been 
achieved in a system for jumping frequency 
rapidly by stepping the tuning voltage. The 
nature of the hysteresis loops and means for 
their reduction are discussed. The system is sig-
nificant for improving the stability and the 
spectrum of wide-band tunable oscillators as 
used in frequency hopping apparatus. 

A Carrier-Operated Echo Suppressor and 
Control Device—T. F. Benewicz (p. 208) 

Of the numerous distortions affecting high 
quality facsimile reception, noise and echo 
represent the most troublesome offenders. 

This paper describes a device which fills the 
critical need for suppression of noise and echo 
currents on two-way multipoint facsimile net-
works. 

Laboratory test data as well as operational 
performance results, gathered during field 
trials of two prototype units, are presented. 

Additional applications for the device, in-
cluding TONLOC, disabling of compandors 
during picture transmission, and possible appli-
cation to data transmission systems are dis-
cussed. 

Correspondence—(p. 214) 
Contributors—(p. 223) 
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Information for Authors—(p. 87) 
Who's Who in PGCP—A. M. Okun, Mem-

ber, Administrative Committee--(p. 88) 
Wire-Coupled Crystal Mechanical Filter— 

Tasuku Vuki (p. 89) 
A general discussion of a wire-coupled crys-

tal mechanical filter and its problem on the de-
sign and fabrication is followed by a detailed 
descript ion of transducer-coupler-transducer 
system named the two-element type, whichis 
the simplest construction of electromechanical 
filters. 

This filter is composed of quartz crystals as 
the transducers and resonators and fine wires 
as the couplers. The theoretical possibilities of 
this construction are discussed by the longi-
tudinal-vibration type and its nature is ex-
amined by the several experiments. Then, a fil-
tering characteristic of a flexural-vibration type 
filter is illustrated as an example of filters con-
structed by the other vibration modes. 

The limits of usable frequency ranges are 
approximately from 10 to 1000 kc in view of 
their fabrication easiness and the preferred 
fractional bandwidths are from 0.05 to 3 per 
cent. 

Processes for Fabricating a Planar P-N-P 
Silicon Transistor -A. P. LaRocque, R. S. 
Vatsko, Rogel, R. Jackson, and V. Rible 
(p. 96) 

Processes and techniques required for fabri-
cation of experimental planar p-n-p silicon 
transistors have been developed and demon-
strated as feasible. Processes involved include 
material preparation, antimony base diffusion, 
boron emitter diffusion, oxide masking, photo-
resist techniques, simultaneous gold metalizing 
of emitter and base regions, collector alloy con-
tact and basing and thermocompression bond-
ing. Initial transistors have typical dc Beta 
values of 35 to 4(1 and Fr values as high as 
250 Mc. 

Processes described have also been used in 
preliminary fabrication of solid-state micro-
circuit passive components. 

A Figure of Merit for the Design of Induct-
ance Coils Having Low Distributed Capaci-
tance—Bradford Howland (p. 102) 

The performance of an inductor is often sig-
nificantly compromised by the combined effects 
of series resistance and distributed capacitance. 
For a given inductance value and coil con-
figuration, it is always possible to vary the ab-
solute size and/or turns count so as to reduce 
one residual parameter at the expense of an 
increase in the other. The ratio If = L/RC, is 
unaffected by these transformations and is pro-
posed as a figure of merit characterizing the 
particular coil design. Measurements of M for 
sample coils of a number of commonly used 
types are given; they provide lower limits to 
the performance attainable with available mag-
netic materials. 

A Study of Design Parameters in the Vapor-
ization Cooling of Electronic Components— 
Victor Asch (p. 10.5) 

Vaporization cooling has already been es-
tablished as one of the most effective methods 
of removing heat from electronic components. 
In this paper, the author briefly reviews the 

principles involved, reports his findings on the 
effects of varying certain design variables on 
system performance, and presents a method of 
predicting system behavior. 

The design variables considered are: the 
proximity of components to each other, the 
position of components, the effect on compo-
nents of impinging bubble flow, and the use of 
a wetting agent. System performance is evalu-
ated by considering the relationship between 
heat flux and surface-to-liquid temperature dif-
ference. 

The Optimum Design of the Toroidal Res-
onator—T. R. O'Meara (p. 115) 

The optimum design of a class of toroidal 
resonators which are capacitively loaded and 
therefore short in wavelengths is considered. 
The possibility of including magnetic cores with 
various types of air gaps is included and it is 
shown that below a certain critical size, which 
is a function of the magnetic merit factor, the 
net Q may be improved with the optimum ma-
terial and the optimum air gap. Even without 
magnetic cores these resonators obtain a higher 
Q per unit volume than any other known elec-
trical resonator. 

Solid-State Physical Phenomena and Ef-
fects: Part IV—Edwin J. Seheilmer (p. 119) 

This is the fourth in a series of articles deal-
ing with phenomena of the solid state. Nine-
teen solid-state phenomena and physical ef-
fects are described. This group of phenomena 
includes primarily the resonance effects, that is, 
those effects which can be described in terms of 
discrete energy levels rather than energy bands. 

Correspondence—(p. 142) 
Contributors—(p. 143) 

Education 
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Editorial—John G. Brainerd (p. 55) 
Introduction to the Proceedings of the 

Workshop on Systems Engineering--Richard 

B. Kersliner (p. 57) 
System Theory—William H. Huggins 

(p. 61) 
General System Theory—L. A. Zadelt 

(p. 63) 
Models and Model Construction—William 

K. Linvill ( p. 64) 
Values and Measures of Effectiveness — 

Martin N. Ernst ( p. 68) 
Human Factors Engineering and Research 

in Telephone Systems Engineering—John E. 
Karlin (p. 71) 

Computers and Simulation in Systems En-
gineering —R. W. Hamming (p. 76) 

Mathematical Programming in Systems 
Engineering—Ronald A. Howard (p. 78) 

Feedback and Systems Engineering— 
John G. Truxal (1). 82) 

Relation of Engineering Economy to Sys-
tems Engineering—Gerald J. Matchett (p. 85) 

Probability and Statistics in Systems Work 
— I. S. Reed (p. 87) 

Considerations in Engineering Electronic 
Systems—Harold D. Ross, Jr. (p. 92) 

The Use of Communication Theory Con-
cepts in the Analysis of Metropolitan Systems 
— John \V. Dyckinan (p. 97) 

Queue Theory—R. E. Machol (p. 99) 
Systems Engineering and Research at Case 

Institute of Technology- 11. R. Nara (p. 105) 
Systems Engineering Department, College 

of Engineering, University of Arizona—A. 
Wayne Wymore (p. 1(18) 

Systems Engineering at the Moore School 
of Electrical Engineering—Ralph M. Showers 
(p. 113) 

The Systems Analysis and Design Program 
— John Staudliaminer (p. 115) 
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The Air Force Institute of Technology— 
T. L. Regulinski ( p. 117) 

Systems Engineering in Interdisciplinary 
Curricula—The Program at Carnegie Institute 
of Technology—Walter R. Reitman (p. 119) 

Contributions—(p. 122) 
Contributors—(p. 140) 

Electronic Computers 

VOL. EC- 11, No, 4, AuGusT, 1962 

A Simplified Procedure for the Realiza-
tion of Linearly-Separable Switching Func-
fions—C. L. Coates, R. B. Kirchner, and 
P. M. Lewis, II (p. 447) 
A previous paper gives a procedure for the 

testing and realization of linearly-separable 
switching function, i.e., functions which can 
be realized by a single threshold component. 
That procedure can be considerably simplified, 
particularly when the given function is sym-
metric in sets of two or more variables. The 
simplifications arise due to a reduction of the 
number of functions in the function tree in 
view of the coefficient ordering. 

Although this procedure WaS derived with 
the aim of reducing the amount of computa-
tion below that required for straightforward 
solution of the simultaneous inequalities that 
define the problem, the resulting method has 
some interesting relationships to that due to 
Winder. 

The Diagnosis of Asynchronous Sequential 
Switching Systems—S. Seshu and I). N. Free-
man (p. 459) 

This paper considers the problem of auto-
matically testing a sequential switching circuit. 
It is assumed that the sequential circuit is non-
clocked in order that the same automatic 
tester may be used for a wide class of circuits. 
The program for the tester is to be generated 
by an IBM 7090 computer from the logical 
description of the circuit to be tested. The spe-
cific problem considered here is to write a pro-
gram for the 7090 in order to accomplish this 
purpose. A method of solution and a brief de-
scription of the program are given and a worked 
example is supplie(i. 

A Programmed Algorithm for Assigning 
Internal Codes to Sequential Machines - 
I). B. Armstrong (p. 466) 
A relatively fast procedure for assigning 

codes to the internal states of a sequential ma-
chine is described, which leads to a reasonably 
economical logical realization of the machine in 
many cases. The method is applicable to both 
completely and incompletely specified state 
tables, and permits the use of redundant in-
ternal variables if desired. 

An algorithm which implements the method 
approximately, and which is nonenumerative, 
has been programmed for the 7090 computer. 
The program handles problems with up to 100 
internal states and 30 input symbols, or 3000 
total states. It has performed a problem of 
maximum size in 120 seconds. 

Although fast, the method sometimes fails 
to attain truly economical logic in cases where 
where unusually simple realizations are known 
to exist (e.g., the shift register). More compre-
hensive methods are now known, which in prin-
ciple can produce better results, but which will 
be far more tedious to execute. They will be 
reported separately. 

The Reduction of Redundancy in Solving 
Prime Implicant Tables— I. B. Pyne and E. J. 
AlcCluskey, Jr. (p. 473) 

This paper is primarily concerned with find-
ing, in the most efficient possible way, the set 
of all solutions to a cyclic prime implicant table. 
(A solution is a set of rows such that every col-
umn contains at least one marked entry in a 

row belonging to the set and such that no row 
can be deleted from the set without destroying 
this property.) Extensive use is made of the 
relationship between this and the problem of 
efficiently reducing a Boolean frontal function 
from the form of a product of sums of single 
literals to a sum of products. The transforma-
tion methods commonly in use today have the 
disadvantage that they tend to introduce du-
plicate and redundant products. (A redundant 
product includes at least one row which can be 
remove(h, and tin' remaining rows will still con-
stitute a solution.) Several methods which ap-
preciably reduce the number of such redundan-
cies are presented. One of these methods 
(called row branching), applies repeatedly the 
algebraic transformation 

al(a= 1) ±f 4=01 

where a is the Boolean variable corresponding 
to a row of the table, and f is the f ftnction cor-
responding to the given table. The mechanism 
by which a redundant solution is generated is 
described. 

Th(• paper includes other useful transforma-
tion procedures such as, for example, a tabular 
method in which redundancies are avoided sys-
tematically at each step. In a final section, flu• 
tables themselves are discussed as algebraic 
entities, and their algebraic protterties em-
ployed to solve an example by factoring the 
table into a "sum" of tables each of which has 
a single solution. Illustrative examples and 
theorem proofs are includeal. 

Control Units for Sequencing Complex 
Asynchronous Operations Antonio Grasselli 
(p. 483) 

Sequential circuits techniques for the syn-
thesis of digital-computer-control units are in-
vestigated. The assunuftion is made that the 
oliera thins to be controlled are complex se-
quences of asynchronous events linked by 
precedence relations. An algorithm for the syn-
thesis of the control unit flow table from the 
list of precedence statements is given. 

Sign Detection in Nonredundant Residue 
Systems- - Nicholas Szabó (p. 494) 

The problem of sign determination in non-
redundant residue systems is investigated. A 
general theorem is derived establishing neces-
sary conditions for sign detection. and the use 
of this theorem is demonstrated through spe-
cific examples. It is shown that for a particular 
system organization these same conditions are 
also sufficient for sign detection. An implemen-
tation of this last system is presented for four 
moduli. 

Division and Overflow Detection in Resi-
due Number Systems -- V. A. Keir, P. W. 
Cheney, and M. Tannenbaum (p. 501) 

Residue arithmetic has some intriguing 
characteristics which could possibly be ex-
ploited in a special purpose, or even a general 
purpose, computer. However, simple mechani-
zations of the operations of division and over-
flow detection are not inherent in the structure 
of a residue number system. Methods of han-
dling these operations are discussed in this 
paper. In the first section, a relatively straight-
forward division process is presented whose 
execution time is comparable to those of exist-
ing binary machines. The next section shows 
how the division process can be cut short under 
certain conditions. The amount of equipment 
required for this is not insignificant; however, 
this equipment can also be used to speed up 
the normal division procedure and to detect 
multiplicative overflow. The multiplicative 
overflow detection scheme proposed in the 
concluding section has the following desirable 
feat tires: 

1) It does not require a redundant number 
System. 

2) It is compatible with the division proc-
ess and requires no special circuitry. 

3) It is faster than the brute-force ap-
proaches which either require residue 
division or essentially check the residue 
multiplication by a multiplication in a 
more conventional number system. 

Encoding and Decoding for Cyclic Permu-
tation Codes— Peter G. Netunann (p..507) 

Maximum-likelihood encoding and decod-
ing procedures are presented for cyclic permu-
tation error-correcting codes. These procedure's 
take advantage of the cyclic permutation 
structure, and are applicable to all such codes. 
On the other hand, familiar parity-checking 
procedures are applicable only to those few 
cyclic permutation codes which are group 
codes. A comparison of the two different pro-
cedures for the group code case shows t tuft they 
are roughly comparable in complexity. 

Computer Multiplication and Division 
Using Binary Logarithms- John N. Mitchell. 

m2  

A nwthod of computer multiplication ancl 
division is proposed which uses binary loga-
rithms. The logarithm of a binary number may 
be determined approximately from the number 
itself by simple shifting and counting. A simple 
add or subtract and shift operation is all that is 
required to multiply or divide. Since the loga-
rithms used are approximate tiler(' can be 
errors in the result. An error analysis is given 
and a means of reducing the error for the mul-
tiply operation is shown. 

Design of Computer Circuits Using Linear 
Programming Techniques- G. II. Goldstick 
and 1). G. Mackie (p. 518) 

A step-by-step procedure is presented for 
formulating circuit synthesis problems in a 
manner amenable to solution using linear pro-
gramming. A. method of systetnatizing com-
ponent value determination using linear pro-
gramming is explained. Thu design equations 
and conditions required to synthezise a diode-
coupled inverter and a design procedure for 
;achieving an optimum circuit are presented. 
The Simplex Method is used to determine com-
ponent ‘'al ties such that power dissipation is 
minimized. 

Pulse Generator with Logarithmic Spac-
ing -James L. Farrell (p. 531) 

in this paper a circuit is developed whia-la 
provides a train of uniform pulses logarith-
mically spaced in time. As applied to comput-
ing the system offers new methods for calculat-
ing products, quotients, powers, and roots. A 
pulse-interval error of less than one per cent 
(rias) was obtained with an experimental cir-
cuit. 

The Simulation of Cognitive Processes, II: 
An Annotated Bibliography-- P. L. Simmons 
and R. F. Simmons (p. 535) 

A Method for Evaluating Stieltjes Inte-
grals on the Analog Computer—T. C. Ander-
son (p. 5.52) 

A technique for performing Stieltjes inte-
gration on an analog computer is developed. 
The particular class of integrator functions 
considered consists of those functions of 
bounded variation with a finite number of 
jump discontinuities. The desired results are 
achieved through the use of analog logic and 
memory circuits and an exztinple given show-
ing an application of the method. 

Flight Simulation of Orbital and Re-Entry 
Vehicles—L. E. Fogarty ami R. M. Howe 

555) The three translational and three rotational 
equilibrium equations for an orbital vehicle 
subject to aerodynamic and jet reaction forces 
are derived using a modified flight-path axis 
system for the translational equations. The de-
pendent variables of the system are horizontal 
velocity component, vertical velocity compo-
nent, and ffight-path heading angle. The result-
ing equations are shown'to have advantages for 
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computer mechanization over alternative axis 
systems for the translational equations. Com-
plete equations for determining vehicle orien-
tation, instantaneous latitude and longitude, 
angle of attack, angle of sideslip, aerodynamic 
forces and moments, etc., are presented. Modi-
fications in the translational equations which 
allow direct solution by an analog computer are 
also given. Analog computer mechanization of 
these equations in both real and fast time is 
described, including a novel technique for divi-
sion which preserves favoraWe multiplier scal-
ing. Specific machine results are presented 
which demonstrate accurate solution of close-
satellite trajectories, including re-entry from 
satellite altitudes to sea level. With no change 
in circuit or scaling the same computer mech-
anization yields zero-drag orbits which close 
within several hundred feet of altitude. 

An Analog Computer Realization of the 
Euclidean Tools—Robert E. Keller (p. 564) 

The compass and straightedge of Euclidean 
geometry offer many computational possibili-
ties. Their analog computer realization as de-
scribed here was developed for the study of the 
kinematics of machinery. Inn may be useful in 
several other areas. For the particular case dis-
cussed it was necessary to realize these tools 
without the use of special electronic devices 
and to make them available fin. simultaneous 
use at an arbitrary number of locations. Low 
operating frequencies were acceptable. The 
realization utilizes dynamic computing equip-
ment to generate a reference circle or line, and 
simple logic in the utilization of the reference. 
The system may be extemled to function gener-
ation and multiplication. 

Correction to "Parametric Techniques for 
Eliminating Division and Treating Singulari-
ties in Computer Solutions of Ordinary Differ-
ential Equations"- Arthur ! Muffler (p. 570) 

Correction to "Two-Level Correlation of an 
Analog Computer"— C. I. Becker and J. V. 
Wait (p. 578) 

Correspondence - - (p. 571) 
Contributors (p. 580) 
Reviews of Books and Papers in the Com-

puter Field - (p. 583) 
Abstracts of Current Computer Literature 

—(p. .591) 
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Notices-- --(p. 607) 
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About This Issue -The Editor (p. 101) 
Announcement of Transactions Awards 

1960-1961—(p. 103) 
Optimum Allocation of Research/Engi-

neering Manpower Within a Multi-Project Or-
ganizational Structure A. A. McGee and 
M. D. Markarian (p. 1(4) 

An analytic technique has been formulated 
which permits the management of an organiza-
tion engaged in a number of research and engi-
neering projects to allocate available technical 
manpower among and within projects. The 
technique has value as a device to determine in 
detail where men with specific skills may be 
best utilized and as a tool to gage the impact of 
proposed additional workload on available 
manpower resources and projects in progress. 
The technique makes use of the basic network 
analog to designate the sequence and interac-
tion of the detailed activities making up each 
project. Judgments must he made by engineer-
ing management of the minimum essential 
manning and maximum productive manning 
required for each network activity to obtain 
the time-manpower function and its range of 
feasible values. The scheduled tinte for comple-

tion of each project must be stated as well as 
the total available manpower by skill, by time 
period. An integer solution is attained which is 
compatible with the available manpower con-
straint and which represents a practical eco-
nomic optimum. The technique used is an 
iterative method suitable for computer compu-
tation. 

The Role of Project Management in Sci-
entific Manufacturing—Keith Davis (p. 109) 
A survey was made of various types of proj-

ect management organizations used to achieve 
some measure of managerial unity. Four prin-
cipal types were identified. 

The project expediter achieves unity of 
communication, the project coordinator gets 
unity of control, the project confederation 
achieves unity of direction, and project gen-
eral management accomplishes the ultimate 
unity of connuand. Furthermore, project man-
agement may disregard existing levels and 
functions in superimposing its own structure 
on the existing organization. 

Project organization requires a project 
manager with considerable role adaptability. 
Ile must balance technical solutions with time, 
cost, resource, and human factors. He is an in-
tegrator and a generalist, rather than a technical 
specialist; and he devotes most of his manage-
ment time to the functions of planning and 
control. Both the project manager and his su-
periors may need to give more emphasis to the 
management aspects of his job. To be an effec-
tive project manager, the technical man needs 
to be intellectually sophisticated in the field of 
management and a'so to have an attitude 
which gives some priority to the management 
aspects of his job. 

A Look at Network Planning—Thomas V. 
Sobczak (p. 113) 

The evolution of network planning tech-
niques is described. The main lines of develop-
ment and the variations around them are indi-
cated. Those discussed include: Critical Path, 
PERT, PEP. CPM, LESS, PACT, SPEC-
TROL, and SCANS. A table is presented of 
areas within industrial or military organiza-
tions where such techniques are in operation or 
appear suitable for application. 

PERT—Tool for R and D Project Decision 
Making—Robert E. Thompson (p. 116) 

The question of whether PERT is of sig-
nificant value to project managers will not be 
resolved until the technique is understood to be 
a tool for a newly recognized function rather 
than a new tool for an old function. The newly 
recognized function is decision making as op-
posed to the old function of planning and con-
trol. The need for the performance of the new 
function arises from the dynamic and complex 
character of modern R and D projects. PERT 
as a decision-making tool can best be under-
stood within the framework of the decision-
making process. The decision-making frame-
work indicates that assumptions must con-
tinuously be made in four areas. The informa-
tion needed to develop these assumptions con-
stitutes the information necessary for decision 
making. The information obtained by PERT 
provides a portion of this information. 

SCANS—System Description and Com-
parison with PERT— B. L. Fry (p. 122) 

The name SCANS is an acronym derived 
from Scheduling and Control by Automated 
Network System. The system is based upon the 
network techniques developed for PERT and 
might well be considered to be one of the many 
versions of PERT which have evolved since its 
introduction. 

Although SCANS is described as an auto-
mated system and as a man-machine system, 
it is the men in the system who perform the 
most important functions of planning, decision 
making, and control. The machines only per-
form the functions which would have to be 

delegated to clerical and computational per-
sonnel if the machines were not available. 
SCANS is not intended to be a substitute for 
the human mental process. It can only hope to 
facilitate this process and improve its effective-
ness by providing the best information in an 
efficient format at the time it is required. 

The Applicability of PERT as a Manage-
ment Tool—John G. Barmby (p. 130) 

This paper discusses the environment in 
which analytical methods of program evalua-
tion and review (PERT, PEP) are most useful. 
The conditions under which these techniques 
are most applicable are discussed. A number of 
limitations are pointed out. Aspects of the cost 
of using these techniques are (Iiscussed. 

Activity Costing—Key to Progress in Crit-
ical Path Analysis— Roderick W. Clarke (p. 
132) 

Realization of the full potential of critical 
path techniques involves six essential aspects. 
These are 1) network planning, 2) time and re-
source planning, 3) optimum scheduling and 
allocation, 4) progress reporting, 5) analysis 
and control of progress, and 6) statistical anal-
ysis to improve time and resource planning. All 
of these aspects are not currently being em-
ployed and thus full benefits are not accruing 
to the user. The principal reason for this is the 
lack of data on which to base time-cost trade-
off relationships. This in turn is due to the pres-
ent structure of accounting and control sys-
tems which do mutt relate costs with the work 
accotnplished. 

Several efforts employing enumerative cost 
models are currently in existence or under de-
velopment which largely overcome the short-
comings of present accounting and control sys-
tems. The enumerative cost model collects cost 
by network activity and compares actual ex-
penditure and schedule progress with that 
planned in order to determine program status 
in an accurate and unatnbiguous fashion. In 
addition, this type of model will provide the 
raw materials for construction of the time-cost 
relationships required for optimization pro-
vided that the non-comparability of activities 
problem can be overcome. 

Probabilistic Forecasting of Manpower Re-
quirements— K. S. Packard (p. 136) 

The use of the probability of a successful 
proposal in manpower forecasts is discusse(i. 
Formulas for the expected requirements and 
the standard deviation are presented. An illus-
trative example of the use of these formulas is 
given. 

The Razor's Edge of Support System Man-
agement—J. W. Vick Roy (p. 138) 

Two costly mistakes are frequently made in 
the management of the support program for a 
major weapon or space system: 1) Considera-
tions of support requirements are neglected 
until it is too late to accomplish a reasonably 
scheduled minitnurn cost program. 2) In an 
ardent effort to avoid the first mistake, hard-
ware and software programs are promulgated 
before support concepts or prime system de-
sign have been adequately frozen. The purpose 
of this paper is to illuminate these pitfalls and 
indicate how they may be avoided. 

About the Authors--(; t. 141) 
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Broad-Band TEM Diode Limiting—R. V. 
Garver and J. A. Rosado (p. 302) 

The bandwidths of two types of limiters 
operating below diode resonance and one type 
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of limiter operating at diode resonance are cal-
culated. A 2.5-Ge base-band limiter was made 
providing a low power insertion loss of less 
than 1 db, a limiting threshold of 10 taw, and a 
high power isolation of greater than 20 db. A 
0.9- to 1.3-Ge matched limiter was made hav-
ing a VSWR of less than 1.2 for all power 
levels. The burnout power of these two limiters 
was calculated to be about 10 watts incident 
CMT power or 1500 watt-microsecond incident 
pulse energy. Using the diode resonance the 
calculations indicate that it is possible to make 
a 5-Ge limiter with 15 per cent bandwidth, 
less than 1-db power insertion loss, a limiting 
level of 10 mw, and greater than 20-db isola-
tion at high power. The bandwidths derived for 
diode limiting are equally applicable to switch-
ing. 

Improvements in Light Modulators of the 
Traveling-Wave Type-- l. P. Kaminow, R. 
Kompfner, and \V. II. Louisa (p. 311) 

Wide-band modulation of light by means of 
the electro-optic effect requires a traveling-
wave type of interaction, with the modulation 
field traveling with the same phase velocity as 
the light in some suitably proportioned struc-
ture. If electro-optic material is lossy at the 
modulation frequencies, the modulating field is 
strongly attenuated with a resultant low-modu-
lation efficiency. 
A scheme is analyzed here in which power is 

continuously fed into the light-carrying guide 
to make up for the attenuation as the wave 
progresses down the guide. By suitably taper-
ing the coupling and the uncoupled propagation 
constant, the electric field can be maintained 
constant in the light-carrying guide and the 
"coupled" propagation constant in this guide 
can be maintained in synchronism with the 
light wave, thereby increasing the modulation 
efficiency. 

Electromagnetic Waves in Waveguides 
with Wall Impedance—Kaneyuki Kurokawa 
(p. 314) 
A variational expression for the propagation 

constant of the waves in waveguides with in-
homogeneous media and with wall impedance 
is presented. Using this expression, the shift of 
the propagation constant due to the wall im-
pedance is calculated. It is also clarified how 
the removal of degeneracy takes place. Then 
the same problem is discussed using another 
approach, a perturbation method. The result 
is identical with that of the variational prin-
ciple, as is to be expected. In the final section, 
taking degenerate TEN1 modes as an example, 
it is shown that appropriate choices of field con-
figuration are necessary when the formula for 
an attenuation constant derived from the con-
servation of energy is applied to degenerate 
modes. 

A Three-Cavity Circularly Polarized Wave-
guide Directional Filter Yielding a Maximally 
Flat Response—Robert L. Williams (p. 321) 

A directional filter is a completely matched 
fetter-port device which exhibits directional 
properties and a filter-like frequency charac-
teristic. This paper extends work previously 
done on a single-cavity narrow-band circularly 
polarized waveguide directional filter to the 
case of three cavities connected in cascade with 
an overall bandwidth greater than 1 per cent. 
Analysis of the filter leads to a relationship 
between the two inner coupling factors and the 
two outermost coupling factors for a maximally 
flat response. The results obtained from an ex-
perimental filter using the design approach 
discussed herein compare favorably with the 
theoretical filter response. Directivity and 
band-elimination filter characteristics are dis-
cussed. 

Power Transmission Through General 
Uniform Waveguides --Walter K. Kahn (p. 
328) 

The problem of transmitting electromag-
netic power through a dissipative waveguide in 
an optimal fashion is examined. At any fre-
quency the problem is reduced to a weighted 
eigenvalue problem in which the maximum 
efficiency appears as the eigenvalue and the 
required excitation is specified by the corre-
sponding eigenvector. Numerical results are 
presented. 

Further Considerations on Fabry-Perot 
Type Resonators—William Culshaw (p. 331) 
• An integral equation valid for Fabry-Perot 
type resonators with reflectors of arbitrary 
curvature and spacing is derived, and equa-
tions for the planar, confocekl, and spherical 
geometries are considered further. A numerical 
iteration method is used to solve the equations, 
and the properties of the various solutions for 
the different kernels are discussed. Results 
show that the confocal type has the lowest dif-
fraction loss, and that the losses in the planar-
and spherical-type geometries are identical, as 
are the normal mode field distributions over 
the reflectors, apart front a change in sign of 
the phase angle. Variational methods are ap-
plied to give results for the eigenvalues of the 
planar geometry with great facility, particu-
larly for cases where the eigenvalues are closely 
spaced. Some potential uses and the respective. 
merits of the resonators are briefly mentioned. 

Stepped-Impedance Transformers and Fil-
ter Prototypes—Leo Young (p. 339) 

Quarter-wave transformers :ere widely used 
to obtain an impedance match within a speci-
fied tolerance between two lines of different 
characteristic impedetnces over a specified fre-
quency band. This i )il per gives design formu-
las and extensive tables of designs, most of 
which were especially derived so that an inte-
grated account could be presented for the first 
tinte. Numerous examples are given. Only ho-
mogeneous, synchronous transformers and 
filters are included in titis paper, but a short 
bibliography on related topics is appende-d. 

Tile theory is also applied to band-pass fil-
ters, by showing how to convert quarter-wave 
transformers into half-wave filter prototypes. 
The theoretical and numerical results pre-
sented are applicable to the design of im-
pedance transformers, direct-coupled cavity 
filters, short-line low-pass filters, optical anti-
reflection coatings and interference filters, 
acoustical transformers, branch-guide direc-
tional couplers, TEM-mode coupled-transmis-
sion- line directional couplers, and other cir-
cuits. These applications have been or will be 
dealt with in separate papers; this paper gives 
the basic theory and some of the numerical (latte 
required for these applications. 

In-Line Waveguide Calorimeter for High-
Power Measurement—M. Michael Brady (p. 
359) 

The static in- line calorimeter measures the 
temperature rise in the walls of a waveguide 
caused by the attenuation of microwave power 
flowing through the waveguide. It is simple 
and inexpensive and can be constructed so that 
it will fit on waveguide already existing in a 
microwave system. The device should be reli-
able because it uses no active circuity. In addi-
tion, few mechanical problems are encoun-
tered in its use because the existing waveguide 
need not be altered. The theory of the device is 
developed, and two experimental S-band 
calorimeters using stainless steel waveguide and 
resistance-wire bridge temperature indicators 
are described. The measured sensitivty and 
tint(' constant for both units fall within the 
experimental error of confirming the theo-
retically predicted figures. 

Scattering of Surface Waves by Disconti-
nuities on a Unidirectionally Conducting Screen 
—S. R. Seshadri (p. 367) 

It is shown that a plane screen consisting 
of closely-spaced parallel wires which are sepa-

rated from one another and which are such 
that the radius of the wires ;end the spacing be-
tween them are small in comparison to wave-
length, can support a surface wave, the spread 
of whose field components depends only on the 
angle which the direction of propagation makes 
with the direction of the wires. The problem of 
radiation front a discontinuity in such el semi-
infinite waveguide is studied for the following 
three types of (liscontinuities: I) when the 
waveguide terminates in empty space, 2) when 
it terminates at another such semi- infinite 
waveguide having different propagation char-
acteristics, and 3) when it terminates at a per-
fectly conducting half-pleme. In eaclk case, the 
power reflection coefficient, where applicable 
the power transmission coefficient, the loss of 
power due to radiation, and its angular distri-
bution are evaluated. The motivation for this 
investigation is briefly indicated. 

Surface Waves on Radially Inhomogeneous 
Cylinders—A. Vigants and S. P. Schlesinger 
(p. 375) 
A characteristic equation and a cutoff 

equation are derived for higher order surface-
wave modes on lossless isotropic cylinders with 
ekrbitrary radial permittivity variation. The 
derivation, based on the use of the funclatnental 
matrix of a set of differential equations, reduces 
analytical work and results in expressions well 
suited for digital computer evaluation of sur-
face-wave eigenvalues and mode spectra. The 
theory is applied in an investigation of 11E21 
and E1121 mode propagation for a particular set 
of models for the reulially varying permittivity. 
Typical results showing eigenvalue variation, 
dispersion characteristics and radial field vari-
ation, including experimental verification of 
dispersion characteristics, are shown. The 
method of analysis can be extended to aniso-
tropic cylinders with permittivity a function of 
both radius and frequency. 

A Plasma Controlled Directional Coupler— 
Jack Willis (p. 383) 

A new type of waveguide directional coupler 
is described which has a discharge tube as the 
coupling element in the common narrow wall 
between the guides. The use of the discharge 
tube allows continuous control of the amount 
of coupling between the guides. The theory of 
tile coupler is given with curves for designing 
such a coupler. The paper describes the results 
obtained from a 3-db coupler. Measurements 
were made at a frequency of 450 Mc, of 
VSWR, noise output, lend switching speed. 
These show a VSWR of the order of 1.3 over 
the control range, and an excess noise tempera-
ture with a peak of 20,000°K at one value of 
control current. The coupler is capable of 
switching up to speeds of 1000 cps. 

Correspondence—(p. 389) 
Contributors --(p. 404) 

Space Electronics and Telemetry 
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Delay Variations in Telemetry Filters— 
K. L. Berns (p. 199) 

The significance of filter delay characteris-
tics in telemetry applications is discussed, and 
fundamental terms are defined. Suggested 
methods of delay measurement are presented, 
and experimental results are given. Recom-
mendations are offered regarding filter speci-
fications. 

A Telemetering System by Code Modula-
tion—,- I Modulation — II. ! nose, V. Yetsuda, 
and J. Nlurakami (p. 204) 

A communication system by code modula-
tion is described which incorporates an inte-
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gration process in the original delta modula-
tion system and is named delta-sigma modula-
tion after its modulation mechanism. It has an 
advantage over delta modulation in dc level 
transmission and stability of performance, al-
though both require essentially an equal band-
width and complexity of circuitry. An experi-
mental telemetering system employing delta-
sigma modulation is also described. 

Phase-Lock Loop Frequency Acquisition 
Study —J. P. Frazier and J. Page (p. 210) 

The ability of a phase-lock loop using a pro-
portional plus integral control filter to acquire 
a noisy signal when the local oscillator is being 
swept was determined empirically by means of 
a low-frequency, GEESE model of such a 

system. 
The effects of the damping factor and nat-

ural frequency on the frequency acquisition 
properties of linear loops (as distinguished from 
a loop in which the IF signal is limited) are con-
sidered in this study. In addition, considera-
tion is given to a loop in which the IF signal is 
"hard" limited and the loop designed to maxi-
mize the sweep rate under the constraint ti tat 
the probability of acquisition is equal to or 
greater than 90 per cent for a given SNR. 

The rms phase jitter in the output signal 
was measured as a method of verifying the 
standard analytic approach to predicting phase 
jitter. 

The results of the study are as follows: 

1) The range of damping factors from 0.5 
to 0.85 yields near optimum acquisition 
performance. 

2) Although a drop in loop gain produces 
lower phase jitter for a given (S/N)1F, 
it degrades the over-all ability of the 
loop to acquire and track a signal. 

3) A "hard" limiter in the IF can be effec-
tively used as a gain control to enhance 
loop performance. 

4) Using an empirical formula derived from 
experimental results, the VCO sweep 

rate for 90 per cent probability of ac-
quisition can be predicted accurately, 
given the (SNR)IF and loop parameters. 

Message Compression- 11. Blasbalg and 
R. Van Blerkom (p. 228) 

Two general classes of operations for the 
purpose of compressing the output of a message 
source are considered: ( 1) Entropy-reducing 
(ER) tranformation, and (2) Information-
preserving (1P) transformation (redundancy 
removal). The type ( 1) transformation, when 
acceptable, can yield substantial compression 
gains in telemetry applications while the type 
(2) transformation can yield substantial gains 
for certain types of source statistics. 

A new concept, adaptive coding, is intro-
duced. It is shown that for quasi-stationary 
source statistics it is possible to obtain esti-
mates of the statistics and to use these sub-
sequently for efficient coding. A general sta-
tistical measure for monitoring the efficiency 
of the adaptive procedure is presented and a 
decision rule, based on this statistic, for up-
dating the coiling is defined. It is shown that 
the statistical estimates need not be precise 
since the coding efficiency remains reasonably 
insensitive to small errors; hence, only violent 
changes in the source statistics must be de-
tected. 

A number of configurations for performing 
adaptive and nonadaptive compression are dis-
cussed in detail. Some of these procedures, such 
as predictive coding, are well known while 
others are new. In particular, a practical con-
figuration is presented for compressing the 
output of many sensors which have the sta-
tistical structure; no changes in the signal for 
relatively long time intervals and very rapid 
changes for relatively short time intervals. It 
is concluded that this approach has the ad-
vantage over variable rate commutation pro-
cedures in that short message bursts can al-
ways be detected without increasing the com-
munications channel capacity. 

The problem of buffer overflow is considered 
in general and specifically, in the multiple 
sensor compression system configuration. Here 
it is shown that buffer overflow can be con-
trolled simply by degrading the fidelity of the 
sensor outputs gradually and under control. In 
general, it is concluded that the buffer design 
problem is just another difficult problem in 
designing an efficient telemetry system. It is, 
however, a poor excuse for eliminating com-
pression from telemetry system design without 
giving it proper consideration. In short, com-
pression is a possible trade-off among the 
theoretical channel parameters and practical 
considerations which can influence the over-all 
system performance and which deserves con-
sideration. 

Experimental Optimization and Evaluation 
of Telemetry Systems—W. F. Link and C. D. 

Eatough (p. 239) 
A careful laboratory program to experi-

mentally optimize and evaluate four telemetry 
systems in wide use (FM-FM, PAM-FM, 
PDM-FM and PCNI-FM) has been concluded 
as part of a general study of problems in the 
telemetry field. Each of the four systems was 
implemented in the laboratory and the system 
under test was modulated by random signal 
sources typifying actual data. Broad-band 
random noise was then introduced at the RF 
and the various system parameters were opti-
mized to obtain the lowest threshold for stated 
performance. Having optimized the parameters 
in this manner, performance against other types 
of interference was also measured. For each 
system an accurate error comparator was de-
signed which repetitively sampled the system 
input and output and compared the samples for 
error. 

The information obtained on internal pa-
rameter optimization and over-all performance 
for each system is extremely useful to systems 
design as well as to evaluation and comparison 
of the systems. 

Contributors— (p. 247) 
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Announcement 

Abstracts and References to be Discontinued 

T
. HE IRE has been advised by the compilers and 

publishers of Abstracts and References that this 
  service is being discontinued at the end of 1962. 

For PROCEEDINGS readers this will mean that this fea-
ture will make its final appearance in the January, 1963, 
issue. The Annual Index for 1962 will be published as 
usual as Part 2 of a subsequent issue. 

Abstracts and References has appeared in the PRo-
CEEDINGS Since June, 1946, by special arrangement with 
two organizations in England: the Radio Industrial 

Organization of the Department of Scientific and In-
dustrial Research, the compilers, and Ili ffe Electrical 

Publications, Ltd., publishers of Electronic Technology, 
from which Abstracts and References are reprinted. We 
are indebted to both organizations for making this valu-
able service available to the IRE and its members dur-
ing an important period of rapid literature growth. In 

particular we wish to express our thanks to I I ugh S. 
Pocock, Chairman of Iliffe Electrical Publications, Ltd. 
and W. T. Cocking, Editor of Electronic Technology, for 
their close cooperation these many years. 
An alternative source of information on radio and 

electronics engineering literature is available in the well 
known abstracting journal Electrical Engineering Ab-
stracts, published by the Institution of Electrical 
Engineers of London. Hy special arrangement with the 
I EE, IRE members may subscribe at a reduced price 
as indicated below. 

Electrical Engineering . lbstracts has been published by 

the Institution of Electrical Engineers for 64 years and 
forms Section 13 of a double publication, Science Ab-
stracts, of which Section A is Physics . lbstracts, published 

by the I EE in association with the American Physical 
Society and the Institute of Physics and Physical So-
ciel y of London. 

Electrical Engineering Abstracts, which is broader in 
scope than Abstracts and References, currently pub-

lishes about 15,000 abstracts a year of an average length 

of 120 words. Physics Abstracts is even larger, publishing 
about 25,000 abstracts a year. Together, the two publi-

cations cover the field of physics, electrical engineering, 
radio and electronics. Nearly a thousand journals are 

regularly scanned for material of possible value, more 
than half of them being foreign-language journals; they 
include all those formerly covered by Abstracts and 
References. 

The proportion of pages in Electrical Engineering 
Abstracts devoted to the subjects of interest to IRE 
members (electronics, electromagnetic wave, radio-
communication, data processing, etc.) exceeds 75 per 

cent in most issues. The abstracts are classified under 89 

separate chapter headings, arranged in six sections of 
which four are directly concerned with radio engineering. 

While a comprehensive coverage of the physical sub-
jects which have an increasing interest for electronics 

engineers—semiconductor physics, spectral emission, 
electron-atom collisions, and so on—is given by Physics 
Abstracts, a large selection of abstracts on these and 
similar subjects is printed also in Electrical Engineering 
Abstracts, so that the electronics engineer is given 

references, not only to the engineering literature, but to 
a useful amount of physics literature as well. 

Electrical Engineering Abstracts is published monthly. 
The normal annual subscription rate, which includes 

Author and Subject indexes (total size in 1963 estimated 
to be 2000 pages) is £ 14 ($39). 13y a special arrangement 
with the IEE, however, members of any grade of the 

IRE and MEE can subscribe to Electrical Engineering 
Abstracts at the privilege rate of £ 10.10.0. or 830. 
Members who wish to subscribe should send their names 
and addresses, with payment in dollars or sterling, 
to The Secretary, The Institution of Electrical Engi-
neers, Savoy Place, London, W.C.2, England. 

—The Editor 
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Abstracts and References 

Compiled by the Radio Research Organization of the Department of Scientific and Industrial Research, 
London, England, and Published by Arrangement with that Department and Electronic Technology, 

Dorset House, Stamford St., London S.E. 1, England 

NOTE: The Institute of Radio Engineers does not have available copies of the publications mentioned in these pages, nor does it 
have reprints of the articles abstracted. Correspondence regarding these articles and requests for their 

procurement should be addressed to the individual publications, not to the IRE. 

The Index to the Abstracts and References published in the PROC. IRE from 
February, 1961 through January, 1962 is published by the PROC. IRE, June, 1962, 
Part II. It is also published by Electronic Technology and appears in the March, 
1962, issue of that Journal. Included with the Index is a selected list of journals 
scanned for abstracting with publishers' addresses. 

Acoustics and Audio Frequencies  
Antennas and Transmission Lines  
Automatic Computers  
Circuits and Circuit Elements  
General Physics  
Geophysical and Extraterrestrial Phe-
nomena  

Location and Aids to Navigation  
Materials and Subsidiasy Techniques. 
Mathematics  
Measurements and Test Gear  
Other Applications of Radio and Elec-

tronics  
Propagation of Waves  
Reception  
Stations and Communication Systems. 
Subsidiary Apparatus  
Television and Phototelegraphy  
Tubes and Thermionics   
Miscellaneous  

2539 
2539 
2540 
2540 
2541 

2543 
2545 
2545 
2548 
2548 

2548 
2549 
2549 
2549 
2550 
2550 
2550 
2551 

The number in heavy type at the upper 
left of each Abstract is its Universal Decimal 
Classification number. The number in heavy 
type at the top right is the serial number of the 
Abstract. DC numbers marked with a dagger 
(t) must be regarded as provisional. 

UDC NUMBERS 

Certain changes and extensions in UDC 
numbers, as published in PE Notes up to and 
including PE 666, will be introduced in this and 
subsequent issues. The main changes are: 

Artificial satellites: 
Semiconductor devices: 
Velocity-control tubes, 

klystrons, etc.: 
Quality of received sig-

nal, propagation con-
ditions. etc.: 

Color television: 

551.507.362.2 (PE 657) 
621.382 (PE 657) 

621.385.6 (PE 634) 

621.391.8 (PE 651) 
621.397.132 (PE 650) 

The "Extension and Corrections to the 
UDC," Ser. 3, No. 6, August, 1959, contains 
details of PE Notes 598-658. This and other 
UDC publications, including individual PE 
Notes, are obtainable from The International 
Federation for Documentation, Willem Witsen-
plein 6, The Hague, Netherlands or from The 
British Standards Institution, 2 Park Street, 
London, W. I, England. 

A list of organizations which have avail-
able English translations of Russian 
journals in the electronics and allied 
fields appears at the end of the Abstracts 
and References section. 

ACOUSTICS AND AUDIO FREQUENCIES 

534.14-8:537.311.33 3557 
Amplification of Ultrasonic Waves in Piezo-

electric Semiconductors—D. L. White. (J. 
Appt. Phys., vol. 33, pp. 2547-2554; August, 
1962.) The technique necessary for amplifica-
tion is discussed and extension to higher fre-
quencies and more general operating conditions 
is considered. See 1 of January ( Hutson, et al.). 

534.231:534.88 3558 
Space Time Correlation in Spherical and 

Circular Noise Fields-- M. J. Jacobson. (J. 
Acoust. Soc. Am., vol. 34, pp. 971-978; July, 
1962.) The cross-correlation of the noise field of 
an infinite number of white-noise sources is ex-
amined as a function of time delay, wavelength 
between correlation points and frequency. 

534.232 3559 
Determination of the Parameters of a 

Piezoelectric Transducer from the Decay of 
Resonant Vibrations—M. Redwood. (J. Acoust 
Soc. Am., vol. 34, pp. 895-902; July, 1962.) The 
theory of the method and its limitations are 
discussed. It is particularly suitable for rapid 
measurements on transducers with low coupling 
coefficients ((0.4). 

534.232.089.6 3560 
Shock-Wave Transducer Calibration—R. E. 

Ziemer and R. F. Lambert. (J. Accus!. Soc. 
Am., vol. 34, pp. 987-988; July, 1962.) " The 
use of a shock-wave technique to obtain a 
frequency-response calibration of a small lead 
zirconate-titanate transducer is described. The 
response curve is obtained through numerical 
Fourier transformation of the recorded response 
to a shock-wave excitation. Sources of error and 
agreement with other methods of calibration 
are discussed." 

534.417.089.6 3561 
Hypophone Calibration in a Vibrating 

Column of Liquid—F. Schloss and M. Stras-
berg. (J. Acons!. Soc. Am., vol. 34, pp. 958-960; 
July, 1962.) The procedure has advantages 
over usual laboratory methods for the calibra-
tion of small low-sensitivity hydropliones: pres-
sures up to 1000 dyn cm' can be produced. 

534.61-14 3562 
A Test Sound Source for Wide-Band Micro-

phones for the Measurement of Pressure Im-
pulses in Liquids—W. Eisenmenger. (Acustica, 
vol. 12, no. 3, pp. 165-172; 1962. In German.) 

534.782 3563 
Verification of the Properties of an Arti-

ficial Mouth by the Method of the Thresholds 
of Audibility, Intelligibility and Perception— 

G. Ibba. (Alla Frequenz, vol. 31, pp. 127-133; 
March, 1962.) The ability of an artificial mouth 
to reproduce speech is assessed on the basis of 
subjective tests. 

621.395.61:621.382.23 3564 
Experimental Tunnel-Diode Electrome-

chanical Transducer Elements and their Use in 
Tunnel-Diode Microphones—E. S. Rogers. 
J. Acoust. Soc. Am , vol. 34, pp. 883-893; 
July, 1962.) The theory of a tunnel-diode 
transducer is developed and circuits for opera-
tion of variable-resistance or modulated 
negative-resistance microphones are analyzed. 

621.395.616 3565 
Investigations on a Condenser Microphone 

with Cardioid Characteristic—B. Weingartner. 
(Acuslica, vol. 12, no. 3, pp. 158-165; 1962. 
In German.) Deviations from the desired fre-
quency response curve and directivity pattern 
near the lower and upper frequency limits are 
studied with reference to theoretical and experi-
mental data. A method of improving low-
frequency response is indicated. 

621.395.625.3:681.84.083.84 3566 
The Measurement of Modulation Noise— 

E. Belger. (Rund_funktech. Mill., vol. 6, pi). 
152-154; June, 1962.) Modulation noise caused 
by inhomogeneities in the coating of magnetic 
recording tape is considered. The masking of 
this noise by the useful sound is investigated 
and a filter compensating for the masking effect 
is proposed to faciIitate the measurement of 
noise. 

ANTENNAS AND TRANSMISSION LINES 

621.372.2 3567 
Matrices and Equivalent Circuits of Three-

Wire Transmission Lines—M. Soldi. (Alla 
Frequenza, vol. 31, pp. 219-225 and 359-374; 
April and June, 1962.) Detailed theoretical 
treatment of three-wire transmission lines for 
use as high-frequency circuit elements. The 
theory is extended to cover transmission lines 
with any number of conductors. 

621.372.2 3568 
The Change of Shape of Steep-Fronted 

Pulses by Multiple Reflections along a Trans-
mission Line — D. Seitzer. (Arch. elekt. über-
tragung, vol. lb, pp. 263-270; June, 1962.) 
Further investigation of the effects of irregulari-
ties in a homogeneous line on the shape of a 
step-voltage waveform. See also 360 of Feb-
ruary. 

621.372.2:621.318.57:537.312.62 3569 
Low-Impedance Transmission System for 

Driving Cryogenic Circuits— D. J. Dumin. 
(Rev. Sci. Inst., vol. 33. pp. 715-720; July 
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1962.) The possible advantages of driving 
cryotron circuits with a low-impedance trans-
mission system are discussed. Although losses 
are higher a reduction in the signal coupled 
between cables in a cryotron system is possible 
when low-impedance cable is used. A note is 
given on low-impedance pulse generator design. 

621.372.22 3570 
Circuit Arrangements at the Output of 

Short Distributed Inhomogeneous Lossy Lines 
-- W. Jutzi. (Z. anew. Phys., vol. 14, pp. 365-
.369; June, 1962.) Output matching conditions 
and circuits are discussed. 

621.372.832.8 3571 
On Some Design Problems of a Star-Type 

Ferrite Circulator - S. J. Lewandowski. (J. 
Inst. Telecom ,,,nn. Engrs., India, vol. 8, 
pp. 103-106; March, 1962.) Theory developed 
by Auld (26 of 1960) was used as a basis for an 
experimental investigation of the circulator. 
NIodifications were made to improve t be wide-
band operation. 

621.372.851:621.385.632.19 3572 
Diaphragm-Loaded Waveguides as Delay 

Lines—A. Fiebig. (Arch. elekt. Übertragung, 
vol. 16, pp. 283--290; June, 1962.) The ad-
vantages are discussed of diaphragm-loaded 
waveguide for use as delay- line systems in 
traveling-wave tubes operating at extremely 
high frequencies. The design of a multiple-
beam delay line and experimental investiga-
tions are described. 

621.372.852.22 3573 
Modes in Rectangular Guides Loaded with 

Magnetized Ferrite-- G. Gerosa. ( Pgoc. IRE, 
vol. 50, pp. 182(1 - 1827; August, 1962.) The 
analysis given shows that one of the modes 
found by Seidel and Fletcher ( 757 of 1960) does 
not exist. 

621.372.852.323 3574 
High-Power Resonance Isolators - - F. W. 

Smith. (Prix. IEE, Pt. B, vol. 109, pp. 420- 429; 
September, 1962.) A method is described for 
improving the power-handling capacity of reso-
nance-a bsort it ion isolators. Performance data 
are given on X-band isolators for handling 
powers > 2 kW with 25 per cent load reflection. 
which ma int a in t lair low-power characterist ics. 

621.372.853:537.56 3575 
Coupling of Modes between a Slow-Wave 

Plasma Mode and a Helix - S. F. Paik. (J. 
Ape ¡'lis.. vol. 33, pp. 2468 2473; August, 
1962.) Propagation characteristics of a trans-
mission system consisting of a plasma column 
and coaxial helix are analyzed. Results are 
compared with those obtained by Bulgakov 
et al. (Z. Tekh. Piz., vol. 30, pp. 840 850; July, 
1960.) 

621.396.67:621.396.621.22:621.397.62 3576 
Communal Aerials for Television Reception 

in Adjacent Channels -11. Licht. (Run,/funk-
tech. Mitt., vol. 6, pp. 14.5 151; June, 1962.) 
The design of antenna installations suitable for 
the reception of transinissitins in adjacent fre-
quency channels a it h in a given band is dis-
cussed, allowing for Mae problems ;arising front 
differences in signal level and direction of inci-
dence at the antenna. Particular care is needed 
in the adjustment of receivers. 

621.396.67:621.396.946 3577 
The Importance of ' Cold' Aerials for Space 

Communications -A. Fournier and P. Chit-
va nee. (Rev. ledr. Comp. .fram,.. Thomson-
Houston, no. 36, pp. 45 - 53; June, 1962.1 The 
equivalent noise temperature of antennas is 
considered and, in particular, Cassegrain and 
horn-reflector antennas are compared. 

621.396.67.095(204): 621.396.944 3578 
Dipole Radiation in a Conducting Half-

Space— R. K. Moore and W. E. Blair. (J. Res. 

NBS, vol. 65D, pp. 547-563; November/De-
cember, 1961.) Theoretical investigation of the 
problem of communication between aerials 
submerged in a conducting medium such as sea 
water. The analysis is given in terms of a dipole 
radiating in a conducting half space separated 
by a plane boundary from a dielectric half 
stioce. 

621.396.673 3579 
Measurements of Low-Angle Radiation 

from a Monopole --A. ('. Wilson. (J. Res. 
NBS, vol. 651), pp. 641- 64.5; November/De-
cetnber, 1961.) Determination, by scale model 
techniques, of the effectiveness of a ground 
system of long-wire radials to obtain low angles 
of radiation. :Measurements were made at 400 
Mc with a base-driven vertical monopole and a 
target transmitter antenna at a distance of 
200 X. 

621.396.674.3 3580 
Transient Response of a Dipole Antenna— 

S. P. Morgan. (J. Math. Phys., vol. 3, pp. 564 - 
.565; May/June, 1962.) The current excited by 
a step-function voltage across an infinitesimal 
centre gap is (lori viol using a double Fourier 
t ransformat ion. 

621.396.674.3:551.510.535 3581 
The Impedance of a Short Cylindrical Di-

pole in the Ionosphere --- E. N. Bromley. 
(Planet-Space Sri., vol. 9, pp. 445-454; 
August, 1962.) Theoretical expressions are ob-
tained for the dipole impedance in a) an iso-
tropic conducting medium, b) a magneto-
ionic meditun, and are used to calculate im-
merical values for an antenna in the ionosphere. 

621.396.677.3.012.12 3582 
Phased-Array Coordinate Transformations 

— J. II. Best. (Microwave J., vol. .5, pp. .31-54; 
July, 1962.) A three-dimensional presentation 
is needed to show the radiation pattern of 
planar phased arrays adequately. Plotting 
I ower contours on a spherical coordinate sys-
tem is the tnost practical way of doing this. 
The particular advantages and the transfor-
mation formula for three such systems are 
given. 

621.396.677.43 3583 
Rhombic Aerial Design: Two-Tiered Array 

— F. J. Norman. (Electronic Tech., vol. 39, 
pp. 337-346; September, 1962.) Field measure-
ments of parameters indicate that the theoreti-
cal directivity patterns are achieved in prac-
tice. Graphical procedures for determining the 
gain and the shape of the main lobe and minor 
lobes are given. 

621.396.677.7 3584 
Radiation from a Magnetic Line Dipole 

Source of Finite Width -I.. W. Zelbv. (Pgoc. 
IRE, vol. 50, pp. 1848- 1849; August, 1962.) 
Analysis to determine the conditions for 
launching a surface wave. 

621.396.677.85 3585 
Electromagnetic Scattering from Radially 

Inhomogeneous Spheres R. J. (; trixicz. 
(Plow. IRE (('orrespondence), vol. 50, p. 1837; 
August, 1962.) The equations for the spherical 
Luneberg lens given by Tai (430 of 1961) are 
used as a basis of a method of determining 
scattering patterns which is suitable for high-
speed computer calculation. 

AUTOMATIC COMPUTERS 

681.142 3586 
Improved Electronic Differentiator has 

Low Noise Factor -- N. D. Diamant ides. (Elec-
tronics, vol. 35, pp. 46-47; July, 1962.) A 2:1 
improvement in noise factor is achieved using 
the circuit configuration described which in-
corporates an extra amplifier, providing a time 
delay, and avoids a series input capacitor. 

661.142:621.318.134 3587 
The Measurement and Reduction of Noise 

in Coincident-Current Core Memories— P. 
Cooke and I). C. Dillistone (Proc. IEE, Pt. B, 
vol. 109, pp. 383 389; September, 1962.) 

681.142:621.382.2/.3 3588 
Transistor-Diode Static Switching Units— 

J. F. Young. (Electronic Eng., vol. 34, pp. 595-
599; September, 1962.) The advantages of 
replacing resistors by diodes in the input of 
transistor NCR circuits are noted and operat-
ing conditions are discussed. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.372.413 : 537.312.62 3589 
Measurements on Two Nb Superconduc-

tive RF Cavities- Rinderer, J. Rüfenacht, 
and A. Susini. (Phys. Lett., vol. 2, pp. 119-120; 
September, 1962.) The construction of the 
cavities, which are tuned to 270 Mc, is de-
scribed and results of measurements made on 
them are given. 

621.372.44 3590 
Dependence of Parametric Element Non-

linearity on Tuning Circuit- -- G. II. B. Thomp-
son: A. L. Ilelgesson. (Pgoc. IRE (Corre-
spondence), vol. 50, tit). 1845 - 1746; August, 
1962). Comment on 45 of January and author's 
reply. 

621.372.44 3591 
Varactor Charge-Voltage Expansions for 

Large Pumping Conditions -A. I.. I lelgesson. 
(Pkoc. IRE (Correspondence) vol. 50, pp. 
1846-1847; August, 1962.) The results given 
earlier (45 of J;  try) are extended to high-
level putnping. 

621.372.5/.6 3592 
Narrow-Band R.F. Networks -A. Susini. 

(Electronic Tech., vol. 39, pp. 357 -361; Septem-
ber, 1962.) A simplified treatment using the 
pole-zero approach. 

621.372.54:621.315.212 3593 
V.H.F. Notch Filters: T-Type Coaxial-Line 

Construction --W. Wharton and R. E. Davies. 
(Electronic Tech., vol. 39, pp. 332-336; Septem-
ber, 1962.) The theory of the T-type (70aXial 
notch filter first described by Sosin ( 1162 of 
1953) is presented and design curves for prac-
tical filters are given. 

621.372.55 3594 
A Technique for Equalizing Parabolic 

Group Delay •• R. M. Kurzrok. ( PRoc. IRE 
(Correspondence), vol. 5(1, ji. 1840; August, 
1962.) A technique applicable to RE and IF 
amplifier chains is outlined in which all-pass 
equalizing networks are avoided by using 
single- and double-tuned circuits in alternate 
coupling networks. 

621.372.56.018.756 3595 
Attenuators for High-Frequency Pulses--

11. L. Stadler. ( Rev. Sri. Instr., vol. 33,1). 761; 
July, 1962.) A note on the design of an asym-
metric II at tenuator. 

621.373:621.372.2:621.372.44 3596 
Tunnel Diode Loaded by a Shorted Trans-

mission Line M. Steward: J. Nagumo 
and NI. Shimura. ( Pgoc. IRE (Correspondence), 
vol. 50, pp. 1830 1833; August, 1962.) Correc-
tion and comment on 3669 of 1961 with auth-
ors' reply. 

621.373:621.372.44:681.142 3597 
Amplitude Limiting and Hysteresis of 

Pararnetron Oscillations -E. ViiIcker. (Elek-
lronik, vol. 11, pp. 1-4, 47-49, 117-120 and 
262-265; January, February, April and Sep-
tember, 1962.) Theoretical treatment of various 
modes of operation of the paratnetron see e.g., 
3588 of 1959 (Goto)l. 
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621.373.421.11 3598 
Design of Temperature-Compensated 

Tuned Circuits—O. Schweib. (Electronic Tech., 
vol. 39, pp. 347-352; September, 1962.) For-

mulas are given from which variable tuned cir-
cuits can be designed to cover a prescribed 
frequency range with a given maximum tem-

perature coefficient. 

621.373.52 3599 
Designing Class-C Transistor LC Oscil-

lators— P. Laakmann. (Electronics, vol. 35, pp. 
42-45; July, 1962.) An analysis with an exam-
ple of design illustrating the advantages of the 

earthed-collector Hartley circuit. 

621.374.4:538.569.4 3600 
Resonant Harmonic Generation in Ruby— 

C. M. Kellington. (Phys. Rev. Lett., vol. 9, 
pp. 57-58; July, 1962.) An experiment is de-
scribed in which harmonic generation occurs in 
a medium which is resonant with respect to 
both the fundamental and the harmonic. 

621.374.4: 621.372.44 3601 
Generation of Harmonics with Varactor 

Diodes—G. B. Stravca. (Alta Frequenza, vol. 
31, pp. 134 149; March, 1962.) The analysis is 
given for an ideal varactor diode used as a 
harmonic generator at high signal levels. Ex-
perimental results are compared with the theo-
retical characteristic. For English version see 
ibid., Stracca, vol. 31, pp. 294-307; May, 1962. 

621.374.4: 621.372.44 3602 
Analysis of Frequency Multipliers with 

‘Varactor' Diodes—M. Vadnjal and (7. Dra-
gone. (Alta Frequenza, vol. 31, pp. 150-157; 
March, 1962.) The general analysis given is 
applied to the calculation of load and source 
impedance for optimum output from the fre-
quency multiplier. 

621.374.4: 621.372.44 3603 
Similarity Considerations for Varactor Mul-

tipliers—A. Uhlir. Jr. (Microwave J., vol. 5, 
pp. 55-59; July, 1962.) A dimensional analysis 
of the performance of varactors as harmonic 
generators shows that a better equivalent cir-
cuit is needed to represent the varactor at 
VHF. 

621.374.4: 621.382.23 3604 
A Tunnel-Diode Wide-Band Frequency-

Doubling Circuit—J. II. Burbo. ( PRoc. IRE 
(Correspondence), vol. 50. p. 1850; August, 
1962.) Methods of stabilizing the circuit de-

scribed by Neu (767 of March) are mentioned. 

621.375.4 3605 
Output Impedance Compensation of Com-

mon-Emitter Stage—S. S. Hakim. (Electronic 
Tech., vol. 39, pp. 353-356; September, 1962.) 
By shunting the output of a comtnon-emitter 

stage with a series RL circuits it is possible to 
maintain the impedance purely resistive for 

frequencies up to about j./5. 

621.375.4.012.8 3606 
Analytical Investigation of the Hybrid-ir 

Equivalent Circuit of a Transistor as an Ampli-
fier at Radio Frequencies — i'. Banfi. (Alla 
Frequenza, vol. 31, pp. 210-218; April, 1962.) 

621.375.4.018.78: 621.372.632 3607 
Experimental Investigations and Calcula-

tions on Distortion and Mixing Processes in 
Transistor Stages at Low Frequencies—J. S. 
Vogel and M. J. O. Strutt. (Arch. elekt. Über-
fraguas, vol. 16, pp. 291-295; June, 1962.) An 
accurate method for computing the distortion 
effects in transistor circuits with low source and 
load impedance is given. See also 2892 of 1961. 

621.375.43.024 3608 
Thermal Negative Feedback in a Transistor 

Amplifier for Direct Current—G. Faini and 
O. Svelto. ( Alta Frequensa, vol. 31, pp. 206-209; 
April, 1962.) An experimental amplifier is de-

scribed in which negative feedback at extremely 
low frequencies is produced by thermal effects. 

621.375.9:538.569.4 3609 
General Considerations on the Three-Level 

Solid-State Microwave Maser- M. Bidault. 
(Rev. tech. Comp. franç. Thomson-Houston, 
no. 36, pp. 55-109; June, 1962.) Operation of 
the maser is summarized and the physical 
properties of maser materials and related micro-
wave components are reviewed. 

621.375.9: 538.569.4 3610 
Operation of a Travelling-Wave Maser in a 

Transverse-Field Superconducting Electro-
magnet—W. G. Nilsen. (J. Ape Phys., vol. 
33, pp. 2522-2523; August, 1962.) A 6-Gc 
traveling-wave maser showed a net gain of 30 
dl) with 3-db bandwidth of about 20 Mc. 

621.375.9:538.569.4:621.3.018.41(083.74) 3611 
Ammonia Maser on the 3.2 Line as a Fre-

quency Standard: Part 1—K. Shimoda and N. 
Kohno. (See 3812.) 

621.375.9: 621.372.44 3612 
Investigation of an Experimental Travelling-

Wave Parametric Amplifier —R. Mavaddat 
and F. J. Hyde. (Proc. IEE, Pl. B., vol. 109, 
pp. 405-413; September, 1962.) The effect of 
mismatch at source and load is investigated. 
The signal gain obtainable with the experi-
mental amplifier was of the order of 10 db, 
and the bandwidth approximately 3 Mc with 
the double-channel noise factor < 1.1 at mid-
band (6.7 Mc). 

621.375.9: 621.372.44 3613 
Some Properties of Parametric Systems 

with Great Depth of Modulation: Part 1— 
Theory—J. B. Gunn. (Solid-State Electronics, 
vol. 5, pp. 181-204; July/August, 1962.) The 
behavior of a resonant system in which the 
resonance frequency is varied slowly and 
periodically, and the practical limitations of 
its performance as an amplifier are discussed. 

621.375.9:621.372.44 3614 
Parametric Amplifiers using Diodes: Type 

TH.D.20 — M. Baril. ( Rev. tech. Comp. franç. 
Thomson-Houston, no. 36, pp. 1 1 1-127; June, 
1962.) Two low-noise amplifiers, one for the 
range 1250-1350 Mc and the other for 3100 
Mc, are described. 

621.375.9: 621.372.44 : 621.385.6 3615 
Graphical Expressions of Synchronous Con-

ditions in the Transverse-Type Electron-Beam 
Parametric Amplifier— K. Kakizaki. ( PRoc. 
IRE, vol. 50, 1)1). 1850-1851; August, 1962.) 

621.375.9:621.382.23 3616 
Design of a Series-Tuned Negative-

Resistance Amplifier—J. C. Paul. (Semi-
conductor Prod., vol. 5, pp. 29-35; June. 1962.) 
Analytical and graphical design procedures are 
presented for a low-level low-noise tunnel-diode 
preamplifier for 3 Mc which together with> the 
bias supply can be built into a very small unit. 

621.375.9: 621.382.23 3617 
Noise Figure of Moody and Wacker's 

Broad-Band Tunnel-Diode Amplifier—A. van 
der Ziel. ( PRoc. IRE (Correspondence), vol. 
50, p. 1844; August, 1962). See 2141 of 1961. 

621.375.9: 621.382.23 3618 
Nonlinear Distortion in Tunnel-Diode 

Amplifiers— R. M. Kurzrok and A. Newton. 
(PRoc. IRE (Correspondence), vol. 50, pp. 
1853-1854; August, 1962). An approximate 
theoretical analysis. 

GENERAL PHYSICS 

530.162:621.391.822 3619 
Thermal Noise in Linear, Lossy, Electro-

magnetic Media—M. Vanwormhoudt and 

H. A. Haus. (J. Appt. Phys., vol. 33, Imp. 2572-
2577; August, 1962.) The results of an earlier 
paper 12145 of 1961 (I laus)I are generalized to 
nonuniform media. 

537.311:061.3 3620 
Report on the Symposium on Electronic 

Tunnelling in Solids, Philadelphia, 1961— 
E. O. Kane. (J. Phys. Chein. Solids, vol. 23, 
pp. 173-180; January/February, 1962.) A sum-
mary of the proceedings of the meeting 30th-
31st January. References are given to published 
material. 

537.311.33 3621 
Density Matrix Approach to a Simple Hot-

Electron Problem—A Hasegawa and J. Yama-
shita. (J. Phys. Chem. Solids, vol. 23, pp. 875-
880; July, 1962.) A transport theory of non-
ohmic conductivity in semiconductors is de-
veloped in a form which is closely related to the 
Kohn-Luttinger theory of ohmic conductivity. 

537.311.33 3622 
Impurity Effects on the Plasma Oscillation 

of an Electron Gas—V. II. ( ffitsuki. (Progr. 
theor. Phys., vol. 27, pp. 1082-1083; May, 
1962.) The effects of impurities oil the oscil-
lation damping factor are calculated. 

537.311.33 : 538.63 3623 
A Possible Origin of A.C. Current through 

Oscillating Cylindrical Electron-Hole Plasma— 
T. Misawa. (Jap. J. Appt. Phys., vol. 1, pp. 
67-69; July, 1962.) Glicksman ( 1197 of April) 
proposed unstable helical perturbations in car-
rier density as an origin. It is argued that ac 
current will only result if the specimen is 
cylindrically asymmetric, or in an inclined 
niagnetic field. 

537.312.62 3624 
The Solution of a Transition Problem in a 

Superconducting Strip—W. Liniger. (J. Math. 
Phys., vol. 3, pp. 578-586; May/June, 1962.) 

537.312.62:535.215:621.318.57 3625 
Radiation-Induced Transport of Magnetic 

Flux along a Superconducting Sheet—J. F. 
Marchand and J. Volger. (Phys. Lett., vol. 2, 
pp. 118-119; September, 1962.) The normally 
conductive area formed by a spot of light on a 
sheet of superconducting material is probably 
due to a local heating effect. Flux from a mag-
net near the sheet can be isolated in such an 
area and transported about the sheet by mov-
ing the illuminated region, a procedure which 
can be regarded as the action of a flux pinup. 
The flux can be "set" at any point by switching 
off the light source. 

537.525 3626 
Build-Up of Electron Density in Neon-

Argon Gas Discharges in Pulsed Microwave 
Fields —M. Kumagai and T. Tsukishima. 
(J. Phys. Soc. Japan, vol. 17, pp. 1204-1205; 
July, 1962.) 

537.525:621.391.822 3627 
Radio-Frequency Noise of an Immersed 

Langmuir Problem.-- R. D. Scars and J. J. 
Brophy. (J. Ape Phys., vol. 33, pp. 2583-
2587; August, 1962.) The spectrum of noise 
from 50 kc to 10 Mc in a cold-cathode Ne dis-
charge is examined. 

537.56 3628 
Transport Phenomena in a Nonuniform 

Slightly Ionized Gas—S. Zivztnovic and M. S. 
Sodlta. (Progr. theor. Phys., vol. 27, pp. 1128--
1136; June, 1962.) Solution of Boltzmann's 
equation gives electric and thermal currents 
in varying electric and static magnetic fields. 
The electron energy distribution is non-
N1axwellian if gradients occur in th. and v. 

537.56 3629 
Containment of Plasmas by High-Frequency 

Electric Fields— NI. Ericson, (7. S. Ward, 
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S. ('. Brown, and S. J. Buchsbaum. (J. Apti. 
Phys., vol. 33, pp. 2429-2434; August, 1962.) 
A cylindrical plasma column was produced in 
hydrogen by a microwave electric field crossed 
with a static magnetic field. Under certain 
conditions the plasma appeared as a stable 
cylindrical column with diameter as small as 1 
that of the discharge tube. The experimentally 
observed properties of this "constricted" dis-
charge can be explained by treating the plasma 
as a compressible dielectric medium. 

537.56 3630 
Electron Temperature in Partially Ionized 

Gases Subject to Intense A.C. Fields -S. 
Visvanathan. (J. Appi. Phrs.. vol. 33, pp. 
2481 2483; August, 1962.) A strong electric 
field applied to a plasma produces electrons 
with a temperature considerably higher than 
the tempetature of the neutral gas in the 
plasma. 

537.56:537.533 3631 
The Interaction of Charged-Particle Beams 

with Plasma- Va. B. Fainberg. (A(oinnayit 
Energiya, vol. 11, pp. 313 335; October, 1961. 
English translation, J. Nuclear Energy, Pl. C, 
vol. 4, pp. 203 220; June, 1962.) Instability 
and nonlinear effects in lwam-plastna inter-
action are discussed with reference to the ac-
celeration of charged particles and the genera-
tion and amplification of microw;ves. 79 
references. 

537.56:537.533 3632 
Electromagnetic Properties of a Plasma-

Beam System- J. Netifehl. (Phys. Rev., vol. 
127, pp. 346 359; July, 1962.) A continuation 
of earlier wOrk on the interaction of an electron 
beam with a cold plasma (see e.g., 2154 of 1961 
(Nettfeld and Doyle)), and an extension to the 
case of a thermal plasma. 

537.56:537.533 3633 
Properties of a Plasma Created by an 

Electron Beam P. lied van. (J. A Pm. Plies., 
vol. 33, pp. 2426 - 2429; August, 1962.) The 
beam and plasma were confined by an axial 
magnetic field. Types of oscillation that oc-
curred are discussed. 

537.56:538.566 3634 
Experimental Two-Beam Excitation of 

Plasma Oscillations- NI. J. Kofoid. (Phys. 
Fluids, vol. 5, pp. 712 720; June, 1962.) 
Further tests made since the previous paper 
(3057 of 1960) ;are described and an expression 
is derived which gives the ratio of phase veloc-
ity to electron hit, tu velocity for the product ion 
of strong oscillations. 

537.56.08:537.533 3635 
Microwave Probing of Ionized-Gas Flows 

R. G. Jahn. (Phys. Fluids, vol. 5, pp. 678 686; 
June, 19(,2.) A transverse ?nit-tow:1 ve beam 
device is described and ;a technique is outlined 
for examining tht• build-up of ionization behind 
a strong shock wa ya• in A. 

538.114 3636 
Use of Green Functions in the Theory of 

Ferromagnetism R. A. Taltir-Kheli and I). 
ter Haar. (P/ti's, vial. 127, pp. 88 100; 
July. 1962.1 Part 1 General Discussion of the 
Spin- S' Case (;teeta's functions, decoupled by 
a simple procedure :. r e applied to the iii 
if a lattice at sit,. of which is a spin 
S(S-1, 1, 3/1, 2, 5 2, 3). The magnetization 
;:t low, high and sub- Curie- point temper:tames 
is obtained using tha• I leisenberg Hamiltaanian. 
Part 2 - Dyson Spin W.:,1 ves - 1 'sing t he I ) yson 
Hamiltonian both with and without the iater-
action term, the magnetization, spin specific 
heat and spin-wave dispersion are obtzained for 
low temperatures. The effect of higher-order 
decoupling is also considered. The results for 

cubic lattices agree reasonably with other 
theories; the decoupling seems to be more exact 
for larger S. 

538.3 3637 
A General Method of Representation of 

Electromagnetic Fields- - G. Borgiotti. (Alta 
Frequenza, vol. 31, pp. 226-234; April, 1962.) 
The method is based on sitnple properties of 
vector space and Fourier transforms. Various 
types of representation are obtained by chang-
ing the vector basis of reference of the two-
dimensional space considered. For English 
version see Borgiot t ibid., vol. 31, pp. 285 - 293; 
May, 1962. 

538.311 3638 
The Electromagnetic Field of a Straight 

Current-Carrying Insulated Wire with Bare 
Ends Laid Parallel to the Surface in Sea-Water 
in Three-Layer Space: Air, Water, Earth - 
II. Buell hol z. ( A 'Th. Elektrotech., vol. 47, pp. 
80-105 and 133-148; June and July, 1962.) 
Part 1-The D.C. Case. Part 2- Tite A.C. 
Case for any Frequencies. 

538.56:531.6 3639 
Direct Transmission of Mechanical Energy 

by Means of Electromagnetic Waves -G. 
1.ataniral and G. Franceschetti. (Alla Fri. 
quena. vol. 31, pp. 78 81; February, 1962; 
In English.) The ponderomotive forces and 
torques exerted on a dipole by a linearly or cir-
cularly polarized wave are calculated. The 
amount of mechanical energy that can be 
directly transmitted Iron a transmitting to a 
receiving antenna is shown to be the energy 
equivalent of the Doppler effect. 

538.561:537.56 3640 
Microwave Radiation from a Magneto-

plasma - S. NI iyosli i. (J. Phys. Soc. Japan, 
vol. 17. pp. 1206 1207; July, 1962.1 Difficulty 
in measuring the electron density of the plasma 
[see 3336 of 1961 ( Flirshfield and Brown) is 
overcome by using an interferometer in the 
8-nini-X region. 

538.566:537.56 3641 
Electromagnetic Waves in a Bounded, 

Anisotropic Plasma • K. A. Graf and NI. 1'. 
Barhynski. (('ana,!. J. Phys., vol. 40, pp. 887 
905; July, 1962.) A theoretical study of the 
interaction of a plane EN! wave with a flat uni-
form free-space/plasand Intel face in a static 
magnetic field. \'alues ; are listed of the at tentia-
tion and phase constants for each of the two 
possible waves in Ili, plasma. 

538.569.4:535.853 3642 
Use of Travelling-Wave Helices in E.S.R. 

and Double Resonance Spectrometers R. Fl. 
Webb. (Rev. Sri. Instr.. vol. 33, pp. 732 737; 
July, 1962.) The use of a traveling-wave helix 
for concentrating microwave lia•lals is discussed, 
with special ; attention to its application for 
electron spin a esonance and () vet ' nausea- effects. 

538.569.4 : 538.221 3643 
Ferrimagnetic Resonance with Orthogonal 

and Parallel Pumping R. NI. NVIiite and E. 
Schlatnanti. (./. Appl. vol. 33, pp. 2437 
2438; .‘ ugust, 1962.) Th.- threshold of nonlinear 
absorption due to unstable growth of certain 
spin waves is calculated for the case of an Rle 
field applied orthogonally to the de field, with 
another It I.' field of twice the frequency simul-
taneously applied parallel to the de field. 

538.569.4:538.222 3644 
Magnetic Resonance with Strong Radio-

Frequency Fields in Solids- 1. Solomon and 
J. Ezratty. (Phys. Rev., vol. 127, lip. 78 -87; 
July, 1962.) Redfield 's proposal of a spin tem-
perature in the rotating frame is verified inde-
pendently of a relaxation theory. The technique 
gives a usable signal in solids for which the 
ordinary absorption signal is almost un-
letectabh•. 

538.569.4:621.375.9:535.61-15 3645 
Infrared Spectroscopy using Stimulated-

Emission Techniques-C. K. N. Patel, W. R. 

Bennett, Jr., W. L. Faust, and R. A. McFar-
lane. (Phys. Rev. Lett., vol. 9, pp. 102 - 104; 
August, 1962.) Optical maser oscillation has 
been obtained in each of the noble gases; and a 
total of 14 transitions have been observed in 
the wavelength range 1.5 2.2 p. 

538.569.4 : 621.375.9 : 535.61-15 3646 
Optical Maser Emission from Trivalent 

Praseodymium in Calcium Tungstate - A. 
l'ariv, S. P. S. Porto, and K. NaSSall. (J. Ape 
Phys., vol. 33, pp. 2519- 2521; August, 1962.) 

538.569.4: 621.375.9 : 535.61-2 3647 
Optical-Pumping Cavity Construction Tech-

nique-- R. II. Ilronik, R. C. Jones, and C. J. 
Bronco. (Rev. Sri. Instr., vol. 33, pp. 776-777; 
July, 1962.) A technique for constructing ellip-
tical reflectors of any size by use of simple 
machine settings is described. 

538.569.4: 621.375.9: 535.61-2 3648 
Optical Mixing of Coherent and Incoherent 

Light -A. W. Smith and N. Brashata. (IBM J. 
Res. Der., vol. 6, pp. 361 -362; Judy, 1962.) The 
signal front a ruby maser has been tnixed with 
quite broad and relatively weak spectral lines 
of a mercury lamp, using a RD!' crystal 0.6 cm 
thick. 

538.569.4:621.375.9:535.61-2 3649 
Theoretical Considerations on Millimetre-

Wave Generation by Optical Frequency Mixing. 
- J. R. Fontana and R. II. Pantell. ( PRoc. 
IRE, vol. 50, pp. 1796-1800; August, 19(2.) 
The conversion efficiency obtainable with dif-
ferent types of nonlinear media is considered, 
Nonlinear passive resistive elements may have 
efficiencies up to 25 per cent, regardless of fre-
quency ratio, and a diode characteristic would 
give optimum results. 

538.569.4: 621.375.9 : 535.61-2 3650 
Microwave Photomixing of Optical Maser 

Outputs with a p-i-n-Junction Photodiode- Il, 
Inaba and A. E. Siegman. ( PRoc. IRE (Cor-
resp(indence), vol. 50, pp. 1823 1824; August, 
1962.) Experinu•ntal results are given on the 
operation of a photodiode as a mixer in an 
optical superheterodyne system using micro-
wa ve-modulztted light. 

538.569.4: 621.375.9 : 535.61-2 3651 
Optical Harmonic Frequency Ratio Meas-

urements -- I. I). Abella. ( PRoc. IRE (('orre-
spondence), vol. .50, pp. 1824--1825; August, 
1962.) Simultaneous observation of the funda-
mental and second harmonic produced by a 
high-intensity ruby maser does not indicate 
discrepancies in the expected frequency ratio, 
within experimental limits and allowing for 
purely instrumental shifts. 

538.569.4:621.375.9:535.61-2 3652 
Single-Sideband Suppressed-Carrier Mod-

ulation of Coherent Light Beams.-C, F. 
Bitlirer, V. J. Fowler and L. R. Bloom. (PRoc. 
IRE, vol. .50, pp. 1827-1828; August, 1962.) 
The elect ro-olit ie effect on KD1' crystals 
Ise,' also 3430 of 1961 ( Kaminow)1 is used in 
the modulator described, which has been tested 
at AF for tnodulating the light produced by a 
gas laser. 

538.569.4: 621.375.9 : 535.61-2 3653 
A Total-Reflection Solid-State Optical-

Maser Resonator--L. Bergstein, W. Kahn, and 
C. Shulman. ( PRoc. IRE, vol. 50, p. 1833; 
August, 1962.) The configuration proposed uses 
total internal reflection for the light beam in 
the resonator and frustrated total reflection via 
a coupling prism for the output coupling. The 
system may be.• used to support two mutually 
independent resonance waves traveling in oppo-
site directions. 

538.569.4:621.375.9:535.61-2 3654 
A Method for Calibration of Laser Energy 
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Output—A. L. Glick. (Pnoc. IRE (Corre-
spondence), vol. 50, p. 1835; August, 1962). The 
energy output is calibrated by attenuating the 
laser beam with neutral filtets and directing it 
into a phototube; the current produced is then 
integrated. 

538.569.4: 621.375.9: 535.61-2 3655 
Generation and Radiation of Ultramicro-

waves by Optical Mixing-0. P. Gandhi. 
(Pnoc. IRE, vol. 50, pp. 1929 - 1830; August, 
1962.) The nonlinear mixing system discussed 
provides for the generation of the beat fre-
quency between laser beams operating at dif-
ferent temperature, and for the highly direc-
tional radiation of these microwaves. 

538.569.4: 621.375.9: 535.61-2 3656 
Direct Observation of Longitudinal Modes 

in the Output of Optical Masers — R. C. 
Duncan, Jr., Z. J. Kiss, and J. P. Wittke. 
(J. Ape Phys., vol. 33, pp. 2568 2569; 
August, 1962.) Modes were observed in U:CitF2 
and ruby masers with a high-resolution spec-
trometer. Mode spacings are in reasonable 
agreement with theory. 

GEOPHYSICAL AND EXTRA-

TERRESTRIAL PHENOMENA 

523.16 3657 
The Solar Wind—E. N. Parker. (J. Res. 

NBS, vol. 65D, pp. 537-542; November/De-
cember, 1961.) A concise review of the theory 
of interplanetary plasmas, fields, and cosmic-
ray variations, based on the solar-wind model 

of interplanetary dynamical processes. 

523.164 3658 
A System of Digital Analysis for Radio 

Astronomy using a Fully Steerable Telescope— 
('. G. T. Ilaslam, J. G. Davies, and M. I. 
Large. (Monthly Notices Roy. A sfron. Soc., vol. 
124, pp. 169 178; June, 1962.) 

523.164 3659 
Intense Shell Sources of Radio Emission— 

II. van der Latin. (Monthly Notices Roy. As-
Iron. Soc., vol. 124, pp. 179-187; June, 1962.) 
Observational evidence for the existence of 
shell sources is cited and conditions under 
which such sources might be formed are out-

lined. 

523.164.3 3660 
A Survey of the Anticentre Region of the 

Galaxy at 237 Mc/s— R. I). Davies and C. 
Hazard. (Monthly Notices Roy. Astron. Soc., 
vol. 124, pp. 147-154; June, 1962.) 

523.164.3 3661 
Faraday Rotation of Polarized Galactic 

Radio Emission- R. Wielebinski and J. R. 
Shakeshaft. (Nature, vol. 19.5, pp. 982-983; 
September, 1962.) Polarization measurements 
at 408 Mc of radiation from certain areas of 
the sky have revealed a small linearly polarized 
component. Variations of the direction of the 

phase of polarization of this component are 
found to be related to the Faraday rotation 
angle of the ionosphere. Outside the ionosphere 
its direction tends to be perpendicular to tlie 
galitct ic plane. 

523.164.3 3662 
10-cm Observations of Venus near Su-

perior Conjunction -F. I). Drake. (Nature, 
vol. 195, p. 894; September, 1962.) Results 
confirm earlier observations in indicating little 
difference between surface tetnperatures of the 
illuminated and dark hemispheres of the 

planet. 

523.164.3 3663 
Measurements of the Polarization and 

Angular Extent of the Decimeter Radiation 
from Jupiter--D. Morris and G. L. Berge. 
(Astrophys. J., vol. 136, pp. 276-282; July, 
1962.) 

523.164.3 3664 
A Possible Explanation for Jovian Deca-

meter Bursts—S. E. Strom and K. M. Strom. 
(A strophys. J., vol. 136, pp. 307-309; July, 
1962.) Signals from weak RF sources occulted 
by Jupiter are focused by the Jovian atmos-
sphere close to the earth's orbit. A correlation 
is shown between burst length and the appar-
ent speed of Jupiter against the star back-
ground. 

523.164.3 3665 
Microwave Spectrum of Saturn—F. 1). 

Drake. (Nature, vol. 195, pp. 893-894; Septem-
ber, 1962.) Results of observations at 10 cmX 
on Saturn, combined with those of Cook, et al 
(135 of 1961), indicate that the emissions are 
almost entirely of thermal origin. 

523.164.32 3666 
Characteristics of Type III Radio Bursts— 

J  M  lalville. (Astrophys. J., vol. 136, pp. 
266-275; July, 1962.) Observations of the drift 
rate, duration, and frequency range of Type 
III bursts between .580 and 8 Mc are discussed. 

523.164.32 3667 
Association of Centimetre-Wave Bursts 

with Different Spectral Types of Metre-Wave 
Bursts of Solar Radio Emission-- M. R. Kundu. 
(J. Geophys. Res., vol. 67, pp. 2695-2706; July, 
1962.) A statistical analysis is made of the 
characteristics of cm-X bursts associated with 
different spectral types of ni-X burst in the 
range 100-580 Mc. 

523.165 3668 
Some Features of the Response of Neutron 

Monitors to Low-Energy Particles Incident on 
the Top of the Atmosphere—W. Webber. 
(('anad. J. Phys., vol. 40, pp. 906-923; July, 
1962.) Comparison of primary particle flux 
above the atmosphere with that recorded by 
neutron monitors at sea level shows that low-
energy primaries contribute more to sea-level 
measuretnents than was previously thought. 

523.165 3669 
Observation of the Van Allen Radiation 

Regions during August and September 1959: 
Part 4—The Outer-Zone Electrons— R. L. 
Arnoldy, R. A. Hoffman and V. R. Winckler. 
(J. Geophys. Res., vol. 67, pp. 2:595 - 2612; July, 
1962.) A report of Explorer VI data obtained 
when the count-rate time variations and the 
geomagnetic activity were low. Part 3: 1534 of 
May ( Hoffman, el al.). 

523.165 3670 
Forbush Decreases produced by Diffusive 

Deceleration Mechanism in Interplanetary 
Space- 11. Laster, A. M. Lenchek, and S. F. 
Singer. (J. Geophys. Res., vol. 67, pp. 2639-
2643; July, 1962.) A Forbush decrease is ex-
plained in terms of a diffusive deceleration 
mechanism in turbulent interplanetary mag-
netic plasma clouds. Cosmic rays lose energy 
in an inverse Fermi mechanism and by betatron 
action in the weakening magnetic field of an 
expanding cloud. 

523.165 3671 
Detection of the Radiation Anomaly above 

the South Region of the Atlantic Ocean at 
Heights of 310-340 km.—L. V. Kurnosova, 
T. N. Kolobyanina, V. I. Logachev, L. A. 
Razorenov, I. A. Sirotkin, and M. I. Fradkin. 
Usk. Spat. Zemli, No. 8, pp. 90-93; 1961, 
English Translation, Planet-Space Sci., vol. 9, 
pp. 513-516; August, 1962.) 

523.165 3672 
An Extremely Intense Electron Flux at 

1000-Kilometre Altitude in the Auroral Zone— 
B. J. O'Brien and C. I). Laughlin. (J. Geophys. 
Rev., vol. 67, pp. 2667- 2672; July, 1962.) An 
intense flux of dumped electrons at 1000 km 
altitude was observed with Injun I. No varia-

tion in flux was detected by Explorer XII at 
several earth radii on the same magnetic shell. 

523.165:523.75 3673 
Measurement of the Intensity of Charged 

Particles after the Chromospheric Flare of the 
7th July 1958 - - E. V. Gorchakov and G. A. 
Bazilevskaya. (Isk. Spqt. Zemli, N . 8, pp. 
84-86; 1961. English translation, Planet-Space 
Sci., vol. 9, pp. 507-509; August, 1962.) 
Satellite data showed a marked ionization in-
crease between the eruption and the subse-
quent magnetic storm. 

523.165:523.75 3674 
The Flux of Heavy Nuclei in the July 10, 

1959, Flare—S. Biswas. (J. Geophys. Res., vol. 67, 
pp. 2613-2615; July, 1962.) Emulsion measure-
ments are given for the range 150 -500 Mev 
per nucleon. 

523.165:523.75 3675 
The Measurement of the Cut-Off Rigidity 

at Minneapolis using Solar Protons and a 
Particles from July 10, 1959, Flare— P. S. 
Freier. (J. Geophys. Res., vol. 67, pp. 2617-
2626; July, 1962.) The solar beam at Churchill 
(not affected geomagnetically) is compared 
with the magnetically controlled flux at Minne-
apolis. 

523.165:523.75 3676 
Gamma Rays from the Solar-Cosmic-Ray-

Produced Nuclear Reactions in the Earth's 
Atmosphere and Lower Limit on the Energy 
of Solar Protons observed at Minneapolis— 
P. D. Bhaysar. (J. Geophys Res., vol. 67, 
pp. 2627-2637; July, 1962.) 

523.165:550.38 3677 
The Magnetic Field of the Quiet-Time 

Proton Belt —S. I. Akasofu. J. C. Cain, and 
S. Chapman. (J. Geophys. Res., vol. 67, pp. 
2645 2647; July, 1962.) The magnetic field of 
a model photon belt, which is analogous to that 
measured by Explorer XII, is computed nu-
merically. The equatorial magnetic field at the 
earth's surface due to this belt is about 38-7. 

523.165:550.385.4 3678 
Geomagnetic-Storm Effects on Charged 

Particles —T. Obi ya Geomag. Geoelect., 
vol. 13, Nos. 1/2, pp. 26 32; 1961.) The change 
in geomagnetic cut-off, for a model in which the 
magnetic storm is equivalent to an impressed 
uniform field, is calculated; it compares favor-
ably with observations of cosmic rays and iono-
spheric absorption. 

523.165:550.385.4 3679 
Cosmic-Ray Threshold Rigidities during 

the Magnetic Storm of November 12, 1960 — 
C. J. Hatton and P. I,. Marden. (Phil. hag., 
vol. 7, pp. 1145-1156; July, 1962.) During the 
storm the tnagnetic threshold rigidity for par-
ticles reaching the earth was lowered all over 
the world. That this reduction was anisotropic 
in longitude is explained by streaming solar 
plastna drawing out the geomagnetic lines of 
force on the night side of the earth. 

523.165:551.594.5 3680 
Distribution in Space of the Earth's Outer 

Radiation Belt and the Auroral Zones— E. V. 
(;orchakov. ( Isk. Spat. Zemli, pp. 81-83; 1961.) 
English translation. Planet-Space Sci., vol. 9. 
pp. 503-505; August, 1962.) The boundary of 
the belt and the position of maximum intensity 
within it located by satellite, indicate that 
outer-belt particles are not the cause of auroras. 

523.5+551.594.5:621.396.677 3681 
Some Radar Observations of Meteors and 

Aurorae at 300 and 500 Mc/s using a Large 
Radio Telescope— D. Barber, II. K. Sutcliffe 
and C. D. Watkins. (J. Atmos. Terr. Phys., 
vol. 24, pp. 585-607; July, 1962.) Part 1— 
Observations of Meteors (pp. 585--597). Part 2 
—Observations of the Aurora Borealis (PP. 



2544 PROCEEDINGS OF THE IRE December 

599-607).—The observations were made with 
a high-power transmitter installed on the 
Jodrell Bank 250-ft radio telescope. 

523.746.5 3682 
A Quick Method for Estimating the Stage 

of the Sunspot Cycle \V. B. Chadwick. (J. 
Res. NBS, vol. (>51), pp. 637-640; November 
/December, 1961.) The method given is based 
on the maximum median hourly value of folz2 
for each month as observed at Washington, 
D. C. Regression equations and standard errors 
are also included. 

523.75 3683 
The Solar Geophysical Events of November 

1960—T. Ohayashi. (J. Geomag. (,eoelect., vol. 
13, nos. 1/2, pp. 11-25; 1961.) 

523.75:523.165:550.385.4 3684 
Solar Magnetic Cloud Producing Cosmic-

Ray Storm, Magnetic Storm and Type VI 
Solar Radio Outburst- -V. Kamiya. (J. Geo-
mag. (;eoelect., vol. 13, nos. 1/2, pp. 33 41; 
1961.) An analysis of several years' data shows 
that eruptions on the sun accompanied by 
Type IV RE emission are the cause of the 
cosmic-ray storms at the earth. Magnetic; 
storms are greatest when produced by flares 
near the sun's central meridian, but the in-
tensity of cosmic- ray storms is independent of 
the heliographic longitude of the eruption. 

550.37 3685 
The Solar and Lunar Daily Variations of 

Earth Currents Near the Magnetic Equator— 
R. I lutton. (J. 2limos.. Terr. Phys., vol. 24, 
pp. 673-680; August, 1962.) One c(mclusion 
from a detailed study of equatorial earth cur-
rents is that they are enhanced by the electro-
jet . 

550.385.4 -1-551.594.5 3686 
On the Bennett-Hulburt Hypothesis of the 

Origin of Magnetic Storms and Aurorae - - 
V. (7. A. Ferraro and I). M. Willis. (.4strophys. 
J., vol. 136, pp. 288 303; July, 1962.) A de-
tailed analysis and criticism oi the Bennett-
Hellbent hy-pothesis ( 126 of 1955). The currents 
in solar streams are shown to lie several orders 
of magnitude smaller than those ( ii even minor 
magnetic storms. 

550.385.4:523.75 3687 
Dependence of Interval between Flare and 

Associated Sudden-Commencement Storm on 
Prestorm Conditions M. W. I la urwitz. (J. 
Geophys., Res., vol. (> 7, pp. 2979 - 2982; July, 
1962.) The time delay between a sudden com-
mencement and its " parent" flare is least for 
those s.e's which luive been preceded by high 
magnet it act iyit y. 

550.385.4: 523.75 3688 
On the Choice of Condition to Apply at the 

Boundary of the Geomagnetic Field in the 
Steady-State Chapman-Ferraro Problem - 
J. R. Smelter and B. R. Briggs. (J. Geophys. 
Res., vol. (17, pp. 2983 2985; July, 1962.) A 
previous discrepancy in t bounclary condition 
applicable to the steady-state Chapman-
Ferraro problem is resolve(l, and a previous 
paper ( 1541 oi I\ lay) is amended. 

551.507.362.1/.2 3689 
The Study of the Ionosphere and Inter-

planetary Gas by means of Artificial Earth 
Satellites and Space Rockets (Methods and 
some Results of Radio Investigations) - 
Va. I.. Arnett. Isk. Spitz. Zeinli, 110. 7, pp. 125 - 
169; 1961, English translation, Planet Space 
Sci., vol. 9, pp. 391--433; July, 1962.) Measure-
ments made since 1953 by rocket and satellite 
techniques are discussed. 49 references. 

551.507.362.1 3690 
A Review of Upper-Atmosphere Rocket Re-

search in Japan - K. Maeda and K. iliaro. 
(Planet Space Sc., vol. 9, pp. 355-369; July, 

1962.) A description of the launching facilities, 
rocket equipment and results of the current 
research program, with a note on future plans. 

551.507.362.2 3691 

Satellite Orbit Perturbations due to Radia-
tion Pressure and Luni-solar Forces - R. R. 
Allan. (( uart. J. Alert:. A ppi. Math., vol. 15, 
pt. 3, pp. 283-301; August, 1962.) A vectorial 
method is used to determine the perturbations 
of the orbit assuming that the perturbing body 
remains fixed during one revolution of the 
satellite. 

551.507.362.2 3692 
The Influence of Lunar and Solar Attraction 

on the Motion of an Artificial Earth Satellite — 
A. V. Egorova. (isk. Spat. Zemli, no. 8, pp. 46-
56; 1961. English translation, Planet-Space Sc., 
vol. 9, pp. 479-490; August, 1962.) The pertur-
bations are determined using Lagrang(•'s 
planetary equations and taking the orbit of the 
perturbing body as the reference plane. 

551.507.362.2 3693 
General Solution of the Problem of the 

Motion of an Artificial Satellite in the Normal 
Field of the Earth's Attraction E. P. Aksenov, 
E. A. Grebenikov. and V. G. Demin. (1sk. 
Spat. Zemli, no. 8, pp. 64 71; 1961. English 
translation, Planet-Spare S, L, vol. 9, pp. 491 - 
498; August, 1962.) The motion of a satellite 
in an oblate potential field is studied using 
generalized coordinates and Lagrange's equa-
tions of motion. The method of an independent 
variable is used for the integration. 

551.510.535+523.164.32 3694 
Scattering and Conversion Cross-Sections 

in Inhomogeneous Plasma M. II. Cohen. 
(J. Geophys. Res., vol. 67, pp. 2729 -2739; July, 
1962.) A general scattering theory is developed 
for a magnetic- field-free plasma, allowing for 
bot h transverse and longit udinal Wa ves. Special 
features of the cross-section formula are dis-
cussed and ionospheric incoherent-scatter ex-
periments and solar RE bursts are considea(al 
quantitat ively. 

551.510.535 3695 
Corpuscular Heating of the Upper Atmos-

phere - II. K. Paetzold. (J. Geophys. Res., vol. 
67, pp. 2741--2744; July, 19(m2.) Satellite drag 
data are used to examine the dependence of 
temperature on solar activity. Two-thirds of 
tile energy influx originates from ultraviolet 
radiation and one-third from interplanetary 
cor eitscles. 

551.510.535 3696 
Upper Atmosphere Turbulence Determined 

by means of Rockets—J. E. Blainont and C. 
de Jager. (J. Ge(cphys. Res., vol. 67, pp. 3113 - 
3119; July, 1962.) Paper presented at a sym-
posium on fundamental problems in turbulence, 
Marseilles, September 4-9, 1961. The results 
discussed are based on investigations with the 
aid of Na vapor trails at heights between 80 
and 120 km. 

551.510.535 3697 
D-Region Ionization by Solar X Rays - 

I. G. Poppoff and R. C. \Vhitten. (J. Geophys. 
Res., vol. 67. pp. 2986 2988; July, 1962.) By 
using the X-ray spectra reported by Kreplin 
(4097 of 1961) it is shown that X rays can 
make an important contribution to ionization 
in the range 70 90 km, at least ( luring periods 
of sunspot maxienuen. 

551.510.535 3698 
Electron Cooling in the D Region- -A. Dal-

garno and R. J. Moffett. (Planet-Space Sri., 
vol. 9, pp. 355 369; July, 1962.) A theoretical 
treatment for N5 and 05 from which the mean 
rate of electron energy loss is calculated for gas 
temperatures in the range 100-1000°K. 

551.510.535 3599 
The Reflection Characteristics of a Patchy 

Sporadic-E Layer—J. D. VVhiteltead. (J. 
Terr. Phys., vol. 24, pp. 681-684; 1962.) 

An explanation is given of the insensitivity of 
.foEs and ,ficEs to gain changes of an ionosonde; 
.fbEs is the better measure of the peak electron 
density in the layer. 

551.510.535 3700 
The Thermal Balance of the Ionospheric F 

Region—C. II. Cumenack. (J. Alinos. Terr. 
Phys., vol. 24, pp. 691-699; August, 1962.) 
Heating of the F region by ionizing radiation. 
and cooling by conduction and radiation, are 
considered. When simplifications are made, the 
equations can be solved to give tile variation of 
temperature with height and local tinte. 

551.510.535 3701 
Lunar Variations of Spread-F - B. V. 

Krislinarnurthy and B. R. Rao. (J. Minos. 
Terr. Phys., vol. 24, pp. 742 743; August, 
1962.) Harmonic analysis of spread- le indices 
at Waltair yields small lunar diurnal and semi-
diurnal components. 

551.510.535 3702 
Vertical Transport of Electrons during Pre-

sunrise F-Layer 'Splitting'- Bandyonad-
hyay and S. K. Chatterjee. (Indian J. Phys., 
vol. 36, pp. 124 128; March, 1962.) An exten-
sion of earlier work (501 of 196(t). The ob-
served splitting of the layer is associated with 
a strong upward movement of the upper evert 
of the laver and also with low values of mag-
netic K index. 

551.510.535 3703 
Ionospheric Drift Measurement -E. I larn-

ischmacher. (Arch. /t, /u Messen, pp. 147 - 150; 
July, 1962.) Various methods are summarized 
including those based on fading, meteor 
echoes and fluctuations of noise from radio 
stars. 

551.510.535:550.382 3704 
Study of the Geomagnetic Anomaly during 

Sunspot Maximum --('. S. R. Rao. (J. Almos. 
Terr. Ph)'s., vol. 24, pp. 729-737; August, 
1962.) Critical-frequency and N(h) data ob-
tained for a number of stations during Sep-
tember, 1957 and March, 1958, are used to 
study the geomagnetic anomaly in the F2 
region. 

551.510.535: 550.385 3705 
Intensification of the Earth's Magnetic 

Field by Turbulence in the Iostosphere — II. K. 
Moffatt. (J. Geophys. Res., vol. 67, pp. 3071 - 
3073; July, 1962.) Paper presented at a sym-
posium on fundamental problems in turbu-
lence, Marseilles, September 4-9, 1961. The 
problem ot ionospheric turbulence is treated 
for the case of a large-scale weak magnetic 
field applied to the system. Large fluctuations 
may arise for magnetic Reynolds number >> I. 

551.510.535: 551.594.5 3706 
Electron Precipitation accompanying Iono-

spheric Current Systems in the Auroral Zone 
- I. R. Bascus and R. R. Brown. (J. Geophys. 
Re--., vol. 67, pp. 2673 2680; July, 1962.) 
Magnetic bays developing out of quiet condi-
tions are examined to obtain information on 
curnalt systems. I.inks with the auroral mor-
phology of Davis ( 1570 of May) are suggested. 

551.510.535 : 551.594.5 3707 
Time, Height, and Latitude Distribution of 

D Layers in the Subauroral Zone and their 
Relation to Geomagnetic Activity and Aurora 
-- A. Pedersen. (J. Geophys. Res., vol. 67, pp. 
268.5 2694; July, 1962.) Observations of echoes 
in the range 60 90 km at stations in northern 
Sweden during disturbed periods. 

551.510.535: 621.3.087.4 3708 
Design of Panoramic Ionospheric Re-

corders —L. II. Heisler and L. I). Wilson. (J. 
Res. NBS, vol. 651), pp. 629 636; November/ 
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December, 1961.) Design aspects are discussed 
and the technical data of a transportable iono-
sonde are summarized (see 3709 below). 

551.510.535:621.3.087.4 3709 
An Electronically Scanned Panoramic 

Ionospheric Recorder-L. I). Wilson. (Aust. 
J. Appt. Sci., vol. 13, pp. 89-97; June. 1962.) 
Linear or logarithmic sweeps of variable dura-
tion for the frequency range of 0.1-20 Mc or 
any part of that range may be made. The 
transmitter which operates normally at 5.5 
kW + 1 dB, has a subsidiary amplifier to boost 
the output to 44 kW + 3 db. See 517 of Febru-
ary ( Heisler and Wilson). 

551.510.535: 621.396.674.3 3710 
The Impedance of a Short Cylindrical Di-

pole in the Ionosphere-Brainley. (See 3581.) 

551.510.535(98):523.75 3711 
Characteristics of Solar Energistic Particles 

which Excite Polar-Cap Blackouts-- K. Sinno. 
(J. Geomag. Geoelect., vol. 13, pp. 1-10; 1961.) 
The association of S and G types of pca event 
(see 2977 of 196l) with flare position, geomag-
netic disturbance and solar RF bursts is ex-
amined. 

551.510.536 3712 
'Scale Frequency' of the Exosphere-R. L. 

Dowden. (Nature, vol. 195, pp. 984-985; Sep-
tember, 1962.) The parameter "scale fre-
quency" is defined in terms of the whistler 
nose frequency and the gyro-frequency. Ap-
plications to theoretical studies on a model or 
real exosphere are noted. 

551.594.5 3713 
A Comparison of Auroral-Zone X-Ray Ob-

servations from Periods with Different Levels 
of Solar Activity- R. R. Brown. (J. Geophys. 
Res., vol. 67, pp. 2681-2684; July, 1962.) The 
comparison shows a decline in the frequency of 
events with solar activit y. 

551.594.5:523.165 3714 
A Charge Separation Mechanism for the 

Production of Polar Auroras and Electrojets-
J. W. Kern. (J. Geophys. Res., vol. 67, pp. 
2649-2665; Julv, 1962.) Charge separation in 
the geomagnetically trapped radiation is in-
voked to explain some observed phenomena as-
sociated with polar auroras and electrojet cur-
rent systems. 

551.594.5:550.385.4 3715 
Large-Scale Auroral Motions and Polar 

Magnetic Disturbances: Part 2-The Chang-
ing Distribution of the Aurora during Large 
Magnetic Storms --- S. I. Akasofu. (J. Atmos. 
7'err. Phys., vol. 24, pp. 723--727; August, 
1962.) During the great magnetic storms of 
September 23,1957. and February 11,1958, the 
northern border of auroral activity moved 
southwards leaving the usual region of most fre-
quent aurorae deserted. Part 1: 198 of 1961. 

551.594.6 3716 
further Note on Terrestrial Extremely-

Low-Frequency Propagation in the Presence 
of an Isotropic Ionosphere with an Exponential 
Conductivity/Height Profile-J. Galejs. (J. 
Geophys. Res., vol. 67, pp. 2715-2728; July, 
1962.) Various electron-density data, particu-
larly those relating to the night-time ionosphere 
are examined with reference to the elf wave 
analysis of 141 of January. 

551.594.6 3717 
Duration and Spacing of Sferic Pulses-

R. F. Linfield and C. A. Samson. (Paoc. IRE, 
vol. 50, pp. 1841-1842; August, 1962.) Report 
on an analysis of waveforms of atmospherics 
recorded simultaneously at two stations. 

551.594.6:539.16 3718 
Sudden Enhancement of Atmospherics as-

sociated with High-Altitude Nuclear Explosions 
-M. K. Das Gupta and A. K. Sen. (J. Almos. 
Terr. Phys., vol. 24, pp. 739-740; August, 1962). 

Atmospheric noise records at 120 kc show sud-
den enhancement effects associated with the 
Russian high-altitude nuclear explosions of 
1961. 

551.594.6: 551.510.536 3719 
On the Origin of "Very-Low-Frequency 

Emissions"- H. Unz. (J. Almos. Terr. Phys., 
vol. 24, pp. 685-689; August, 1962.) The mag-
neto-ionic theory for drifting plasma is applied 
to the theory of the origin of VLF emissions. 
The frequency at which there will be inter-
action, and possibly amplification, between two 
different streams of electrons is found. Physical 
phenomena are explained by interaction be-
tween several streams of electrons of different 
plasma frequency and different velocity. 

551.594.6:621.391.82 3720 
On the Spectrum of Terrestrial Radio 

Noise at Extremely Low Frequencies-(See 
3848.) 

LOCATION AND AIDS TO NAVIGATION 

621.396.93.029.45 3721 
The Use of V.L.F. Transmissions for Navi-

gation-C. Powell. (J. Inst. Nat'., vol. 15, 
pp. 277-288; July, 1962. Discussion.) A survey 
of proposed VLF navigational aids, their ex-
pected performance and installation problems. 
The accuracies required are discussed together 
with other methods of providing the facilities 
needed for modern navigation. 

621.396.932/.933:621.391.812.63.029.45 3722 
Effects of the Ionosphere of V.L.F. Navi-

gational Aids-W. T. Blackband. (J. Res. 
NBS, vol. 65D, pp. 575-580; November/De-
cember, 1961.) The feasibility of basing world-
wide navigational aids on VLF transmissions 
is discussed. Preliminary aircraft measurements 
show that fixes obtained are internally con-
sistent to within one nautical mile at ranges 
between 5000 and 6000 miles. 

621.396.962.3 3723 
The Echo 'Noise Ratio Obtainable in Radar 

by means of Pulse Compression- V. Palermo: 
U. Tiberio. (Alta Frequenza, vol. 31, p. 235; 
April, 1962.) Comment on 1581 of May and 
author's reply. 

621.396.967.2:621.396.65 3724 
Radio-Relay Networks for the Elbe and 

Weser Shore-Based radar Systems -H. J. 
Kramer. (Philips 7.elecommun. Rev., vol. 23, 
pp. 130-146; July, 1962.) Radar signals are re-
layed in the 7-Gc band from radar stations to 
operational centres. Frequency-diversity re-
ception methods are used. Set: 1530 of 1961 
(le Compte, el al.). 

MATERIALS AND SUBSIDIARY 

TECHNIQUES 

535.215: 546.817-31 3725 
Overshoot in Photoconductivity of Lead 

Oxide-K. E. Haq. (J. App!. Phys., vol. 33, 
pp. 2606-2612; August, 1962.) Overshoot is due 
to build-up of space charge in the bulk of the 
material. It is only observed in the range - 50 
to + 70°C. 

535.37:537.226 3726 
Dielectric Anomalies in Zinc Sulphide and 

Cadmium Sulphide Excited by Light-T. Fuji-
mura and K. Kamiyoshi. (Sci. Rep. Res. Inst. 
Tohoku Univ., Ser. A., vol. 13, pp. 466-476; 
December, 1961.) Details of experiments on the 
Debye effect in ZinS phosphors and anti-Debye 
effect in CdS phosphors are given. Results are 
interpreted in terms of a two-layer model 
[162 of 1952 (Koops)l. 

537.227 3727 
Domain Walls Caught in Sudarés in 

Rochelle Salt Crystal- K. Old and T. Naka-
mura (J. Phys. Soc. Japan, vol. 17, p. 1195; 

July, 1962.) Simultaneous observation of both 
sudares and ferroelectric domains under direct 
and alternating fields is reported. 

537.227:546.431'824-31 3728 
Some Observations on Switched Single-

Crystal Barium Titanate-D. S. Campbell. 
(Phil. Mug., vol. 7, pp. 1157-1166; July, 1962.) 
Results are given for various polarization 
states of an etched single crystal. 

537.227:546.431824-31539.12.04 3729 
Radiation Damage on BaTiQ, Single 

Crystal-S. I layawaka and II. lk ush ma. (J. 
Phys. Soc. Japan, vol. 17, pp. 1198-1199; July, 
1962.) Experimental note on the effect of y 
irradiation. 

537.227:546.431'824-31:539.23 3730 
Electron-Optical Studies of Barium Titan-

ate Single-Crystal Films-M. Tanaka, N. Kita-
mura, and G. Honjo. (J. Phys. Soc. Japan, 
vol. 17, pp. 1197-1198; July, 1962.) 

537.227: 621.318.57 3731 
Increase in Dielectric Constant during 

Switching in Barium Titanate and Triglycine 
Sulphate-E. Fatuzzo. (J. App!. Phys., vol. 33, 
pp. 2588-2596; August, 1962.) Measurements 
at frequencies up to 2 Gc reveal two relaxation 
levels, one previously measured by Landauer, 
et a/., (3759 of 1956) and a new one at much 
higher frequencies; 100 Mc for triglycine sul-
phate and above 2 Ge for BaTiOt. 

537.228.1/.2 3732 
Piezoelectric Properties of Triglycine SW-

phate-T. Ikeda, T. Tanaka, and H. Toyeda. 
(Jap. J. Appt. Phys., vol. 1, pp. 13-21; July, 
1962.) Induced piezoelectricity and electro-
strictive effects are examined for temperature 
dependence, and influence of irradiation. 

537.228.1 3733 
Rotating Disk of Piezoelectric Crystals-

H. S. Paul. (Aust. J. App!. Sci., vol. 13. pp. 
98-106; June, 1962.) The mechanical stresses 
and electric field developed in the disk are 
calculated. 

537.228.1:538.222 3734 
The Generation of Microwave Phonons for 

Studying the Spin-Lattice Interaction-P. II. 
Carr and M. W. P. Strandberg. (J. Phys. Chem. 
Solids, vol. 23, pp. 923-937; July, 1962.) 
Phonon packets were produced by the piezo-
electric effect and their interaction with para-
magnetic impurities in quartz was studied. 

537.228.1:549.514.51 3735 
Higher-Order Temperature Coefficients of 

the Elastic Stiffnesses and Compliances of 
Alpha-Quartz- R. Beehmann, A. D. Ballato, 
and T. J. Lukaszek. ( Pam:. IRE, vol. 5(1, pp. 
1812-1822; August. 1962.) The frequency/tem-
perature characteristics of AT-, BT-, CT- and 
DT-cut crystals are considered on the basis of 
new calculations of elasticity and temperature 
coefficients. For German version see Arch. 
elekt. übertragung, vol. 16, pp. 307-313; June, 
1962. ( Bechtnann). 

537.228.2 3736 
Investigations on Ceramic Electrostrictive 

Materials as a Function of their State of 
Polarization- K. Feller and W. Schmidt. 
(Acustica, vol. 12, pp. 173-179; 1962. In Ger-
man.) A method is described for measuring the 
intrinsic energy inherent in polarized ceramic 
materials. An "electrostriction constant'. is de-
termined from measurements on BaTio, 
specimens. 

537.311.32 3737 
Electrons and Holes in Bismuth--A. L. 

Jain and S. H. Koenig. (Phys. Rev., vol. 127, 
pp. 442-446; July, 1962.) An examination of 
recent data shows that there are three electron 
ellipsoids and one light-hole ellipsoid in mo-
mentum space for Bi. 
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537.311.33 3738 
Quantitative Measurements of Semicon-

ductor Homogeneity from Plasma Edge— 
D. F. Edwards and P. D. Maker. (J. Ape 
Phys., vol. 33, pp. 2466-2468; August, 1962.) 
This method based on the position of the plas-
ma edge is an order of magnitude more sensitive 
than previous ones. A demonstration with an 
InAs sample is described. 

537.311.33 3739 
Dipole Scattering from Ion Pairs in Com-

pensated Semiconductors— R. Stratton. (J. 
Phys. Chem. Solids. vol. 23, pp. 1011-1017; 
July, 1962.) Scattering cross-sections for un-
screened and screened dipoles are derived and 
compared with those for point charges. Elec-
tron mobility is calculated for electron scatter-
ing by dipoles only and the combined effects of 
dipoles, point charges and vibrations are 
considered. 

537.311.33 3740 
Scattering of Charge Carriers from Point 

Imperfections in Semiconductors—T. Mori-
moto and K. Tani. (J. Phys. Soc. Japan, 
vol. 17, pp. 1121-1128; July, 1962.) A calcu-
lation of the scattering is made using the Born 
approximation and taking account of strain 
scattering clue to point defects. A considerable 
interference effect is found between the Cou-
lomb scattering and the scattering (lue to lat-
tice distortion. This could explain the difference 
in electron mobilities between Sb-doped and 
As-doped Ge. 

537.311.33 3741 
Effect of Surface Recombination on the 

Law of Decrease of Excess Minority Carriers 
in a Semiconductor—A. Fortini. (J. Phys. 
Radium, vol. 23, pp. 273-276; May, 1962.) 
The total number of excess carriers at a given 
time is computed for optical excitation of a 
semi-infinite and finite one-dimensional crystal. 

537.311.33 3742 
Space-Charge-Layer Width and Capaci-

tance of Symmetrical Step Junctions—C. C. 
Wang. ( Pam.. IRE (Correspondence), vol. 50, 
pp. 1838-1839; August, 1962). For step junc-
tions the inductance effect noted at high for-
ward bias voltages is associated with the drop 
of quasi-Fermi levels in the neutral regions in 
which the corresponding carriers are majority 
carriers. 

537.311.33 3743 
The Dielectric Constant of a Semiconductor 

as related to the Intrinsic Activation Energy— 
C. F. Cole, Jr. (PRoc. IRE (Correspondence), 
vol. 50, pp. 18.56; August, 1962). 

537.311.33:519.4 3744 
Group Theory and the Energy Band Struc-

ture of Semiconductors—A. Nussbaum. ( Paoc. 
IRE, vol. 50, pp. 1762-1781; August, 1962.) 
The concepts of group theory are explained and 
applied to the determination of band structure 
in Te. 

537.311.33:535.215 3745 
Observation of Photovoltaic Oscillations in 

Semiconductors—L. Gold. (J. Phys. Soc. 
Japan, vol. 17, p. 1193; July, 1962.) A theory 
is given to explain oscillations observed by 
Kikuchi and Abe (2013 of June). 

537.311.33:535.215 3746 
Theory of Photoelectric Emission from 

Semiconductors—E. O. Kane. (Phys. Rev., vol. 
127, pp. 131-141; July, 1962.) The variation 
of yield with energy near threshold is found for 
a general band structure, and for several pro-
duction and scattering mechanisms. The dis-
tributions of the emitted carriers in energy and 
direction are also calculated. 

537.311.33:537.228.1 3747 
Current Saturation in Piezoelectric Semi-

conductors—R. W. Smith. (Phys. Rev. Lett., 
vol. 9, pp. 87-90; August, 1962.) Observations 
of current saturation in CdS are reported. It is 
believed to be due to saturation of the shift 
velocity of electrons. 

537.311.33 : 537.312.9 3748 
Resistance of Elastically Deformed Shallow 

p-n Junctions -W. Rinder. (J. Ape Phys., 
vol. 33, pp. 2479-2480; August, 1962.) The re-
sistance of diffused and alloyed junctions was 
found to be highly sensitive to stress under both 
forward and reverse bias. 

537.311.33:538.614 3749 
Oscillatory Interband Faraday Rotation and 

Voight Effect in Semiconductors—V. Nishina, 
J. Kolodziejczak, and B. Lax. (Phys. Rev. Lett., 
vol. 9, pp. 55-57; July, 1962.) Results of experi-
ments on thin Ge samples in fields up to 90 kG 
at room temperature are shown graphically. 

537.311.33:538.614 3750 
Faraday Effect in Semiconductors— I. M. 

Boswarva, R. E. Howard and A. B. Lidiard. 
(Proc. Roy. Soc. (London), A, vol. 269, pp. 125-
141; August, 1962.) Calculations are carried 
out on the Faraday rotation in semiconductors 
due to four kinds of electron transition. The 
dependence of these on frequency is studied. 

537.311.33:538.63 3751 
Galvano-thermomagnetic Effects in De-

generate Semi-conductors and Semimetals 
with Nonparabolic Band Shapes: Part 2— 
General Theory—T. C. Harman and J. M. 
Ilonig. (J. Phys. Chem. Solids, vol. 23, pp. 913-
922; July, 1962.) A general theory of galvano-
thermomagnetic phenomena has been derived 
for a band with spherically symmetric energy 
surfaces. The magnitudes of all 560 effects can 
be predicted from a small number of measure-
ments. 

537.311.33:539.12.04 3752 
Radiation Effects in Semiconductors—G. 

Wertheim. (Nucleonics, vol. 20, pp. 47-50; July, 
1962.) The effects of irradiation are (a) ioniza-
tion, which has a temporary effect and (h) dis-
placements, which cause permanent damage. 

537.311.33 : 1546.28 + 546.289 3753 
Diffusion of Vacancies during Quenching 

of Ge and Si—J. NIehigailis and S. O'Hara. 
(J. Appt. Phys., vol. 33, pp. 2596-2601; 
August, 1962.) The concentrations of vacancies 
trapped in growing Ge and Si dendrites, and 
in Ge slabs cooled by radiation are calculated. 
Dislocation loops are unlikely to form in grow-
ing dendrites. 

537.311.33:1546.28+546.289 3754 
Transport Phenomena in Germanium and 

Silicon—G. E. Tauber. (J. Phys. ( hem. Solids, 
vol. 23, pp. 7-18; January/February, 1962.) 
Matrix elements are calculated for warped 
energy surfaces, such as occur in Ge or Si, using 
the appropriate transition probabilities derived 
by Ehrenreich and Overhauser ( 1131 of 1957). 
The general results are applied to the evalua-
tion of the transport quantities for acoustic and 
optical scattering. 

537.311.33 : 1546.28 + 546.289 3755 
Diffusion of Interstitial Impurities in Ger-

manium and Silicon— R. A. Swalin. (J. Phys. 
Chem. Solids, vol. 23, pp. 154-156; January 
/February, 1962.) Treatment of diffusion rela-
tive to the structure of the diamond lattice, and 
the development of a semi-empirical equation 
relating the activation energies to properties of 
the solute. 

537.311.33:546.28 3756 
Boron-Induced Dislocations in Silicon— 

D. F. Miller, J. E. Moore, and C. R. Moore. 
(J. App!. Phys., vol. 33, pp. 2648-2652; August, 
1952.) Effects of gradual increase in B density 
in Si are described. At 8 X 10'8 atoms cm-', 

lattice stress is sufficient to induce edge dis-
location generation from loop interaction. 

537.311:546.28 3757 
Diffusion of Phosphorus in Silicon from the 

Azeotrope of Phosphorus Pentoxide and Water 
—R. P. Lothrop. (J. Ape Phys., vol. 33, 
p. 2656; August, 1962.) 

537.311.33:546.28 3758 
n-Type Conversion of Thermally Oxidized 

Si Surface—H. Edagawa, Y. Morita, S. 
Makawa, and Y. Inuishi. (J. Phys. Soc. Japan, 
vol. 17, pp. 1190-1191; July, 1962.) Results of 
measurements on oxidized Si junctions suggest 
that n-type conversion is due to imperfections 
at the Si-SiO, interface or in the bulk of SiO2 
filin. 

537.311.33:546.28 3759 
Resistivity Changes in Quenched p-Type 

Silicon—W. H. Shepherd. (J. Phys. ('hem. 
Solids, vol. 23, pp. 161-163; January/February, 
1962.) Some observations on the effect de-
scribed by Kirvalidge and Zlitikov (2669 of 
1961). 

537.311.33:546.28 3760 
Field-Effect Measurements on High-

Resistivity p-Type Silicon—D. Gerlich. (J. 
Phys. Chem. Solids, vol. 23, pp. 837-842; July, 
19(7)2.) The distribution of the fast surface 
states is found to vary with the chemical 
treatment. 

537.311.33:546.28 3761 
Changes in Silicon under Intensive Bom-

bardment with 50-KeV to 100-keV Electrons— 
H. Hora. (Z. angew. Phys., vol. 14, pp. 9-12; 
January, 1962.) A change from n- to p-type 
material was observed with a 50-key beam of 
intensity 9 X 10" electrons/cm,. This is at-
tributed to Frenkel defects caused by surface 
effects. For results obtained with Si films see 
1608 of May. 

537.311.33:546.28:535.215 3762 
Direct and Indirect Excitation Processes in 

Photoelectric Emission from Silicon—G. W. 
Gobeli and F. G. Allen. (Phys. Rev., vol. 127, 
pp. 141-149; July, 1962.) Atomically clean 
surfaces, with various degrees of sample doping, 
have been studied. The results indicate volume 
excitation processes, both direct and indirect, 
and agree with Kane's theory (3746 above). A 
direct escape depth for excitated electrons is 
determined. 

537.311.33:546.28:535.215 3763 
Work Function, Photoelectric Threshold, 

and Surface States of Atomically Clean Silicon 
—F. G. Allen and G. \V. Gobeli. (Phy,. Rev., 
vol. 127, pp. 150-158; July, 1962.) The results 
indicate that the surface atom density and sur-
face state density are almost equal for all avail-
able degrees of chemical doping. 

537.311.33:546.28:621.391.822 3764 
1/f Noise from Vacuum-Cleaned Silicon— 

A. U. MacRae. (J. Appl. Phys., vol. 33, pp. 
257(1-2572; August, 1962.) Elimination of the 
slow surface states by surface cleaning in high 
vacuum did not appreciably affect the observed 
1/f noise. The noise may be due to some process 
in the space-charge region. 

537.311.33:546.289 3675 
Direct Observation of Dislocation Looks in 

Arsenic-Doped Germanium -G. E. Brock and 
C. L. Aliotta. (IBM J. Res. Dev., vol. 6, pp. 
372-374; July, 1962.) Dislocation loops can be 
produced easily in n-type Ge, the impurity-
vacancy interaction being important in their 
formation. Loop formation does occur during 
annealing of bulk Ge. 

537.311.33:546.289 3766 
Behaviour of Germanium in Gallium Ar-

senide—L. J. Vieland and T. Seidel. (J. App!. 
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Phys., vol. 33, pp. 2414-2415; August, 1962.) 
"The amphoteric behavior of Ge in GaAs has 
been studied quantitatively for small vartations 
in melt composition around the maximum 
melting point. ' 

537'311.33 : 546.289 3767 
Nuclear Spin-Lattice Relaxation Time in 

Germanium-B. J. Wyluda. (J. Phys. Chem. 
Solids, vol. 23, pp. 63-65; January/February, 
1962.) Measurements were made on n-type Ge 
samples of resistivity from 30 to 0.01 ti. cm 
at 295°, 77.2° and 20°K. 

537.311.33:546.289 3768 
Galvanomagnetic Properties of Grain 

Boundaries in Germanium Bicrystals from 1.25 
to 240°K -G. Landwerr and P. Handler. (J. 
Phys. Chem. Solids, vol. 23, pp. 891-906; July, 
1962.) Hall effect, magneto-resistance and con-
ductivity of wide ::ngle grain boundaries have 
been measured. 

537.311.33:546.289 3769 
Epitaxial Vapour Growth of Single-Crystal 

Ge- M. Takabayashi. (Jap. H. Ape Phys., 
vol. 1, pp. 22-29; July, 1962.) Perfect crystals 
are made by thermal decomposition of Get,. 
The purity is comparable to the best melt-
grown Ge. 

537.311.33:546.289 3770 
Recombination of Electrons and Donors in 

n-Type Germanium: Part 2-G. Ascarelli and 
S. Rodriguez. 1Phys. Rev., vol. 127, pp. 167 - 
169; July, 1962.) The theory indicates that at 
liquid-He temperatures impact recombination 

is more important than the alternative mechan-
ism studied (a two-stage transition) for electron 
concentrations greater than a given value. For 
lower concentrations the reverse is true. Part 1: 
1328 of April. 

537.311.33:546.289 3771 
Magnetic Susceptibility of Weakly Inter-

acting Donors in Germanium - II. Damon 
and A. N. Gerritsen. (Phys. Rey., vol. 127, 
rie. 405 413; July 15, 1962.) 

537.311.33:546.289 3772 
Surface Storage and Recombination of 

Carriers in Germanium between 90 and 300°K 
--K. II. Beckmann and I). Geist. (Z. an gew. 
Phys., vol. 14, pp. 352-358; June, 1962.) The 
Th, results are analyzed of conductivity and 
lifetime measurements on n-type Ge rods of 
thickness 0.1 and 1.5 mm and subjected to 
various forms of ti termal, mechanical and 
chemical treatments. 

537.311.33 : 546.289: 538.569.4 3773 
Measurements of Relaxation Time in Ger-

manium by the Cyclotron Resonance -M. 
leukai, II. Kawamura, I. hind, and K. Tomb 
shima. (J. Phys. Soc. Japan, vol. 17, pp. 1191 - 
1192; July, 1962.) 

537.311.33:546.289:539.23 3774 
Effect of the Temperature of Formation on 

the Crystallinity and Electricity Properties of 
Germanium Films on Fluorite -- R. L. Scintilla, 
L. II. Thaller, and A. E. Potter, Jr. (J. Appi., 
Phys., vol. 33. pp. 2554 2.555; August, 1962.) 

537.311.33:546.48-31 3775 
Semiconductivity and Thermoelectric Power 

of Cadmium Oxide -E. F. Lambs, and F. C. 
Tompkins. (Trans. Faraday Soc., vol. .58. Pt). 
1424-1438; July, 1962.) Wright's equations for 
fully degenerate semiconductors agree well 
‘vith experimental results, but Wagner's theory 
of conduction-electron concentration was ir-
reconcilable with measurements at different 
oxygen pressures. 

537.311.33:546.48'241 3776 
Behaviour of Gold in Cadmium Telluride 

Crystals- I. Teramoto and S. Takayanagi. (J. 
Pin's. Soc. Japan, yd. 17, pp. 1137-1141; July, 
1962.) The experimentally determined diffusion 

coefficient for temperatures above 600°C is 
1.1= 67 exp (- 2.0eV/kT) cm, sec-t. Below 
400°C, the observed effects are explained by 
a model involving the segregation of Au atoms 
to dislocations. 

537.311.33:546.48'241 3777 
Phase Equilibria in the System Cd-Te-

M. R. Lorenz. (J. Phys. Chem. Solids, vol. 23, 
pp. 939-947; July, 1962.) The results provide a 
foundation for a basic investigation of the 
semiconductor properties of CdTe. 

537.311.33:546.681'18 3778 
Some Electrical Properties of p-Type Gal-

lium Phosphide- R. J. Cherry and J. W. Allen. 
(J. Phys. ('hein . Solids, vol. 23, pp. 163-165; 
January/February, 1962.) Results of I lall-
effect and resistivity measurements are 
discussKI. 

537.311.33:546.681'18:535.376 3779 
Injection Electroluminescence at p-n Junc-

tions in Zinc-Doped Gallium Phosphide-J. 
Starkiewicz and J. W. Allen. (J. Phys. ( hein. 
Solids, vol. 23, pp. 881- 884; July, P:162.1 The 
effect on the spectrum of doping with different 
amounts of Zn and O. is shown and discussed. 

537.311.33:546.681'19 3780 
Diffusion, Solubility and Electrical Be-

haviour of Li in GaAs Single Crystals-C. S. 
Fuller and K. B. Wolfstirn. (J. .4 ppi. Phys., 
vol. 33, pp. 2507-2514; August, 1962.) 

537.311.33:546.681'19 3781 
Preparation and Characterization of High-

Resistivity GaAs - R. W. Haisty, E. W. Meleal, 
and R. Stratton. (J. Pins. ( hem Solids, vol. 23, 
pp. 829-836; July, 1962.) 

537.311.33:546.681'19 3782 
Recombination Radiation Emitted by Gal-

lium Arsenide - R. J. Keyes and T. M. Quist. 
(PRoc. IRE, vol. 50, pp. 1822-1823; August, 
1962.) Measurements of emitted radiation in-
tensity on diffused GaAs diodes biased in the 
forward direction indicate that at 77°K the 
efficiency in converting injected holes into 
Photons of energy close to the band gap may 
be as high as 8.5 per cent for these diodes. Data 
on spectral distribution and speed of response 
for this radiation are given. 

537.311.33:546.682'86 3783 
Indium Antimonide-a Review of its Prepa-

ration, Properties and Device Applications - - 
K. F. litilme and J. E. Mullin. (Solid-State 
Electronics, vol. 5, pp. 211 -247; July/August, 
1962.) Aspects of InSb research are covered in 
which physics, chemistry and metallurgy are 
involved. 196 references. 

537.311.33: 546.682'86: 539.23 3784 
Annealing Effects in Evaporated InSb 

Films -E. B. Dale and G. Senecal. (J. Appi. 
Phys., vol. 33, pp. 2526-2.530; August, 1962.) 

537.311.33:546.817'241 3785 
Free-Carrier Absorption in p-Type PbTe-

H. R. Riedl. (Phys. Rev., vol. 127, pp. 162-166; 
July, 1962.) Infrared absorption at 4 -28 ;IX was 
studied at several temperatures in samples 
with different carrier density. There is addi-
tional absorption at intermediate wavelengths, 
compared with that in n-type PbTe. 

537.311.33:546.87'24'22 3786 
Anistropy of the Electrical Conductivity and 

the Seebeck Coefficient of BisTe7S:,-II. II. 
Soonpaa. (J. Ape Phys., vol. 33, pp. 2542 - 
2546; August, 1962.) 

537.311.33:546.873'241 3787 
Effects of Heavy Deformation and Anneal-

ing on the Electrical Properties of Bi2Te, - 
J. M. Schultz, J. P. McHugh, and W. A. Tiller. 
(J. A py. Phys., vol. 33, pp. 2443-2450; 
August, 1962.) Deformation causing nonbasal 
slip in Bi3Te3 changes the material frota p- to 

n-type and reduces its resistivity by forming an 
excess of negative carriers. Annealing eventually 
removes the extra carriers and the material 
becomes p type again. A model is given to 
account for the observed results. 

537.312.62 3788 
Critical Fields of Thin Superconducting 

Films: Part 1-Thickness Effects-A. M. 
Toxen. (Phys. Rev., vol. 127, pp. 382-386; 
July, 1962.) 

537.312.62 3789 
Critical Field of Thin Superconducting 

Shapes-J. J. Hauser and E. Helfand. (Phys. 
Rev., vol. 127, pp. 386-390; July, 1962.) 

537.312.62 3790 
Multiphonon Effects in Tunnelling between 

Metals and Superconductors--j. M. Rowell, 
A. G. Chynoweth, and J. C. Phillips. (Phys. 
Rey. Lett., vol. 9, pp. 59-61; July, 1962.) 

537.312.62 3791 
Synthetic High-Field, High-Current Super-

conductor-C, I'. Bean, M. V. Doyle, and 
A. G. Pincus. (Phys. Rey. Lett., vol. 9, pp. 
93-94; August, 1962.) A note on the prepara-
tion and properties of a filamentary structure 
made by pressing 11g into porous Vycor glass. 

537.312.62 3792 
Tunnelling into Superconductors-J. Bar-

deen. (Phys. Rev. Lett., vol. 9, pp. 147-149; 
August, 1962.) The use and justification of the 
semiconductor model is discussed in the light 
of the method of deriving the tunnelling cur-
rent of Cohen, el al. (2743 of August ). 

537.312.63 3793 
Phenomenological Theory of Superimposed 

Films of Normal and Superconducting Metals 
--D. H. Douglass. Jr. (Phys. Rev. Lett., vol. 9, 
pp. 155-159; August, 1962.) A modification ol 
Cooper's model 13475 of 1961) is proposed, 
which removes certain inherent difficulties. 

537.323:546.863'873'241 3794 
Lattice Parameters in the System Anti-

mony Telluride-Bismuth-Telluride-W. R. 
Bekebrede and O. J. Guentert. (J. Phys. ('hem. 
Solids, vol. 23, pp. 1023-1025; July, 1962.) 
Lattice spacings tend unit cell volumes were 
found over the complete range of cotnposit ion. 

538.221:538.569.4 3795 
Nuclear Magnetic Resonance of Fee in 

- Pet:), NI. Matsuura, II. Yasuoka, A. 
Hirai, and T. I lterlii. (J. Phys. Soc. Japan, vol. 
17, pp. 1147-1154; Jul', 1962.) 

538.221:539.23 3796 
Shape-Sensitive Uniaxially Magnetized 

Domains in Ni-Fe Films-O. W. Nluckenhirn, 
NI. II. Monnier, and 1'. J. Besser. (J. App!. 
Phys., vol. 33, pp. 2632-2635; August, 1962.) 
Properties of shape-sensitive filmas and factors 
influencing their production are described!. A 
hypothesis correlating these factors with the 
film properties is proposed. 

538.221:539.23 3797 
Domain Structure in Single-Crystal Thin 

Films of Iron- Y. Gon(15. (J. Phys. Soc. Japan, 
vol. 17, pp. 1129-1136; July, 1962.) Observa-
tions of the structure of Fe films evaporated on 
to Mg() cleavage surfaces at-e discussed. 

538.221:539.23 3798 
The Temperature Dependence of the Mag-

netization of Very Thin Iron Films - II. Mayer 
and 1). Stünkel. (Nnherfeiss., vol. 49, pp. 277; 
June, 1962.) A note on tneasurements of 
saturation magnetization as a function of 
temperature in the range 180-590°K, on Fe 
films of thickne:ss 10 - 120À. 

538.221:539.23 3799 
The Influence of the Manufacturing Condi-

tions on the Magnetic Properties of Electro-
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lytically Produced Permalloy Films—A. Poli-
tycki and II. Gotthard. (Z. angew. Phys., vol. 
14, pp. 363-365; June, 1962.) 

538.221 : 539.23: 621.318.57 3800 
Partial-Switching Processes in Thin Mag-

netic Films—W. Dietrich. (IBM J. Res. Dey.. 
vol. 6, pp. 368-371; July, 1962.) The partial 
switching which occurs when rapidly rising 
field pulses with amplitudes just beyond the 
rotational threshold are applied to the film, is 
ascribed to inhomogeneities. An unexpected 
creel) effect is also reported. 

538.221: 621.318.12 3801 
The Stability of Permanent Magnets—H. 

Vial. (Elektrotech. Z., Ed. B, vol. 14, pp. 467-
468; August, 1962.) The demagnetization of 
alnico and Ba-ferrite permanent magnets due to 
temperature fluctuations and external fields 
can be minimized by a process of artificial 
aging. 

538.221:621.318.134 3802 
Square-Loop Ferrites containing Cadmium 

—A. Bragiflski, XV. Ciastoú, J. Kulikowski, and 
S. Nlakolagwa. (Prot. IEE, Pt. B, vol. 109, 
pp. 380-382; September, 1962.) A comparative 
investigation of Mn ferrites containing Cd and 
Zn with or without additions of Mg. The 
preparation of Cd ferrites may be facilitated by 
applying high oxygen pressure at peak sintering 
temperature to reduce Cd volatilization. 

538.221:621.318.134 3803 
The Inclusion of a-Fe,Q, in Mn Ferrite 

Single Crystals and its Influence on Dislocation 
Density—II. Burger and 1. I lanke. (Z. angew. 
Phys., vol. 14, pp. 40 43; January, 1962.) 

538.221 : 621.318.134: 538.569.4 3804 
Observation of Domain Wall Resonances 

in Ferrimagnetic Oxides—E. L. Boyd. J. I. 
Budnick, L. J. Bruner, and R. J. Blume. 
(J. Ape Phys., vol. 33, pp. 2484 2485; 
August, 1962.) 

538.222:546.824-31 3805 
A Study by Static Magnetic Techniques of 

Rutile Single Crystals after Various External 
Treatments -- K. G. Srivastava. (Phys. Lett., 
vol. 2, pp. 143 144; September, 1962.) A note 
on the effects of thermal quenching, electron 
bombardment and X rays. 

539.23:546.48'221 3806 
Rectification and Space-Charge-Limited 

Currents in CdS Films - j. Dresner and F. V. 
Shallcross. (Solid-State Elearmtics, vol. 5, pp. 
205-210; July/August, 1962.) The variation of 
electrical properties with different methods of 
preparation is discussed. 

539.232 3807 
A Study of the Structure of Evaporated 

Lithium Fluoride— D. S. ('ampbell, I). J. 
Stirland, and II. Blackburn. (Phil. Hag., vol. 7, 
pp. 1099-1116; July, 1962.) A reimet of an in-
vestigation of the effect of different evaporation 
rates on the initial stages of growth of a non-
metallic material. LiF deposits on carbon are 
in the form of discrete crystalline islands. 

548.0 : 537.311.33 3808 
Use of Modified Free-Energy Theorems to 

Predict Equilibrium Growing and Etching 
Shapes- - R. J. Jaccodine. (J. Ape Phys., vol. 
33, pp. 2643 -2647; August, 1962.) A construc-
tion for equilibrium shape of an etching crystal 
gives results in good agreement with those 
obtained by experiment. 

621.357.7: 539.23 3809 
Method for Controlling Multicomponent 

Sputtering \V. R. Sinclair and F. G. Peters. 
(Rev. Sci. Instr., vol. 33, pp. 744 746; July, 
1962.) A method for sputtering simultaneously 
from electrically independent electrodes is 
described. 

MATHEMATICS 

517.432.1:621.317:621.372.5 3810 
The Determination of the Input Function 

for Linear Systems with Known (Measured) 
Output Function---F. G. Woschni. (Hoch-
frequenz. and Elektroak., vol. 71, pp. 110-114; 
June, 1962.) Application of operational calculus 
to the problem of determining the true varia-
tion of a measured quantity from the output 
function distorted by the transfer system 
quadripoles. 

517.941:621.391.812.63 3811 
The Nonsingular Embedding of Transition 

Processes within a More General Framework 
of Coupled Variables—Ileading. (See 3837.) 

MEASUREMENTS AND TEST GEAR 

621.3.018.41(083.74):621.375.9:538.569.4 3812 
Ammonia Maser on the 3.2 Line as a Fre-

quency Standard: Part 1—K. Shimoda and 
N. Kohno. (Jap. J. Appt. Phys., vol. 1, pp. 
5-13; July, 1962.) Frequency stability within 
a few parts in 10" at 24 Gc is reported. 

621.3.018.41(083.74): 621.396.712 3813 
World-Wide V.L.F. Standard-Frequency 

and Time-Signal Broadcasting—A. D. Watt, 
R. W. Plush, W. W. Brown, and A. H. Morgan. 
(J. Res. NBS, vol. 65D, pp. 617-627; Novem-
ber/December, 1961.) Limitations in the 
stability of received signals are discussed, in-
cluding path phase distortion, carrier-to- noise 
and envelope delay variations, with regard to 
the accuracy of clock synchronization and 
frequency calibrations. 

621.317.3 : 538.632 3814 
A New Technique for Measuring Hall-

Effect Coefficient— H. Hamer. (Semiconductor 
Prod., vol. 5, pp. 35-36; June, 1962.) A general 
description of a method which discriminates 
strongly against ohmic drop and stray induced 
potentials. An alternating magnetic field and 
constant current are used. 

621.317.331:537.311.33 3815 
Four-Point Probe for Measuring the Re-

sistivity of Small Samples—J. K. Kennedy. 
(Rev. Sci. Instr., vol. 33, pp. 773-775; July, 
1962. A device is described based on the method 
originally described by Valdes ( 1502 of 19.54) 
but modified to be more suitable for small 
samples. 

621.317.335.3 3816 
A Method of Measuring Static Dielectric 

Constant especially of Materials with Long 
Relaxation Times—L. N. Clarke. (Ans.!. J. 
Ape set., vol. 13, pp. 81--88; June, 1962.) The 
method is based on the measurement of charge 
using a high-gain de amplifier connected as an 
integrator. The measurement time can be 
extended to several hours by using the inte-
grator as a null detector of charge. Typical 
cur's of charge and discharge as a junction-
of time are given for four types of capacitor. 

621.317.335.3:621.372.413 3817 
Modified Method of Measuring Dielectric 

Constants--- J. K. Sink). (J. Inst. Telecommun. 
Engrs., India, vol. 8, pp. 93-102; March, 1962.) 
A modification to a method developed by Sinha 
and Brown (664 of 1961) permits measure-
ments to be made on samples of length < X/2. 

621.317.337: 621.372.413 3818 
A Technique for the Measurement of Q— 

J. K. Sinha and S. Sundaram. (J. Inst. Tele-
COM1111111. Engrs., India, vol. 8, pp. 79 82; 
March, 1962.) Consistent and reliable measure-
ments of Q factors of the order of 20000 have 
been made on X-band cavity resonators by 
observation at an IF of about 30 Mc. 

621.317.352.029.6: 621.372.852.3 3819 
An Absolute Microwave Attenuator—P. F. 

Mariner. (Proc. IEE, Pt. B, vol. 109, pp. 415-

419; September, 1962.) The construction and 
method of operation of a rotary attenuator are 
described, and the errors that may arise in its 
use are analysed. Results are given for a 3-cm-
X attenuator which has been compared with a 
precision piston attenuator operating at 60 Mc. 

621.317.382:538.63 3820 
Sensitivity of a Magnetoresistance Watt-

meter—S. Kataoka. (PRoc. IRE (Correspond-
ence), vol. 50, pp. 1849-1850; August, 1962.) 
A comparison is made between the magneto-
resistance device (1657 of Nlay) and a Hall-
effect wattmeter. 

621.317.44 3821 
Highly Sensitive Static Magnetic Field De-

tector—D. J. Dumin. (PRoe. IRE (Corre-
spondence) vol. 50, p. 1825; August, 1962.) The 
operation of the detector described is based on 
the diamagnetic properties of super-conduct-

621.317.7:535.215 3822 
Apparatus for Measuring the Temperature 

Dependence of Photo-Hall Effects in High-
Resistivity Photoconductors -II. E. Mac-
Donald and R. H. Bube. (Rev. Sel. Instr., vol. 
33, pp. 721-723; July, 1962.) A description of 
apparatus for the measurement of the Hall 
effect in illuminated samples with mobility as 
low as 0.1 cm2/v. sec, over the temperature 
range 77-450°K. 

621.317.7:621.391.822 3823 
Standard Noise Sources— P. A. H. hart. 

(Philips 7'ech. Rev., vol. 23, pp. 293-309; July, 
1962.) Resistor, saturated-diode and gas-
discharge sources are discussed. The most suit-
able frequency ranges for each type are con-
sidered. 

621.317.733.029.64:538.569.4 3824 
A Microwave Bridge with Superheterodyne 

Reception for Electron-Spin-Resonance 
Measurements in the X Band--I-I. Seidal. 
(Z. angew. Phys., vo'. 14, pp. 21 22; January, 
1962.) 

OTHER APPLICATIONS OF RADIO 

AND ELECTRONICS 

621.362:621.387 3825 
Extended-Space-Charge Theory in Low-

Pressure Thermionic Converters— R. G. Mc-
Intyre. (J. Appt. Phys., vol. 33, pp. 2485-2489; 
August, 1962.) An analysis is given of the low-
pressure Cs-filled plasma diode. 

621.362:621.387 3826 
Origin of the Oscillations in a Low-Pressure 

Thermionic Converter— P. Mazur. (J. I ppi. 
Phys., vol. 33, p. 2653; August, 1962.) By inte-
grating the Vlasov equation, it is shown that 
the stationary states previously believed to be 
the cause of small current oscillations, do not 
exist in just that region of the // V character-
istic where the oscillations are observed. 

621.362:621.387.143 3827 
The Direct Conversion of Heat into Elec-

trical Energy by means of Rare-Gas-Filled 
Thermionic Valves -- XV. Bloss. (Z. angew. Phys. 
vol. 14, pp. 1-9; January, 1962.) Description 
of a thermionic converter based on the lilas-
matron principle [e.g., 1108 of March (Pfender 
and Bloss)I. 

621.375.9:621.372.44:621.313.13 3828 
Parametric Machines--D. J. Hanralian: 

I-I. E. Stockman. ( PRoc. IRE (Correspondence), 
vol. 50, pp. 1844 - 1845; August, 1962.) Com-
ment on 2751 of 1961 and author's reply. 

621.385.833 3829 
An Arrangement for the Magnetization of 

Objects in Electron Microscopes — E. Fuchs 
and W. Liesk. (omit?. Stuttgart, vol. 19, pp. 
307-310; June, 1962.) The method described 
facilitates the investigation of magnetic struc-
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tures in the presence of external fields and in-
corporates a system of automatic compensation 
for the image movement due to the magnetic 
field changes. 

621.385.833 3830 
Display Method for the Investigation of 

Ceramic Surfaces by Electron Microscope— 
E. Sterk, M. Tardos, and V. Sziintó. (Natur-
wiss., vol. 49, pp. 277-278; June, 1962.) The 
method described is sui:able for the investi-
gation of the fine structure of ferrite surfaces. 

621.385.833 3831 
The Optimum Resolving Power of the 

Electron Microscope—M. L. De. (Naturwiss., 
vol. 49, pp. 296-297; July, 1962, In English.) 
A modified expression for minimum spherical 
aberration is discussed. 

621.385.833 3832 
Change of the Electron-Microscope Image 

Contrast at the Transition Amorphous-Crystal-
line and Liquid-Crystalline Reitner. (Na-
ittriciss., vol. 49, pp. 297-298; July, 1962.) 
Possible applications of the contrast changes 
are suggested with reference to results obtained 
with In. 

621.387.462:537.311.33 3833 
Semiconductor Nuclear Radiation Detectors 

—G. Dearnaley. (J. Brit. IRE, vol. 24. pp. 
153 - 170; August, 1962.) The mode of operation, 
methods of preparation and characteristics of 
various detectors are described, together with 
the requirements for pulse amplification. 70 
references. 

PROPAGATION OF WAVES 

621.391.812.3 3834 
Transit-Time Fluctuations of Waves—R. S. 

Brown. (J. A /MOS. Tern Phys., vol. 24, pp. 669 - 
671; August. 1962.) An evaluation of the mean 
square value of the fluctuation of transit time 
about the averagt• caused by inhomogeneities 

of refractive index. 

621.391.812.623 3835 
Obstacle Gain and Shadow Loss—G, II. 

Gu-(nier. (.1licrmeave J., vol. 5, pp. 60-69; 
July, 1962.) A practical method of determining 
itath losses to within several di) is given, using 
simple " knife-euige- analysis as the first 
approach. 

621.391.812.63 3836 
Study of Radio Wave Propagation in 

Sweep-Frequency Pulse Transmission Tests in 
Japan- - V. Aono. (J. Radio Res. Labs, Japan, 
vol. 9. pp. 12.5 200; March, 1962.) The experi-
mental proceture. observational results and 
analysis for pi •pagat ion t nuits of 1090 and 1840 
km are given. Vertical-incidence soundings 
were made simultaneously with the oblique 
measurements. 

621.391.812.63:517.941 3837 
The Nonsingular Embedding of Transition 

Processes within a More General Framework 
of Coupled Variables -- J. Heading. (J. Res. 
NBS, vol. 651), pp. 595 616; November/De-
cember, 1961.) Mathematical treatment of re-
flection and coupling processes for plane EM 
waves propagated in an initomogeneous hori-
zontally stratified anisotropic ionosphere. 

621.391.812.63 : 551.510.535:523.75 3838 
The Effect of a Solar Flare on the Frequency 

of High-Frequency Ground Back-Scatter— 
G. II. Barry and P. R. Witless. (J . Geophys. 
Res., vol. 67, pp. 2707-2714; July, 1962.) 
Fixed-azitnutb back-scatter radar equipment 
operating at 25 Mc was used to investigate the 
ionospheric effects of a Glass 2 flare. The ob-
served sudden frequency shift of ground back-
scatter is attributed to a rapid change in ioni-
zation density in a nondeviative layer 40-100 
km thick. 

621,391.812.63.029.45/31 3839 
Ionospheric Reflection Processes for Long 

Radio Waves: Part 3--B. S. Westcott. (J. 
Almos. Terr. Phys., vol. 24, pp. 701 - 713; 
August, 1962.) Formulas derived earlier are 
applied to the case of a seek"' ionospheric pro-
file, and the results are compared with those 
previously obtained for an exponential profile. 
Part 2: 3497 of October. 

621.391.812.63.029.45 3840 
Attenuation Coefficients for Propagation at 

Very Low Frequencies (VLF) during a Sudden 
Ionospheric Disturbance (S.I.D.)- -E. T. 
Pierce. (J. Res. NBS, vol. 651). mi. 543 -546; 
November/ December, 1961.1 Atmospheric-
noise records for the frequency range 3.5-50 
kc are analyzed. The onset of sid conditions 
has little effect on attenuation between about 
12 and 20 kc, but causes a decrease in attenua-
tion above this range and a pronounced in-
crease below 12 kc. An improved atmospheric 
noise recorder is proposed which is capable of 
discriminating between source effects and 
propagation influences. 

621.391.812.63.029.45 3841 
Magneto-ionic Duct Propagation Time 

(Whistler Mode) versus Geomagnetic Lati-
tude at 4 kc/s—C. V. Greenman. ( Paoc. IRE, 
vol. 50, p. 1852; August, 1962.) Simplified 
analysis showing that a graph of the propaga-
tion time as a function of geomagnetic latitude 
of origin may have a flat portion or one of 
negative slope. 

621.391.812.631 3842 
Very-Low-Frequency Effects from the No-

vember 10, 1961, Polar-Cap Absorption Event 
—II. F. Bates. (J. Geophys. Res., vol. 67, pp. 
2745-2751; July, 1962.) Changes in amplitude 
and phase are observed on the polar VLF 
transmission from Rugby. U.K., to College. 
Alaska. 

621.391.814.2 3843 
Propagation of Electromagnetic Step Func-

tions over a Conducting Medium—P. E. iMij-
narends. Appi. Phys., vol. 33, pp. 2556 - 
2564; August, 1962.) "A theoretical treatment 
is presented of the behaviour of various com-
ponents of the electromagnetic field generated 
by a horizontal electric dipole, embedded in 
a homogeneous conducting half-space, and ex-
cited by a step-function current." 

RECEPTION 

621.396.621:534.76 3844 
Simple Decoders (Adaptors) for Use with 

the F.C.C. Stereo V.H.F. Broadcasting Sys-
tem—G. D. Browne. (Mallard Tech. Commun.. 
vol. 6, pp. 360--367; August, 1962.) Two simple 
types of decoder operating from the discrimi-
nator of a normal FM receiver are described in 
which low- and high-pass filters are avoided. 
For a similar description see Wireless World, 
vol. 68, pp. 487-491; October, 1962. 

621.396.666:621.396.65 3845 
A Method of I.F. Switching for a Micro-

wave Diversity System—D. R. Bester. (J. 
Brit. IRE, vol. 24, pp. 171-179; August, 
1962.) High-speed diode switches operating at 
the IF of 70 Mc are used. 

621.391.8: 621.372.632 : 621.372.44 3846 
Parametric-Converter Performance on a 

Beyond-the-Horizon Microwave Link—J. Ilar-
vey. (Elec. Commits., vol. 37, pp. 230- 2.37; 
1962.) A report of comparative measurements 
on noise and error rate over a quadruple-
diversity link of the White Alice system 
equipped with two parametric and two normal 
receivers. 

621.391.812.3 3847 
Distribution of Echo Amplitudes from an 

Undulating Surface—J. D. Whitehead. (J. 

Almos. Terr. Phys.. vol. 24, pp. 715-721; 
August, 1962.) The amplitude distribution is 
calculated for waves reflected at normal inci-
dence front a reflector whose curvature has a 
Gaussian distribution. Application to SW radio 
communication is briefly discussed. 

621.391.82:551.594.6 3848 
On the Spectrum of Terrestrial Radio 

Noise at Extremely Low Frequencies - II. R. 
Raemer. (J. Res. NHS, vol. 651), pp. 581 593; 
November/December. 1961.) A theory of the 
radio-noise frequency spectrum is presented 
and the results are compared with those of 
measurements of the spectrum given in 688 of 
1961 ( Balser and Wagner). See also 2985 of 
1961. 

621.391.821 3849 
Reliability of Atmospheric Radio Noise 

Predictions—J. R. Ilurman. (J. Res. NBS, 
vol. 651), pp. 565-574; November/December. 
1961.) Measured noise values at five frequen-
cies between 0.01.3 and 10 Mc obtained at four 
measuring stations are compared with ((. 1. R. 
predictions. Reasons for discrepancies are dis-
cussed. 

621.391.821 3850 
Atmospheric Radio Noise Studies based 

on Amplitude-Probability Measurements at 
Slough, England during the International Geo-
physical Year—C. Clarke. (Proe. iEi, l't. 8, 
vol. 109, pp. .39.3 -404; September, 1962.) 
Measurements of amplitude-probability dis-
tributions in a power bandwidth of 370 cps are 
presented for frequenck•s, of 24 and 135 kc, and 
11 and 20 Mc. Diurnal and seasonal variations 
of noise power and average value of the noise 
envelope are derived, anti measured values of 
noise power are compared with C.C.I.R. pre-
dictions. 

STATIONS AND COMMUNI-

CATION SYSTEMS 

621.396.43:551.507.362.2 3851 
An Interconnecting Telecommunication 

Network using Stationary Satellites - I'. De-
lman and P. Chavance. (Rev. tech. Comp. 
franç. Thomson-Houston, pp. 7-42; June, 
1962.) Specially designed tnodulation tech-
niques are suggested to simplify the ground 
stations required. 

621.396.65.029.64 3852 
Research on Radio Relay Systems having 

a Very High Transmission Capacity (2700 
Telephone Channels or the Equivalent)--E. 
Carassa. (Alta Frequenza, vol. 31, pp. 82 95; 
February, 1962. In English.) Report on design 
studies and experimental investigations for a 
telephony and television relay system operat-
ing at 6 Gc. 

621.396.712:621.3.018.41(083.74) 3853 
World-Wide V.L.F. Standard-Frequency 

and Time-Signal Broadcasting Wilt t , 

Brown, and Morgan. (See 3813.) 

621.396.74.029.62(43) 3854 
V.H.F. Transmitters in the German Fed-

eral Republic and the Soviet-Occupied Zone--
(Rundlunktech. Mitt., vol. 6, pp. 176-179; 
June, 1962.) Lists and a map of transmitter 
locations give the position as at April, 1962. 
For similar data on short-wave and long- and 
medium-wave transmitters sm. ibid., vol. 6, 
pp. 18(1-184; June, 1962. 

621.396.97:534.76 3855 
Stereophonic Broadcasting Systems -G. I). 

Browne (Mallard Tech. (*outman., vol. 6, pp. 
346 -35); August, 1962.) 

Part 1—The NIullard System (pp. 346-
351). 

Part 2—The E.C.C. System (pp. 355-359). 
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SUBSIDIARY APPARATUS 

621.314.63 3856 
Impedance and Rectifying Characteristics 

of Silicon p-n Junctions with Surface Inversion 
Layer—O. Jântsch. (Solid-Stale Electronics, 
vol. 5, pp. 249-259; July/August, 1962. In 
German.) Impedance measurements have been 
made on three rectifiers prepared from p-type 
material of different resistivity. The thickness 
of the space-charge region and the channel 
conductivity are determined from the equiva-
lent circuit, and the total surface charge and 
the surface potential are calculated. 

TELEVISION AND PHOTO-

TELEGRAPHY 

621.397.62:621.396.67:621.396.621.22 3857 
Communal Aerials for Television Recep-

tion in Adjacent Channels—Licht. (See 3576.) 

621.397.7(43) 3858 
The Television Networks of the German 

Federal Republic and the Soviet-Occupied 
Zone—(Rundfrinklech. Mitt., vol. 6, pp. 157-
175; June, 1962.) Tabulated data on television 
transmitters as at April 1, 1962, with maps 
showing their location and that of television 
links. 

TUBES AND THERMIONICS 

621.382:539.12.04 3859 
Radiation Effects in Semiconductor De-

vices—J. \V. Easley. (Nucleonics, vol. 20, pp. 
51-56; July, 1962.) The effects of radiation de-
scribed in 3752 after the characteristics of 
semiconductor devices. Illustrative examples 
are given. 

621.382539.23 3860 
Current Voltage Characteristic of Tunnel 

Junctions—II. P. Knauss and R. A. Breslow. 
(PRoc. IRE (Correspondence), vol. 50, p. 1834; 
August, 1962). Note on a hysteresis effect in 
the I/ V characteristics observed in an Al-
Ac203-Cu junction at room temperature. 

621.382.2 3861 
The Characteristics of a Semiconductor p-n 

Junction at High Current Densities— E. 
Rocher. (Z. angew. Phys., vol. 14, pp. 347-352; 
June, 1962.) The static and dynamic charac-
teristics of a Ge diode are obtained and the 
results analysed with reference to Stafeev's 
theory (e.g., 1417 of 1960). At high current 
levels the forward inductance is suddenly re-
duced which results in a negative-resistance 
section of the dynamic characteristic. 

621.382.23 3862 
A Two-Term Analytical Approximation of 

Tunnel-Diode Static Characteristics—A. Fer-
endeci and W. II. Ko. (PRoc. IRE, vol. 50, pp. 
1852-1853; August, 1962.) A simple two-term 
exponential approximation is given and its ac-
curacy is determined in comparison with ac-
tual characteristics. 

621.382.23 3863 
Simple Method for Calculating the Tunnel-

ling Current of an Esaki Diode—J. KarlovskS--. 

(Phys. Rev., vol. 127, p. 419; July, 1962.) As-
suming that the distances between the Fermi 
level and the band edges El and E2 on both 
sides of the junction do not exceed 2kT, the 
Fermi function is approximated by a straight 
line. 

621.382.23 3864 
Reversible Degradation Effects in GaSb 

Tunnel Diodes—W. N. Carr. (Solid-Slate 
Electronics, vol. 5, pp. 261-263; July/August, 
1962.) Degradation effects are measured and 
discussed in relation to a theory of diffusion of 
impurities 'TRANS. ON ELECTRON DEVICES, vol. 
ED-8, p. 428; September, 1961. (Gold and 
Weisberg)]. 

621.382.23 3865 
InSb Diodes with Normal Barrier Capaci-

tance—M. T. Nlinamoto and C. M. Allen. 
(Solid-State Electronics, vol. 5, pp. 263 -266; 
July/August, 1962.) Results are presented 
which show better agreement with normal 
theory than those of Lee and Kaminsky (622 
of 1961). 

621.382.23 3866 
Pressure Dependence of the Character-

istics of InSb Esaki Diode— Y. Omura and 
M. Wakatsuki. (J. Phys. Soc. Japan, vol. 17, 
pp. 1207-1208; July, 1962.) Characteristics of 
InSb tunnel diodes are measured at hydro-
static pressures up to 11000 kg cm-2. 

621.382.23:537.533.7 3867 
Electron-Beam Microanalysis of Ger-

manium Tunnel Diodes—M. I. Nathan and 
S. II. NloII. (IBM J. Res. Der., vol. 6, pp. 
375 -377; July, 1962.) Small regions of solid 
specimens are excited by a finely focused beam 
of high-energy electrons. An X-ray spectrom-
eter is used to observe the characteristic emis-
sion lines of the atoms in the sample. Results 
of a quantitative analysis of impurities in tun-
nel diodes are given. 

621.382.23:539.12.04 3868 
Neutron Irradiation of Zener Diodes— 

J. K. I). Verrna. (J. Phys. Soc. Japan, vol. 17, 
p. 1203; July, 1962.) Irradiation apparently 
augmented both field emission and avalanche 
breakdown effects. The changes produced in 
the diode characteristic are illustrated. 

621.382.23:621.318.57 3869 
A Broad-Band Ku Crystal-Diode Switch--

K. W. Beck and J. J. Rowley. (PRoc. IRE 
(Correspondence), vol. 50, pp. 1847-1848; 
August, 1962.) The switch described can oper-
ate in the frequency range 12-17 Gc with a 
minimtun bandwidth of 2 Gc. 

621.382.3 3870 
The Static Characteristics of Transistors — 

E. Keller and H. G. Schulz. (Nachrtech., vol. 
12, pp. 168-172, 218-221, and 266-271; :May-
July, 1962.) Summary of the main results of 
theoretical and experimental investigations of 
the static characteristics of transistors, includ-
ing operation outside the normal working 
range. 

621.382.3:621.317.61 3871 
The Measurement of the Characteristics of 

Transistors: Parts 1-3—R. Paul. (Nachrlech., 
vol. 12, pp. 163-167, 213-217, and 26(1 -265; 
May-July, 1962.) A series of papers reviewing 
measurement techniques, with numerous refer-
ences. 

621.382.323 3872 
Thermal Noise in Field-Effect Transistors 

—A. van der Ziel. (PRoc. IRE, vol. 50, pp. 
1808-1812; August, 1962.) The noise figure of 
field-effect transistors is governed by thermal 
noise of the conducting channel. Expressions 
are derived for the equivalent output noise 
generator and for the equivalent noise resist-
ance of the device. 

621.382.323 3873 
Silicon Field-Effect Transistor with In-

ternal Epitaxial Channel -G. C. Onodera, 
W. J. Corrigan, and R. M. Warner, Jr. (PRoc. 
IRE (Correspondence), vol. 50, P. 1824; August, 
1962.) A technique for the fabrication of field-
effect devices is described which meets the re-
quirements of good reproducibility. 

621.382.333.3 3874 
Dynatron-Type Negative Resistance Ob-

served in the Collector-Voltage Saturation 
Region of the Junction Transistor—O. Naka-
hara. (Jap. J. App.!. Phys., vol. I, pp. 30-40; 
July, 1962.) Experimental results are com-
pared with theoretical calculations, assuming 
appreciable conductivity modulation of the 

base resistance in the saturation region, and 
with similar phenomena in field-effect transis-
tors. 

621.382.333.4 3875 
Inductance from a Field-Effect Tetrode— 

P. J. Etter and B. L. H. Wilson. (PRoc. IRE 
(Correspondence), vol. 50, pp. 1828-1829; Au-
gust, 1962.) Bias conditions are proposed for a 
field-effect tetrode acting as gyrator to simu-
late an inductance of very high () value. A suit-
able design for the gyrator is given. 

621.383.292 3876 
Continuous-Channel Electron Multiplier — 

G. \V. Goodrich and W. C. Wiley. (Rev. Sri. 
Instr., vol. 33, pp. 761-762; July, 1962.) Elec-
tron multiplication by secondary emission is 
achieved in small tubular dynodes and used to 
amplify very weak currents. 

621.383.42: 621.311.69 3877 
The Efficiency of Selenium Photocells at 

Low Illumination Levels—W. Der. (Z. 
angew. Phys., vol. 14, pp. 88-91; February, 
1962.) Comparative measurements of efficiency 
for sunlight and for monochromatic light of 
X=577 miz on Se and Si photocells. 

621.383.5 3878 
Storage of Photoelectric Signals in n-P 

Junctions—G. A. Boutry, F. Desvignes, and 
M. Robert. (J. Phys. Radium, vol. 23, pp. 
262-264; April, 1962.) A theoretical and ex-
perhnental note on biasing effects at low tem-
perature with application to the observation 
of extremely weak photoelectric signals 
(,---,10"A) and the realization of an infrared 
scanning tube. 

621.383.5 3879 
Silicon Surface-Barrier Photocells—E. Ahl-

strom and W. \V. Gartner. (J. Ape Phys. 
vol. 3, pp. 2602-2606; August, 1962.) Data are 
given on photocurrent as a function of light 
intensity, reverse-bias voltage and tempera-
ture, and on open-circuit photovoltage as a 
function of light intensity, wavelength and 
temperature. 

621.383.52 3880 
A High-Speed Point-Contact Photodiode— 

L. U. Kibler. (PRoc. IRE, vol. 50, pp. 1834-
1835; August, 1962.) Brief description of a 
Ge p-i-n junction photodetector suitable for 
wide-band operation at frequencies up to 50 
Gc. Tests were carried out with a Ile-Ne gas 
maser. 

621.383.52:621.391.64 3881 
New Infrared-Generating Diode Transmits 

Television over Modulated Light Ray -T. 
Maguire. (Electronics, vol. 35, pp. 24-25; July, 
1962.) Zn-diffused GaAs diodes can be used to 
transmit television signals, although the out-
put is not coherent. 

621.385.032.212.3 3882 
The Construction of a Stable Field Cathode 

—Z. Hirjek and L. Eckertova. (Naerwiss., vol. 
49, p. 201; May, 1962.) Stable currents and 
repeatable results were achieved with cold 
cathodes of the type Al-A1302-inetal (e.g., Ag, 
Au, Pt). The requisite conditions for such 
operation are summarized and advantages 
over the porous type of cathode [e.g., 350 of 
1960 (Skellett, el al.)T are mentioned. 

621.385.032.213.13 3883 
The Space-Charge-Neutralized Hollow 

Cathode—A. L. Eichenbaum. (RCA Rev., vol. 
23, pp. 230-245; June, 1962.) Cs vapour in an 
electron-emissive cylinder can be used to pro-
duce either electron beams of high current 
density at moderate temperatures or beams of 
moderate density at low temperatures. 

621.385.032.213.23 3884 
Role of Carburization in the Suppression of 

Emission from Barium-Activated Tungsten 
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and Molybdenum Surfaces-E, S. Rittner and 
R. Levi. App!. Phys., vol. 33, pp. 2336-
2340; July, 1962.) Emission inhibition due to 
carburization !see 3977 of 1961 (Levi and 
Rittner)l results from greatly reduced acti-
vator coverage oi the surface of the carbide 
relative to that of the metal, because of much 
weaker adsorption forces. 

621.385.032.213.23 3885 
Field-Emission Studies on Kinetics of 

Barium Oxide on Tungsten- K. Noga. (J. 
phys. Soc. Japan, vol. 17, pp. 950-961; June, 
1962.) Studies of the absorption of Ba0 on W 
are reported. The. mean dipole moment of the 
adsorbed molecule is estnnated. At tempera-
tures above 800°C the oxide reacts chemically 
with W with an activation energy of approxi-
mately 3.3 ev. 

621.385.2:537.24 3886 
Microparticles Diodes-C. Maisonnier and 

M. Haegi. (J. Appt. Phys., vol. 33, pp. 2474-
2478; August, 1962.) The motion of a group of 
small conducting spheres located between two 
parallel plates is investigated theoretically for 
space-charge-limited flow and a more realistic 
model is proposed. Experimental apparatus 
used to check : heoretical predictions is de-
scribed. 

621.385.2.029.6 3887 
Measurements of :he Frequency Depend-

ence of the Admittance of Plane-Parallel 
Space-Charge Diodes in the Transit-Time Re-
gion- F. Seifert. (Nor/Wear. Z., vol. 15, pp. 
263 - 266; June. 1962.) Measurements are car-
ried out at frequencies in the range 300- 600 Mc 
on modified disk-seal diodes with cathode/ 
anode spacings of 1.45 and 2 mm. 

621.385.3.012:681.142 3888 
The Calculation of Accurate Triode Char-

acteristics using a Modern High-Speed Com-
puter-O. II. Scheele, Sr. (RCA Rev., vol. 23, 
pp. 246-284; June, I962.) The classical space-
current solution is shown to be inadequate for 
modern close-si aced tliertnionic valve's. A 
computer is programmed to calculate complete 
//V characteristics from basic input data, with 
corrections for space-charge effects and initial 
electron velocities. 

621.385.6 3889 
Electrokinetic Vortex Beams-11. %V. 

Kilnig. (Arch. elekt. Clherfragung, vol. 16, pp. 
271-282; June., 1962.) The characteristics of 
vortex beatas are derived theoretically with 
particular emphasis on energy relations. See 
also 1099 of March ( Riedler). 

621.385.6:537.533 3890 
Axial Quasi-Brillouin Streams-M. FL 

Miller. (T. Ape Phys., vol. 33, pp. 2247-
2248; July, 1962.) "A non-laminar model for 
axially uniform electron streams is postulated 
and conditions fen which the model is con-
sistent with physical requirements are derived. 
The character of the current density profiles 
permitted by the model are discussed." For 
analysis of rectilinear flow see 330 of January. 

621.385.6: 621.391.822 3891 
Some Results from the Measurements of 

the Noise Parameters in Electron Beam S. 
Saito and V. Fujii. ( Paoc. IRE, vol. 50, pp. 
1706-1707; July, 1902.) Description of the ex-
perimental determination of these parameters 
by a direct method of measurement 11067 of 
1969 (Saito)J. 

621.385.6.032.269.1 3892 
Electron Guns for Forming Solid Beams of 

High Perveance and High Convergence - 

R. D. Frost, O. T. l'un, and il. R. Johnson. 
(Pule:. IRE, vol. 50, pp. 1800 - 1807; August, 
1962.) Two methods of design are described 
and (lata are given of three types of electron 
gun developed by these techniques. 

621.385.62:537.13 3893 
A 5-Mc/s Klystron Amplifier using Positive 

Ions -- M. R. Gavin, K. ('handra, and L. J. 
Lloyd. (Nature, vol. 195, p. 988; September, 
1962).) Certain experimental difficulties en-
countered in investigating design principles of 
microwave klystrons are avoided by substitut-
ing positive ions for electrons and operating at 
a much lower frequency. 

621.385.623.2 3894 
Optimum R.F. Field Distribution of Mono-

tron Cavities-- K. Blntekjaer and B. Grung. 
(J. Electronics and Control. vol. 12, pp. 441-
459; June, 1962.) Mathematical analysis relat-
ing to the design of numotron oscillators for 
maximum negative small-signal electronic con-
ductance. The optimum field distribution is 
shown in a number of graphs for various d.c. 
gap transit angles and sluice-charge densities. 

621.385.623.2 3895 
Optimization of R.F. Voltage Amplitudes 

and Gap Spacing of Generalized Floating-
Drift-Tube Oscillators -- K. Blotekjaer. (J. 
Electronics and ( ontrol, vol. 12, pp. 461-499; 
June, 1962.) A detailed analysis of a monotron 
eoscillator with an interaction region compris-
ing a number of narrow gaps separated by 
drift tubes. The conditions for maximum con-
version efficiency are determined. 

621.385.624 3896 
Klystron Frequency Multipliers: Effect of 

D.C. Velocity Spread on Performance-L. 
Solvtnar and P. V. Schefer. (Electronic Tech., 
vol. 39, pp. 362-364; September, 1962.) A theo-
retical treatment is given based on large-signal 
ballistic theory applied to a model consisting of 
two discrete electron beams. 

621.385.63 3897 
The Beam Miser-a Unique Depressed 

Collector for Crossed-Field Travelling-Wave 
Tubes --J. M. Osepelluk. ( Microwave J., vol. 5, 
pp. 75-78; July, 1962.) A 30 per cent increase 
in the power output of standard M-type back-
ward-wave oscillators has been achieved by 
the addition of a collector internally connected 
to the cathode so as to reduce the anode cur-
rent for a given beata current. 

621.385.63 3898 
Power Carried by the Helitron Waves on an 

E-Type Filamentary Electron Beam Sakti-
rah:). ( Plug:. IRE. vol. 50, I). 1839; August, 
1962.) 

621.385.63 : 621.375.9: 621.372.44 3899 
Partition Effects in Transverse Electron-

Beam Waves -- I'. A. II. ! fart. (J. App!. 
Phys.. vol. 3,I, pp. 2401 - 2408; August, 1962.) 
Theory is presented concerning the attenua-
tion of the original beam waves, the fast, the 
s-low, and two synchronous waves, and the 
generation of noise waves if part of the beam is 
intercepted. See also 1833 of 1960 (Siegman). 

621.385.63: 621.375.9: 621.372.44 3900 
Transverse Electron-Beam Noise De-

scirbed by Filamentary Beam Parameters • K. 
Blntekjaer. (J. Ape Phys., vol. 33, pp. 
2409-2414; August, 1962.) Tile equivalence of 
the physical noisy beam and the theoretically 
equivalent modulated filamentary beam is 
demonstrated. The frequency components of 

the equivalent filamentary beam modulation 
are calculated. 

621.385.63:621.375.9:621.372.44 3901 
Graphical Expressions of Synchronous 

Conditions in the Transverse-Type Electron-
Beam Parametric Amplifier-- K. Ka kizaki. 
(Ping:. IRE (Cormponden,e), vol. 50, pp. 
185(1 - 1851; August. 1962.) 

621.385.64 3902 
Electron Trajectories in a Magnetron - 

C. G. Lehr, J. W. Lotus, I. Silberman, and 
R. C. Gunther. (J. Electronics and ('ontrol, 
vol. 13, pp. 89- 122; August, 1902.) The prob-
lem of electron trajectories in an oscillating 
magnetron was investigated by numerical anal-
ysis using Hartree's method of self-consistent 
fields. The trajectories so obtained do not con-
verge to a self-consistent result until the re-
quirement of space-charge-limited cathode 
emission is dropped. 

621.385.832 3903 
Charging Processes due to Returning Sec-

ondary Electrons in Homogeneous Storage 
Layers of Charge Storage Tubes -- XV. 1 larth. 
(Z. angel,'. 1.-01. 14, pp. 12 - 2(1; January, 
1962.) Investigation of the charging mech-
anism using a double-beam storage tube with a 
tnesh-type collector grid at a variable distance 
from the storage target. The effect on the re-
solving power of storage tubes is discussed. 

621.385.832 3904 
The Deflection Errors of Cylindrical Elec-

trostatic Simultaneous Deflection Systems - 
F. Schâff, W. Haiti', and E. Dommaschk. (Z. 
anger. Phvs., vol. 14. pp. 507 - 512; August, 
1962.) The deflection characteristics and aber-
rations of a cylindrical "deflect ron" system !See 
e. s., 2591 of 1956 (Schlesinger)1 are calculated. 

621.387: 621.362 3905 
Extended-Space-Charge Theory in Low-

Pressure Thermionic Converters-M t. I t yrc 
(1-,e 3825.) 

621.387: 621.362 3906 
Origin of the Oscillations in a Low-Pres-

sure Thermionic Converter Nfaztir. (See 
3826.) 

621.387.143 : 621.362 3907 
The Direct Conversion of Heat into Electri-

cal Energy by means of Rare-Gas-Filled 
Thermionic Valves - Mos.: (Se(' 3827.) 

MISCELLANEOUS 

621.39 :061.4 3908 
National Radio Show Review.-( Wireless 

World, vol. 68, tip. 475 482; October, 1962.) 
An analysis of design trends with reference to 
equipment seen at the exhibition at Earls 
('ourt. London, August 22 September 1, 1962. 

621.396:523.55 3909 
Space Research and Telecommunications-

(Tech. Mill. PTT, vol. 40, pp. 250 280; August, 
1962.) The text is given of the following papers 
presented at a convention held in Basle on 
November 17, 1961: 

a) Space Re-search --M. Golay (pp. 251-
257. In French) 

b) Plasma Physics- -F. Lüdi (pp. 257-268. 
In German) 

cl Nlaser and Laser: their Physical Prin-
ciples and Possible Applications- B. Elschner 
(pp. 268-273. In (;erman). 

(I) Telecommunications with the Aid of 
Artificial Earth Satellites-NV. Klein (pp. 173-
286. In German). 
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Translations of Russian Technical Literature 
Listed below is information on Russian technical literature in electronics and allied fields which is 

available in the U. S. in the English language. Further inquiries should be directed to the sources listed. 
In addition, general information on translation programs in the U. S. may be obtained from the Office 
of Science Information Service, National Science Foundation, Washington 25, D. C., and from the Office 
of Technical Services, U. S. Department of Commerce, Washington 25, D. C. 

PUBLICATION 

Acoustics Journal 
(Akusticheskii Ziturnal) 

Automation and Remote Control 
(Avtomatika i Telemekhanika) 

FREQUENCY DESCRIPTION SPONSOR ORI)ER FROM: 

Quarterly Complete journal National Science American Institute of Physics 
Foundation—AIP 335 E. 45 St., New York 17, N. Y. 

Monthly Complete journal National Science 
Foundation---M IT 

Monthly Abstracts only 

Journal of Abstracts, 
Electrical Engineering 

(Reserativnyy Zliurnal: Electronika) 

Journal of Experimental and 
Theoretical Physics 

(Zhurnal Eksperimentalnoi i 
Teoreticheskoi Fiziki) 

Journal of Technical Physics 
(Zhurnal Technicheskoi Fiziki) 

Monthly Abstracts of Russian and non-
Russian literature 

Instrument Society of America 
313 Sixth Ave., Pittsburgh 22, Pa. 

Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, I). C. 

Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, I). C. 

N.lonthly Complete journal National Science 
Foundation—A IP 

American Institute of Physics 
335 E. 45 St., New York 17, N. Y. 

NIonthly Complete journal 

Proceedings of the USSR Academy of 
Sciences: Applied Physics Section 

(Doklady Akademii Nauk SSSR: Otdel 
Prikladnoi Fiziki) 

Bimonthly Complete journal 

National Science American Institute of Physics 
Foundation—AIP 335 E. 45 St., New York 17, N. Y. 

Radio Engineering ( Radioteklinika) 

Radio Engineering and Electronics 
(Radiotekhnika i Elektronika) 

'Monthly Complete journal 

Monthly Abstracts only 

Monthly Complete journal 

Consultants Bureau, Inc. 
227 W. 17 St., New York 22, N. Y. 

National Science 
Foundation—A IEE 

Royer & Roger, Inc. 
41 E. 28 St., New York 16, N. Y. 

Office of Technical Services 
U. S. Dept. of Commerce 
Washington 2.5, D. C. 

National Science 
Foundation—A I EE 

Royer & Roger, Inc. 
41 E. 28 St., New York 16, N. V. 

Monthly Abstracts only 

Solid-State Physics 
(Fizika Tverdogo Tela) 

Monthly Complete journal 

Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, D. C. 

National Science American Institute of Physics 
Foundation—A P 335 E. 45 St., New York 17, N. Y. 

Telecommunications (Elektrosviaz') 

Automation Express 

Electronics Express 

Physics Express 

Monthly Complete journal 

Monthly Abstracts only 

National Science Royer & Roger, Inc. 
Foundation—AIEE 41 E. 28 St., New York 16, N. Y. 

Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, D. C. 

10/year A digest: abstracts, summaries, 
annotations of various journals 

International Physical Index, Inc. 
1909 Park Ave., New York 35, N. Y. 

10/year A digest: abstracts, summaries, 
annotations of various journals 

International Physical Index, Inc. 
1909 Park Ave., New York 35, N. Y. 

10/year A digest: abstracts, summaries, 
annotations of various journals 

International Physical Index, Inc. 
1909 Park Ave., New York 35, N. Y. 

Express Contents of 
Soviet Journals Currently being 
Translated into English 

Monthly Advance tables of contents of 
translated journals 

Consultants Bureau, Inc. 
227 W. 17 St., New York 22, N. Y. 

Technical Translations Twice a 
month 

Central directory in the U. S. of 
translations available front all 
major sources in the U. S. 

OTS and Special 
Libraries Assoc. 

Superintendent of Documents 
U. S. Gov't Printing Office 
Washington 25, D. C. 


