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pass filter. 10K 
ms to 10K ohms. 

Within 1 db up to 3500 
cycles. Greater than 40 
db beyond 4800 cycles. 

!.‘ 

Three ..KC and 6 KC flat 
top band pass filters. 
400 ohms to 20K ohms. 
MIL-T-27A: each filter 
1.7 lbs. 

Plus 
over 1,000 

STOCK ITEMS 
with UTC 

High Reliability 
from your local 

distributor 

CA 7,1, 3,32,-

cycle filters for Tacan. 
600 ohms to high im-
pedance. Extreme sta-
bility —55°C. to 
100' C. 

gh frequency Mini-
filters, . 33 oz. MIL-T-
27A Grade 5. 150 KC 
High Pass 3 db to 150 
KC, down 45 db below 
85 KC. 7500 ohms. 

for catalog 
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Almost thirty years of experience in the design and production of special 
filters have resulted in UTC being a first source for difficult units. Present 
designs incorporate a wide variety of core structures, winding methods, 
and capacitors to provide maximum performance, stability, and reliability. 
The units illustrated show a few of the thousands of specials produced by 
UTC, to customers' requirements, and only slightly indicate the possibilities 
in present special filter design. Range of frequencies on special units is 
from .1 cycles to 400 MC. 

Curves of our m 
turized 90 and 150 
cycle filters for glide 
path systems. 11/4 " x 
15'4" x 15/8". 

Power line 
sources of 50 to 400 
cycles . . . attentuation 
from 14 KC to 400 MC 
. 29 cubic inches. 

A 

0 1 

S 

30 
400 500600 /02 

O CYClE5 
730 
960 
7300 
1695 
2290 
2990 
3690 
1420 
7330 

10460 
14440 

CYCLES 20 30 704C 40 47 

u i-channel telemet-
ering band pass filters 
for 400 cycle to 40 KC. 
Miniaturized units for 
many applications. 

UNITED TRANSFORMER COR 
151 

PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF. 

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



VOLUME 4 8 , NUMBER 8 

August, 1960 

published monthly by The Institute of Radio Engineers, Inc. 

Proceedings of the IRE'' 

Contents 

Poles and Zeros   1373 
B. J. Dasher, Director, 1960-1961   1374 
Scanning the Issue   1375 

PAPERS 

CORRESPONDENCE 

COVER 

Can the Social Sciences Be Made Exact?, L. V. Bcrkner   
A Review of Panel-Type Display Devices, Jess J. Josephs   
Au Improved Film Cryotron and Its Application to Digital Computers, V. L. N ewhouse,.1. 

Bremer, and H. H. Edwards   
Gallium Arsenide Tunnel Diodes, N. Holonvak, Jr. and I. A. Lesk   
The Reflected-Beam Kinescope, H. B. Law and E. G. Ramberg   
Shot Noise in Tunnel Diode Amplifiers, .1. J. Tiemann   
A Parametric Device as a Nonreciprocal Element, A. K. Kamal   
The Compatibility Problem in Single-Sideband Transmission, K. H. Powers   
On the Resolving Time and Flipping Time of Magnetoresistive Flip- Flops, .4. Aharom atol 

R. H. Frei   
IRE Standards on Nuclear Techniques: Definitions for the Scintillation Counter Field, 1960   
Noise in Oscillators, .4. Edson   
Background Noise in Nonlinear Oscillators, James A. Mullen   
Monochromaticity and Noise in a Regenerative Electrical Oscillator, Marcel J. E. Go/ay   

1376 
1380 

1395 
1405 
1409 
1418 
1424 
1431 

1436 
1449 
1454 
1467 
1473 

A Note on Tunnel Emission, C. A. Mead   1478 
Noise Performance of Tunnel-Diode Amplifiers, Paul Penfield. Jr.   1478 

I ligh-Frequency Radar Echoes from the Sun, M. H. Cohen   
\VWV and WWVH Standard Frequency and Time Transmissions, N 1479 ahanai Bureau of Stand-

ards   1480 
The Significance of Transients and Steady-State Behavior in Nonlinear Systems, S. Palm, Jr. 

and A. A. Wolf . 1480 
Direction- Finding Experience and the Performance of Transmitting Navigational Aids, //. G  

Hopkins   1481 
Printed Aluminum Capacitors, F. Huber and IV. Haas   1482 
Capacitance and Charge Coefficients for Parametric Diode Devices, S. Sensiper and R. D  

IVeglein   1482 
Space-Charge Capacitors for Parametric Amplifiers, J. Ross Macdonald   1483 

An Electrostatically Focused Electron Beam Parametric Amplifier, Burton J. ( 7delson   1485 
A Non-Return to Zero (NRZ) Mode of Operation for a Magnetostrictive Delay Line, A. 

R,ghbart   1486 

Calculation of the Rise and Fall Times of an Alloy Junction Transistor Switch, .1. .4. Ekiss 
and C. I). Simmons   

Experimental Comparison of Equal-Gain and Maximal-Ratio Diversi 1487 ty Combiners, Richard 
V. Locke, Jr  1488 

The Solutions for Nonuniform Transmission Line Problems, Iwo° Sugai   1489 
An IF Power Comparator with Large Dynamic Range, G. R. Curry and M. Axe//tank   1490 
The Possibility of Obtaining Independent Samples from Stationary Gaussian Signals, 

Matthew Frankfort   1149921 
Transient and Steady- State Behavior in Linear and Nonlinear Systems, Harold A. .Sabbagli 4 
The Behavior of Nonlinear Oscillating Systems in the Presence of Noise, C. L. Tang   1493 

Frequency-Temperature-Angle Characteristics of AT- and BT-Type Quartz Oscillators in an 
Extended Temperature Range, R. Bechmann   1494 

Electromagnetic Theory from a Mathematical Viewpoint, Philippe Clavier   1494 
Poisson, Shannon, and the Radio Amateur, C. P. Early. .1r. and. J. P. Costas   1495 
Three-Port Ring Circulators, If. Grace and F. R. . 1 rains   1497 

Models of the Atmospheric Radio Refractive Index, P. Misme, B. R. Bean, and G. T). Thay•r 14928 
Effects of Resistance in Avalanche Transistor Pulse Circuits, Douglas .1. Ham ilton   1 50 
Isolator Effect on Cascaded Reflex Klystron Amplifiers, Koryu Ishii   1503 
The Compatibility Problem in Single-Sideband Transmission, L. R. Kahn   1504 

A kinescope lias been designed at RCA Laboratories in which the electron beam is reflected in 
a manner which gives the tube an effective deflection angle of nearly 180°. This novel design, 
reported on page 1409, results in a substantially shorter picture tube. 



continued 

published monthly by The Institute of Radio Engineers, Inc. 

@fl gibs m 

REVIEWS Books: 

"The Other Side of the Moon," translated by J. B. Sykes, Reviewed by C. H. Hoeppner 
"Electrons and Phonons," by J. M. Ziman, Reviewed in H. Ehrenreich   
"Introduction to Electrical Engineering," by Robert P. Ward, Reviezued by Joseph J. 

Gershon   
"Experiments in Electronics," by \V. H. Evans, Reviewed by Carl R. Wischmeyer   
"Nuclear Fusion," Dr. William P. Allis, Ed., Reviewed by E. W. Herold   
"Solid State Physics in Electronics and Telecommunications, Vol. 1, Semiconductors, Part 

I," M. Disirant and J. L. Michiels, Eds., Reviewed by R. P. Burr   

Recent Books   

1 508 

1 508 

1508 

1 508 
1509 

1509 

1 509 

Scanning the TRANSACTIONS   1 510 

ABSTRACTS Abstracts of IRE TRANsActioNs   1 5 1 1 

Abstracts and References    1 5 17 
Translations of Russian Technical Literature   1532 

IRE NEWS AND NOTES Current IRE Statistics 14A 

Calendar of Coming Events   1 4A 

Professional Group News   1 4A 

Programs 
Space Electronics and Telemetry 1960 National Symposium   1 6A 

1960 \Vestern Electronics Show and Convention   1 6A 

The Fourth London Symposium on Information Theory   24 A 

Joint Automatic Control Conference   26A 

DEPARTMENTS Contributors   1505 

IRE People   40A 

Industrial Engineering Notes   88 A 

Meetings with Exhibits 
Membership   1 0 4A 

News—New Products   36A 

Positions Open   
112348AA Positions Wanted by Armed Forces Veterans   

Professional Group Meetings   90A 

Section Meetings   98A 

Advertising Index   1 83A 

8 

BOARD OF DIRECTORS, 1960 
*R. L. McFarlan, President 
J. A. Ratcliffe, Vice-President 
*J. N. Dyer, Vice-President 
*W. R. G. Baker, Treasurer 
*Hamden Pratt, Secretary 
*F. hamburger, Jr., Editor 
D. G. Fink 

Senior Past President 
*Ernst Weber 
Junior Past President 

1960 
A. P. It. Barclay (R8) 
*L. V. Berkner 
G. S. Brown 
W. H. Doherty 
A. N. Goldsmith 

P. E. Haggerty 
C. E. Harp (R6) 
H. F. Olson (R2) 
A. H. Waynick (R4) 

1960-1961 
C. W. Carnahan (R7) 
B. J. Dasher (R3) 
C. F. Home 
R. E. Moe (R5) 
B. M. Oliver 
J. B. Russell, Jr. ( RI) 

1960-1962 
W. G. Shepherd 
G. Sinclair 

*Executive Committee Members 

EXECUTIVE SECRETARY 

George W. Bailey 

John B. Buckley, Chief Accountant 

Laurence G. Cumming, Technical 
Secretary 

Emily Sirjane. Office Manager 

ADVERTISING DEPARTMENT 

William C. Copp, Advertising Manager 

Lillian Petranek, Assistant Advertising 
Manager 

EDITORIAL DEPARTMENT 
Alfred N. Goldsmith. Editor Emeritus 
F. Hamburger, Jr., Editor 
E. K. Gannett, Managing Editor 
Helene Frischaner, Associate Editor 

EDITOR IAL BOA RD 
F. Hamburger, Jr., Chairman 
A. H. Waynick, Vice-Chairman 
E. K. Gannett 
T. A. Hunter 
J. D. Ryder 
G. K. Teal 
Kiyo Tomiyasu 

51E3 

ABC 
'S O so CU L  

PROCEEDINGS OF THE IRE, published monthly by The Institute of Radio Engineers. Inc. at 1 East 79 Street, New York 21. N. Y. Manuscripts should be submitted 
in triplicate to the Editorial Department. Responsibility for contents of papers published rests upon the authors, and not the IRE or its members. All republica-
tion rights, including translations, are reserved by the IRE and granted only on request. Abstracting is permitted with mention of source. 

Thirty days advance notice is required for change of address. Price per copy: members of the Institute of Radio Engineers, one additional copy $1.25; non-members 
$2.25. Yearly subscription price: to members $9.00, one additional subscription $13.50; to non-members in United States, Canada, and U. S. Possessions $18.00; to 
non-members in foreign countries $19.00. Second-class postage paid at Menasha. Wisconsin under the act of March 3, 1879. Acceptance for mailing at a special rate 
of postage is provided for in the act of February 28, 1925, embodied in Paragraph 4, Section 412. P. L. and R., authorized October 26. 1927. Printed in U.S.A. Copy-
right C) 1960 by the Institute of Radio Engineers. Inc. 



MADT transistors from Sprague 

e for the highest r-f operating frequency of all mass-produced transistors 

for the fastest switching time of all mass-produced transistors 

for storage temperatures up to 100 -C 

DESIGN AROUND SPRAGUE 

MICRO-ALLOY DIFFUSED-BASE TRANSISTORS 

available now at sensible prices you can afford! 

Sprague Germanium Micro-Alloy Diffused-Base 
Transistors, well-known for their rugged vhf perform-
ance, are now priced below other transistors with com-
parable electrical characteristics. In many areas, this 
permits designers to improve circuit techniques with-
out necessarily increasing costs. Expanded production 
facilities enable us to  ship quantity orders on short notice.  
Add to this their ultra-fast switching time, and you 
have three good reasons why Sprague MADT" Transis-
tors have achieved their high level of acceptance. 

With Sprague Transistors, circuits in vhf amplifiers 
and oscillators can now operate with collector cur-
rents as high as 50 ma ... with power dissipation up 
to 50 mw ... with collector to base voltages to 15 y. 
They have been application tested through the entire 
military electronics vhf spectrum. 

The application table may well suggest the use of 
one or more Micro-Alloy Diffused-Base Transistor 

types in your latest circuit designs. 

• • • 

*Sprague micro-alloy, micro-alloy diffused-base, and sur-
face barrier transistors are fully licensed under Philco pa-
tents. All Sprague and Philco transistors having the same 

type numbers are manufactured to the same specifications 
and are fully interchangeable. 

SPRAGUE COMPONENTS: 

CAPACITORS • RESISTORS • MAGNETIC COMPONENTS • TRANSISTORS • INTERFERENCE FILTERS . PULSE NETWORKS 

HIGH TEMPERATURE MAGNET WIRE • CERAMIC- BASE PRINTED NETWORKS • PACKAGED COMPONENT ASSEMBLIES 

MICRO 

TRANSISTOR 

-ALLOY DIFFUSED-BASE 

APPLICATIONS 

Type Application 

2N499 Amplifier, to 100 mcs 

2N501 
Ultra High Speed Switch 

(Storage Temperature, 85 C) 

2N501A 
Ultra High Speed Switch 

(Storage Temperature, 100 a 

2N504 High Gain IF Amplifier 

2N588 Oscillator, Amplifier, to 50 mcs 

For complete engineering data on the types in which 

you are interested, write Technical Literature Section, 
Sprague Electric Co., 235 Marshall St., North Adams, 
Massachusetts. 
You can get off-the-shelf delivery at factory prices on 

pilot quantities up to 999 pieces from your local Sprague 
Industrial Distributor. 

SPRAGUE® 
THE MARK OF RELIABILITY 
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ADVERTISEMENT SERIES V, NO. 2 

Frank Arams, Marty Grace, and Sy Okwit of All's Department of Ap-
plied Electronics have recently been investigating some of the poten-
tial uses of ferrimagnetic materials at microwave frequencies. One 
interesting and useful application arises in the field of low-level 
limiters. A brief description of this work is given below. 

Passive Microwave Limiters* 
We have developed S-band and L. 

band ferrite limiters which have ex-
ceedingly low threshold power levels. 
A photograph of such a limiter with 
adjustable permanent magnet is 
shown in Figure 1. 

Figure 1. 

The circuit arrangement follows 
the work of DeGrasse ( Ref. 11. It 
consists of two crossed strip-transmis-
sion-line half-wavelength resonators 
between common ground planes 
which are oriented at right angles to 
one another, in order to obtain maxi-
mum decoupling between them. The 
resonators are open-circuited at both 
ends, so that there is an r-f magnetic 
field maximum at their centers where 
the resonators cross. A .020" di-
ameter sphere of single-crystal 
yttrium-iron garnet (YIG) is placed 
between the strips. When it is biased 
to ferrimagnetic resonance by means 
of the permanent magnet, it serves as 
the gyro-magnetic coupling element 
between the resonators. 

The driving r-f magnetic field in 
the input resonator will cause the elec-
tron spins in the YIG to precess, there-
by inducing an r-f magnetic field in 
the output resonator. Thus, almost all 
the r-f power is coupled to the out-
put, via the tightly-coupled YIG 
sphere, which, behaves as a minia-
ture microwave resonator having a 
very high unloaded Q. For example, 
for a YIG ferrimagnetic resonance 
linewidth of 1 Mc, we calculate an 
unloaded Q of 10,000 at X-band, and 
3000 at S-band. Due to the tight 
coupling, the bandwidth of the device 
is substantially greater than the line. 
width of the YIG. 

* This work was supported by the De-
partment of Defense. 
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Figure 2. 

Thus, the device is a triple-tuned 
pre-selector having limiting proper-
ties due to non-linear effects within 
the ferrite, which are enhanced by 
proper choice of frequency, geometry 
and ferrite parameters ( Ref. 2). 
When the r-f power level is raised, 
non-linear coupling to ( and hence 
parametric excitation of) lower-fre-
quency spin-waves propagating with-
in the ferrite will occur ( Ref. 3). 
The excitation of the spin-waves pre-
vents the increase of the precession 
angle of the electron spins beyond a 
sharply defined threshold and hence 
limits the power-transfer capability 
of the YIG sphere. 

We have built such limiters at S 
and L-bands. The transmission char-
acteristic of the S-band limiter is 
shown in Figure 2. We see that the 
limiting threshold is quite sharp and 
occurs near 3 MICRO-watts and that 
the power output has a plateau that 
extends over more than a 25 db 
range. Thus, such a device could be 
used to protect sensitive microwave 
receivers against overloads. 

Insertion loss of the limiter is 0.6 
db at low signal levels, and the 3 db 
bandwidth is 60 Mc. Off-band rejec-
tion is 20 db at 40 Mc from center 
frequency. Several units can be cas-
caded, if desired. We have obtained 
limiting action in similar units from 

1000 to 3400 Mc. The device can be 
tuned by varying the magnetic field 
and tuning the resonators. A tuning 
range of 200 Mc has been obtained. 

The power handling capability 
was not measured, but should be high 
because the limiter operates by RE-
FLECTING the main portion of the 
incident signal. The VSWR rises con-
tinuously from 1.1 below the limiting 
threshold to 15 and higher for a sig-
nal input level 15 db above the limit-
ing threshold. The device exhibits a 
leading-edge spike of approximately 
100-millimicrosecond duration. 

We have also constructed a 
crossed-strip-transmission-line limiter 
which does not employ resonators, and 
hence is tunable electronically by 
varying the applied magnetic field. 
An electronic tuning range from 2000 
Mc to 3400 Mc was obtained with a 
limiting threshold of — 21 dbm. 

These are but two examples of 
novel microwave devices that can be 
constructed using narrow-linewidth 
YIG crystals. 

REFERENCES 
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3. It. Stall, Proc. IRE, vol. 41, p 1270, 1936. 

A complete bound set of our lourth series 
of articles is available on request. Write to 
Harold Hechtman at AIL for your set. 
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ALL UNITS ACTUAL SIZE 

HYREL® FB 

DEPOSITED CARBON RESISTORS 

ARE UNMATCHED FOR 

PERFORMANCE 

* * * * * * * * * * * * * * * * * * 

HYREL® FB DEPOSITED CARBON RESISTORS 

are hermetically sealed in ceramic jackets against moisture 

and vapor.., safely protected against mechanical abuse. 

The Hyrel FB series is intended for applications in military, commercial 

and telephone equipment where long life under high humidity, 

small size, and stability of electrical characteristics are important. 

WRITE FOR ENGINEERING BULLETIN 7010B 

SPRAGUE ELECTRIC COMPANY 
235 MARSHALL STREET • NORTH ADAMS, MASS. 

Made to far exceed MIL- R- 10509C Specifications 
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`Without 

speculation 

there is 

no good 

and original 

observation" 

—Charles Darwin, naturalist 

Man's search for scientific knowledge and 
understanding has its taproots in the above 
thought expressed by Darwin in a letter to 
his distinguished contemporary, Alfred Rus-
sel Wallace, in 1857. 

Speculation—intuitive contemplation 
guided by past discoveries— led Darwin to 
his famous observations set forth in Origin 
of Species. Similarly, it led Alexander 
Graham Bell to the invention of the tele-
phone—and has since led to many major 
advances in electrical communications. 

At Bell Telephone Laboratories, the puz-
zling flow of current in semiconductors 
provoked speculation which yielded the 
transistor— and a Nobel Prize. Speculation 
about the behavior of the electron led to ex-
perimental proof of its wave nature—and 
another Nobel Prize. "Brains" capable of 

guiding missiles and space probes first 
took form in the bold speculations of Bell 
Laboratories scientists. 

Today, Bell Laboratories scientists and 
engineers are more keenly aware than ever 
of the importance of speculative thinking. 
The far-reaching scientific and technologi-
cal developments of tomorrow are already 
the subject of advanced research. Among 
them are radically new materials and de-
vices—basically new switching systems, 
transmission via satellites, and waveguide 
networks able to carry hundreds of thou-
sands of voices simultaneously. 

Through .informed speculation about Na-
ture's laws, Bell Laboratories will continue 
to search for the "good and original obser-
vations" which are so vital to the ever-
improving Bell Telephone System. 

BELL TELEPHONE LABORATORIES 

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 



CREATIVE ELECTRONICS FOR DEFENSE 

STRANGE 
"FISH" 
UNDER 
THE 

POLAR ICE 

Revolutionary RCA Magnetic Video Tape Recorder to 

Speed Navigation Training of Submariners 

Aboard the nuclear submarine Sea Dragon, the first 
undersea magnetic video tape recorder will record 
and store data on under-the-ice characteristics from 
externally installed TV cameras. Upon return to 
base the recorded information will be displayed for 
the benefit of undersea service trainees. 

The RCA undersea recorder is a marvel of compact 
design (dimensions 20" x 20" x 100"). It nestles in 
a torpedo rack, and represents a 60% space reduc-

tion over existing video tape equipment. 

Among the exclusive RCA developments are: the 
now famous "Tiros" satellite recorder; a radar sys-
tem designed to take the first pictures of a nose cone 
re-entry vehicle; a unique tape cartridge completely 
adaptable to any size recorder. For literature de-
scribing new RCA defense and commercial products 
developments, write Defense Electronic Products, 
Radio Corporation of America, Camden, N. J. 

Out of today's defense needs—tomorrovv's electronic advances 

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 



APPLICATIONS: 

• Laboratory 
Experimentation 

• Circuit Design 

• Quality Control 

• Trouble Shooting 

• Production Testing 

ZENER 
VOLTAGE 
TESTER* 

Provides Automatic Presentation Of: 

zener diode voltage . . . transistor 

breakdown and zener voltage 

. . . diode inverse and reverse 

voltages. Also Tests For . . . 

zener diode impedance. 

ERA's new Zener Diode Tester, 
Model DT100 is a self contained AC 
operated instrument designed for direct 
reading of zener voltage as a function of 
diode current. Provisions are also included 
for AC modulation of the diode current to permit 
the determination of zener impedance or zener slope for 
any given value of diode current. The instrument incorporates 
a wide range adjustable constant current generator which 
injects the desired value of current into the diode under test 
and maintains this current constant independent of line voltage 
fluctuations or zener voltage and impedance. The voltage appearing 
across the non-linear diode impedance is read directly by a high impedance 
DC voltmeter for the given current setting. 

SPECIFICATIONS 

Input Source   115VAC, 60cps 
Zener Voltage Range   0-300VDC 
Zener Current Range   50 Microomperes-50ma 
Measurement Accuracy   Better Than 2% 
Metering   Direct Reading Ez, lz 
Zener Impedance   Provision for AC Modulation lac, Eac Reading 
Physical   Sloping Front Cabinet, Size: 12% x 83/4 x 91A6 inches 

Model DT100 $275.00 a 

• FOB Factory, Subject to change without notice 

ERA manufactures a full line of transistor test equipment and transistorized devices. 
Write for complete technical bulletin on this (Catalogue #115) and related devices. 

*Pat. Appl. For 

ELECTRONIC RESEARCH ASSOCIATES 
67 Factory Pl., Cedar Grove, N. J. • CEnter 9-3000 • TWX NJ1144 

SUBSIDIARIES 
Era Electric Corp. • Era Pacific Inc. • Era Dynamics Corporation • Advanced Acoustics Corp. 

See these Products at the 1960 WESCON Convention Booth No. 938-939 
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1111111111111111111111111111111111111111111111111IiiIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIILiiidlilli11111111111111111111111 

• As a service both to Members and the 

industry, we will endeavor to record in this 

column each month those meetings of IRE, 

its sections and professional groups which 

include exhibits. 

August 23-26, 1960 

AIN, Western Electronic Show 
and (.. o.ention, Memorial Sports 
Arena, Los Angeles, Calif. 

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

September 9-10, 1960 

Conference on C  • tions, To-
morrow's Techniques—A Survey. 
Roosevelt Hotel, Cedar Rapids, Iowa. 

Exhibits: Mr. Ron Gjertson, Cedar 
Rapids, Iowa. 

September 19-22, 1960 

National Symposium MI Space Elec-
tronics & Telemetry, Shoreham 
Hotel, Washington, D.C. 

Exhibits: Mr. Leon King, Jansky and 
Bailey, Inc., 1339 Wisconsin Ave., 
N.W., Washington, D.C. 

October 3-5, 1960 

Sixth National Communications Sym-
posium, Hotel Utica & Utica Munici-
pal Auditorium, Utica, N.Y. 

Exhibits: Mr. R. E. Bischoff, 19 West-
minster Road, Utica, N.Y. 

October 10-12, 1960 

National Electronics Conference, 
Hotel Sherman, Chicago, Ill. 

Exhibits: National Electronics Confer-
ence, Inc., 228 North La Salle St., Chi-
cago 1, III. 

October 19-21, 1960 

Symposium on Space Navigation, 
Deshler-Hilton llotel & Civic Center, 
Columbus, Ohio 

Exhibits: Mr. William P. McNally, 35 
Laurel St., Floral Park, L.I., N.Y. 

October 24-26, 1960 
East Coast Aerout tttt teal & Naviga-

t• al Electr • Conference, Lord 
Baltimore Hotel, Baltimore, Md. 

Exhibits: Dr. Harold Schutz, Westing-
house Electric Corp., Air Arm Div., 
P.O. Box 746, Baltimore, Md. 

October 26-28. 1960 

Fifth % urinal Conference on Non-
linear Magnetics and Magnetic 
Amplifiers, Bellevue-Stratford Hotel, 
Philadelphia, Pa. 

Exhibits: J. L. Whitlock Associates, 6044 
Ninth St., North, Arlington 5, Va. 

Oct. 31-Nov. 2, 1960 

l3th Annual Conference on Elec-
trical Ted  • pies in Medicine & 
Biology, Sheraton- Park Hotel, Wash-
ington, D.C. 

Exhibits: Mr. Lewis Winner, 152 West 
42nd St., New York 36, N.Y. 

(Continued on page 10A) 
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KAV KAY.. KAY 

IICAlir(irC4i(ÍW RANDOM NOISE GENERATORS 
I KC TO 26,500 MC 

COAXIAL NOISE SOURCES 
1 MC to 3000 MC . . THE ,,Mega—Yuuc 3000 

The Mega- Node 3000 is a calibrated random noise source providing 
output over a wide frequency and power range. It employs a coaxial-
type noise diode with a tungsten filament as a temperature- limited 
noise generator. 

• Noise figure, 0-20 db • Output impedance, 50 ohms unbalanced 
• Accuracy +. 25 db below 250 mc, + 1.0 db below 2000 mc, 

+1.5 db at 3000 mc  Price $ 790.00, f.o.b. factory 

1 KC to 1000 MC . . . THE riterma-Yode 
(illustrated) 

The Therma-Node is a basic noise source which provides extremely 

high accuracy by utilizing a basic noise generation technique—thermal 
noise from a heated resistive element. 

• Noise figure to 10 db • Output impedance, 50 ohms unbalanced 
• Accuracy + 0.1 db • Operates from line or 24 V dc . . . Price 

$495.00, f.o.b. factory, 2-1000 mc kc-300 mc, add 
$135.001. 

3 MC to 500 MC . . . THE ega-Mie 403-A 
The Mega-Node 403-A is a calibrated random noise source providing 
precise operation over a more limited frequency range at propor-
tionately lower cost. 

• Noise figure, 0-19 db • Output impedance, 50 ohms unbalanced 
• Accuracy ± 0.5 db  Price $ 365.00, f.o.b. factory 

WAVEGUIDE NOISE SOURCES 
1120 MC to 26,500 MC 

Write for Catalog Information 

KM" 
ELECTIRIC CCIIMPANY 

Dept. 1-8 Maple Avenue, Pine Brook, N.J. 

CApital 6-4000 

See us at the WESCON Show 

Booths 2062-2063 

KAY 

THE 

Microwave 
jlega-Yodes 

The Microwave Mega-Nodes are precision machined 
and plated waveguide fixtures, utilizing argon, 
fluorescent, or neon gas discharge tubes. Single 
power supply operates all units. (Power Supply, 
$95.00.) 

• Noise output of 15.8 +.025 db for fluorescent tubes, 
15.45 + 0.2 db for argon, 18.0 + 0.2 db for neon. 
Supplied with power cables and fittings. 

Frequency 
mc 

Waveguide 
Type 
AN 

Flange 
AN 

Catalog No. 
Argon Fluor. Neon Price• 

1120-1700 [ RG-69, U 1 UG-417 U 312-A • $595.00 
1200-1400 ' RG-69 U ' UG-417 U 311-A 310-A 313-A $395.00 
1700-2600 RG-104 U UG-435A U 870-A $495.00 
2200-3300 RG-112 U UG-553 U ' ' 880-A * $495.00 
2600-3950 P6-48/U UG-214/U 261-A 260-A 262-A $175.00>+ 
3950-5850 RG-49/U ¡ UG-149A/U 271-A 270-A 272-A $175.00H-
5850-8200 RG-50/U UG-344/U 281-A 280-A 282-A $175.00H-
7050-10,000 126-51/U UG-51/11 291-A 290-A 292-A 6175.006+ 
8200-12,400 RG-52/U UG-39/U 30141 300-A 302-A 6175.001-t 

12.400-18,000 , RG-91 U UG-419 U 521-A 522-A $250.00 
18 000-26.500 l RG-53 U UG-425 U 531-A 532-A 5250.00 

tt Any three plus power supply, $595.00. Any in excess of three: $ 167.00 ea. 
'• None available. * All prices f.o.b. factory. 

'KAY KAY 
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A DIGEST OF NEW DEVELOPMENTS 
IN ELECTRONICS AND AUTOMATION 

PUBLISHED BY ROME CABLE DIY. OF ALCOA, ROME, N. Y. 

PIONEERS IN INSTRUMENTATION CABLE ENGINEERING 

DEEP PROBLEMS OF THE BRINY DEEP. While outer space and missiles 
continue to grab the headlines, the Navy has sounded a big blast and chal-
lenge to the electronics system designer. Urgently needed are solutions to 
a seemingly endless series of problems encountered in the area of Anti-Sub 
Warfare. There are indications that ASW represents such a pressing need 
that it may soon reach the proportions of the ICBM program. Of the total 
of nearly $2 billion earmarked for ASW, some $25 million will go into 
electronic equipment, most of it sonar devices. The problem basically breaks 
down into four major areas: surveillance, localization, classification, and 
killing. One expert singles out the first as the most perplexing of all, but the 
Navy is ready for full-steam-ahead on all phases. Good starting point for 
interested parties is BuShips Form 550.5. So, anchors aweigh! Because ASW 
is a deep problem and the Navy needs you to cope with it. 

INFORMATION SQUEEZE. Do you have time to read all the technical journals 
and periodicals that bear on your work? Equally important, have you a 
reliable system for classifying, filing, and retrieving articles you want? No 
simple problem this, it is being investigated jointly by the Special Libraries 
Association and the American Library Association. Of course, individuals in 
many firms also have come up with suggestions. One we saw did a very good 
job of breaking down the entire electrical field into manageable divisions. 
Another more complex approach is being tried by the chemical people. They 
are working with a large computer firm on a system that arranges titles by 
a method called "Key Word in Context." The computer does the work of 
evaluating titles of articles and then classifying according to "key words." 
Printout provides groupings of key words and a detailed bibliography. 

DUTCH TREAT. Revival of interest in microwave cooking may be given a 
boost by an electronic oven developed in Holland. This one is designed to 
cook prefrozen meals at a rate that could run to 150 an hour. Meals come 
in one end at minus 25°C and come out at serving temperature of plus 80°C. 
A total microwave capacity of 10 KW is provided by five magnetron ele-
ments. Equalization and isolation zones between each unit prevent the 
magnetrons from affecting one another. Actual heating time for a meal is 
one minute, but a total of eight minutes in the oven is needed, the remainder 
being spent in the equalization and isolation zones. 

LAND OF THE NEVER-SETTING SUN. A solar battery with 648 silicon cells is 
being used to power the warning light on top of at least one Japanese light-
house. It's been in operation since November and has been so satisfactory 
that plans call for building six more. The flashes can be seen for nine miles. 

CABLEMAN'S CORNER. The subject of cable testing is an important one. This 
is the phase of production that determines whether or not the cable you are 
purchasing is in accordance with your standards and requirements. In the 
field of electronics and automation, cables are required to suit various strin-
gent electrical, mechanical, andlor chemical environments. Many years of 
study and testing have gone into the design of test equipment to be used for 
these critical tests. It is not enough to know that a cable has been tested in a 
manner that is "essentially" the same as the required standard. Slight varia-
tions in equipment design or methods of tests can mean the difference be-
tween conformance and non-conformance. Make sure the test data you 
receive gives a true picture of the performance of your cable. When you need 
cable, call on a cable specialist. Phone Rome 3000, or write: Rome Cable 
Division of Alcoa, Dept. 1280, Rome, New York. 

These news items represent a digest of information found in many of the publica-
tions and periodicals of the electronics industry or related industries. They appear 
in brief here for easy and concentrated reading. Further information on each can 
be found in the original source material. Sources will be forwarded on request. 

01* 
Meetings   
with Exhibits 

(Continued from page 8A) 

November 14-16, 1960 
Mid-American Electronics Conven-

tion (MAECON), Hotel Muehlebach, 
Kansas City, Mo. 

Exhibits: Dr. L. R. Crissman, Trans 
World Airlines, Kansas City, Mo. 

November 15-17, 1960 
Northeast Electronics Research & En-
gineering Meeting (NEREM), Bos-
ton Commonwealth Armory, Boston, 
Mass. 

Exhibits: Miss Shirley Whitcher, IRE 
Boston Office, 73 Tremont St., Boston, 
Mass. 

December 1-2, 1960 
PGVC Annual Meeting, Sheraton Ho-

tel, Philadelphia, Pa. 
Exhibits: Mr. E. B. Dunn, Atlantic Re-

fining Co., 260 S. Broad St., Philadel-
phia 1, Pa. 

December 11-14. 1960 
Eastern Joint Computer Conference, 

Hotel New Yorker, New York, N.Y. 
Exhibits: Mr. Alan D. Meacham, 120 E. 

41st St., New York 17, N.Y. 

January 9-11, 1961 
Seventh National Symposium on Re-

liability and Quality Control in 
Electronics, Bellevue-Stratford Hotel, 
Philadelphia, Pa. 

Exhibits: Mr. James H. Goodman, Bur-
roughs Research Center, Building # 3, 
Room 3307, Paoli, Pa. 

March 20-23, 1961 
International Radio and Electronics 
Show and IRE International Con-
vention, Waldorf-Astoria Hotel and 
New York Coliseum, New York, N.Y. 

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

April 26-28, 1961 
Seventh Region Technical Confer-
ence and Trade Show, Westward 
Ho Hotel. Phoenix, Ariz. 

Exhibits: Dr. Frank Holman, Boeing 
Airplane Co., 10708 39th Ave., S.W., 
Seattle 66, Wash. 

May 8-10, 1961 
National Aeronautical Electronics 
Conference, Miami and Biltmore Ho-
tel.. Dayton, Ohio. 

Exhibits: Mr. Edward M. Lisowski, Gen-
eral Precision Lab., Inc., Suite 452. 333 
West First St., Dayton 2, Ohio. 

à 

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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GAIN ( DE3) 
20 

OFF 40 

AC AMPLIFIER 
466A 

MODEL A _ 
PACKARD 

HE 
PALO ALTO CALIFORNIA 

OUTPUT 

Approximately actual size 

This 3 lbs. of transistorized 

new AC amplifier gives you 20 
or 40 db gain, increases scope 

or VTVM sensitivity 10 or 100! 
This new Ap 466A AC Amplifier is just 4" 
high, 6" wide and 6" deep. Yet it can become 
one of the most helpful instruments on your 
bench, or in the field. It is ac or battery pow-
ered; battery operation gives you hum-free 
performance and easy portability. Response 
is flat within approximately 1/2 db over the 
broad range of 10 cps to 1 MC, distortion is 

Gain: 
Frequency 
Response: 
Output Voltage: 
Noise: 

Input Impedance: 
Output Impedance: 

less than 1%, and gain is stabilized by sub-
stantial negative feedback to virtually elimi-
nate effects of transistor characteristics and 
environment. 

For a demonstration on your laboratory or 
field application, call your e representative 
or write direct. 

Specifications 
20 and 40 db, +0.2 db at 1000 cps. 
+0.5 db, 10 cps to 1 MC; 

db, 5 cps to 2 MC. 
1.5 V rms across 1500 ohms. 
75 jiv rms referred to input, 
100,000 ohm source. 
1 megohm shunted by 25 ged• 
Approximately 50 ohms. Price: 

Data subject to change without notice. 

Distortion: 
Power: 

Less than 1%, 10 to 100,000 cps. 
Ac line power normally supplied, 
but battery operation available. 
(12 radio type mercury cells, 
battery life about 160 hours.) 
Specify battery operation if desired. 

Dimensions: 61/4" wide, 4" high, 61/4" deep. 
Weight: approx. 3 lbs. 
$150.00 f.o.b. factory. ( Either ac 
or battery operation.) 

HEWLETT-PACKARD COMPANY 

10270 Page Mill Road, Palo Alto, California, U.S.A. 

Cable "HEWPACK" • DAvenport 6-7000 

HEWLETT-PACKARD S.A. 
Rue du Vieux Billard No. 1, Geneva, Switzerland 

Cable " HEWPACKSA" • Tel. No. (022) 26. 43. 36 

Field Representatives in all principal areas 
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WESTINGHOUSE ANNOUNCES 



SO AMP "ROCK-TOP" 
TRINISTOR CONTROLLED 
RECTIFIER 
PROVIDES MULTI- FUNCTIONAL CONTROL OF CURRENTS AND VOLTAGES 

WITH FAST SWITCHING TIME AND RESPONSE RATE 

New Westinghouse Trinistor " Rock-Top" construction provides high reliability, 

low maintenance, and positive protection against arcing at high voltages. 

Design engineers will find the improved electrical characteristics, listed below, 

can be used to advantage in a wide range of new control and switching applications. 

MI Lower Thermal Impedance 

• Switching time 600 millimicroseconds 

• Efficiencies in excess of 95% 

I Simplifies circuitry 

ii Lower forward drop than thyratrons 

IIII Minimum noise levels 

• Parameters ideally suited for high-speed static switch functions 
• Peak reverse voltage 60-360 volts 

For full information or engineering assistance, 

contact your local Westinghouse representative, or write: 

Westinghouse Electric Corporation, Semiconductor Dept., Youngwood, Pa. 

INDUSTRIAL, MILITARY, AND COMMERCIAL APPLICATIONS INCLUDE: 

CONVERTERS / VARIABLE FREQUENCY CONTROLS / MOTOR CONTROL / 

VOLTAGE REGULATION / REPLACEMENT OF MAGNETIC AMPLIFIERS / HIGH 

POWER MODULATION / INVERTERS / REPLACEMENT OF THYRATRONS 

YOU CAN BE SURE...IF lisWestinghouse 
SC 4111 



IRE News and Radio Notes  

Current IRE Statistics 
(As ot May 31, 1960) 

Membership-82,013 
Sections*-107 
Subsections*-26 
Professional Groups*-28 
Professional Group Chapters-269 
Student Branchest-192 

* See May, 1960, issue for a list. 
t See June. 1960 issue for a list. 

Calendar of Coming Events 
and Authors' Deadlines* 

1960 

WESCON, Los Angeles Mem. Sports 
Arena, Los Angeles, Calif., Aug. 
23-26. 

Int'l. Information Theory Mtg., London, 
Eng., Aug. 29-Sept. 2. 

ETA Conf. on Value Engrg., Disneyland 
Hotel, Anaheim, Calif., Sept. 7-8. 
URSI 13th Gen. Assembly, Univ. of 
London, London, Eng., Sept. 5-15. 

Joint Automatic Control Conf., M.I.T., 
Cambridge, Mass., Sept. 7-9. 

Conf. on Communications, Roosevelt 
Hotel, Cedar Rapids, Iowa, Sept. 
9-10. 

4th Ann. Joint Mil. Ind. Electronic Test 
Equip. Symp., Chicago, Ill., Sept. 
14-15. 

8th Ann. Engrg. Management Conf. 
Morrison Hotel, Chicago, Ill., Sept. 
15-16. 

Benelux Section-PGCS Int'l Symp. on 
Data Transmission, Delft, Nether-
lands, Sept. 19-20. 

Space Electronics and Telemetry Cony. 
and Symp., Shoreham Hotel, Wash-
ington, D. C., Sept. 19-22. 

Industrial Elec. Symp., Manager Hotel, 
Cleveland, Ohio, Sept. 21-22. 

10th Ann. Broadcast Symp., Willard 
Hotel, Washington, D. C., Sept. 
23-24. 

Sixth Natl. Communications Symp., 
Hotel Utica and Utica Municipal 
Aud., Utica, N. Y., Oct. 3-5. (DL*: 
June 1, B. H. Balridge, 25 Bolton 
Rd., New Hartford, N. Y.) 

PGNS 7th Ann. Mtg., Gatlinburg, 
Tenn., Oct. 3-5. 

6th Conf. on Radio Interference Reduc-
tion, Chicago, Ill., Oct. 5-6. 

Natl. Elec. Conf., Hotel Sherman, Chi-
cago, Ill., Oct. 10-12. (DL*: May 
1960 Prof. T. F. Jones, Jr., School 
of E.E., Purdue Univ., Lafayette, 
Ind.) 

Engrg. Writing and Speech Symp., Bis-
mark Hotel, Chicago, Ill., Oct. 13-14. 

Symp. on Adaptive Control Systems, 
Garden City Hotel, Garden City, 
L. I., N. Y., Oct. 17-19, (DL*: June 
31,1960, H. Levenstein, W. L. Max-
son Corp., 460 W. 34 St., N. Y.) 

Symp. on Space Navigation, Deshler-
Hilton Hotel, Columbus, Ohio, Oct. 
19-21, (DL*: July 15, J. D. Kraus, 
Ohio State Univ. Radio Observatory, 
Columbus.) 

* DL= Deadline for submitting ab-
stracts. 

(Continued on page 15A) 

Call for Papers 

1961 IRE INTERNATIONAL CoNvENTIoN 

March 20-23, 1961 

Waldorf-Astoria Hotel and New York Coliseum, New York, N. Y. 

Prospective authors are requested to submit all of the following information by: 

October 21, 1960 

1 100-word abstract in triplicate, title of paper, naine and address 
2. 500-word summary in triplicate, title of paper, naine and address 
3. Indicate the technical field in which your paper falls: 

Aeronautical & Navigational Electronics 
Antennas & Propagation 
Audio 
Automatic Control 
Bio-Medical Electronics 
Broadcast & Television Receivers 
Broadcasting 
Circuit Theory 
Communications Systems 
Component l'arts 
Education 
Electron Devices 
Electronic Computers 
Engineering Mailagement 

Engineering Writing & Speech 
Human Factors in Electronics 
Industrial Electronics 
Information Theory 
Instrumentation 
Microwave Theory & Techniques 
Military Electronics 
Nuclear Science 
Production Techniques 
Radio Frequency Interference 
Reliability & Quality Control 
Space Electronics & Telemetry 
Ultrasonics Engineering 
Vehicular Communications 

Note: Only original papers which have not been published or presented prior to 
the 1961 IRE International Convention will be considered; any necessary military 
or company clearance of paper is to be granted prior to submittal. 

Address all material to: Dr. Gordon K. Teal, Chairman 
1961 Technical Program Committee 
The Institute of Radio Engineers, Inc. 
1 East 79 Street, New York 21, N. Y. 

PURDUE ANNOUNCES 

PROGRAM FOR 

SYMPOSIUM 
Purdue University announces the pro-

gram for the "Symposium on Engineering 
Applications of Probability and Random 
Function Theory," to be held at Purdue on 
November 15-16, 1960. 

The speakers and their topics are as 
follows: 

1) Dr. M. Kac, Cornell University, Pro-
fessor of Mathematics, " Probability"; 

2) Dr. A. J. F. Siegert, Northwestern 
University, Professor of Physics, "Av-
erages of Functionals for Various 
Processes"; 

3) Dr. R. B. Murphy, Bell Telephone 
Laboratories, Statistical Quality Con-
trol, " Reliability"; 

4) Dr. A. M. Freudenthal, Columbia 
University, Professor of Civil Engi-
neering, "Structural Factors of 
Safety"; 

5) Dr. E. T. Jaynes, Stanford Univer-
sity, Associate Professor of Physics, 
"Application of Information Theory 
in Engineering"; 

6) Dr. I. Dyer, Bolt Beranek and 
Newman, Acoustical Consultant, 
"Noise Generation from Aerodynamic 
Sources"; 

7) Dr. R. Kalman, R.I.A.S., Research 
Mathematician, "New Methods in 
Wiener Filtering Theory"; 

8) Dr. E. Montroll, University of Mary-
land, Professor of Fluid Dynamics 
and Applied Mathematics, "Traffic 
Flow"; 

9) Dr. D. Slepian, Bell Telephone Lab-
oratories, Research Mathematician, 
"Problems in Electrical Noise and 
Detection Theory." 

Dr. S. S. Shu, Professor of Engineering 
Sciences, Purdue University, will introduce 
the program. 

The purpose of the Symposium is to 
bring before the research engineer and scien-
tist current techniques and thoughts con-
cerning important practical applications of 
probability and random function theory. 
The unifying theme of the conference is the 
application of probabilistic models to en-
gineering problems. 

Requests for further information should 
be addressed to Professor J. L. Bogdanoff or 
Professor F. Kozin, co-chairmen of the 
Symposium, Division of Engineering Sci-
ences, Purdue University, Lafayette, Ind. 

PROFESSIONAL GROUP NEWS 

At its meeting on May 17, 1960 the IRE 
Executive Committee approved the follow-
ing New Chapters: PG on Audio—North 
Carolina Chapter; PG on Circuit Theory— 
San Francisco Chapter; PG on Engineering 
Management—Binghamton Section; PG on 
Instrumentation— San Francisco Chapter. 
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Calendar of Coming Events 
and Author's Deadlines* 

(Continued from page I4A) 

East Coast Conf. on ÂNE, Lord Balti-
more Hotel, Baltimore, Md., Oct. 
24-26. (DL*: June 6, S. Hershfield, 
The Martin Co., Baltimore, Md.) 

5th Ann. Conf. on Nonlinear Magnetics 
and Magnetic Amplifiers, Bellevue-
Stratford Hotel Philadelphia, Pa., 
Oct. 26-28. 

Electron Devices Mtg., Hotel Shore-
ham, Washington, D. C., Oct. 27-29. 

13th Ann. Conf. on Elec. Tech. in Med. 
and Bio., Sheraton Park Hotel, 
Washington, D. C., Oct. 31, Nov. 
1-2. 

Radio Fall Mtg., Hotel Syracuse, Syra-
cuse, N. Y., Oct. 31, Nov. 1-2. 

Symp. on Communications, Queen 
Elizabeth Hotel, Montreal, Quebec 
Canada, Nov. 4-5. 

6th Ann. Conf. on Magnetism and Mag-
netic Materials, New Yorker Hotel, 
N. Y., N. Y., Nov. 14-17. (DL*: 
Aug. 26. A. M. Clogston, R. C. 
Fletcher, Bell Tel, Labs., Murray 
Hill, N. J.) 

Mid-Amer. Elec. Cony., Hotel Muehle-
bach, Kansas City, Mo., Nov. 15-16. 
(DL*: June 15, J. Austin, Bendix 
Aviation Corp., 95 and Troost, 
Kansas City, Mo.) 

PGPT Ann, Conf., Boston, Mass., Nov. 
15-16. (DL*: June 1, C. W. Watt, 
Raytheon Co., Waltham, Mass.) 

Symp. on Engineering Applications of 
Probability and Random Function 
Theory, Purdue University, Lafay-
ette, Ind., Nov. 15-16. 

1960 NEREM (Northeast Electronics 
Res. & Engrg. Mtg.), Boston, Mass., 
Nov. 15-17. 

PGVC Ann, Mtg., Sheraton Hotel, 
Philadelphia, Pa., Dec. 1-2, (DL*: 
July 15, W. G. Chaney, American 

Telephone and Telegraph Co., 195 
Broadway, N. Y. 7, N. Y.) 

3rd EIA Cont. on Maintainability of 
Electronic Equipment, Hilton Hotel, 
San Antonio, Tex., Dec. 5-7. 

Eastern Joint Computer Conf., New 
Yorker Hotel, New York, N. Y., Dec. 
13-15. (DL, papers: Aug. 13, E. 
Kubie, Computer Usage Co., 18 E. 
41 St., N. Y. 17, N. Y.) 

1961 

7th Natl. Symp. on Reliability and Qual-
ity Control, Bellevue-Strafford Ho-
tel, Philadelphia, Pa., Jan 9-11 
(DL*: May 8, 1960, R. E. Kuehn, 
IBM Corp., Owego, N. Y.) 1961. 

Symp. on Space Instrumentation, Wash-
ington, D. C., Jan. 2nd PGMIL 
Conf., San Francisco, Calif., Feb. 1-3. 

Intl. Solid State Circuits Conf., Uni-
versity of Pennsylvania and Shera-
ton Hotel, Philadelphia, Pa., Feb. 
15-17 (DL*: Oct. 21, 1960, J. J. 
Suran, Bldg. 3, Rm. 115 GE Co., 
Electronics Park, Syracuse, N.Y.) 

IRE Intl. Cony., N. Y. Coliseum and 
Waldorf-Astoria Hotel, New York, 
N. Y., Mar. 20-23. 

SWIRECO, Dallas, Tex., April 19-21. 
7th Region Tech. Conf. & Trade 
Show, Westward Ho Hotel, Phoenix, 
Ariz., April 26-28. 

* DL = Deadline for submitting ab-
stracts. 

TENTH ANNUAL EASTERN 

JOINT COMPUTER CONFERENCE 
TO BE HELD IN NEW YORK CITY 

The Annual Eastern Joint Computer 
Conference ( EJCC) will be held December 
13-15 at the Hotel New Yorker and Man-
hattan Center, New York City, it has been 
announced by N. Rochester of International 

Business Machines Corp., general chairman 
of the conference. 

Abstracts of technical papers proposed 
for the conference should be submitted by 
August 13 to the technical program chair-
man, E. C. Kubie, Computer Usage Co., 
Inc., 18 East 41 Street, N. Y. 17, N. Y. 
Subject matter of the proposed papers should 
concern recent achievements or techniques 
in the design and use of computing equip-
ment. 

In an attempt to build a program of the 
highest possible quality, no parallel sessions 
are planned and a $300 prize will be awarded 
for the best presentation of a paper at the 
conference. 

The EJCC is sponsored by the National 
Joint Computer Committee which consists 
of representatives of the Institute of Radio 
Engineers, the American Institute of Elec-
trical Engineers, and the Association for 
Computing Machinery. The committee 
sponsors two meetings each N•ear, one on the 
East, the other on the \Ve-st Coast. More 
than 2500 members attended the 1960 
WJCC in San Francisco this May. The 1960 
EJCC will be the committee's eighth semi-
annual conference. 

In addition to N. Rochester and E. C. 
Kubie, members of the General Committee 
for the December meeting include: Publica-
tion Chairman, C. J. Rachel, Remington 
Rand Division of Sperry Rand Corp.; Local 
Arrangements Committee, B. W. Leavitt 
and A. L. Brown, General Telephone & 
Electronics Labs.; Finance, A. I. Schott, The 
National Cash Register Co.; Hotel, \V. \V. 
Ward, International Business Machines 
Corp.; Publicity and Printing, J. W. Heaney, 
Jr. and J. J. Lanigan, Sylvania Electric 
Products Inc.; Registration, J. Behr, Pack-
ard Bell Computer Corp.; Hospitality, R. P. 
Fopeano, Bendix Computer Division of 
Bendix Aviation Corp.; Exhibits, A. D. 
Meacham, Consultants to Industry 
Exhibits Management, John Leslie Whitlock 
Associates. 

Dr. C. N. Kimball (tenter), President of Midwest Research Institute and President of MAECON's Advisory Board, H. Stout (lift), also of MR! and Chairman of the 
Kansas City Section of IRE, and L. Crissman (right) of Trans World Airlines and General Chairman of MAECON 1960, announce that plans have been finalized for the 
1960 Mid-America Electronics Conference. MAECON 1960 technical papers sessions and exhibits will take place at the Hotel Muehlebach in Kansas City, Missouri, on 
November 15-16, 1960. The conference will focus as the theme, "The Semiconductor 60's." Other topics, presented concurrently with the semiconductor sessions, will fea-
ture microwaves, engineering education and management. 
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Space Electronics and Telemetry 1960 National 
Symposium 

SHOREHAM HOTEL, W ASHINGTON, D. C., SEPTEMBER 19-21, 1960 

The Professional Group on Space Elec-
tronics and Telemetry will sponsor the fifth 
National Symposium concerning this im-
portant technological field at the Shoreham 
Hotel in the nation's capital on September 
19-21. This year's Symposium will empha-
size discussion of new design philosophies 
and advances in the state-of-the-art. 

The program is organized around ten 
panel type sessions, each directed by a 
chairman prominent in the particular tech-
nical field. The panelists and the subject of 
their papers are selected by the panel chair-
man, thereby assuring a stimulating content 
and coherency to each panel area. It is 
planned to pre-publish the panelists' papers 
in the Symposium Proceedings and limit 
paper presentations to their highlights in 
order to have sufficient time for inter-panel 
discussion, questions and audience partici-
pation. 

The program includes social events, such 
as the PGSET banquet, cocktail parties, 
luncheon, hospitality room and ladies' ac-
tivities. There will also be a large and varied 
industrial exhibition. 

Below is a listing of the panels being 
presented with respective subjects and chair-
men. A complete listing of the individual 
panelists will be published in the next 
PROCEEDINGS. A brief summary indicates 
there are many well-known panelists on the 
program such as Dr. Lawrence Rauch, Uni-
versity of Michigan; Dr. Sonnett, Space 
Technology Laboratory; David Hogg, Bell 
Telephone Laboratory and Dr. Eberhardt 
Rechtin, Jet Propulsion Laboratory. 

This year's Symposium is being spon-
sored by the \Vashington PGSET Chapter. 

The Symposium committee is composed of: 

Symposium Chairman: J. E. Hinds, Jr., 
Ampex Corporation. 

Papers Chairman: H. \V. Royce, Martin 
Company. 

Program Chairman: R. D. Briskman, 
NASA (Hq). 

Exhibits Chairman: L. H. King, Jansky 
and Bailey, Inc. 

Publicity Chairman: H. Gettings, Missiles 
and Rockets Magazine. 

Registration Chairman: R. \V. Rochelle, 
NASA (GSFC). 

Arrangements Chairman: J. R. Kennedy, 
Ampex Corporation. 

Exhibits Manager: J. L. Whitlock, \Vhit-
lock Associates. 

Secretary-Treasurer: J. Joslow, Ampex 
Corporation. 

Monday Morning September 19 

Session I—Telemetry 

Chairman: O. A. Hoberg, NASA, George 
Marshall Space Flight Center, Huntsville, 
Ala. 

Monday Afternoon 

PGSET Luncheon and Keynote Speech. 

Session 2—Space Communications 

Chairman: H. I. Butler, U. S. Army Sig-
nal Corps Engineering Laboratory, Fort 
Monmouth, N. J. 

Session 3—Electronic Propulsion 

Jointly sponsored by the American 
Rocket Society and the Institute of Radio 
Engineers. 

Chairman: R. N. Edwards, General Elec-
tric, Cincinnati, O. 

Tuesday Morning, September 20 

Session 4—Signal Conditioning 

Chairman: G. Ludwig, State Uni\ur-
sity of Iowa, Iowa City. 

Session 5—Navigation of Vehicles in Space 

Chairman: Dr. \V. E. Frye, Lockheed 
Missile System Div., Palo Alto, Calif. 

Session 6—Effects of Space Environment 
on Men and Equipment 

Chairman: Major General D. Flickinger, 
Headquarters Advaiwed Research and De-
velopment Command, Washington, D. C. 

Session 7—Navigation on Earth by 
Means of Satellites 

Chairman: \V. C. Schoolfield, Advanced 
Research Projects Agency, Washington, 
D. C. 

Wednesday Morning, September 21 

Session 8—Propagation 

Chairman: J. H. Chisholm, Massachu-
setts Institute of Technology, Lincoln Lab., 
Lexington, Mass. 

Session 9—Tracking 

Chairman: F. B. Smith, Headquarters, 
NASA, Washington, D. C. 

Session 10—Guidance 

Chairman: J. M. Bridges, Office of Secre-
tary of Defense, Washington, I). C. 

1960 Western Electronics Show and Convention 
SPORTS ARENA, Los ANGELES, CALIF., AUGUST 23-26 

Tuesday Morning, August 23 

Session 1—Systems and 
Maintainability 

Contributed Papers 

Chairman: R. Whiteman, Pi oject Direc-
tcr, General Analysis Corp., Los Angeles, 
Calif. 

"A Systematic Approach to Complex 
Electronic Equipment Maintenance," J. J. 
Brown, J. H. Chin, G. W. Jacob, Sperry 
Gyroscope Co., Great Neck, L. I. 

"Economy Models for System Design 
Engineers," E. S. Winlund, General Electric 
Co., Phoenix, Ariz. 

"Precision Film Potentiometers," H. 
Adise, Computer Instruments Corp., Hemp-
stead, L. I., N. Y. 

"Engineering Contribution to Product 
Quality," W. C. Kraft, Sandia Corp., Albu-
querque, N. M. 

Session 2—Pulse-Handling Techniques 

Contributed Papers 

Chairman: N. Begovich, Hughes Aircraft 
Co., Fullerton, Calif. 

"A Theory of Enhancement Filters," 
A. Norris, Varian Associates, Palo Alto, 
Calif. 

"Pulsed RF Storage in Long Delay, 
Broadband Closed Loop Systems," O. A. 
Huettner, International Telephone and Tele-
graph Laboratories, Nutley, N. J. 

"The Problems and Solutions in the 
Navy's Program for Standardization of 
Video Processing and Distribution," L. T. 
Rhodes, Naval Research Laboratories, Wash-
ington, D. C. 

"A Solid-State Video Processor with 
Pulse-for-Pulse AGC," R. E. Segal, 1'ackard-
Bell Electronics Corp., West Los Angeles, 
Calif. 

Session 3—Communications: New Solutions 
to Some Old Problems 

Contributed Papers 

Chairman: C. Lindholm, RA ND Corpora-
tion, Santa Monica, Calif. 

"Effect of Link Elimination in Data 
Transmission Systems," A. Machi and 
J. Hoffman, System Development Corp., 
Lodi, N. J. 

"Optimum Antenna Pattern for a Signal 
Burst Communication System," P. A. Lux, 
Sandia Corp., Livermore, Calif.; H. M. 
Swarm and D. D. McNelis, t niv. of Wash-
ington, Seattle, Wash. 

"I.inear Cancellation Technique for Sup-
pressing Impulse Noise," E. J. Baghdady, 
Research Laboratory of Electronics, Massa-
chusetts Institute of Technology, Cambridge, 
Mass. 

Session 4—Management of Manned 
Machine Systems 

Symposium 

Chairman: A. Small, Hughes Aircraft 
Company, Fullerton, Calif. 

Systems Management Appraisal of 
the Functions of Human Engineering," 
T. Eason, Stromberg-Carlson, Co., Rochester, 
N. Y. 

"Human Factors Contribution to Man-
agement Control Procedures," S. Deutsch, 
Douglas Aircraft Co., Inc., Santa Monica, 
Calif. 
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V-BAND MAGNETRONS 

Life — over 700 hours reported 

Peak power available — more than 10 kw. 

(More power than you can get from any other 

device at this frequency) 

Duty cycle — up to 0.001. (For the BL-221, it is 

0.00055) 

Vibration — will survive 10 g's 

Shock — 50 g's at 4 millisec 

Lightweight — 7.25 lbs 

Mounting — mates to modified standard flange 

Ruggedized — Ceramic and metal construction 

Fixed tuned 

Output 
Frequency Minimum Peak Mates 

Band Tube Type Range (MC) Power ( KW) with 

V BL-235 51,000-54,000 10 UG385/U 
✓ BI-236 54,000-57,000 10 1.16385/U 
✓ BL-237 57,000-60,000 10 UG385,U 

✓ BL-221 69,000-70,500 10 116385,11 

VISIT US AT THE WESCON SHOW -- BOOTH eeil 2-61 3 

New product catalog available. Send for your copy today. 

13 
Offices in major cities — A subsidiary of Varian Associates. 

Leaders in the design, development and manufacture of TR, ATR, Pre-TR tubes; shutters; 
reference cavities; crystal protectors; silicon diodes; magnetrons; klystrons; duplexers: 
pressurizing windows; noise source tubes; high frequency triode oscillators; surge protectors. 
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Session 5—Semiconductor 
Devices and Tubes 

Contributed Papers 

Chairman: N. J. Golden, Hoffman Semi-
conductors, Inc., El Monte, Calif. 

"Power Output and Efficiency of Ther-
mionic Converters," I. T. Saldi, General 
Electric Co., Schenectady, N. Y. 

"High Power at 1000 MC Using Semi-
conductor Devices," G. Leutigenau and 
N. V. Den, Pacific Semiconductors, Inc., 
Culver City, Calif. 

"Equivalent Circuit of a Parametric 
Diode at Microwaves," A. K. Kama!, K. E. 
Lytal and H. IV. Pass, Purdue University, 
Lafayette, Ind. 

"Quality Assurance Procedures for Power 
Transistors," J. S. Schaffner, Delco Radio 
Division, General Motors Corp., Kokomo, 
Ind. 

Tuesday Afternoon 

Session 6—What are the Communication 
Values of the Technical Symposium? 

Panel Discussion 

Chairman and Moderator: L. McConnell, 
System Development Corp., Santa Monica, 
Cal i 

"The Speaker," I. J. Fong, Remington 
Rand Corp., UNI VAC Div., St. Paul, Minn. 

"The Writer," E. R. Hagemann, Space 
Technology Laboratories, Los Angeles, Calif. 

"The Editor," N. Horgan, The RA ND 
Corp., Santa Monica, Calif. 

"The Publisher," W. G. Stone, John 
Wiley ee Sons, Inc., New York, N. Y. 

Session 7—Varactors and Tunnel 
Diode Applications 

Contributed Papers 

Chairman: G. C. Messenger, Hughes 
Semiconductor Div., Newport Beach, Calif. 

"A Nonlinear Capacitor Harmonic 
Generator Suitable for Space Vehicle Appli-
cations," P. M. Fitzgerald, T. H. Lee, M. S. 
Mor, E. J. Powers and J. J. Younger, Lock-
heed Aircraft Corp., Missile Systems Div., 
Sunnyvale, Calif. 

"Parametric Radio Frequency Ampli-
fier," A. Szerlip, Packard-Bell Electronic 
Corp., West Los Angeles, Calif. 

"Gain and Bandwidth Inconsistencies in 
Low Frequency Reactance Up-Converter 
Parametric Ani.plifiers," A. K. Kamal and 
A. J. Holub, Purdue Univ., Lafayette, Ind. 

"A Compact Tunnel Diode Amplifier for 
Ultra High Frequencies," G. Schaffner, 
Semiconductor Products Div., Motorola, Inc., 
Phoenix, Ariz. 

"Analysis and Design of the Twin-
Tunnel-Diode Logic Circuit," C. H. Alford, 
Lockheed Aircraft Corp., Missile Systems 
Div., Sunnyvale, Calif. 

Session 8—Instrumentation 

Contributed Papers 

Chairman: A. Kaufman, Litton Indus-
tries, Beverly Hills, Calif. 

"Widel}: Separated Clocks with Micro-
second Synchronization and Independent 
Distribution Systems," T. L. Davis and 
R. H. Doherty, U. S. Dept. of Commerce, 
National Bureau of Standards, Boulder, Colo. 

"The Synthesis of Instrument Compen-
sating Networks," R. W. Kearns, Wayne 
State University, Detroit, Mich. 

"An Automatic Servomechanism Re-
sponse Plotter," D. Rice, Republic Aviation 
Corp., Farmingdale, L.I., N. Y. 

"Touch Detector," G. T. Kemp, Texas 
Research Associates Corp., Austin, Tex. 

"Determination of Instantaneous Speed 
Error Data," A. Updike, Ampex Data 
Products Co., Redwood City, Calif. 

Session 9—Circuit Theory 

Tutorial Papers with Panel 

Chairman: L. Weinberg, Hughes Re-
search Laboratories, Malibu, Calif. 

Panelists: I. M. Horowitz, Hughes Re-
search Laboratories, Malibu, Calif.; J. R. 
Burnett, Space Technology Laboratories, Los 
Angeles, Calif. 

"Analysis and Design of Feedback Sys-
tems with Gain and Time Constant Varia-
tions," K. Chen, Westinghouse Electric Corp., 
Pittsburgh, Pa. 

"Measures of Sensitivity for Linear Sys-
tems with Large Multiple Parameter Varia-
tions," S. L. Hakimi and J. B. Cruz, Uni-
versity of Illinois, Urbana, Ill. 

"A Sampled Data Technique for Realiz-
ing Network Transfer Functions," L. E. 
Franks and I. IF. Sandberg, Bell Telephone 
Laboratories, Inc., .1Iurray Hill, N. J. 

"Delay Distortion Correction for Net-
works and Filters," T. R. O'Meara, Hughes 
Research Laboratories, Malibu, Calif. 

Session 10—Semiconductor Devices 

Contributed Papers 

Chairman: T. W. Griswold, Continental 
Device Corp., Hawthorne, Calif. 

"A New Semiconductor Memory Ele-
ment with Non-Destructive Readout and 
Electrostatic Storage," 1'. H. Grinich and 
David Hilbiber, Fairchild Semiconductor 
Corp., Mountain View, Calif. 

"Some Device Aspects of Multiple Mi-
crowave Reflections in Semiconductors," 
H. Jacobs, F. A. Brand, J. Meindl and 
M. Benanti, U. S. Signal Army Research & 
Development Labs., Ft. Monmouth, N. J.; 
R. Benjamin, Monmouth College, W. Long 
Branch, N. J. 

"Base Turn-Off of PN-PN Switches," 
R. H. Van Ligten and D. Na ron, Transitron 
Electronic Corp., Wakefield, Mass. 

"Novel Adder-Subtractor Circuit Utiliz-
ing Tunnel Diodes," R. A. Kaenel, Bell 
Telephone Labs., Inc., Murray, Hill, N. J. 

"Transistor Scaling Theory," W. E. 
Roach, Pacific Semiconductors, Inc., Culver, 
City, Calif. 

Wednesday Morning, August 24 

Session 11—Computers—General 

Contributed Papers 

Chairman: L. J. Craig, The RAND 
Corp., Santa Monica, Calif. 

"Digital Control Techniques for Space," 
L. F. Jones and I'. Margolin, Westinghouse 
Electric Corp., Baltimore, Md. 

"The Polymorphic Principle in Data 
Processing," H. A. Heit, Thompson Ramo 
Wooldridge, Inc., Canoga Park, Calif. 

"An Aided Adaptive Character Reader 
for Machine Translation of Languages," 
P. Baran and G. Estrin, University cf Cali-
fornia, Los Angeles, Calif. 

"A Multi-Addressable Random Access 
File System," E. Coil, Librascope Div., 
General Precision, Inc.. Glendale, Calif. 

Session 12—Stereo Multiplex Broadcasting 

Papers and Panel Discussion 

Chairman: I. J. Kaar, Hoffman Elec-
tronics Corp., Los Angeles, Calif. 

Panelists: C. Eilers, Zenith Radio Corp., 
Chicago, Ill.; W. H. Beaubien, General Elec-
tric Co., Utica, N. Y.; M. G. Crosby, Crosby-
Teletronics Corp., Syosset, N. Y.; H. Parker, 
Calbest Engineering and Electronics, Los 
Angeles, Calif.; IV. Halstead, illultiplex De-
velopment Corp., New York, N. Y. 

"Requirements for FM Stereophonic 
Radio Transmission," R. J. Farber, Hazel-
tine Research Corp., Plainview, N I'. 

"Progress of Field 'rests for FM Stereo-
phonic Broadcast Systems," A. P. Walker, 
National Association; of Broadcasters, Wash-
ington, D.C. 

Session 13—Microwave Theory and Tech-
niques—I: Passive Elements 

Contributed Papers 

Chairman: II. Saltzman, Kearfott Co., 
Inc., Van Nuys, Calif. 

"Misconceptions about Equivalent Cir-
cuits for Periodic Microwave Structures," 
R. M. Bevensee, Varian Associates, Palo 
Alto, Calif. 

"A Fast Switching X-Band Circulator 
Utilizing Ferrite Toroids," L. Levey and 
L. M. Silber, Polytechnic Institute of Brook-
lyn, Brooklyn, N. Y. 

"Broadband Electronically-Tuned Mi-
crowave Filters," K. L. Kotzebue, IVatkins-
Johnson Co., Palo Alto, Calif. 

"The Observed 50-90 KMC Attenuation 
of Two Inch Improved Waveguide," A. P. 
King, Bell Telephone Laboratories, Red Bank, 
N. J. 

"A Noncontracting, Broadband Rotary 
Joint, and Four-Way Switch," D. Alstadter 
and N. A. Dawson, Melpar, Inc., Falls 
Church, Va. 

Session 14—Analysis of Manned 
Machine Systems 

Symposium 

Chairman: G. F. Rabideau, Norair Divi-
sion of Northrop Corporation, Hawthorne, 
Calif. 

"The Vocal Adaptive Controller—Hu-
man Pilot Dynamics and Opinion," D. T. 
McRuer and I. L. Ashkenas, Systems Tech-
nology, Inc., Inglewood, Calif. 

"An Analysis of the Decision Making 
Functions of a Simulated Air Defense," 
A. Sweetland and H'. Haythorn, The RAND 
Corp., Santa Monica, Calif. 

"Methodology of Manned Machine Sys-
tem Analysis," R. W. Queal, Boeing Airplane 
Co., Seattle, Wash. 

"Optimizing Linear Dynamics for Hu-
man Operated Systems by Minimizing the 
Mean Square Tracking Error," T. E. 
Leonard, Aeronutronic Systems, Inc., New-
port Beach, Calif. 

"Encoding Techniques for Visual Dis-
plays in Computer-Aided Systems," K. M. 
Neuman, U. S. Naval Electronics Lab., San 
Diego, Calif. 

Session 15—Microwave Tubes 

Tutorial Papers 

Chairman: IV. II. Christoffers, Micro-
wave Tube Div., Hughes Aircraft Corp., Los 
Almeles, Calif. 
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0 if v. • complete test systems for 

advanced microwave programs. 

For the generation of ultra-stable microwave frequencies 
two lines are available: 1 ) Series 814 Oscillators . . . a 
line of 14 tunable models covering 2.5-27 kmc. Short term 

stability — 5 parts in 108. Long term stability — 1 part 
in 106. 2) Series 820-XLK . . . a line of crystal locked, 

fixed frequency oscillators covering S to K bands. Short 
term stability — 1 part in 108. Long term stability — 1 

part in 106 ( over a 120 hour period — independent of 
environmental conditions). 

Microwave Stability Tester 
— Model 5009R 

For the measurement of ultra-stable microwave frequencies 
LFE Model 5009 measures drift and f.m. in frequency 
bands between 100 mc/s and 10.8 kmc. The unit is 

capable of measuring f.m. deviation from 1 cps to 20 kc 
at RF and 0.1 cps at 30 mc. 

For further information write for complete specifications. 

This equipment is also adaptable for modification to 
specific systems requirements. 

INSTRUMENT DIVISION 

Tunable Ultra- stable 
Microwave Oscillator 
—  Series 814 

Plug-in Head 
and Power Supply 
—  Model 5009R 

Standard Microwave 
Frequency Sodrce 
— Series 820XLK 

Disturbance Frequency 
Presentation Through 
Tunable Filter 

LABORATORY FOR ELECTRONICS, INC. 
714 BEACON STREET • BOSTON 15, MASSACHUSETTS 

WESTERN REGIONAL OFFICE, 211 South Beverly Drive, Beverly Hills, California. 

SEE A DEMONSTRATION AT WESCON BOOTH 1065-6 
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"An Octave-Bandwidth Ultra Low Noise 
Traveling Wave Amplifier," E. W. Kinaman 
and G. E. St. John, Watkins-Johnson Co., 
Palo Alto, Calif. 

"Very High Convergence Electron 
Guns," D. V. Geppert, Sylvania Electronic 
Systems, Mountain View, Calif. 

"Cooling of the Slow Space-Charge Wave 
of an Electron Beam with Application to the 
Traveling-Wave Tube," D. C. Forster. 
Hughes Research Labs., Culver City, Calif. 

"Arc Discharge Microwave Switch 
Tube," S. J. Tetenbaum, R. R. Moats and 
D. Campbell, Sylvania Electronic Systems, 
Mountain View, Calif. 

"A Periodically Focused Backward-
Wave Oscillator," C. C. Johnson, Hughes 
Research Labs., Culver City. Calif. 

"A Four-Cavity, Electrostatically Fo-
cused, Ku-Band Klystron Amplifier," R. G. 
Rockwell, Varian Asssociates, Palo Alto, 
Cal if. 

Wednesday Afternoon 

Session 16—Computer Circuits 
and Devices 

Contributed Papers 

Chairman: G. Eisler, Eisler Associates, 
Los Angeles, Calif. 

"Diodeless Magnetic Core Logic," S. B. 
Yochelson, Goodyear Aircraft Corp., Akron, 
Ohio. 

"A Fractional Microsecond Cycle Time 
Memory Using Low Coercive Ferrite Cores," 
A. Lemack and J. E. Thomas, Sylvania 
Electronic Systems, Needham, Mass. 

"Adaptive Switching Circuits," B. ¡'Vid-
row and M. E. Hoff, Stanford University, 
Palo Alto, Calif. 

"25-mc Clock- Rate Computer Circuits 
for Operation from — 20°C to + 100°C," 
C. R. Cook, Jr., Texas Intruments, Inc., 
Dallas, Tex. 

"A Dynamic Logic Technique for Sixteen 
Megacycle Clock Rate," T. P. Bothwell, J. 
DeClue, H. H. Hill and J. R. Longland, Com-
puter Control Co., Framingham, Mass. 

Session 17—Magnetic Data Recording 

Tutorial 

Chairman: W. R. Isom, Radio Corpora-
tion of America, Camden, N. J. 

"Extending the Bandwidth of a Conven-
tional Instrumentation Recording System," 
A. M. Wilson, Precision Instrument Co., San 
Carlos, Calif. 

"A Wideband Magnetic Recording Sys-
tem," M. E. Anderson and J. A. Granath, 
Armour Research Foundation, Chicago, Ill. 

"The Sensitivity of Reproducing Heads 
in High-Frequency Magnetic Recording Sys-
tems," W. T. Frost, Ampex, Data Products 
Co., Redwood City, Calif. 

"Mechanical Design of the cm- 100 In-
strumentation Tape Recorder," J. T. Mul-
lin, Mincom Div., Minnesota Mining and 
Mfg. Co., Los Angeles, Calif. 

"Electrical Design and Performance of 
the cm-100 Instrumentation Tape Recorder," 
G. N. Johnson, Mincom Div., Minnesota 
Mining & Mfg. Co., Los Angeles, Calif. 

"Comparison of Wideband FM and Car-
rier Erase Techniques for Recording Data 
from DC to 10 kc," G. Work and D. Lewis, 
Leach Corp., Compton, Calif. 

Session 18—Microwave Theory and 
Techniques—II: Active Elements 

Contributed Papers 

Chairman: R. Jamison, Hughes Aircraft 
Co., Culver City, Calif. 

"Masers for System Applications," H. R. 
&mt., Hughes Research Laboratories, Culver 
City, Calif. 

"Design and Operation of an S-Band 
Traveling-Wave Diode Parametric Ampli-
fier," C. G. Shafer, Raytheon Co., Waltham, 
Mass. 

"The Noise Figure of Iterative Traveling 
Wave Parametric Amplifiers," C. V. Bell, 
Walla Walla College, Walla ¡Vallo, Wash.; 
and Glen Wade. Raytheon Co., Burlington, 
Mass. 

"Theory of TEm Diode Switching," 
R. V. Garver, Diamond Ordnance Fuze Lab-
oratories, Washington, D. C. 

"Tunnel Diode Microwave Oscillators 
with Niilliwatt Power Outputs," D. E. 
Nelson and F. Sterzer, Radio Corporation of 
America, Princeton, N. J. 

Session I9—Working with Engineers 

Invited Speakers 

Chairman: N. H. Moore, Litton Indus-
tries, San Carlos, Calif. 

"Marketing," G. P. Be iging, Packard-
Bell Electronic Corp., West Los Angeles, 
Calif. 

"Patent Law," IV. R. Lane, North Ameri-
can Aviation, Los Angeles, Calif. 

"Accounting and Finance," R. T. Silber-
man, Electronics Capital Corp., San Diego, 
Calif. 

Session 20—Vehicular Communications—I: 
Radiating Systems 

Contributed Papers 

Chairman: D. L. MacDonald, Pacific 
Telephone & Telegraph, Los Angeles, Calif. 

"Theory and Performance of Vehicular 
Center-Fed Whip Antenna," H. Brueck-
mann, U. S. Army Signal Research and De-
velopment Laboratory, Ft. Monmouth, N. J. 

"A Broad-Band 160 Megacycle Colinear 
Array," R. F. H. Yang and H. H. Hansen, 
Andrew Corp., Chicago, Ill. 

"Effects of Tower and Guys on Perform-
ance of Side-Mounted Vertical Antennas," 
R. F. H. Yang and F. R. Willis, Andrew 
Corp., Chicago, Ill. 

"Foamflex Coaxial Cable for Communi-
cations," J. Arbuthnot!, A. L. McKean and 
S. Trill, Phelps Dodge Copper Products Corp., 
New York, N. Y. 

Thursday Morning, August 25 

Session 21—Component and 
Systems Reliability 

Panel Discussion Following 
Presentation of Paper 

Chairman: W. R. Ktizmin, Packard-Bell 
Electronics Corp., Los Angeles, Calif. 

Panelists: S. Collin, Walter Darwin 
Teague Associates, New York, N. Y.; 
S. Kukawka, Bourne Laboratory, Inc., River-
side, Calif.; A. Wood, Relay Div., Leach 
Corp., Los Angeles, Calif.; C. C. Elrod, The 
Ralph M. Marsons Co., Pasadena, Calif. 

"Using Failure Rate Data for Compo-
nent Part Derating," I. Doshay, Aerojet 
General Corp., Azusa, Calif. 

Session 22—Air Traffic Control 
(ATC)—Session I 

Related Papers 

Chairman: V. Weihe, General Precision, 
Inc., Washington, D. C. 

"Operational Consideration in ATC De-
sign," R. F. Link, Bureau of Research and 
Development, Federal Aviation Agency, Wash-
ington, D.C. 

"An Airline Pilot Looks at ATC," Capt. 
J. D. Smith, Air Line Pilots Association, 
New York. N. Y. 

"xrc from the Aircraft Owners View-
point," V. H. Kayne, Aircraft Owners and 
Pilots Association, Washington, D. C. 

"The Airlines and Air Traffic Control," 
J. R. Dethnan, Air Transport Association of 
America. Los Angeles, Calif. 

Session 23—Antennas, Session I 

Contributed Papers 

Chairman: L. L. Bailin, Hughes Aircraft 
Co., Culver City, Calif. 

"A New Approach to Antenna Beam-
Shaping—The 'Coke-Bottle' Antenna," C'. C. 
Phillips, Mel par, Inc., Falls Church, Va. 

"Application of Frequency Scan to Cir-
cular Arrays," P. Shelton, Aero Geo Astro 
Corp., Alexanderia, Va. 

"I ow Sidelobe Interferometer Antenna 
Patterns," H. Pfizenmeyer and J. A. 
Kuecken, Arco Corp., Cincinnati, Ohio. 

"Design Techniques for a Light Weight, 
High Power, Spiral Antenna," L. P. Jones, 
P. E. Taylor and C. W. Morrow, Mel par, 
Inc., Fall; Church, Va. 

"Phase Distribution of Spiral Antennas," 
N. Barba no, Sylvania Electronic Systems, 
Mountain View. Calif. 

Session 24—Synthesis and Design of 
Manned Machine Systems 

Symposium 

Chairman: Col. L. Baker, U. S. Army, 
Chief Psychologist, Aberdeen, Md. 

"Human Factors in the Establishment of 
System Design Requirements," R. H. 
Schneider, Dunlap and Associates, Inc., 
Santa Monica, Calif. 

"The Human Factors Laboratory as Sys-
tem Design Tool," F. ilIarzocco, Thompson 
Ramo Wooldridge, Inc., Canoga Park, Calif. 

"On the Effect of CRT Transfer Func-
tion on Detection Threshold," C. W. Miller 
and W. R. Minty, Cornell Aeronautical 
Laboratory, Inc., Buffalo, N. Y. 

"Introduction to Teaching Machines," 
S. Levine, Litton Industries, Beverly Hills, 
Calif. 

"A High-Speed Color Display Unit," 
IV. H. Huntley, Jr., Stanford University, 
Stanford, Calif. 

Session 25—Microminiaturization 

Tutorial Papers 

Chairman: T. Liiamatainen, Diamond 
Ordnance Fuze Laboratory, Washington, D. C. 

"Design and Fabrication of a Micro-
electronic IF Amplifier," J. R. Black, 
Motorola Corp., Phoenix, Ariz. 

"A Packaged Micromodule Laboratory 
for Industry," D. T. Levy, Radio Corporation 
of America, Somerville, N. J. 

"Semiconductor Packaging for High 
Component Density Application," G. P. 
Walker, Rheem Semiconductors, Inc., Palo 
Alto, Calif. 
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A Pair of Smoothies For 

Series Regulator Service 

The Raytheon CK6336A and CK6528 are mechanically rugged, long-
life twin power triodes. They are designed to handle large currents over 

a wide voltage range and at high temperatures in regulated power sup-
plies. Zirconium coated graphite anodes, ceramic insulators, gold 

plated molybdenum grid wires, and hard glass envelopes are some of 
the advanced design features of both types. 

Stringent power supply regulation requirements are no problem foi 
these "smoothies." Get full technical data on the CK6336A and 
CK6528 as well as Raytheon's expanding line of high voltage rectifiers, 

pulse modulators, and transmitting types. Please write to: Raytheon, 
Industrial Components Division, 55 Chapel St., Newton 58, Mass. 

For Small Order or Prototype Requirements See Your Local Franchised Raytheon Distributor 

RATINGS 

Max. Plate 

Voltage 

Max. Plate Dissipation 

Watts 

Max. Plate Current 

(per plate) 

Amplification 

Factor 

CK6336A 400 2 x 30 400 mAdc 2.7 

CK6528 400 2 x 30 300 mAdc 9 

RAYTHEON COMPANY 

INDUSTRIAL COMPONENTS DIVISION 

RAYTHEON 28e 
CK 6528- g9 
00.0E IN 

RAYTHEON 

CK6336A 

AND 

CK6528 



"Surface Passivation as Applied to 
Micro-Components," T. C. Hall, Pacific 
Semiconductors, Inc., Culver City, Calif. 

"Laminar Junction Structures: A New 
Concept in Microcircuit ry, " J. Alegreti, 
Merck Sharpe & Dohme, Rahway, N. J. 

"Solid State Micrologic Elements," 
L. Kattner, J. Last, and J. Nall, Fairchild 
Semiconductor Corp., Palo Alto, Calif. 

Thursday Afternoon 

Session 26—Government and Industry: 
Engineering Proposals 

Panel Discussion 

Moderator: Cendr. W. Ten Hagen, USN, 
Bureau of Weapons, Western District, El 
Segundo, Calif. 

Panelists: J. Tassen, Contracts Div., 
Bureau of Naval Weapons, Washington, 
D. C.; C. E. Petrillo, U. S. Army Signal 
R & D Lab., Ft. Monmouth, N. J.; J. B. 
Lewi, Packard-Bell Electronics Corp., Los 
Angeles, Calif.; N. Klumph, Western Develop-
ment Labs., Phi/co Corp., Palo Alto, Calif.; 
R. Nordlund, Wright Air Development Div., 
Dayton, Ohio. 

Session 27—Air Traffic Control 
(ATC)—Session II 

Related Papers 

Chairman: G. Bieging, Packard-Bell 
Electronics Corp., Los Angeles, Calif. 

"Central Data Processing of ATc Sys-
tems," L. L. Wahlman, Librascope Div., 
General Precision, Inc., Glendale, Calif. 

"Data Processing Requirements of the 
ATC System," N. Pomerantz, General Pre-
cision Laboratories Div., General Precision 
Inc., Pleasantville, N. Y. 

"Automation in ATc,” T. L. Bartlett, 
Radio Corporation of America, Camden, N. J. 

"The Need for Automatic AFC," H. K. 
Morgan, Bendix Aviation Corp., Detroit, 
Mich. 

"Future Trends in ATC," G. Van Alstyne 
Gilfillan Bros., Inc., Los Angeles, Calif. 

Session 28—Antennas, Session II 

Contributed Papers 

Chairman: C. E. Dunn, Convair Div. of 
General Dynamics, Inc., Pomona, Calif. 

"A Continuous Bistatic Echo Area 
Range," J. W. Eberle, Ohio State Univ., 
Columbus, Ohio. 

"Fresnel Region Boresight Methods," 
A. Bogush. RCA, Moorestown, N. J. 

"The Zone Plate as a Focussing Ele-
ment, - C. E. Hendirix and L. F. Van Bus-
kirk, U. S. Naval Ordnance Test Station, 
China Lake, Calif. 

"Beacon Antennas for Project Mercury," 
D. F. Shea, D. Alstadter and W. O. Puro, 
Me/par, Inc., Falls Church, Va. 

"Miniaturized Cavity Fed Slot Anten-
nas," F. P. Brownell and D. F. Kendall, The 
Martin Co., Denver, Colo. 

Session 29—The Pioneer V Experiments 

Symposium 

Chairman: C. P. Sonett, Space Tech-
nology Laboratories, Inc., Los Angeles, Calif. 

"Preliminary Results from the Space 
Probe Pioneer V," C. Y. Fan, P. Meyer and 
J. A. Simpson, University of Chicago, 
Chicago, Ill. 

"Radiation Measurements Made by 
Space Probe Pioneer V," R. L. Arnoldy, 

R. A. Hoffman and J. R. Winckler, University 
of Minnesota, Minneapolis, Minn. 

"Measurements of the Geomagnetic and 
Interplanetary Magnetic Fields: Pioneer 
V," P. J. Coleman, D. L. Judge, E. J. Smith 
and C. P. Sonett, Space Technology Labora-
tories, Inc., Los Angeles, Calif. 

"Determination of the Astronomical 
Unit from a Least Square Fit to the Orbit of 
Pioneer V," J. B. McGuire, D. D. Morrison 
and L. Wong, Space Technology Laboratories, 
Inc., Los Angeles, Calif. 

Session 30—Microminiaturizatiori 

Panel Discussion 

Moderator: W. I'. Wright, Electro Opti-
cal Systems, Inc., Pasadena, Calif. 

Panelists: W. B. Warren, Hughes Semi-
conductors Labs., Newport Beach, Calif.; 
M. Kahn, Sprague Electronics, North Adonis, 
Mass.; J. S. Kilby, Texas Instruments, Inc., 
Dallas, Texas; D. Mackey, Radio Corpora-
tion of America, Somerville, N. J.; H. C. Lin, 
Westinghouse Electric Corp., Pittsburgh, l'a.; 
G. J. Se/vi, Sylvania Electric Products, Inc., 
Waltham, Mass.; E. E. Maiden, Pacific 
Semiconductors, Inc., Culver City, Calif.; 
R. Norman, Fairchild Semiconductor Corp., 
Palo Alto, Calif. 

"Reliability of Superminiaturized Silicon 
Diodes," E. E. Maiden, Pacific Semi-
conductors, Inc., Culver City, Calif. 

"The Hughes Type I Microelectronic Cir-
cuit Concept," W. B. Warren, Hughes Semi-
conductor Labs., Newport Beach, Calif. 

Friday Morning, August 26 

Session 31—Seeking a Logical 
Bioinstrumentation System 

Panel Discussion 

Chairman: V. W. Blockley, Consultant: 
Environment Physiology, Santa Monica, 

Moderator: M. Fishbein, System Develop-
ment Corp., Santa Monica, Calif. 

Panelists: D. Douglas, Spacelabs, Inc., 
Van Nuys, Calif.; L. Fields, Starling Cor-
poration, Los Angeles, Calif.; T. McNeely, 
North American Aviation, Los Angeles, 
Calif.; M. McLennon, Chief of Medical Elec-
tronics—Bio-Illedical Laboratory, Wright Air 
Development Center, Dayton, Ohio. 

"The . iiesthetized Individual in a 
Normal Environment," J. B. Dillon, M.D., 
University of California, Los Angeles, Calif. 

"The Unhealthy, Conscious Individual 
in a Normal Environment," T. Winsor, 

Los Angeles, Calif. • 
"The Healthy, Conscious Individual in 

an Abnormal Environment," P. Meehan, 
M.D., University of Southern California, Los 
Angeles, Calif. 

"Computers and Programming in a Bio-
instrumentation System," P. Tiffany, Sys-
tem Development Corp., Santa Monica, Calif. 

Session 32—Military Electronics 

Contributed Papers 

Chairman: Lt. Col. R. Isenson, Office 
Deputy Commander Army, Pacific Missile 
Range, Pt. Mugu, Calif. 

"System Implications of Electronic An-
cestor Worship," B. H. Baldridge, General 
Electric Co., Utica, N. Y. 

"Implementation of a Modern Com-
munication System on National and Global 
Scales," C. K. Chappuis, Los Angele s Calif. 

"Automatic Programming of Ground 
Support Checkout Equipment Using Com-
puter Techniques," M. Cook and C. Keeler, 
Convair Astronautics, San Diego, Calif. 

"The BMEWS Automatic Monitoring 
System," E. L. Danheiser and M. Korsen, 
Radio Corporation of America, Moorestown, 
N. J. 

Session 33—Information Theory and 
Modulation Methods 

Symposium 

"PTM /AM," C. Hoeppner, Radiation, 
Inc., Melbourne, Fla. 

"PCM /FM," R. L. Sink, Consolidated 
Electro Dynamics, Pasadena, Calif. 

"PDM," K. Uglow, Electromechanical 
Research, Inc., Orlando, Fla. 

"PACM/FM," M. B. Rudin, Aeronu-
Ironic Systems, Inc., Newport Beach, Calif. 

"DSSB/AM," J. W. Halina, Interna-
tional Telephone and Telegraph Co., Nutley, 
N. J. 

"Digilock," R. Sanders, Space Electronics 
Corp., Glendale, Calif. 

"Sebit 25," J. L. Hollis, Rixon Electron-
ics, Silver Spring, Md. 

"Telebit," J. Taber, Space Technology 
Laboratories, Inc., Los Angeles, Calif. 

Session 34—Operation and Training of 
Manned Machine Systems 

Symposium 

Chairman: H. M. Parsons, System De-
velopment Corp., Santa Monica, Calif. 

"Model for Automating Maintenance 
Function," D. Ellis, Hughes Aircraft Co., 
Culver City, Calif. 

"A Model for Relating Human Factors 
to ADP Systems Performance," J. B. 
Teeple, Thompson Ramo Wooldridge, Sierra 
Vista, Ariz. 

"Human Maintenance Functions in 
Man-Machines," M. Grodsky and G. W. Levy, 
The Martin Company, Baltimore, Md. 

"Human Factors in System Operations 
and Training," J. W. Singleton, System De-
velopment Corp., Santa Monica, Calif. 

"Measuring Human Interactions in 
Man/Machine Systems," A. M. Freed, 
System Development Corp., Santa Monica, 

Session 35—Vehicular Communications II: 
Mobile Radio and Paging System 

Contributed Papers and Panel 

Chairman and Moderator: K. T. Corner, 
Comm. Dept., City of Los Angeles, Calif. 

"System Performance, Compatibility 
and Standards," R. T. Buesing and N. H. 
Sheperd, General Electric Co., Lynchburg, Va. 

"Personal Two \Vay Radio Communica-
tion System Featuring Modular Construc-
tion," T. H. Yaffe, Bendix Radio Div., 
Bendix Aviation Corp., Baltimore, Md. 

"Personal Radio Paging in the VHF 
Band," J. F. Mitchell, Motorola, Inc., Chi-
cago, Ill. 

"Police and Fire Department Communi-
cation Centers: A System Approach to the 
Control Console and the Related Facilities," 
G. A. Brookes, Westrex Corp., Los Angeles, 
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FROM 
DELCO RADIO 
NEW IDEAS 
FOR 
DEFENSE 

MINIATURE MODULES WITH STANDARD COMPONENTS 

They are building block !nodules. They are a product of Delco Radio's 
newly developed, three-dimensional packaging technique. They are used 

to build light, compact, reliable airborne and special purpose digital computers 
for missile control. Each module, vacuum encapsulated with epoxy resin, contains 
up to 35 standard components per cubic inch—averaging more than 50,000 per 

cubic foot. The modules perform all the standard logic functions. They meet or exceed all MIL-E-5272D 
(ASG) environmental requirements and will operate over a temperature range of — 55°C to +71 °C. They 

can be assembled in groups on printed circuit boards. There are 10 basic types and 15 variations of Delco 
Building Block Modules. With them, Delco Radio can quickly and easily build a compact, 
reliable computer for airborne guidance or any other military application. For complete 
details, write to our Sales Department. Physicists and electronic engineers: Join Delco 

Radio's search for new and better products through Solid State Physics. D ELCO 

PIONEERING PRECISION PRODUCTS THROUGH SOLID STATE PHYSICS ADIO 

Division of General Motors • Kokomo, Indiana 
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Friday Afternoon 

Session 36—Continuation of Session 31 

Panel Discussion 

Session 37—Coding Methods 
and Telemetry 

Contributed Papers 

Chairman: A. V. Balakrishnan, Space 
Technology Laboratories, Inc., Los Angeles, 

"An Improved FM Discriminator De-
tector for Airborne Telemetry Receivers," 
G. E. Reis and C. E. Land, Sandia Corp., 
Albuquerque, N. M. 

"Improved DOVAP Transponder," F. M. 
Gardner. Gardner Research C'o., Orange, 
Calif. 

"Optimized Data Systems," J. C. 
O'Brien, Technical Specialist, Pomona, Calif. 

"Reliable Fail-Safe Binary Communica-
tion," J. J. Metzner and K. C. Morgan, Re-
search Div., New York University, New York, 
N. Y. 

"Data Compression," H. Schwab, Ap-
plied Development Corp., Hawthorne, Calif. 

Session 38—Continuation of Session 33 

Symposium 

Session 39—Not scheduled 

Session 40—Vehicular Communications III: 
New Ideas and Concepts for Mobile 

Telephone Operation 

Contributed Papers and Panel 

Chairman and Moderator: A Culbertson, 
Lenkurt Co; p., San Carlos, Calif. 

Panelists: R. T. Crabb, Mobilfone Corp., 
Los Angeles. Calif.; A. R. Ogilvie, Secode 
Corp., San Francisco, Calif.; C. W. Schweiger 
Pacific Telephone and Telegraph Co., San 
Diego, Calif. 

"Application of Trunking Principles to 
Multichannel Mobile Telephone Service," 

E. S. Randel, American Telephone and Tele-
graph Co., New York. N. Y. 

"System Concepts for Address Com-
munication Systems," D. H. Hamsher, U. S. 
Army Signal R & D Laboratories, FI. Mon-
mouth, N. J. 

"Push- Button Mobile Dial Radiotele-
phone: An Advanced Concept in Common 
Carrier Mobile Service," J. R. Stewart, 
Motorola, Inc., Chicago, III. 

"A Three-Channel Single Sideband Mul-
tiplexed FM Mobile Radio System Using 
Transistorized Vehicle Termina Equip-
ment," W. S. Feld!, American Telephone and 
Telegraph Co., New York, N. Y. 

"Guarde Tone Signalling," W. B. Smith, 
Bendix Radio, Div. of Bendix Aviation Corp., 
Baltimore, Md. 

Tuesday Afternoon, August 23 

Workshop 1—Management of Manned 
Machine Systems 

Roundtable Discussion with Panel 

Moderator: R. L. Clink, Department of 
Defense, Washington, D. C. 

Panelists: R. Gilson, Stromberg-Carlson 
Co., San Diego, Calif.; E. Speakman, 
Radio Corporation of America, ('aniden, 
N. J.; W. Duke, Space Technology Labora-
tories, Los Angeles, Calif.; F. Seufert, 
Hoffman Electronics Corp., Los Angeles, 
Calif. (This is a continuation of Session 4) 

Wednesday Afternoon, August 24 

Workshop II—Analysis of Manned 
Machine Systems 

Roundtable Discussion with Panel 

Moderator: Lt. Col. .4. Debbons, Rome 
Air Development Division, Rome, N. Y. 

Panelists: L. Blumstein, Cornell Aero-
nautical Laboratory, Buffalo, N. Y.; L. Seale, 
Bell Aircraft Corp., Buffalo, N. Y.; M. Adel-
son, Hughes Aircraft Co., Fullerton, Calif.; 
a fourth panelist to be announced. ( This is 
a continuation of Session 14) 

Thursday Afternoon, August 25 

Workshop III—Synthesis and Design of 
Manned Machine Systems 

Roundtable Discussion with Panel 

Moderator: D. T. 31cRuer, Systems 
Technology, Inc., Los Angeles, Calif. 

Panelists: R. K. Ausbourne, Hughes .4 ir-
craft Corp., Culver City, Calif.; W. Evans, 
Aeronutronic Systems, Inc., Newport Beach, 
Calif.; L. Christie, System Development Corp., 
Santa Monica, Calif.; II. Van Cott, Interna-
tional Business 31achines Corp., Bethesda, 
Md. (This is a continuation of Session 24) 

Friday Afternoon, August 26 

Workshop IV—Operation and Training of 
Manned Machine Systems 

Roundtable Discussion with Panel 

Moderator: J. Lyman, Univeesity of 
California, Los Ang,eles. Calif. 

Panelists: J. Bialek, Stanford Research 
Institute, Palo Alto, Calif.; .1. Maatsch, Sys-
tem Development Corp., Santa Monica, Calif.; 
L. Stovanoff, Henan Electronics Corp., Los 
Angeles, Calif.; a fourth panelist to be 
announced. 

Wednesday Afternoon, August 24 

Women's Session 

Special Session—Engineering: 
The Woman's Role 

Invited Speakers with Audience 
Participation 

Chairman: N. E. Porter, Hewlett-Packard 
Co., Palo Alto, Calif. 

"The Woman's Position in Engineering," 
R. 31. Bernstein, Douglas Aircraft Co., Inc., 
Los Angeles, Calif. 

"Debugging the Engineer," B. B. Leitner, 
Santa Monica, Calif. 

Other speakers to be announced. 

The Fourth London Symposium on Information 
Theory 

ROYAL INSTITUTION, LONDON, W .1, AUGUST 29—SEPTEMBER 2, 1960 

The Fourth London Symposium on In-
formation Theory is to be held at the Royal 
Institution in London, W.1, from Monday, 
August 29 to Friday, September 2. The Sym-
posium is to consist mainly of discussions; it 
is expected that copies of all papers to be 
read will have been sent to all participants 
approximately six weeks before the meeting. 
Authors will then devote only 10 minutes 
each to introducing their papers. 

The Proceedings will be published after-
wards, by Butterworths' Scientific Press, 
London. 

Monday Morning, August 29 

Coding and Detection Theory and 
Statistical Theory 

Opening remarks, explanation of plans. 
"A Linear Method of Construction of 

Error-Correcting Codes," M. Driml, The 
Academy of Information Theory and Auto-
mation, Czechoslovakia. 

"Digitalised Communication over Two-
Wav Channels," J. A. Wozencraft and M. 
Hoilstein, .11.1. T. 

"Error-Correcting Codes from Linear 
Sequential Networks," N. M. Abramson, 
Stanford Unh.ersity. 

Monday Afternoon 

"Entropy and Metric Spaces," C. Rajski, 
Institute of Mathematics, Poland. 

"Physical Entropy, Information and the 
General Statistical Theory of Estimation," 
B. Mandelbrot, I.B..11. Research Center. 

"On Decoding Group Codes," N. Zierler, 

M.I.T. 
"A Self-Optimising System of Coding," 

A. 3I. Andrew, National Physical Laboratory, 
Great Britain. 

Tuesday Morning, August 30 

Telecommunication Systems 

"Congestion in Telephone Exchanges," 
R. Syski, Hiroo Ltd., Great Britain. 

"Communication in Digital Systems," 
I. L. Lebow, M.I.T. 

"Optimum Receivers for the Detection 
of Signals Transmitted through a Random 
Channel," T. Kailath, .11.1.T. 

"Weight of Evidence and False-Target 
Probabilities," J. Good, Admiralty Research 
Laboratories, Great Britain. 

Tuesday Afternoon 

Human Reaction to Information 

"Choice Reaction-Time Experiments 
and Information Theory," J. A. Leonard, 
M.R.C., Applied Psych. Laboratories, Great 
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See our new products at WESCON—Booths 2250, 2251 NUMBER 6— APPLICATION SERIES 

Bourns Trimpot® Instead of a Fixed Resistor? 
Yes, these units meet the same Mil-Specs that fixed resistors 

meet and give you the added advantage of adjustability! 

Because of their design and construction, Trimpot potentiom-
eters are virtually unaffected by the most severe shock and 
environmental conditions— a fact proven repeatedly in major 
missile and space programs. 

Trimpot units offer several kinds of savings. They minimize the 

need to maintain stocks of close-tolerance resistors—you can 
adjust to compensate for the variances of fixed components. 
Production labor costs are cut, too, for Trimpot units eliminate 

trial-and- error matching of fixed units to the system. Savings 
also carry over to maintenance because the technician can 

adjust equipment quickly in the field—no time and dollars spent 
to replace components. 

Before you specify fixed units, investigate all the advantages 
offered by Trimpot potentiometers. Over 20 basic models (wire. 
wound and carbon)—in four terminal types and three mounting 

styles—are available on short notice from stocking distributors 
or factory. Get the facts ... write for the new Trimpot brochure 
and list of distributors. 

BOURNS. INC.. TRIMPOT DIVISION 
613 5 MAGNOLIA AVE RIVERSIDE. CALIF 

PLANTS. RIVERSIDE CALIF AND AMES IOWA 

Exclusive manufacturers of Trimpot®, Trimite and E-Z-Trim®. Pioneers in transducers for position, pressure and acceleration. 
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"Is Human Choice Reaction-Time a Con-
stant?" G. H. Mowbray, Johns Hopkins Uni-
versity. 

"ilurnan Performance in Perceptual 
Tasks," J. F. Schouten, Inst. for Perceptual 
Studies, Netherlands. 

"Hesitation and Information in Speech," 
F. Goldman-Eisler, University College, Lon-
don, Great Britain. 

Wednesday Morning, August 31 

Sensory Information and Biological Models 

"Sequential Observations by Human Ob-
servers of Signals in Noise," J. A. Swets and 
D. M. Green, M.I.T. 

"Visual Information Storage," G. Sper-
ling and E. Averbach, Bell Telephone Labs. 

"Binocular Depth Perception and Pat-
tern Recognition," B. Jules, Bell Telephone 
Labs. 

"A Decision Theory Approach to Sound 
Lateralization," H. B. VorIcker, Imperial 
College, London. 

Wednesday Afternoon 

"Activity in Networks of Neuron-like 
Elements," G. B. Farley and W. A. Clark, 
M.I.T. 

"Neural Discharge Patterns and Simula-
tion of Synaptic Operations in Transmission 
of Sensory Information," L. J. Viernstein 
and R. G. Grossman, John Hopkins Uni-
versity. 

"A Model for Neurophysiological Func-
tions (an Improved 'Tortoise')," H. Zema-
nek, The Technical College, Vienna, Austria. 
A paper not yet selected, possibly from 

the Soviet Union. 

Thursday Morning, September 1 

Learning Mechanisms and other Artefacts 

"A Model for Cursive Writing Viewed as 
a Process of Pattern Generation," M. Eden 
and M. Halle, M.I.T. 

"Machine-reading of Handwriting," L. D. 
Harmon and L. S. Frishkopf, Bell Telephone 
Labs. 

"Studies of a Model of Human Cate-
gorizing Behavior," J. C. R. Licklider, Bolt 
Beranek and Newman. 

"Adaptive Waveform Recognition," C. V. 
Jakowatz, R. L. Shuey, and G. M. White, 
G.E. Co. 

Thursday Afternoon 

"Task Simplification and Learning De-
vices," J. Hartniansis, G.E. Co. 

"Learning in Random Nets," Minsky 
and O. G. Selfridge, M.I.T. 

"A Learning Filter," D. Gabor, Imperial 
College, London. 

"Mathematical Models of Perceptual 
Learning," S. Papert, National Physical 
Laboratory, London. 

Friday Morning, September 2 

Classification Theory, Syntactics 
and Semantics 

"Basic Principles and Technical Varia-
tions in Sentence-Structure Determination," 
D. G. Hays, RAND Corporation. 

"An Experimental Study of Strategies in 
'Hypothesis-Formation' by Computer, - .11. 
Kochen, I.B.M. 

"A Mathematical Theory of Discrete 
Classification," S. W. Golomb, Cal. Inst. 
Tech. 

"Documentary Classification as a Self-
Organizing System, - R. A. Fairthorne. 
Royal Aircraft Establishment, Great Britain. 

Friday Afternoon 

"The Information Content of Biological 
Classifications," G. A. Maccacaro and A. 
Rescignio, Milan, Italy. 

"Predictive Syntactic Analysis," M. E. 
Sherry and A. G. Oettinger, Harvard Uni-
versity. 

"The Description of Finite Sequential 
Processes," K. E. Iverson, Harvard Uni-
versity. 

"The Informational Analysis of Ques-
tions and Commands," D. M. Mackay, 
King's College, London. 

Joint Automatic Control Conference 
KRESGE AUDITORIUNI, MASSACHUSETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, MASS., SEPTEMBER 7-9, 1960 

Conceived to reduce the overlap of con-
ferences on control, sponsored by individual 
societies, the annual Joint Automatic Con-
trol Conference provides a unique high level 
conference on the theory and application of 
automatic control. This year's sponsoring 
society, The American Society of Mechani-
cal Engineers, with the cooperation of the 
Boston Section, and the participating 
societies, IRE, American Institute of Elec-
trical Engineers, Instrument Society of 
America, and American Institute of Chemi-
cal Engineers will conduct no other national 
conferences on control, except as part of 
their general meetings. 

Only numbered papers in this program 
will be available in separate copy form. 
Copies may be obtained from: ASI\ I E Order 
Department, 29 West 39 St., New York 18, 
N. Y. Prices are 50é to members of ASME, 
AIEE, AlChE, ISA, and IRE, $ 1.00 to 
nonmembers. Papers must be ordered by the 
paper number listed in this program; all 
numbered papers will be available at the 
Conference. Although no conference pro-
ceedings will be published, each participat-
ing society will publish its transaction-
quality papers. 

Committees for the Conference are as 
follows: General Chairman: W. D. Archi-
bald, Energy Control Co., New York, N. Y.; 
Program: J. M. Mosley, Johns Hopkins 
Hospital, Baltimore, Md.; Publicity: W. E. 
Vannah, Control Engineering, New York, 
N. Y.; Local Arrangements: A. A. Erir kson, 
Jr., R. E. Erickson Co., Boston, Moss.; \I IT 

Arrangements: J. L. Shearer, MIT, Cam-
bridge, Mass. 

Steering Committee: (ASME) W. D. 
Archibald, Energy Control Co., New York, 
N. Y.; (AlChE) D. M. Boyd, Universal Oil 
Products Co., Des Plaine;, III.; (ASME) 
E. R. Behn, Arma, Garden City, N. Y.; 
(IRE/PGAC) D. P. Linde'', University of 
Connecticut, Storrs, Conn.; (ISA) R. K. 
Adams, Oak Ridge National Laboratory, Oak 
Ridge, Tenn. 

Program Committee: General Chairman: 
J. M. Mosley, Johns Hopkins Hospital, 
Baltimore, Md.; Al Ch E Program Chairman: 
Dr. W. H. Abrahams, E. I. du Pont de 
Nemours & Co., Wilmington, Del.; AIEE 
Feedback Controls Committee Program 
Chairman: Dr. A. Fuchs, Boonshaft and 
Fuchs, Inc., Hatboro, Pa.; AIEE Recording 
& Controlling Instrumentation Committee 
Program Chairman: E. P. Davis, Leeds & 
Northrup Co., North Wales, Pa.; IRE Pro-
gram Chairman: H. A. Miller, Taylor In-
strument Co., Rochester, N. Y., ISA Pro-
gram Chairman: J. L. Harned, Research 
Labs., General Motors, Corp., Warren, Mich.; 
ASME Program Chairman: R. E. Kalman, 
R.I.A.S., Baltimore, Md. 

General Information 

Registration 

Registration will be conducted in Kresge 
Auditorium during the following hours: 

Tuesday, September 6-4:00 e.bt.- 6:00 P.M. 
Wednesday, September 7-8:00 A.M.- 5 :00 P.M. 
Thursday, September 8-8:00 AM.- 5:00 P.M. 
Friday, September 9 - 8 : 00 5.M.-12:00 NOON 

Personnel of conference registration commit-
tee and of chamber of commerce will be on 
hand at registration desk to advise on tours, 
shows, museums and restaurants. 

Conference Fees 

Members of ASME, AIChE, MEE, ISA. 
IRE  S10.00 

Nonmembers  S15.00 
Ladies   No Charge 

Conference Highlights 

September 6 
4:00 P.m.-6:00 P.m.—Early Bird Registra-
tion—Kresge Auditorium 

5:00 P.m.-7:00 P.M.—Feedforward Cock-
tail Party—Foyer of Campus Room-
Graduate House 

September 8 
5:30 P.M.—Feedback Dinner—New Eng-

land Lobster Clam Buffet—Rockwell 
Cage. Ticket: $6.00, includes tax and 
gratuities. 

Authors' Breakfast 

By invitation, the authors, session chair-
men and vice chairmen of each day's tech-
nical sessions will meet at breakfast to be-
come better acquainted and receive last 
minute instructions. The breakfast will be 
served in the West Dining Room, Graduate 
House, at 7:30 A.M. each day of the Con-
ference. 

Ladies' Program 

September 7-9 
9:00 A.m.-10:00 A.M.—Coffee Hour— 

West Dining Room—Graduate House 
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—FREQUENCY-
--CONTROL— 

WITH 

SAVOY 
CONTROL 
CRYSTALS 

for 

• CITIZENS BAND USE 

• AMATEUR and CAP 

• AIRLINE and AVIATION 

• TAXICAB and POLICE 

• MARINE RADIOPHONE 

• MILITARY and MISSILE USE 

plus all other requirements where 

precise and dependable frequency 
control insure successful, economi• 

col operation. 

Available for immediate delivery in any 

type, any frequency, any quantity 

Backed by Over 20 Years Experience 

Complete information and prices on request 
Engineering assistance available 

SAVOY ELECTRONICS, Inc. 
Subsidiaries of Savoy Industries, Inc. 

FT. LAUDERDALE, FLA. GRIFFIN, GEORGIA 
ox 7127 • LOgan 6•8416 Box 584 • Griffin 9401 

Your electronic product and service 

AVNET ELECTRONICS CORP. 

PRODUCTS 

O Bend Scintilla Connectors 
O U. S. Semcor Semiconductors 

0 Sangamo Capacitors 
0 Robertson Splice & Connector 

Cascs 
Sperry Semicondurtors 

O General Vibrex Feteners 

O Sprague Capacitors 

SERVICES 

0 Immediate Delivery 

Quality control 
Complete inventories 

O Nationwide service 
O Competitive pricing 

All of the above services and most of the above 
products are available from these Avnet stocking 

facilities: 

Los Angeles, Cal. Dayton, Ohio Chicago, Ill. 
Westbury, L. I. Sunnyvale, Cal. Waltham, Mass. 

A DIVISION 

or VITRO 

CORPORATION 

OF AMERICA 

PR EC 

THE 

WORLD'S 

FOREMOST 

DESIGNERS and 

MANUFACTURERS 

OF TELEMETRY 

RECEIVERS 

'‘11>4 114:1;d411041W 

0.0111 AD • 
a . . . 

IMI12 .11,51 
WKS. L. A. Xzt, .4 

TYPE 1432 RECEIVER 

WESCON 
BOOTH 
859 

9 I 9 JESUP DRIVE 
SILVER SPRING. MARYLAND • 

2301 PONTIUS AVENUE 
LOS ANGELES 64, CALIFORNIA 

L EC TR ONJCS SÍ NC I r 9 0 9 
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Off Campus Accommodations 

Those who have not already secured ac-
commodations may obtain their accommo-
dations in Cambridge (e.g., Hotel Commo-
dore) or Boston (e.g., Sherry Biltmore or 
Statler Hilton). Breakfast and luncheon will 
be available in the main dining room of the 
Graduate House, MIT, (cafeteria style). No 
general dinner arrangements other than the 
Feedback Buffet Dinner, September 8, 1960, 
5:30 P.M. to 7:30 P.M., have been planned, 
but Boston boasts fine eateries to satisfy any 
palate. 

Wednesday Morning, September 7 

Optimal Switching 

Chairman: R. E. Kalman, RIAS. Balti-
more, Md. 

Vice-Chairman: N. H. Choksy, Applied 
Physics Lab., Johns Hopkins University, 
Silver Spring, Md.. 

"Dynamic Synthesis of Fligher Order 
Saturating Systems," (.ASME Paper No. 
60-JAC-2) F. Kurzweil, Jr., General Products 
Div., San Jose, Calif. 

"Solution Space Approach to the Design 
of Optimal Control Systems,"' (ASME 
Paper No. 60-JAC-11) Yu- Chi-Ho, Compu-
tation Lab., Harvard University, Cambridge, 
Mass. 

"The Optimum Response of Second-
Order Zero Seeking Velocity Controlled Sys-
tems with Contactor Controls." (ASME 
Paper No. 60-JAC-3), I. Flugge-Lotz and 
3Iih Yin, Div. of Engineering Mechanics, 
Stanford University, Stanford, Calif. 

"Pulse-Width Relay Control in Sampling 
Systems,"' (ASME Paper No. 60-JAC-4), 
W. L. Nelson, Dept. of Elec. Engrg., Colum-
bia University. New York, N. Y. 

Chemical Process Dynamics 

Chairman: L. M. Zoss, Valparaiso Uni-
versity, Valparaiso, Ind. 

Vice-Chairman: A. S. Foss, E. I. du Pont 
de Nemours and Co., Wilmington, Del. 

"Survey of the Literature on Heat Ex-
changer Dynamics and Control," (AlChE 
Paper No. 1) T. J. Williams and H. J. 
Morris, Monsanto Chemical Co., St. Louis. 
Mo. 

"The Dynamics and Control of Distilla-
tion Units and Other Mass Transfer Equip-
ment," (AIChE Paper No. 2) R. R. Roth fus 
and D. H. Archer, Carnegie Institute of 
Technology, Pittsburgh, Pa. 

"Dynamics of Chemical Reactors," 
(AlChE Paper No. 3) L. Lapidus, Dept. of 
Chemical Engrg., Princeton University, 
Princeton, N. J. 

General Papers I 

Chairman: R. Knudsen, Engineering 
Staff, General Motors Technical Center. 
Warren, Mich. 

Vice-Chairman: J. L. Harned, Senior 
Research Engineer, Research Labs., General 
Motors Technical Center, Warrren, Mich. 

"Optimization of Chemical Processes, 
(Paper No. ISA-1-60) A. E. Hoerl and C. R. 
Hall, E. I. duPont de Nemours and Co., 
Newark, Del. 

"Accurate Pressure Regulation by Digital 
Servo System," ( Paper No. ISA-5-60) O. K. 

Paper not available. 

KowaHis, Wiancko Engineering Co., Pasa-
dena, Calif. 

"Fractionation Control by Chromatog-
raphy," ( Paper No. ISA-7-60) H. J. Maier, 
Perkin-Elmer Corp., Norwalk, Conn. 

"Application Factors in Transmitter 
Design," ( Paper No. ISA-8-60) V. V. Thy. 
P. H. Drinker and M. C. Kessel, Foxboro 
Co., Foxboro, Mass. 

Wednesday Afternoon 

New Techniques in Control 
System Theory 

Chairman: J. E. Gibson, Dept. of Elec. 
Engrg., Purdue University, Lafayette, Ind. 

Vice-Chairman: B. Friedland-, Dept. of 
Elec. Engrg., Columbia University. New York, 
N. Y. 

"Design of Optimum Multiveriable Con-
trol Systems, "' (ASME Paper No. 60- JAC-5) 
E. B. Lee, Military Products Group, Minne-
apolis-Honeywell Regulator Co., Minneapolis, 
Minn. 

"Reduction of Dimensionality and the 
Dynamic Programming Treatment of Con-
trol Processes,"' (.ASME Paper No. 60-
JAC-6) R. Bel/man and R. Kalobo, The 
RA ND Corp., Santa Monica, Calif. 

"Kinetic Lypaunov Functions for Sta-
bility Analysis of Nonlinear Control Sys-
tem;,"1 (ASME Paper No. 60-JAC-7) S. S. 
L. Chang, Dept. of Elec. Engrg., New York 
University, New York, N. I'. 

"New- Results in Linear Filtering and 
Prediction Theory," (ASME Paper No. 
60-JAC-12) R. E. Kalman, RIAS. Balti-
more, Md. and R. S. Bury, Applied Physics 
Lab., Johns Hopkins University, Silver 
Spring, 31d. 

Dynamic Testing of Components 
and Systems 

Chairman: J. P. Lienesch, The Foxboro, 
Co., Foxboro, Mass. 

Vice-Chairman: J. J. Hamrick, Bur-
roughs Corp., Paoli, Pa. 

"Basic Survey of Methods Available for 
Dynamic Testing of Components and Sys-
tems," (AWE Paper No. CP-60-964) L. A. 
Gould and R. IV. Rasche, Dept. of Elec. 
Engrg., MIT, Cambridge, Mass. 

"Dynamic Testing of Industrial Sys-
tems," (AIEE Paper No. CP-60-965) A. R. 
Catheron, The Foxboro Co., Foxboro, Mass. 

"A Simulation Facility for the Study of 
Decision Making in Complex Military Sys-
tems," (AIEE Paper No. CP-60-966) J. M. 
Doughty, Cambridge Research Center, U. S. 
Air Force, Bedford, Mass. 

"Dynamic Mechanical Measurements in 
Computer Systems," (A1EE Paper No. 
CP-60-967) A. J. Fuimarello, IBM, Pough-
keepsie, N. Y. 

"Dynamic Impedance Measurement of 
Electrical Contacts." (AIEE Paper No. 
CP-60-968) E. S. Mathison, IBM, Pough-
keepsie, N. Y. 

General Papers II 

Chairman: J. L. Harned, Senior Research 
Engineer, Research Labs., General Motors 
Technical Center, Warren, Mich. 

Vice-Chairman: L. Taylor, Assistant Di-
rector of Research, Vickers, Inc., Detroit, 
Mich. 

"High Temperature Pneumatics—Its 
Use and Control," ( Paper No. ISA-2-60) 
J. Rivard and J. Pembleton, Vickers, Inc., 
Detroit, Mich. 

"High Performance Pneumatic Control-
lers," ( Paper No. ISA-13-60) F. J. Finegan, 
Jr., Sperry Gyroscope Co., Great Neck, Long 
Island, N. Y. 

"A New Technique for the Simulation of 
Transport Lags," ( Paper No. ISA-6-60) 
R. K. Sterns, Computer Systems, Inc., New 
York, N. Y. 

"Physical Implementation of Torque-
Saturated, Second-Order Linear Servos With 
Optimum Switching Schemes," ( Paper No. 
ISA-9-60) R. 31. Howe and L. L. Rauch. 
University of Michigan, Ann Arbor. Mich. 

Thursday Morning, September 8 

Adaptive Control 

Chairman: K. Goff, Chief, Simulation 
and Analysis Group, Leeds and Northrup 
Co.. North Wales, Pa. 

Vice-Chairman: J. Schwartzenberg, Simu-
lation and Analysis Group, Leeds and 
Northrup Co., North Wales. Pa. 

"Opt i ma liz ng Control with Process- Dy-
namics Identification," ( IRE Paper No. 
60AC-15) P. Eykoff and O. J. if. Smith. 
Dept. of Engrg. University of California, 
Berkeley, Calif. - 

"An Error Criterion for Adaptive Sys-
tems," ( IRE Paper No. 60AC-13) R. Van 
Wechel, Halla more Electronics Co., Anaheim, 
Calif. 

"Adaptive Control through Sinusoidal 
Response," ( IRE Paper No. 60AC-14) K. C. 
Smith, Boeing Airplane Co., Seattle, Wash. 

Selected Papers on Automatic Control 

Chairman: T. F. Mahoney, Section Man-
ager, Surveillance Systems Dept., Raytheon 
Company Equipment Division, Sudbury, 
Mass. 

Vice-Chairman: R. E. Catlin, Jr., Presi-
dent, G/aflin Associates, Newtonville, Mass. 

"Synchronous Networks," ( IRE Paper 
No. 60AC-5) G. Weiss, Polytechnic Institute 
of Brooklyn, Brooklyn, N. Y. 

"The Application of Feedback Control 
Techniques to Organizational Systems," 
(IRE Paper No. 60AC-6) R. B. Wilcox, 
Missile Electronics and Controls Division. 
RCA, Burlington, Mass. 

"A Simulation Study of Semi-Automatic 
Air Traffic Control Systems," ( IRE Paper 
No. 60AC-9) A. S. Jackson, S. Pardee and 
H. Ottoson, Data Processing and Controls 
Department, Thompson-Ramo-Wooldridge 
Products Co. 

"Control Concepts for Nuclear Ramjet 
Reactors," ( IRE Paper No. 60AC-7) R. E. 
Finnigan, University of California, Lawrence 
Radiation Lab., Livermore, Calif. 

"Stability and Control of Nuclear 
Rocket Propulsion," ( IRE Paper No. 
60AC-8) R. R. Mohler, N-4 Group, Uni-
versity of California, Los Alamos, N. M. 

Control Components I 

Chairman: II'. E. Sollecito, GE Co., 
Schenectady, N. Y. 

Vice-Chairman: P. Troutman. GE Co., 
Schenectady, N. Y. 

"PERCOS—Performance Coding Sys-
tem of Methods and Devices Used for 
Measurement and Control," (AIEE Paper 
No. CP-60-972) E. Mittlemann, Consulting 
Engineer, Chicago, Ill. 

"A-C Tachometer Specifications," (AI EE 
Paper No. CP-60-973) D. Bloser, Daystrom 
Transicoil Co., Worchester, Pa. 

28A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE August, 1960 



Your TINT requirements designed 

into rugged new Eimac X778 

To meet your application requirements, the 
advanced new X778 ceramic- metal TWT 
has been especially designed to operate 
under severe environmental conditions. Its 
unique features include exceptionally wide 
frequency range- 5.0 to 11.0 KMc., small 

signal power gain of 55-60db, and light-
weight permanent-magnet focusing. 

e 

ElIVIAC FIELD ENGINEERS 

1—RUSH S. DRAKE ASSOC. 
1817 Norman 
Seattle 44, Washington 
Phone: EAst 3-8545 

2—JAMES S. HEATON CO. 
413 Lathrop Street 
Redwood City, California 
Phone: EMerson 9-5278 

3—EIMAC LOS ANGELES 
OFFICE 
3402 West Century Blvd. 
Inglewood, California 
Phone: ORchard 3-2710 

4—JIM BASTIN SALES CO. 
P. 0. Box 2098 
Honolulu 5, Hawaii 
Phone: 511-755 

5—McLOUD & RAYMOND CO. 
5403 East Evans 
Denver 22, Colorado 
Phone: SKyline 6-1589 
& 6-1580 

6—H. M. RICHARDSON & CO. 
9 East 22nd Street 
Minneapolis 4, Minnesota 
Phone: FEderal 6-4078 

7—MAURY E. BETTIS CO. 
CLYDE H. SCHRYVER ASSOC. 
3706 Broadway 
Kansas City 11, Missouri 
Phone: LOgan 1-0772-3 

8—HOWELL SALES, INC. 
P. 0. Box 747 
Grand Prairie, Texas 
Phone: Dallas— 
ANdrew 2-5153 
Ft. Worth— 
CRestview 4-4530 

9—DICK BELLEW SALES CO. 
314 Melrose 
El Dorado, Arkansas 
Phone: UNion 3-8325 

10-1. E. JOYNER 8. ASSOC. 
2258 Cascade Rd. S.W. 
P. 0. Box 10821, Stn. A 
Atlanta 10, Georgia 
Phone: PLaza 5-4336 

11—EIMAC CHICAGO OFFICE 
10105 S. Western Ave. 
Chicago 43, Illinois 
Phone: BEverly 3-3895 

Ask your nearest Eimac Sales Engineer 
about complete product specifications and 
data on this new X778 one-watt CW tube. 
Ask him, too, about any specific application 
problems. He is your direct link with 
Eimac's Research and Development Pro-
gram. And, at Eimac, your needs directly 
affect product planning and production. 

12—TECHNICAL ASSOC., INC. 
4475 Lander Road 
Chagrin Falls, Ohio 
Phone: TErrace 1-9884 

13—JAMES R. EBERLY CO. 
Bank of Commerce Bldg. 
1700 "K" Street, N.W. 
Washington 6, D. C. 
Phone: District 7-2667 

14—FRED F. BARTLETT & CO. 
18 West Avenue 
P. 0. Box 126 
Wayne, Pennsylvania 
Phone: Murray 8-7325 
& 8-7326 

15—ADOLPH SCHWARTZ 
15 Exchange Place 
Jersey City 2, New Jersey 
Phone: New Jersey 
DElaware 3-2424 
New York: WOrth 4-1757 

16—COAKLEY SALES OFFICE 
148 Needham Street 
Newton Highlands 
Boston 61, Massachusetts 
Phone DEcatur 2-4800 

CANADA: 
17—R. D. B. SHEPPARD 

2036 Prince Charles Road 
Ottawa 3, Ontario, Canada 
Phone: PArkway 2-7152 

DAYTON, OHIO, AREA 
GOVERNMENT ONLY: 

ROBERT G. SIFF & 
ASSOC. INC. 
22 Oxford Avenue 
Dayton 7, Ohio 
Phone: CRestview 8-4779 

EITEL-McCULLOUGH, INC. • San Carlos, California 

ROME, N. Y., AREA 
GOVERNMENT ONLY: 

T. "PHIL" RIZZUTI 
R. F. D. #1 
Blossvale, New York 
Phone: Rome FF 6-6109 

SANDIA REPRESENTATIVE 
BOWDEN ENGINEERING 
& SALES CO. 
8900 Snowheights Blvd. 
Albuquerque, New Mexico 
Phone: AXtel 9-0473 
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"Dynamic Response Testing, (AIEE 
Paper No. CP-60-974) I'. S. Buckley, E. I. 
duPont de Nemours and Co., Wilmington, 
Del. 

Thursday Afternoon 

Synthesis and Programming of Digital 
Computer Control Systems 

Chairman: J. R. Ragazzini, Dean of 
Engineering, New l'ork University, New 
York, N. Y. 

Vice-Chairman: A. S. Robinson, Head, 
Advanced Electronics Lab., Bendix Corp., 
Teterboro, N. J. 

"Control Programming—Key to the 
Synthesis of Efficient Digital Computer 
Control Systems," (AIEE Paper No. TP-
60-969) A. S. Robinson, Head, Advanced 
Electronics Lab., Bendix Corp., Teterboro, 
N. J. 

"Information Handling Efficiency of a 
Digital Control Computer," (A1EE Paper 
No. TP-60-970) H. Freeman, Sperry Gyro-
scope Co., Great Neck, Long Island, N. Y. 

"Logical Organization of the Honeywell 
D-290," (MEE Paper No. TP-60-971) J. J. 
Eachus, Datamatic Div., Minneapolis-Honey-
well Regulator Co., Boston, Mass. 

Control Components II 

Chairman: A. R. Aikman, Schlumberger 
Oil Well Surveying Corp., Ridgefield, Conn. 

Vice-Chairman: R. M. Howe, Dept. of 
Aeronautical and Astronautical Engineering, 
Universdr of Michigan, Ann Arbor, Mich. 

"Stan-dard Servo Package System," 
(Paper No. 1SA-4-60) R. Spencer, Vickers, 
Inc., Detroit, Mich. 

"Analysis of Electrohydraulic Valves 
and Systems," ( Paper No. ISA-11-60) R. C. 
Cataldo, Research Labs., General Motors 
Technical Center, Warren, Mich. 

"The Dynamics of Common Magneti-
cally Damped Instruments," ( Paper No. 
1SÀ-12-60) M. M. Gibbs, Minneapolis-
Honeywell Regulator Co., Boston Div., Boston, 
Mass'. 

General Papers III 

Chairman: J. L. Shearer, Dept. of Me-
chan ka Engineering, MIT. Cambridge, 

Vice-Chairman: F. D. Ezekiel, Dept. of 
Mechanical Engineering, MIT, Cambridge, 
Mass. 

"Approximate Method for Calculating 
the Time Response in Linear Time-Varying 
and Nonlinear Automatic Control Systems," 
(ASME Paper No. 60-JAC-10) B. Naumov, 
Institute of Automatics and Telemechanics, 
Moscow, U.S.S.R. (To be presented by 
G. Newton, Dept. of Elec. Engrg., MIT, 
Ca mbridge, Mass. 

"An Approach to the Design of Power 
Servo-mechanisms," (ASM E Paper No. 
60-J AC- 1) D. V. Stallard, Feedback Controls, 
Natick, Mass. 

"Improvement of the Power Efficiency 
of a Hydraulic Control System by the Use of 
a Gain Compensated Control Valve," 
(ASME Paper No. 60-JAC-8) S. Y. Lee, 
Dept. of Mechanical Engrg., MIT, Cam-
bridge, Mass. 

Thursday Evening 

Report on the First IFAC Congress at 
Moscow, U.S.S.R. June 27— 

July 2, 1960 

Chairman: H. Chestnut, First President 
of IFAC, Control Systems Engineer, General 
Engrg. Lab., General Electric Co., Schenec-
tady, N. Y. 

At this evening meeting, a team of out-
standing automatic control specialists will 
report on technical developments observed 
first-hand at the First IFAC Congress at 
Moscow, U.S.S.R. These reports will include 
an analysis of the present status and future 
trends in the areas of automatic control 
theory, scientific and industrial applications, 
and control system components. A period of 
open discussion will follow presentation of 
the formal report. 

Friday Morning, September 9 

Special Topics 

Chairman: 11". Van der Velde, Dept. of 
Aeronautics and Astronautics, MIT, Cam-
bridge, Mass. 

Vice-Chairman: H. Mori, Hydel, Inc., 
Waltham, Mass. 

"Integral Transforms for Algebraic 
Analysis and Design of a Class of Linear-
Variable and Adaptive Control Systems," 
(IRE Paper No. 60AC-10) G. W. Johnson, 
Advanced Systems Research, IBM, Oswego, 
N. Y. 

"Regression Techniques in Multiyariate 
Adaptive Control Systems, - ( IRE Paper 
No. 60AC-11) A. B. Bishop, Dept. of Indus-
trial Engrg., Ohio State University, Co-
lumbus, O. and H. R. Chope, Industrial Nu-
cleonics Corp., Columbus, O. 

'Optimum Design of Passive-Adaptive, 
Linear Feedback System with Varying 
plants," ( IRE Paper No. 60AC-12) P. E. 
Fleischer, Elec. Engrg. Dept., New York 
University, New York, N. Y. 

"Investigation of Periodic Modes of a 
Sampled Data Control System Containing 
a Saturating Element," (ASME Paper No. 
60-J AC-9) W. E. Meserve and H. C. Torng, 
Dept. of Elec. Engrg., Cornell University, 
Ithaca, N. Y. 

Case Histories and Computers for 
On Line Control Systems 

Chairman: R. G. Lex, Leeds and Northrup 
Co., North Wales, Pa. 

Vice-Chairman: H. R. Koen, Minneapo-
lis-Honeywell Regulator Co., Industrial Div., 
Philadelphia, Pa. 

"Programming for Process Control," 
(AIEE Paper No. CP-60-975) E. Borgers, 
Thompson-Ramo-Wooldridge Products Co.. 
Beverly Hills, Calif. 

"Computer Control System for a Con-
tinuous Annealing Line," (AI EE Paper No. 
CP-60-976) J. T. Bradford, Jr., Jones and 
Laughlin Co., Pittsburgh, Pa. and R. W. 
Kirkland, General Electric Co., Schenectady, 
N. Y. 

"Process Control Computer System for 
Vinyl Chloride Manufacturing at B. F. 
Goodrich Chemical Company, Calvert City, 
Ky.," (AIEE Paper No. CPA-60-5041) 
H. Flum, Thompson-Ramo-Wooldridge Prod-
ucts Co., Beverly Hills, Calif. 

"Hybrid Computers for Process Con-
trol," (AIEE Paper No. CP-60-978) G. Bir-
kel, Jr., Radiation, Inc.. Melbourne, Fla. 

Panel Discussion—Automatic 
Control Education 

"The Role of the University in Control 
Technology," a panel discussion by four 

educators and a representative from indus-
try on these questions: a) Is there such a 
thing as an academically prepared control 
engineer? b) What would be the ideal aca-
demic preparation for this field? c) What 
kind of graduate control specialists does in-
dustry want? d) What kind of research in 
control technology can universities under-
take? e) What kind of aid can industry give 
to universities to help develop competence 
in control technology? 

Moderator: L. El Slater, Executive Direc-
tor, Foundation for Instrumentation Educa-
tion and Research, New York, N. Y. 

Panelists: D. P. Eckman, Director, Sys-
tems Research Center, Case Institute of Tech-
nology, Cleveland, Ohio.; E. F. Johnson, Pro-
fessor of Chemical Engineering, Princeton 
University, Princeton, N. J.; J. L. Shearer, 
Associate Professor of Mechanical Engineer-
ing, MIT, Cambridge, Mass.; S. W. Herwals, 
Vice-President, Research, Westinghouse Elec-
tric Corp., Pittsburgh, Pa.; J. R. Ragazzini, 
Dean of Engineering, New York University, 
New York, N. Y. 

Friday Afternoon 

Nonlinear Systems 

Chairman: G. S. Axe/by, Fellow Engineer, 
Westinghouse Air .4rin Division, Baltimore, 
Md. 

Vice-Chairman: H. A. Miller, Manager, 
Electronic Development Div., Taylor Instru-
ment Co., Rochester, N. Y. 

"On Minimum of Maximum Expected 
Deviation front an Unstable Equilibrium 
Position of a Randomly Perturbed Control 
System," ( 1 RE Paper No. 60AC-1) M. Aoki, 
Numerical Analysis Research, University of 
California, Los Angeles, Calif. 

"A Nonlinear Analysis Technique for an 
On-Off Servo," ( IRE Paper No. 60AC-2) 
R. Farrah, Res. Labs. Div., Bendix Corp., 
Detroit, Mich. 

"Synthesis of High Order Nonlinear Con-
trol Systems with Ramp Input," ( IRE 
Paper No. 60AC-3) C. Shen, Dept. of Mech. 
Engrg., Rensselaer Polytechnic Institute, 
Troy, N. Y. 

"A Phase Space Investigation of Bi-
Stable Systems by Means of Vectors," ( IRE 
Paper No. 60AC--4) R. V. Halstenberg, Con-
vair, San Diego, Calif. 

Optimum Control of Chemical Processes 

Chairman: T. J. Williams, Monsanto 
Chemical Company, St. Louis, Mo. 

Vice-Chairman: A. M. Fuchs, Boonshaft 
and Fuchs, Hatboro, Pa. 

"Dynamic Solution to a Generalized 
Chemical Processing Model," (AIEE Paper 
No. CP-60-979) R. E. Boydston, Information 
Systems, Inc., Skokie, Ill. 

"Considerations in the Design of a Dy-
namic Control System for Generalized 
Chemical Processing Model Considered as a 
Nonlinear System," (AIEE Paper No. 
CP-60-980) A. E. Beecher and L. A. Gould, 
Systems Lab., MIT, Cambridge, Mass. 

"Optimization of a Chemical Processing 
System," (AI EE Paper No. CP-60-981) 
J. H. Decanini and L. A. Gould, Systems 
Lab., MIT, Cambridge, Mass. 

"Dynamic Optimization and Control of 
a Stirred Tank Chemical Reactor," (MEE 
Paper No. TP-60-982) W. Kipiniak and 
L. .4. Gould, Systems Lab., MIT, Cambridge, 
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New dimensions in design flexibility 

AT THE 
WESCON SHOW 

—VISIT 

BOOTH 304! 

'rev% PRECISION DRAWN 

CLOSURES 
Leading electronic/electrical manufacturers specify HUDSON clo-
sures for total reliability in commercial equipment and vital military 
programs. HUDSON precision-drawing is an industry standard... 
standardized tooling reduces cost and production time ... HUDSON 
"know-how" turns out specials quickly for unusual applications. Call 
Hudson for complete, reliable service — every time! 

A complete 
Range of Standard 

Cases and Covers from 
Transistor Caps to 

Transformer Housings 

Hudson Standardized Closure Designs include — 

• RELAY CLOSURES 
• TRANSFORMER HOUSINGS 

• INSTRUMENT CASES , 

• TRANSISTOR AND DIODE CLOSURES 
• NICKEL-SILVER CRYSTAL CASES 

• COVERS WITH INSTALLED TERMINALS 

Commercial and Military Closures in — 

• MU METAL • BRASS 
• NICKEL-SILVER • COPPER 

• ALUMINUM • STEEL AND STAINLESS STEEL 

— all finishes available 

Hudson Tool at Die Company • Inc 
18-38 Malvern Street, Newark 5, New Jersey 

Precision Metal Components for Electronics, Nucleonics, Avionics and Rocketry 

Telephone: MArket 4-1802 

Teletype: NK 1066 

Ask for the 
HUDSON 
CATALOG 
— contains 
complete data 
on HUDSON 
Standard 
Closures 
including MIL 
types. Please 
make request 
on company 
letterhead. 



In the complete 
BUSS line... 

you can quickly find the right fuse and 
fuseholder to meet every demand! 

Dual-element "slow-blowing", 
single-element "quick-acting" and 
signal or visual indicating type fuses 
. . . plus a companion line of fuse 
clips, blocks and holders . . . are 
available from one source — BUSS. 
You'll save time and trouble by 
turning first to BUSS when you 
need fuses and fuseholders. 

To safeguard against 'kicks' or 
complaints, every BUSS fuse is 
tested in a sensitive electronic de-

vice. Any fuse not correctly cali-
brated, properly constructed and 
right in all physical dimensions is 
automatically rejected to assure de-
pendable protection under all ser-
vice conditions. 

Save engineering time on special 
problems in electrical protection. 

At your request, the BUSS fuse 
engineers are at your service to help 
you determine the fuse or fuse 
mounting best suited to your needs. 

BUSS makes a complete line of fuses for home, farm, commercial, 
. electronic, electrical, automotive and industrial use. 

In many cases it is possible to find, 
in the complete BUSS line, a fuse 
and fuse mounting already available 
in local wholesalers' stocks, so that 
your device can be easily serviced. 

For more information on BUSS 
and FUSETRON small dimension 
fuses and fuselzolders . . . Write for 
bulletin SFB. 

860 

BUSSMANN MFG. DIVISION, 

MeGrow•Edoson Co. 

University at Jefferson, St. Louis 7, Mo. 
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"Big Stick" of the Strategic Air 
Command, Boeing B-52-G Missile 
Bomber can reach overseas tar-
gets and return without refueling. 

The most potent airborne Countermeasures 

Equipments yet devised are being produced in 

quantity by Hallicrafters for our military air-

craft. Teamwork with our armed forces con-

tinues to pay off for America- in more effective, 

more economical electronic warfare systems. 

hallicrafters t company 

Please turn the page ... for examples of Hallicrafters 
facilities, and Quick Reaction Capability in Airborne, 
Ground, Naval and Missile electronic systems for 
counter-measures ... reconnaissance ... maintenance 
and technical support . .. communications. 

Military Electronics Division 

Chicago 24, Illinois 



MOST 
ADVANCED 
OPERATIONAL 
ILECTRONIC 
IVARFAR 
SYSTEM 
FOR OUR 
ARMED 
FORCES 

company 

"There is but one 

lamp by which our 

steps are guided—the 

lamp of experience" 

-Patrick Henry 

For more than a quarter 

century, Hallicrafters has 

worked in close partnership 

with our armed forces on fast 

solutions to critical military 

electronics problems. Out of 

this priceless experience 

are emerging startling new 

ideas and hard-hitting, fast-

moving techniques to keep 

our country one jump ahead 

in electronic warfare . . . 

New levels of speed and efficiency are being reached in equipment moderniza-
tion, retrofit and technical support programs with Hallicrafters' radical new 
"Blue Streak" project. Specially- trained Maintenance and Technical Support 
Teams, close-knit and flexible, can be tactically deployed to accomplish main-
tenance, installation and testing of electronics weapons systems anywhere in 
the world. 

Hallicrafters participation in the Atlas missile project helped to develop capa-
bility for many areas of the complex missile field, including code translator 
data systems; ground support equipment; ECM testing and antenna systems. 
Current explorations involve latest Infra Red techniques. 

Hallicrafters communications leadership is exemplified by new high frequency 
Single Sideband receiver, (model no. s.w.E.). Ho% modular design permits simple 
modification for compatability with existing and future communications systems. 
Stability, with proper available plug- ins, is better than one part in 10,000,000 per 
month.Hallicrafters also offers an existing capability in receiving and transmitting 
techniques up to frequencies of 50,000 megacycles. 

Airborne antennas and micro- wave components with power capability in excess 
of 1,000 watts, can be made available to solve tomorrow's very high power 
handling requirements. Testing of microwave components is possible with 
special high power generators, designed and built by Hallicrafters. 

For further information on Hallicrafters facilities and experience in mil-

itary electronics research, development and production, please write to: 

Looking for a challenging new opportunity? We are intet-

ested in qualified engineers at all levels. For full details in confi-

dence, contact William F. Frankart, Director of Engineering. 

hallicrafters 0 company 
Military Electronics Division, 4401 W. 5th Ave., Chicago 24, Ill. 



for clear display of: 
Single- shot nuclear events • Fast diode turn- on • Avalanche transistor waveforms 

Recovery time of fast diodes • High-speed circuit response • Transistor switching waveforms 

2 nsec 

Switching and storage tintes in fast 
transistors and diodes can be meas-
ured using the outstanding character-
istics of the Type 519. In this typical 
diode- recovery- time waveform, the 
upper troce is + 45 ma reference, the 
middle trace shows the diode turn-
off, and the lower trace shows the 
diode shorted. 

9 
125 Ova ',LSE IFFRuf 
AND FORWARD RinE 

CURRENT INPUT 

1111181111111  
S nsec/cm 

The Type 519 Oscilloscope , s on in. 
valuable tool for testing active or 
passive widebond circuits. In this 
wideband amolifier waveform little 
or no correction is necessary for the 
inherent risetime of the oscilloscope. 

ne 

• Tunnel diode waveforms 

• Radio frequency waveform 

TEKTRONIX 

KNIC OSCILLOSCOPE 

CAREER OPPORTUNITIES now exist at Tektronix in 

the following fields: Instrument design. Circuit design 
and engineering, Cathode ray tubes, Electron physics. 

Solid state and semi-conductor devices. For information 
write to Irving Smith. Personnel Director. 

Tektronix, Inc. 
P. 0. Box 500 • Beaverton, Oregon 

Phone Mitchell 4-0161 • TWX—BEAV 311 • Cable: TEKTRONIX 

Type 519 

DC to over 1000 Megacycles 

24-k v Accelerating Potential 

The new Tektronix Type 519 Oscillo-
scope is a calibrated high-speed labora-
tory instrument designed for observation, 
measurement, and photographic record-

ing of fractional nanosecond risetimes. A 2 x 6 cm 
viewing area coupled with 24-kv accelerating poten-
tial affords bright displays with excellent definition. 

Performance features include: passband from de to 
beyond 1000 mc, risetime less than 0.35 nsec, sensi-
tivity of 10 v/cm, linear sweeps to 2 nsec/cm, sweep 
delay to 35 nsec, and a sensitive wideband triggering 
system. All features are fully compatible with the 
signal bandwidth capabilities of the instrument. The 
single unit houses a fixed signal delay line, a con-
venient sweep-delay control, a pulse-rate generator, a 
standard amplitude and waveform generator, and 
electronically-regulated power and high voltage sup-
plies. Only two connections are necessary for normal 
operation—signal input and power cord. 
Combining simple operation with laboratory pre-

cision and reliability, the Tektronix Type 519 Oscillo-
scope is ideally suited to single-shot or random 
nuclear events. In addition, the extreme bandwidth 
of the Type 519 permits application to general 
measurements where oscilloscope risetime must be 
much faster than signal risetime. 

PRICE, Type 519   $3800 
f.o.b. factory 

Please call your Tektronix Field Engineer for cont. 
plete specifications and a demonstration of the 
Type 519 in your own applications, 

TEKTRONIX HELD OFFICES: AISi4serque, N. Me>. • Atlanta, Ga, • Baltimore ( Tows,. N'y , • Benton ( Le•ingion, Moss,I • Buffoto,N.Y. • Ch:cogo ! Pork Ridge, 111.1 • Cleveland, Ohio • Dallas. Texas • Dayton. 
Or•o • Denver, Colo. • De,roa nothrup Village, Mich.l • Endicott IEndwell, N.Y.) • Greensboro, N.C, • Houston, Texas e Kansas City (Mission, Kan.) • Los Angeles, Calif., oreo gust L.A., Encino, West 1.5.1 
e Minneapolis, Minn. • Ne« York City Ateo (Albertson, L.I., N.Y. • Stamford, Conn, • Union, Nil • Orlando, Flo. • Philadelphia, Pa. • Phoenix, IScaftsdole, Ariz.) • Poughkeepsie, N.Y. • Son Diego. 
Calif. • Son Francisco ( Palo Alto, Calif.) • Sr. Petersburg. Fla. • Syracuse, N.Y. • Toronto ( Willowdale, oe.) Canada • Washington, D.C. (Annandale, Va.) 
 ONIX ENGINEERING  NTATIVES: Hawthorne Electronics, Portland, Oregon • Seattle, Washington. Tektronix is represented in twenty oven., countries by coolified engineer:ng organizations. 

In Europe please write Tektronix Inc., Victoria Ave., St. Sornpsons, Guernsey C. I., for the address of the Tektronix Representative in your country. 

SEE THE TYPE 519 AND OTHER NEW TEKTRONIX INSTRUMENTS AT WESCON, BOOTHS 817 AND 818 
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Peak Following Amplifier 
Nlodel V63 peak following amplifier, a 

product of Video Instruments Co., Inc. 
3002 Pennsylvania Ave., Santa Monica, 
Calif., is used to amplify signals from crys-
tal type accelerometers. The unique fea-
ture of this amplifier is that it produces a 
proportional dc level for each peak of ac-
celeration. This makes it possible to use 
peaks of sine waves or random waves as 
control functions. For example in vibra-
tion tests, "safe" limits can be established 
through the use of a reference voltage. 
Whenever the de output level of the V63 
exceeds the reference voltage, a relay be-
comes energized and can be used to shut 
down the test, or sound an alarm, before 
the test becomes destructive 

At its output, the V63 provides up to 
100 ma. This high current output makes it 
possible to drive high frequency recorders 
with the V63. If the chart speed is suffi-
ciently slow, the resulting curve will be the 
envelope of the vibration curve. Thus this 
amplifier also performs a task of data re-
duction. 

The input impedance of the V63 is in 
excess of 1,000 megohms. The bandwidth 
is from 5 cps to 5 kc. The output however is 
de coupled, at an impedance of less than 
1 ohm, from dc to 5 kc. The unit has an 
integral, regulated power supply. 

Transistorized DC 
To DC Converter 

American Research & Manufacturing 
Corp., 920 Halpine Ave., Rockville, Md., 
has developed a line of miniature dc to dc 
power supplies providing a range of high 
voltages at low current levels, suitable for 
such applications as Geiger tubes, photo-
multipliers, cathode ray tubes, photo 
flash units, infra-red detection and other 
low-power consuming equipment. 
A ringing choke- type converter, using 

a single germanium transistor, provides up 

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

to 0.75 watt power output, up to 80% 
efficiency. Output voltage of unregulated 
units is adjustable via external resistors. 
Proper model selector makes possible un-
regulated output voltages of from 350 to 
2100 volts dc, at load currents of up to 
250 microamperes. The units are designed 
to operate from 6 volts or 12 volts de 
power sources, each unit equipped with a 
standard 8-pin octal socket. \Vith excep-
tion of externally removable transistors, 
the units are completely encapsulated. 
Maximum ripple is 1% rms. 

Utilizing corona-type voltage regulator 
tubes to achieve regulation of output volt-
ages, the units provide regulated outputs 
at 400, 500, 600, 700, 800, 900, 1000, 1200, 
1500, 1800 and 2000 volts. Typical varia-
tions in load voltage are ± 7 volts for a 400 
volt unit when the load current is varied 
from 5 to 150 ma, and a + 35 volt change 
in the output voltage for an 1800 volt unit 
when the load current changes from 15 to 
250 ma. 

Varying with size of order, prices of un-
regulated units range from $65.25 to 
$81.50, regulated units from $71.00 to 
$88.85. 

Telemetering Test 
Oscillator 

Crosby-Teletronics Corp., 54 Kinkle 
St., Westbury, L. I., N. Y., has developed 
an advanced telemetering test oscillator 
which is being used to ground check com-
ponents in the Polaris missile program. 

The Model TO-258 Telemetering Test 
Oscillator, designed with high frequency 
stability, provides accurate calibration of 
sub-carrier units in the FNI FNI tele-
metering system. 

High frequency stabilit y and deviation 
control calibrated directly in percent make 
this instrument suited for production test-
ing and other applications utilizing stand-
ard test frequencies. Models can be sup-
plied with any 20 frequencies from 20 cps 
to 100 kc. Selection of frequencies is made 
by push-button. 

Wilson President 
of Hazeltine 

Directors of Hazeltine Corporation 
have announced the election of Webster H. 
Wilson as president. Wilson had been ex-

ecutive vice presi-
dent for operations 
of Hazeltine Elec-
tronics Division 
and a director of 
Hazeltine Corpora-
tion since 1958. He 
succeeds William A. 
MacDonald, who 
continues as chair-
man of the board. 

Wilson joined 
Hazeltine in 1946 
and became a chief 
project administrator aml later vice presi-
dent of the Government and Commercial 
Department. The new Hazeltine president 
was graduated from Phillips Academy, 
Andover, Massachusetts and received his 
Bachelor of Science degree from 'Massa-
chusetts Institute of Technology in 1936, 
where he majored in Business Administra-
tion and Aeronautical Engineering. As a 
naval officer during World \Var II, he 
supervised the installation and mainte-
nance of shipboard electronic equipment. 
Prior to the war, he was an engineer with 
the Boston Edison Company. 

Wilfred M. McFarland was elected 
vice chairman of the board, a position 
which was recently established. He has 
been a director since 1953. Mr. McFarland 
retains his post as executive vice president 
of Hazeltine and as president of Hazeltine 
Technical Development Center, Inc., the 
company's Indiana subsidiary. 

(Continued page .“. 1) 
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Creative Microwave Technology /Miff, 

Published by MICROWAVE AND POWER TUBE DIVISION, RAYTHEON COMPANY, WALTHAM 54, MASS., Vol. 2, No. 2 

A TOTALLY NEW CONCEPT IN " 0"-TYPE BWO CONSTRUCTION 

--Interdigital-type delay line affords maximum heat dissipation at high power outputs 

These broadband voltage tunable backward 
wave oscillators are the smallest, light-
est and most reliable of their kind. They 
were developed especially for modern air-
borne and ground-based applications uti-
lizing swept oscillator and frequency 
diversity techniques. Four compatible 
types are available. They cover a contin-
uous frequency range of 1 to 12.4 KMC. 
They are magnetically shielded and are 
insensitive to the effects of external 
fields. They exhibit a minimum of fine-
grain power output variations. Potted 
leads permit operation at high altitudes 
over a wide temperature range. Raytheon-
perfected laminating techniques make 
possible interdigital construction which 
results in maximum heat dissipation. 
Under normal operating conditions, no 
forced-air cooling or protective cir-
cuitry is required. Laminate-thickness 
held to extremely close tolerances as-
sures improved fine-grain frequency char-
acteristics with optimum line matching 
and consistently reproducible character-
istics from tube to tube. 
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FREQUENCY VS. DELAY LINE POTENTIAL 
QKB760A BACKWARD WAVE OSCILLATOR 
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500 1000 

DELAY LINE POTENTIAL—VOLTS 

o 

Excellence in Electronics 

1500 

>Pica' Operating Characteristiga 

Frequency Range 
Power Output 

Delay Line 
(Tuning) Voltage 

Filament Voltage 
Cathode Current 

Anode Voltage 60-150Vdc 
Control Grid 
Cut-oft 

ore 
1.0-2.0KMC 
100 mW Min. 
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1000 

800 

600 

400 

200 

-150 Vdc 

91(1_11f}1.61.1 (410376QA QKB776 

2.0-4.010K 4.0-8.0KMC 8.0-12.41CMC 
70 mg Min. 30 10 Min. 50 me Min. 

100-1500 Vdc 

6.3 V. 
45 mA Max. 

100-200 Vdc 60-130 Vdc 60-130 Vdc 

-100 Vdc - 100 Vdc -100 Vdc 

POWER OUTPUT VS. DELAY LINE POTENTIAL 
QKB760A BACKWARD WAVE OSCILLATOR 

o 500 1000 

DELAY UNE POTENTIAL—VOLTS 

1500 

You can obtain detailed application information 
and special development services by contacting: 

Microwave and Power Tube Division, Raytheon Co., 

Waltham54, Mass. In Canada: E. Waterloo, Ontario. 
In Europe: Zurich, Switzerland. 

A LEADER IN CREATIVE MICROWAVE TECHNOLOGY 

SEE THESE TUBES AT RAYTHEON'S WESCON BOOTH. 



Ballantine's Model 3020 

BATTERY- POWERED 
AC Electronic Voltmeter 

measures rms of a sine wave 

100 pv to 1000 ti 
at frequencies 

2 cps to 150 kc 
USE it for measurements 

on ungrounded or 
symmetrical circuits. 

NO HUM, with gain to 
60 db. No flutter. 

INPUT IMPEDANCE 
2 megohms shunted by 
10 or 25 pf. 

ACCURACY OVER 
ENTIRE SCALE better 
than 3%, except below 
5 cps and above 100 kc. 

ACCESSORIES avail-
able to extend voltage 
range from 20 icy to 
10,000 y and to measure 
AC currents from 0.1 
/La to 10 a. 

Price: $255. 

13 years of production experience has resulted in making 
this one of the most useful and reliable VTVM's in the 
Ballantine line. 

Write for brochure giving many more details 

— Since 1932 _ 
BALLANTINE LABORATORIES INC. 

Boonton, New Jersey 

CHECK WITH BALLANT1NE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS, REGARDLESS OF YOUR REQUIREMENTS FOR 
AMPLITUDE, FREQUENCY, OR WAVEFORM. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR. ALSO AC/DC AND DC/AC 
INVERTERS, CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER, DIRECT-READING CAPACITANCE METER, OTHER ACCESSORIES. 

NEWS 
New Products 

(Continued front page 36A) 

Beetham VP and 
Manager of Knights 

The James Knights Co., Sandwich, Ill., 
announces the election of four new vice 
presidents: Robert Beetham becomes vice 
president and man-
ager of the Knights 
filter products de-
partment. Beeth-
am joined James 
Knights in 1954. 
He holds post-grad-
uate degrees from 
Ohio State Univer-
sity and is widely 
known as an elec-
tronic scientist. 

Louis Dick was 
elected vice presi-
dent and chief crystallographer. Mr. 
Dick's experience includes work in piezo-
electricity at Colorado A & M College. 
He was manager of Motorola's crystal ac-
tivity prior to joining Knights in 1954. 

David Larsen, a 1952 graduate in elec-
trical engineering from Colorado Univer-
sity, becomes vice president and produc-
tion manager of the crystal plant. 

Glen Munro becomes vice president 
and general sales manager. Munro has an 
extensive background in the electronics 
market, including 10 years as a regional 
sales manager of Motorola. 

Add-Subtract 
Decade Counter 

A new transistorized 100 kc add-sub-
tract decade counter which features simple 
switching control is available from Ro-
botomics, Inc., 4624 E. Garfield, Phoenix, 
Ariz. Grounding one of two control fines 
determines whether decade will add or 
subtract. Available in single voltage model 
1303 requring + 100 volts at 40 ma; or 
lower dual voltage model 1203 requiring 
+30 volts at 35 nia., and 60 volts ac at 

1 nia. Bright, ten number display, elec-
trical zero reset, and optional coincidence 
output. Plugs into standard 10-pin PC con-
nector. Size: 319i H. X 1 W. X 31 inches D. 
Weight is 3 ounces. Availability: 2-4 
weeks after receipt of order in quantities of 
1 to 24. Model 1203, production quanti-
ties of 100 & up $63.00, Model 1303, 
$73.00. 

(Continued on page 110A) 
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 25 Oscillogram shows 

cc output of special 

Sola Constant Voltage 

Transformer which feeds 

power supply's rectifier. Wave 

shape is nearly square, permitting 

conservative loading of rectifier — 

considerably simplifying ripple filtering 

Square-wave output of special transformer gives 

high efficiency in Sola's regulated dc power supply 

Sola engineers (men with a keen eye for a trim wave 
shape) designed a special constant voltage transformer 
having nearly a square-wave output. Then they linked 
the transformer with two other components to produce a 
regulated de power supply which has notable efficiency. 

They fed the regulated output of this transformer into 
a semiconductor rectifier . . . the low-peak characteristic 
of the square wave results in a conservative loading on 
the economical rectifier assembly. It can deliver con-
siderable amounts of current as long as you don't over-
voltage it—and over-voltaging just doesn't happen when 
the input to the rectifier is Sola-regulated to within -±1%. 

The rectified voltage feeds into the third component 
in this happy combination—the high-capacitance filter. 
The capacitor's filtering job is made easier because the 
rectified square wave contains a comparatively small 

SOLA 
f: • 

A DIVISION OF 

For complete data 

amount of ripple. Final dc output from the filter has 
less than 1% rms ripple . . . for many applications there 
is no need for a voltage-dropping, efficiency-cutting 
choke coil. 

The Sola Constant Voltage DC Power Supply has 
output in the ampere range, regulates within -±1% even 
under ±10% line voltage variations, and is suitable for 
intermittent, variable, and pulse loads. It has low output 
impedance, is very compact, and provides about all you 
could ask for in maintenance-free dependability. 

Hundreds of ratings of these dc power supplies have 
been designed and produced to meet widely varying 
electrical and mechanical requirements of equipment 
manufacturers. In addition, there are six stock variable-
output models and six stock fixed-output models with 
ratings from 24 volts at six amps to 250 volts at one amp. 

write for Bulletin 1H-DC 

CONSIANT VOLTA« TRAMSFORMUM RECMAI1D X POWER SUPFULS MERCURY LAMP TRANSFORMERS FLUORESCENT LAMP BALLASTS 

BASIC PRODUCTS CORPORATION 

SOLA ELECTRIC CO., Busse Rd. at Lunt, Elk Grove, Illinois, HEmpstead 9-2800 • In Canada, Sola - Basic Products Ltd., 377 Evans Ave., Toronto 18, Ont. 
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A VACUUM WORKHORSE 
for Laboratories with Many 
and Varied Problems • • • 

ifflorniummewik. î 14.>14 

Ar/da'JW 

PW-200 PACKAGED 
PUMPING SYSTEM 

The popularity of KINNEY Pack-

aged Pumping Systems stems from 

the fact that they are so downright 

useful. They'll evacuate chambers, 

tanks, bell jars, furnaces, tubes or 

equipment — anywhere — and 

quickly. With main valve closed, 

the KINNEY PW-200 will attain ulti-

mate pressures to 5 x10 -6 mm Hg 

with no coolant in the trap, (5 x 10 -7 

mm Hg with coolant). 

The Rotatable "T" Manifold is a 

Feature of KINNEY Packaged Pump-

ing Systems. The stem of the "T" 

can be rotated a full 90 —from hori-

zontal to vertical—so that the system 

is readily converted to form a com-

plete Evaporator by the addition of 

a suitable baseplate. Get the facts 

on the PW-200 and other KINNEY 

Packaged Pumping Systems. 

KINNEY VACUUM DIVISION 

THE NEW YORK AIR BRAKE COMPANY° 

3631M Washington Street • Boston 30 • Mass. 

Please send me Bulletin Na. 4000.1 describing 
KINNEY Packaged Pumping Systems. 

Name  

Company  

Address  

City Zone State  

IRE People 
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The appointment of Harland A. Bass 
(M'44-SM'52) as Chief Engineer, Data 
Handling, was announced today by Mr. 
R. M. Bukaty, Vice 
President, Elec-
tronics and Con-
trols Operation, 
Crosley Division, 
Avco Corporation. 

He had been 
serving as Assistant 
Chief Engineer, 
Data Handling, and 
first joined Crosley 
in 1940 as an en-
gineer on military H. A. BASS 
products. 
A native of Waterloo, Iowa, Mr. Bass 

attended Iowa State Teachers College and 
was graduated with a Bachelor of Science 
in Electrical Engineering from the Uni-
versity of Iowa. 

With the appointment of Joseph D. 
Bianco (M'56) to the newly created post of 
sales manager, Components for Research, 
Inc., Palo Alto, California, marks the com-
pletion of four years of activity in the 
potting and encapsulation of electronic 
assemblies. The appointment is part of a 
major expansion program which will pro-
vide a broad line of specialty epoxy-resin 
components for ultra-high-voltage appli-
cation. 

Mr. Bianco leaves Hughes Aircraft 
Company's Vacuum Tube Products divi-
sion in Oceanside, Calif., where he was 
plant manager, to accept this post. Prior 
to his position at Hughes, he was in the re-
search and development laboratories of 
Eitel-McCullough, Inc., serving as a proj-
ect engineer on the large klystron program 
for the BM EWS radar. 

Appointment of Howard A. Bond 
(SM'57) as manager of reconnaissance sys-
tems in Stromberg-Carlson's Electronics 
Division has been 
announced by R. J. 
Gilson, director of 
systems manage-
ment. Stromberg-
Carlson is a division 
of General Dynam-
ics Corporation. 

In this capacity 
he will have respon-
sibility for manage-
ment of a 27-mil-
lion-dollar contract 
under which Strom-
berg-Carlson is designing and building a 
complex electronic reconnaissance system 
for the U. S. Air Force. 

He has been with Stromberg-Carlson 
since 1957, when he joined the company 
as manager of electronic systems design. 

H. A. BOND 

For 10 years previously, he was engaged in 
security work for the U. S. government, 
first with the Naval Security Agency, and 
later as chief of a, radio frequency division 
of the National Security Agency. 

From 1945 to 1947 he served in the 
U. S. Army with the rank of lieutenant, 
first in the Signal Corps, and later as a 
project engineer developing speech privacy 
equipment for the Army Security Agency. 
He now holds the rank of major in the U. S. 
Army Reserve, assigned to headquarters 
of the Army Security Agency. 

Mr. Bond is an electrical engineering 
graduate of Northwestern University, 
Evanston, Ill., and did graduate work at 
the University of Maryland, College Park. 
He is a member of Tau Beta Pi, honorary 
electrical engineering society. 

Hugh C. Bream (M'56-SW57) has 
been named President and General Mana-
ger of Western Design, Santa Barbara Air-
port, Goleta, Cali-
fornia, a division of 
U. S. Industries, 
Inc., according to 
an announcement 
by John I. Snyder, 
Jr., Chairman of 
the board and Pres-
ident of U. S. In-
dustries, Inc. 

Previously, he 
was manager of 
Western Design's 
Santa Barbara di-
vision. He has had extensive experience in 
engineering and technical management. 
Before joining Western Design, he was 
Vice President-Marketing, Hoover Elec-
tronics Company, and Manager of the 
Electronics Division, Rheem Manufactur-
ing Company. Earlier, he was engaged in 
the development and engineering of instru-
mentation programs for the Ralph NI. Par-
sons Company. 

Mr. Bream attended Marin Junior Col-
lege, Kentfield, Calif., San Jose College, 
San Jose, Calif., the California Institute 
of Technology, Pasadena, and the Univer-
sity of California at Los Angeles. He is a 
member of the Electronics Committee of 
the Los Angeles Chamber of Commerce, 
the American Rocket Society, Armed 
Forces Communications and Electronics 
Association and the American Manage-
ment Association. 

H. C. BREAM 

Dr. Cledo Brunetti (A'37-SM'46-
F'49) was elected President of Grand Cen-
tral Rocket Company at a meeting of the 
Board of Directors on June 6, 1960, it has 
been disclosed by Major General J. W. 
Sessums, Chairman. Grand Central, third 

(Continued on rage 44A) 
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TO INSTRUCTION GATE 

AND REGISTER 

Typical n-junction matrix for 
n-stage matrix configuration. 
Fairchild 2N1613 transistors 

and FD200 diodes, used 
throughout, guarantee 

acceptable leakage, switching 
speed and conductance 
values up to 125°C. 

Mie 
TO COMPUTER MATRIX PROBLEMS 
LOW LEAKAGE TRANSISTORS AND FAST RECOVERY, LOW CAPACITANCE DIODES FROM FAIRCHILD 

Approach to the ideal matrix. 2N1613 silicon transistors and FD200 silicon diodes from Fairchild are unique in making 
feasible the ideal matrix. They give you low leakage and low capacitance with high conductance and high speed, even 

at high ambient temperatures. These characteristics are combined only in Fairchild Planar devices. With them you can 
now largely ignore stray leakage or capacitance build-up across the matrix. Temperature effects and long-term per-
formance decay are no longer critical. You can eliminate complex circuitry previously necessary in designing around 
these losses. 

Fairchild's Planar structure for transistors and diodes features the industry's most advanced diffusion and surface 

passivation techniques. Current leakáge is reduced to 10 miLA maximum (2N1613) and 0.1µA maximum (FD200) at 
25°C. Maximum values at 150°C are 10µA and 100pA. 

Surface passivation also prevents significant degeneration of parameters during circuit life which could introduce error 

or failure in the matrix. This technique also lends itself to precisely controlled manufacture, assuring excellent product 
uniformity. 

2N1613 ELECTRICAL CHARACTERISTICS 125°C except as noted) 

Symbol Characteristic Min. Typical Max. Test Conditions 

hFE 

VEIE(sat) 

VCE(saD 

Cob 

IC80 

D.C. Current Gain 

Base Saturation 
Voltage 

Collector Saturation 
Voltage 

Collector 
Capacitance 

Collector Cutoff 
Current 

40 120 lc — 150 rnA VcE—I0V 

I.3V lc = 150 mA IB — 15 mA 

1.5V lc -- ISO mA IB 15 rnA 

18 25441 
0.8mo A 10mo A 
1.0o A 10, A 

OE —0 

VCD-60 
Vro 60 

VCB-10V 
T —25°C 
T 150-C 

FD200 ELECTRICAL SPECIFICATIONS 125'C except as noted) 

Symbol Characteristic Min. Typical Max. Test Conditions 

VF 

IR 
IR 

By 

trr 

Co 

Forward Voltage 

Reverse Current 

Reverse Current 
(150°C) 

Breakdown Voltage 

Reverse Recovery 
Time 

Capacitance 

Rectification 
Efficiency 

Forward Voltage 
Temperature 
Coefficient 

200 V 

35% 
--1.8 mV/DC 

1.0V 

0.1o.A 

100oA 

50.0 
sec 

IE 100 mA 
VE1 —150V 

VR — 150V 

IR 100pA 
If =30 mu RI 1501! 
ly =30 mA 

VR—OV f 1 mc 

100 mc 

o  elleC-1111D 
SEMICONDUCTOR CORPORPTION 
II 

A Wholly Owned Subsidiary of 

Fairchild Camera and Instrument Corporation 

545 WHISMAN ROAD, MOUNTAIN VIEW, CALIFORNIA • YORKSHIRE 8-8161 • TWX: MN VW CAL 853 

PROCEEDINGS OF THE IRE August, 1960 4 1 A 



NOTABLE ACHIEVEMENTS AT JPL 

From MICROLOCK to microlock 

One of the most interesting and 

useful scientific activities at JPL has 

been the development of MICROLOCK, 

a radio tracking and communication 

system for satellites. 

Microlock is designed to transmit 

information over extreme ranges of 

space with a minimal amount of trans• 
mitter power and weight. The objective 

was achieved by sophisticated design 

of the ground receiving equipment. The 

design utilizes basic electronic circuits 

and techniques carefully combined in 
a novel manner to provide superior per-

formance and sensitivity. 
The satellite transmitter consists of 

a radio-frequency oscillator, phase. 

modulated by telemetering signals, and 

o 

radiates a power of 3 mW. It is capable 
of operating for several months on a 

battery weighing one pound. 

Used successfully in previous space 

vehicles, microlock remains a useful 
and expandable instrument for contin-

uing space exploration. It is a prime 

example of JPL's activity on the space 

frontier. 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

JET PROPULSION LABORATORY 
A Research Facility operated for the National Aeronautics and Space Administration 

PASADENA. CALIFORNIA 

Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 

INFRA- RED • OPTICS • MICROWAVE • SERVOMECHANISMS • COMPUTERS • LIQUID AND SOLID PROPULSION 
• STRUCTURES • CHEMISTRY • INSTRUMENTATION • MATHEMATICS • AND SOLID STATE PHYSICS • 

Send professional resume, with full qualifications and experience, for our immediate consideration 
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NEW FROM BENDIX 

QWLD 

FOR MISSILE GROUND SUPPORT EQUIPMENT 

ELECTRICAL CONNECTORS 

WITH SUCH OUTSTANDING ADVANTAGES AS: 

FIVE INTEGRAL KEYS AND KEYWAYS 
that provide for positive polarization and 
positive mating—even in blind locations. No 
possible contact damage. QWLD connectors 
can be fully mated and unmated by hand. 

HEAVY-DUTY CONSTRUCTION through use of 
extra-heavy machined or forged aluminum shell com-
ponents, resilient inserts, silver-plated copper alloy con-
tacts, and rugged cable accessories with new superior 
gasket design. 

TWO NEW SERIES AVAILABLE with the QWLD 
having standard solder or solderless contacts and the 

QWLG having provisions for grounding one contact to 
the shell. 

PLUS . . . IMPROVED WATERPROOFING • CLOSED ENTRY 

SOCKET CONTACTS • SELF—EJECTING COUPLING ACTION • 

DESIGNED TO MEET MILITARY SPECIFICATIONS • WIDEST 

RANGE OF CABLE ACCESSORIES. 

QWLD is the latest development in Scintilla's long line 
of multiple conductor cable connectors—and is specially 
designed to meet the rugged environmental conditions 
of missile launching equipment, ground radar, or power 
and control circuits—and heavy-duty industrial applica-
tions such as are found in oil fields or mining. Be sure 
to investigate the new QWLD HUS-KEY* Connectors 
from Scintilla. *TRADEMARK 

Scintilla Division 
SIDNEY, NEW YORK 

T7IE7end,e° 

CORPOR:' 
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PROVEN RELIABILITY-
SOLID-STATE POWER INVERTERS 

over 260,000 logged hours— voltage-regulated, 
frequency-controlled, for missile, telemeter, ground-

support, 1350C all-silicon units available now— 

Interelectronics all-silicon thyratron-like gating elements and cubic-

grain toroidal magnetic components convert DC to any desired number 

of AC or DC outputs from 1 to 10,000 watts. 

Ultra-reliable in operation (over 260,000 logged hours), no moving 
parts, unharmed by shorting output or reversing input polarity. Wide 

input range ( 18 to 32 volts DC), high conversion efficiency (to 92%, 

including voltage regulation by Interelectronics patented reflex high-

efficiency magnetic amplifier circuitry). 

Light weight (to 6 watts/oz.), compact (to 8 watts/cu. in.), low 

ripple ( to 0.01 mv. p- p), excellent voltage regulation (to 0.1%), precise 

frequency control (to 0.2% with Interelectronics extreme environment 

magnetostrictive standards or to 0.0001% with fork or piezoelectric 

standards). 

Complies with MIL specs. for shock ( 100G 11 misc.), acceleration 
(100G 15 min.), vibration ( 100G 5 to 5,000 cps.), temperature (to 150 

degrees C), RF noise ( 1-26600). 

AC single and polyphase units supply sine waveform output (to 2% 

harmonics), will deliver up to ten times rated line current into a short 

circuit or actuate MIL type magnetic circuit breakers or fuses, will start 

gyros and motors with starting current surges up to ten times normal 

operating line current. 

Now in use in major missiles, powering telemeter transmitters, radar 

beacons, electronic equipment. Single and polyphase units now power 
airborne and marine missile gyros, synchros, servos, magnetic amplifiers. 

Interelectronics—first and most experienced in the solid-state power 

supply field produces its own all-silicon solid-state gating elements, all 
high flux density magnetic components, high temperature ultra-reliable 

film capacitors and components, has complete facilities and know how 

—has designed and delivered more working KVA than any other firm! 

For complete engineering data, write Interelectronics today, or call 

LUdlow 4-6200 in New York. 

INTERELECTRONICS CORPORATION 
2432 Grand Concourse, New York 58,  N. Y. 

crimp- type, snap- locked contacts 

Modular 

HYFEN® 
connector 
feed-thru, multiple insert 

Makes possible the design 

of lighter and more com-
pact equipment. Each insert 

holds 35 contacts. Frames 

available for 5 or 8 inserts. 

IIESURNIDIF For complete information,ente: OMATON DIVISION. BURNDY—Norwalk. Connect. 

59-1 
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(Continued front page 40A) 

largest company of its type in the United 
States, is one of the pioneers in the field of 
solid propulsion. 

General Sessums said that the strong 
leadership that Dr. Brunetti, as Vice Presi-
dent and General Manager, has provided 
has had a great influence in building the 
Grand Central Rocket Organization into 
a team of the nation's most outstanding 
solid propellant scientists. His vast tech-
nical experience at Stanford Research, the 
Bureau of Standards and General Mills 
has been invaluable to the vigorous growth 
of GCR. 

He has been Managing Director of 
Engineering, Research and Development 
for General Mills, Inc., Minneapolis, 
Minn., and Associate Director of Stanford 
Research Institute of Stanford University, 
Stanford, Calif. He spent eight years at the 
National Bureau of Standards in Washing-
ton as head of Ordnance Development, 
Production Engineering and finally as 
Chief of Engineering Electronics. He was 
one of the leaders of the Proximity Fuze 
in Washington, a major, secret weapon of 
World War II. He served as a member of 
a group of national specialists assigned to 
Woods Hole, Mass., two years ago to study 
the future scientific aspects of the U. S. 
military picture for the national Academy 
of Sciences under sponsorship of the U. S. 
Air Force. Prior to his assignment with 
Grand Central, he was an executive of 
Food Machinery and Chemical Corpora-
tion. 

Dr. Brunetti is special consultant to the 
Assistant Secretary of Defense and has 
been chairman or member of many de-
fense committees. A man of many distinc-
tions and honors, he was nationally iden-
tified in 1942 by Eta Kappa Nu, national 
honorary fraternity, as the outstanding 
electrical engineer in the United States. 

Arthur B. Buchanan (A'26-M'32-
SM'32), Assistant Communication Engi-
neer, The Detroit Edison Company, re-
tired August 1, 1960, to establish an inde-
pendent practice as an Engineering Con-
sultant. He was engaged primarily in radio 
and electronic engineering work with Edi-
son for 38 years. He has been active in IRE 
affairs for the past 34 years, and has been 
on the Executive Committee of the Detroit 
Section, IRE during that entire period. 
He was Section Chairman from July, 1929 
to June, 1930, and again during 1935, when 
the IRE Summer Convention was held in 
Detroit. He was General Chairman of the 
IRE Summer Convention in Detroit in 
1941. 

He was the organizer and first Chair-
man of the IRE Professional Group on 
Vehicular Communication, and has served 
on the Administrative Board ever since. 
He edited the PGVC NEWSLETTER 
from 1953 to 1959. 

(Cotten: tied on page 46.4) 
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introduces 
an exciting new device for simpler, more 

II I S II 

(BY-NiS-TOR) 

The Silicon NPN Tetrode binistor is a new com-
ponent and a new concept for the circuit designer! 
The key parameters of this bi-stable, negative 

resistance device are determined by external cir-
cuitry in contrast to existing devices. The significant 
reduction of peripheral circuitry results in outstand-
ing savings in cost, space, weight and solder con-
nections. For example, a typical flip-flop requires at 
least 13 components versus only 4 in an equivalent 
binistor stage. Very large current and voltage gains 
are realized in both on and off directions. Inputs 
and output are compatible in level with typical 
transistor and diode circuits. The tetrode binistor 
can operate from — 80°C to +200°C. 
To learn more of this important new develop-

ment — THE BINISTOR — and how it works — 
write for Bulletin No. TE-1360. 

CONDENSED SPECIFICATIONS TRANSITRON BINISTOR 

Typical Turn-off Current Gain 50 ® 15ma Collector Current 

Operating Collector Current Range 504 to 15ma 

li critical 0.5ma @ 5ma Collector Current 

Operating Temperature Range with-
out Temperature Compensation —65°C to 150°C 

INJECTOR 

COLLECTOR 

o    

SILICON TETRODE BASE 

BINISTOR 
CIRCUIT SYMBOL 

EMITTER 

BINISTOR 
OUTPUT 
CHARACTERISTIC 

5V 

COLLECTOR TO EMITTER VOLTAGE 
10V 

MEET US AT WESCON— BOOTH 2638-39 

Tra n5itron 
electronic corporation 
wakefield, melrose, boston, mass. _ 

SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE U.S.A. AND EUROPE • CABLE ADDRESS: TRELCO 
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RF POWER STANDARDS 

LABORATORY 

equipment is used to establish a refer-
ence standard of RF power to an accuracy of better than 1% 
of absolute. 

THE 64IN CALORIMETRIC WATTMETER establishes RF power 
reference of an accuracy of 1% of value read, and is used to 
calibrate other wattmeters. Five power scales, 0-3, 3-10, 10-30, 
30-100, and 100-300 watts, are incorporated in the wattmeters 
for use in the 0-3000 mcs range. 

711N and 712N FEED-THROUGH WATTMETERS, after comparison 
with the 64IN, can be used continuously as secondary stand-
ards and over the same frequency range as covered by the 
primary standard. The MODEL 711N is a multirange instru-
ment covering power levels from 0 to 300 watts in three ranges, 
0-30, 30-75, and 75-300 watts. MODEL 712N covers power 
levels of 0 to 10 watts in three switch positions, 0-2.5, 2.5-5, 
and 5-10 watts full scale. 

636N and 603N RF LOAD RESISTORS absorb incident power 
during measurements. MODEL 636N is rated at 600 watts, 
and MODEL 603N is rated at 20 watts. Both models perform 
satisfactorily over the entire frequency range to 3000 mcs. 
These loads, in conjunction with the MODELS 711N and 
712N Feed-through Wattmeters, form excellent absorption type 
Wattmeters. 

152N COAXIAL TUNER is used to decrease to 1.000 the residual 
VSWR in a load. The tuner is rated at 100 watts, and its 
frequency range is 500-4000 mcs. 
For more information on Tuners, Directional Couplers, R. F. Loads, etc., write 

M. C. JONES ELECTRONICS CO., INC. 
185 N. MAIN STREET, BRISTOL, CONN. 

SUBSIDIARY OF M are 

CORPOIATION 

IRE People 

(C, ,ntinued from page 44A) 

Mr. Buchanan was born in Sault Ste. 
larie, Mich., in July, 1895. and ob-

tained the B.S. degree in E.E. from the 
University of Michigan, Ann Arbor, in 
1922. He is a Registered Professional En-
gineer and plans to specialized in mobile 
radio systems. 

Monte Cohen (A'30-VA'39-NI'55), 
new Vice Chairman of the Board of Di-
rectors of General Instrument Corpora-
tion, is a veteran of 
44 years in the elec-
tronics industry, 
whose career dates 
back to the earliest 
days of "earphone 
radio" and the old 
Marconi Company 
(now Radio Cor-
poration of Ameri-
ca) where he got his 
first job at the age 
of 16. 

President of 
General Instrument from 1953 until his 
election as Vice Chairman (he retains his 
active operating post as Chairman of the 
Operations Committee), he has been most 
closely identified with the Company's 
F. W. Sickles Division at Chicopee, Massa-
chusetts, which is today the largest manu-
facturer in the U. S. of TV deflection com-
ponents and one of the leading producers 
of television tuners, as well as of a wide 
variety of other components. 

With the Sickles Division for 31 years 
(he joined it in 1929 when it was an inde-
pendent company), he became General 
Manager of the firm in 1931, remained 
with it when it was merged into General 
Instrument in 1945, was named President 
of the Sickles Division in 1951 and in the 
same year elected Executive Vice Presi-
dent of the parent General Instrument. In 
December, 1953, he was elected President 
of the Corporation, a post he held until his 
election as Vice Chairman. 

One of the best known men in the elec-
tronics industry, Mr. Cohen is a former 
director of the Radio and Television Man-
ufacturers Association (now the Elec-
tronics Industries Association), a member 
of the Veteran Wireless Operators Associa-
tion and a director of the Springfield 
(Mass.) National Bank. He served as an 
advisor to the \Var Production Board dur-
ing World \Var II. 

M. COHEN 

The appointment of Bernard Elbinger 
(S'49-A'50-M'55) as Head of the Elec-
tronic Instrumentation Section of the 
Rheern Semiconductor Corporation has 
been announced by Dr. E. M. Baldwin, 
Vice President and General Manager of the 
Mountain View, California silicon mesa 
transistor, diode, and special assemblies 
manufacturing company. 

(Continued on page 18,1) 
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• Series 402 Wide Range Receiving Systems are 
available in consoles, consolettes, and racks. Shown 
are a complete antenna pattern recording and re-
ceiving system and the new consolette receiver. 

I. '''27.:_' • i : I.l.e „ , ,. 

... A Message to the 
Antenna Designer 

A crowded spectrum plus high power radar and com-
munication systems critically compound the problems of 
the antenna design engineer. 

More than ever, the complete pattern including all the 
major and minor lobes of every radiating element must 

be graphed for sound engineering evaluation. 

S-A Receiver Gets the Whole Signal 
Scientific-Atlanta Series 402 Wide Range Receiving 
Systems are specifically designed for antenna pattern 
measurements. Unique in design, these receivers combine 
maximum sensitivity and linearity from 30 mc to above 
100 kmc. They are also useful as multipurpose laboratory 
instruments for microwave testing, monitoring, and meas-
uring applications. 

Only from S-A, 1 db Linearity 
over Full 60 db Dynamic Range 

A recent development, S- A's P-4 modification adds 20 db 
to the normal 40 db dynamic range. The modification 

takes advantage of the gain vs AGC voltage character-
istics of the Series 402. Existing receivers can be modified 
at the factory. 

New Modification Z Broadens Use 
Modification Z adds a precision IF attenuator and VTVM 
to the Series 402, Now RF and microwave signal level, 
gain, and isolation measurements can be made with fewer 

components and instruments. For instance, an X band 

80 db attenuator can be calibrated to within ± 0.5 db 
with a 1 mw signal source, a flap attenuator, a mixer, 
and an S-A Series 402Z Receiver. Antenna gain can be 

measured by direct comparison with a standard gain 
antenna. Signal levels can be compared against a refer-
ence standard. 

• •/ 

e m il to ¡gal 

Other Features 

One coaxial cable from antenna to receiver eliminates 

costly lossy waveguides and rotary joints. Antenna can 
be located up to 75 feet away with negligible loss in 
sensitivity One receiving system covers 30 mc to above 
100 kmc without plug- ins Reception of cw signals from 
simple sources eliminates need for precise modulation 

High sensitivity means low source power and long 
ranges High selectivity reduces interference and cross 
talk between adjacent test ranges -2: Positive AFC action 
over full dynamic range provides pattern recording in 
deep nulls. 

PRICES 

Series 402, 2 to above 100 kmc   $7500 

Series 402A, 2 to above 100 kmc with AGC 8000 

Series 4028, 30 mc to above 100 kmc   8500 

Series 402C, 30 mc to above 100 kmc with AGC 9000 

Modification P-4   

1050000 Modification Z   

NEW DATA FOLDER READY 

For complete information ask for our new data folder 
from your nearby S-A engineering representative or write 

directly to Dept. 86. 

SCIENTIFIC-
ATLANTA, INC. 

2162 PIEDMONT ROAD, N. E. 

ATLANTA 9, GEORGIA 

PHONE: TRinity 5-7291 3 
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ERING TM! FUTURE 

Visit Booth 2722 at Wescon 

CATALOG 
OF 

ELECTRONIC 
COMPONENTS 

A-403— Audio Accessories 
El (-501—Connectors 
El H-601—Hardware 
E 1-101—Jacks (General) 

111811011 
advancement 
in instrument 

design 

actual size 
Model HCM 7/16 

MINIATURE 7/16" INDICATOR 
Micro- miniature moving coil, core mag-
net indicator; 7/16" diameter, 31/32" 
length. Weight 10 grams; sealed. 
Available with a pointer or flag dis-
play in a wide variety of electrical 
sensitivities and functions. Data on 
request. Marion Instrument Division, 
Minneapolis-Honeywell Regulator Co., 
Manchester, New Hampshire, U.S.A. In 

Canada, Honeywell Controls Limited, 
Toronto 17, Ontario. 

Honeywell 
coieet, 

/Vow /exuen,4& 
42) ,reelietei 

for ease of 
reference 
and filing 

• 1102—Jocks ,Telephone Type) 
and Jack Panels 

• P-201—Plugs (General) 
S-301—Switches ( Button Type) 

El 5-302—Switches (Lever Type) 
[1 S-303—Hook & RS Switches 
El S-304—Stack Switches 
El S-581—Multi-Switches 
• S-590—Stereo—Hi-Fi—Audio 

Accessories 
• S-592—Molded Cable Assemblies 

• (S-60—Condensed Catalog 

de/ CHECK those you need for your files, tear out the ad, 

BOOTH 2843 
1960 WESCON SHOW—Aug. 23-26 

Memorial Sports Arena—Los Angeles 

attach your letterhead and mail to ... 

utmxsexob•vt 
5545 N. Elston Ave., Chicago 30, III. 
Canadian Rep.: Atlas Radio Coro., Ltd. 

50 Wingold Ave., Toronto, Ontario 

(19 

IRE People 

I.Igi .y.•1) 

Mr. Elbinger holds the Bachelor of 
Science degree in Electrical Engineering 
from the University of Southern Cali-
fornia, Los Angeles and has taken gradu-
ate courses from the University of Cali-
fornia at Los Angeles and the Navy 
Airborne Radio-Radar Maintenance 
School. 

He was an Electronic Development En-
gineer for Aerojet-General Corporation 
working on the design and develop-
ment of electronics equipment, infra-red 
missile guidance, tracking and detection 
systems. At Hughes Aircraft Company, he 
headed the Electronic Tooling Section, de-
veloping and fabricating semiconductor 
testing and processing equipment for man-
ufacturing and engineering sections. His 
background also includes positions as 
Manager, Special Products Section for 
Electronic Control Systems and Head, 
Electronic Instrumentation for Fairchild 
Semiconductor Corporation. 

Mr. Elbinger has applied for a patent 
in special signal detecting circuit. 

Thomas A. Combellick (A'52—SM'56). 
formerly Chief Engineer for Military Prod-
ucts Development, has been appointed 
Government Mar-
keting Manager for 
Lenkurt Electric 
Co., Inc. 

He joined Len-
kart in 1955 as a 
project engineer, 
and during the next 
two years served as 
manager of several 
development and 
applications engi-
neering depart-
ments. In Novem-
ber, 1957, he was appointed manager of 
the company's Washington D. C., sales 
and engineering offices, with responsibility 
for customer relations in the eastern U. S. 
He returned to San Carlos and the Chief 
Engineer position in March, 1959. 

Before joining Lenkurt he spent five 
years with Westinghouse, where he was in 
charge of microwave system development, 
and five years with Western Electric, 
where he was project engineer on the man-
ufacture and test of tubes for the TD-2 
microwave system. 

He was graduated from Hampden Syd-
ney College, Va., with the B.S. degree and 
pursued postgraduate studies at the Har-
vard Graduate School of Engineering and 
at Massachusetts Institute of Technology. 

He is a member of the American Insti-
tute of Electrical Engineers and the Armed 
Forces Communications and Electronics 
Association. He is the author of several 
papers on microwave radio subjects. 

John C. Geist (SW57) has been named 
Associate Director at the Silver Spring 
Laboratory, Vitro's electronic research 

(Continued on One 30A) 

T. A. COMBELLICK 
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NEW TI GENERAL-PURPOSE 
SILICON MESA TRANSISTORS 

only mesas give you maximum dissipation ... Note how 
wafer is bonded directly to header, forming a direct, 
high- efficiency metal- to- metal thermal path through 
the header. High dissipation capabilities permit you 
to design conservatively for maximum reliability! 

only mesas give you maximum mechanical ruggedness 
. . . Note how active element is bonded directly to 
header, close to unit's center of gravity— for maximum 
resistance to vibration and shock. 

TI 2N1564 series GUARANTEES -55°C beta, 
600-mw dissipation and gain at 30mc 

fed 
Design now with industry's first 
small-signal silicon mesa tran-

sistors ... the new TI 2N1564-
series! Take advantage of guar-

..  anteed —55°C betas of 12, 20 and 
40 ... guaranteed 600-mw free-air dissipation 

... guaranteed current gain at 30 mc. Apply the 
design flexibility of 1 to 50 ma collector current 
operating range; 20-50, 40-100 and 80-200 beta 
spreads at 25°C and 60-v collector-emitter break-
down voltage to your audio, medium-power and 
higher frequency amplifier and switching de-
signs ... Specify the new TI 2N1564-series. 

ACTUAL SIZE 

absolute maximum ratings at 25°C ambient (unless otherwise noted) 
Collector- Emitter Voltage (see note 1)   60 
Emitter- Base Voltage   5 
Total Device Dissipation at 25°C Case Temperature 

(see note 2). . . . . . . .   1 . 2w 
Total Device Dissipation at 25°C Ambient Temperature 

(see note 3) 0  6 w 
Collector Junction Temperature   175°C 
Storage Temperature Range   —65°C to +200°C 

Note 1: The voltage at which hFB approaches one when the emitter- base 
diode is open circuited. This value can be exceeded in applications where 
the dc circuit resistance (R BE) between base and emitter is a finite value. 
Note 2: Derate linearly to 175°C case temperature at the rate of 8.0 mw/°C. 

Note 3: Derate linearly to 175°C ambient temperature at the rate of 4.0 
mw/°C. 

Available TODAY in production quantities through all TI Sales Offices and Authorized TI Distributors. 

2N1564 2N1565 2N1566 
Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. ' Unit 

Icso Collector Reverse 
Current Vcg = 40 v 1E = 0 1 1 1 ea 

BVE8 0 Collector- Base 
Breakdown Voltage lc = 10 ma IE = 0 80 80 80 volt 

BVcEo* Collector- Emitter 
Breakdown Voltage I c = 10 ma I E = 0 60 60 

_ 

60 volt 

hfe A-C Common-Emitter 
Forward Current 
Transfer Ratio 

VcE = 5 v 
f = 1 kc 

IE = —5 ma 20 50 40 100 80 200 

VcE = 5 v 
TA = —55°C 

I E = —5 ma 
f = 1 kc 

12 20 40 

VcE = 5 v 
f = 30 mc 

I E = —5 ma 1 4 2 4.5 2 5.0 

)._.the FIRST silicon transistor manufacturer TEXAS INSTRUMENTS 
INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION 

13500 N. CENTRAL EXPRESSWAY 

POST OFFICE SOX 312 • DALLAS. TEXAS 
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WEATHER AND NIGHT 

SEES THROUGH 

Bausch & Lomb optical-electronic-mechanical 

capabilities turn radar blips into pictures 

Here's new all-day, all-night, all-weather 
reconnaissance for our Air Force! 

Just feed high-resolution radar film through the B&L Cross 
Correlator—see the meaningful results in a picture 
that is the equivalent of an aerial photograph. 

In war, this system strips the concealment of night and 

weather from enemy activities. In peace, it can help picture 
the face of the moon ... with resolution of five to ten feet! 

The same integrated Bausch & Lomb skills that developed 

this system from design through fabrication are ready to 
help on your project. Write us for full details. 
Bausch & Lomb Incorporated, 99808 Bausch Street, 

Rochester 2, N. Y. 

BAUSCH & LOMB 

IRE People 

111,111ted ji III h,g, ) 

and development 
facility in Silver 
Spring, Md. 

He has been 
with Vitro since 
1948 and has come 
up through the 
ranks to his present 
position in top 
management. He 
has directed techni-
cal work at all 
levels from project 
leader to depart-
ment head, and before his recent promo-
tion was Technical Operations Manager 
responsible for managing all of the Lab-
oratory's technical work and for integrat-
ing projects assigned to various technical 
departments. 

Before joining Vitro in 1948, he was 
an engineer in charge of telemetering de-
velopment at the Applied Physics Lab-
oratory, The Johns Hopkins University, 
Baltimore, Md. 

From 1942 to 1946, he was a contract-
ing officer in the U. S. Army Signal Corps 
and was responsible for technical aspects 
of radio and radar equipment procure-
ment. He held the rank of Major in 1946. 

He is a specialist in communications 
systems design, particularly in the appli-
cation of VHF and FM equipment. He 
holds a patent on the design of a frequency 
modulation radio transmitter. Also, he is 
experienced in television servicing, color 
television system techniques, and missile 
telemetry. 

During the last eight years he has pub-
lished more than a dozen technical articles 
in Electronics, Popular Electronics, Radio 
and Television Service Dealer, Service, and 
QST. 

Recently, he won second prize in an 
essay contest sponsored by the Professional 
Group on Engineering Management, In-
stitute of Radio Engineers' Washington 
Chapter. Subject of the contest was 

"Problems the Engineering Manager Will 
Face in the Next Decade." 

Mr. Geist is a Registered Professional 
Engineer. He received the B.S.M.E. de-
gree in 1937 from the University of Dela-
ware, Newark. 

J. C. GEIST 

Robert J. Gleason (A'35—M'39—SM'43) 
has been elected Executive Vice President 
of Aeronautical Radio, Inc. and of ARI NC 
Research Corpora-
tion, both of Wash-
ington, D. C. He 
has been Vice Pres-
ident of Aeronauti-
cal Radio, Inc. since 
1951, after joining 
that company in 
1949 as Director, 
Operations, and is 
also an elected 
member of the 
Board of Directors 
of both companies. 

(Continued on paye 56.4) 

R. J. GLEASON 
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ELECTRON TUBE NEWS 
...from SYLVANIA 

SYLVANIA 

GOLD BRAND 
SUBMINIATURE 
TUBES 
add a high degree of reliability to your critical designs 

new tests prove it! 

New manufacturing techniques build reliability into Sylvania 
Gold Brand Subminiature Tubes. 

New survival rate criteria provide quantitative definition 
of Subminiature Tube reliability, aid designer compute 

reliability of end-equipment. 

New—four Gold Brand Subminiature types— featuring 

rugged- design heater for 26.5V applications— increase 

versatility of line, widen designer's choice. 



SYLVANIA INCREASES SHOCK TEST LEVELS! 
• 750g for Gold Brand Premium Subminiature Types 
• 1000g for Gold Brand Guided Missile Subminiature Types 

Photo shows the result of Sylvania advanced welding methods. 
Weld area is extremely rugged and free of weld splatter and 
oxidation. As a result, catastrophic failures under severe environ-
mental conditions are minimized. 

Hexagonal cutout 
Cathode 

Mica 

Hexagonal cutout in mica provides firm 6-point contact with 
cathode, offers increased resistance to shock. 

Sylvania has significantly improved the design and man-
ufacture of subminiature type tubes. Now, Gold Brand 
Subminiature Tubes are capable of withstanding greatly 

increased impact acceleration tests. For example, newly 
designed micas provide tight 6-point contact with the 

cathode. A reducing welding method produces an excep-
tionally sturdy, clean weld area. Special flared-lip enve-
lopes assure that mica points are not damaged in inser-
tion, maintain the tube structure rigidly within the bulb. 

In addition to the increased shock of 1000g applied to 

Guided Missile Subminiature Tubes, the shock intensity 
pattern has been changed by eliminating the usual 1/2 " 
synthetic rubber pad between the hammer and striking 
plate of the high impact machine. Although shock tests 
are increased, rigid control of end points has not been 

relaxed. 

Too, low-frequency vibration tests assure low signal to 

noise ratio. Vibration tests for "random" or "white" 
noise are made over a frequency range of 100 to 5000 
cps and read up to 10,000 cps to control harmonics. 
Additional checks include tests for low voltage stability 
and fatigue. 

SYLVANIA INCREASES LIFE TESTS TO 1000 HOURS! 
NEW CONTROLS ADDED TO 100- HOUR TEST! 

Now, Sylvania Gold Brand Subminiature Tubes are tested for 1000 as well as 500 
hours. They must meet the same tight limits at 500 and 1000 hours for such end points 
as: inoperatives, grid current, filament current, Gm, heater-to-cathode leakage, elec-
trical insulation, and cathode interface impedance. Outer Mica 

These end points are controlled during manufacture by such operations as: chemically 
etching the cathode sleeve to provide a good bonding surface for the cathode coating Plate 
which helps reduce interface impedance, provides improved electrical levels, especially 
at reduced voltage conditions; use of isolation micas to increase insulation resistance; Outer Mica 

coating the inside of the cathode sleeve with a nonconductive material to minimize 

heater-to-cathode leakage. 

Further controls are included in the 100-hour life test to assure early-hour stability. For 
example, new specifications are added for grid current, heater-to-cathode leakage and 

insulation resistance. The 100-hour life test is performed at room temperature—a 
critical level for cathode sublimation and resultant leakage paths—and on concurrent 

samples at various operating temperatures. 

SYLVANIA 
TIGHTENS GLASS 

AQL LIMITS! 

Cathode 

Shaded Area 

; 

Isolation Mica 

Cathode 
Sublimation 

Isolation Mica 

Isolation mica " shades" outer mica from 
sublimation, forms laminated path and 
greatly increases dc resistance of leak-
age paths. 

Sylvania has lowered the Acceptance Quality Level from 6.5% to 4% for 
combined glass defects. Individual glass defects must now meet a 1.5% AQL. 

This is made possible by increased manufacturing controls to maintain strain-
free glass envelopes. Strains that may occur in manufacture are eliminated by 
annealing glass of Gold Brand Subminiature Tubes after envelopes are sealed. 
"After-manufacture" annealing is made possible by a special process that keeps 
the tube structure relatively cool during the annealing. Gold Brand Guided 
Missile Subminiature types utilize high-resistivity glass. Tubes are capable of 
withstanding operating temperatures of 250°C, electrolysis caused by heat is 

virtually eliminated. 



HEATER TEST 
AT ELEVATED VOLTAGE 

ASSURES FAST 
WARM-UP TIME! 

,SYLVANIA ADDS INTENSE 
RADIATION TESTS 
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SYLVANIA 
"GLEAM PROJECT" 

INCREASES 
TUBE RELIABILITY 

Sylvania Gold Brand Subminiature Tubes with 6-volt heaters are sample-tested 
at a heater voltage of 10 volts and a peak heater-to-cathode voltage of 150 
volts—cycled 10 seconds "on" and 4 minutes "off" for a total of 300 cycles. In 
addition, all Gold Brand Subminiature types are tested at normal heater vol-
tages cycled 1 minute "on," 4 minutes "off" for 2000 cycles. To more closely 
correspond to equipment variations, heaters are designed to operate in a wider 
voltage range. Ratings for heater voltage variations have been increased from 
±5% to ± 10%. 

Gold Brand Subminiature Tubes are capable of withstanding radiation dose 
rates ( fast neutrons) of 10" NV and accumulated radiation of 10" NVT — 
further proof of Gold Brand reliability under the most severe environmental 
conditions. 

Initiated 15 years ago, "Gleam" is contributing to Gold Brand Subminiature 
Tube reliability by — welding in a reducing atmosphere to eliminate weld 
splatter and oxidation • use of special flared-lip bulbs to allow easy insertion of 

tube structure into bulb without damaging and flaking mica points • ultrasonic 
cleaning of critical parts • specially processed getter material which resists 

flaking • air-conditioning in factories • lint-free clothing, enclosed cloakrooms 
• individual hooded worktables • lint-free parts containers • microscopic exam-
ination of completed tubes for loose particles 

1000 Hours Intermittent Life Test Operating 
racteristic Curve Envelopes for Single Lot Accepta 

and Pre-Release Qualification. 

Failure Rate—% per 1000 Hours 

SYLVANIA INITIATES 
NEW SURVIVAL RATE CRITERIA 
ON GOLD BRAND 
SUBMINIATURE TUBES! 
Sylvania rigorous acceptance criteria is based on the aver-

age number of cumulative failures for a five-lot mov-
ing average—instead of one—tested for 1000 hours. The 
first five lots are tested and the cumulative number of 

inoperatives and combined failures are plotted with their 
respective bogey rates. Inoperatives and failures for the 
sixth lot are added to the cumulative figure and the first 

lot figures deleted. Sampling consists of 40 tubes per lot. 
The result is a more stringent control over a wide range of 

production as well as giving the customary lot by lot 
results. Too, percent failure rate in 1000 tube hours can 

be statistically predicted with a high degree of accuracy 
and provide a quantitative measure of reliability. 

Acceptance Numbers for all Sample Sizes 

Single Lot 
Five- Lot Moving Sum 
Pre-Release at 500 Hours: 
Five- Lot Moving Sum at 

1000 Hours 
Current Lot at 500 Hours 

Inoperatives 

2 
5 

Total incl. mops. 

5 
14 

4 12 
1 2 

Base Scale for Exemplary Curves Shown Relates to 

Single Lot Acceptance AFR IFR RFR 

A Single Lot for loops.: n=40, c=2 
B Single Lot for Total: n=40, c=5 

Pre-Release Qualification 

C) Five- Lot Moving Sum for Inaps, at 
1000 hours and current lot at 500 hours: 

n=200, c=4 and n=40, c=1 

Five-Lot Moving Sum for Total at 

1000 hours and current lot at 500 hours: 
n=200, c=12 and n=40, c=2 

2.0 6.5 13 

6.6 14.0 22 

.80 2.0 3.3 

2.4 5.0 7.2 



SYLVANIA ANNOUNCES 4 NEW 
GOLD BRAND SUBMINIATURE TYPES 

FOR 26.5 VOLT APPLICATIONS 
These remarkable new Gold Brand Subminiature Tubes utilize a rugged-design heater that combines 

very low heater power with excellent mechanical strength. A heavy mandrel coated with a high-

temperature insulator forms the base of the heater. A fine heater wire is wound over the coating and 

the entire assembly recoated to form a sturdy, efficient, folded coil heater. Your Sylvania Sales Engi-

neer has complete technical data on all four types. 

Average Characteristics 
and Typical Operation 

Plate Voltage 
Plate Supply Voltage 
Cathode Resistor 
Grid Resistor 
Plate Current 
Transconductance 
Amplification Factor 
Grid Voltage for 
lb-100µAdc Max. 

Grid Voltage for lb=50µAdc 
Grid =2 Voltage 
Signal Voltage ( rms) 
Zero Signal Plate Current 
Max. Signal Plate Current 
Zero Signal Grid #2 Current 
Max. Signal Grid #2 Current 
Voltage Output ( Peak to Peak 
Load Resistance 
Power Output 
Total Harmonic Distortion 

7759 
(Each 

Section) 

7760 
(Each 

Section) 

7761 
Class A 
Video 
Amplifier 

7762 
Class AI 
(Single 
Tube) 

100 26.5 — 110 
200 — — — 

0.15 — 0.1 0.27 

— 2.2 0.47 
— 

— 

6.5 3.0 _ 

5400 5000 — — 

35 20 — — 
— — — — 

—6.5 — — — 
____ 

100 — — 110 

— — 1.6 6.4 

--- — 19 30 

— — 18.5 29 

— — 4.0 2.2 

— — 4.5 5.5 

— — 135 — 

— — 4.7 3.0 

— — _ 10 

Unit 

Vdc 
Volts 

Megohms 
Megohms 

mAdc 
µmhos 

Vdc 
Vdc 

Volts 
Volts 
mAdc 
mAdc 
mAdc 
mAdc 
Volts 

Megohms 
Watts 

GOLD BRAND PREMIUM SUBMINIATURE TYPES 

for 26.5-Volt Applications 

Type Description 
5903 UHF Double Diode 
5904* UHF Medium-Mu Triode 
5905* UHF Sharp Cutoff Pentode 
5906 UHF Sharp Cutoff Pentode 
5907* UHF Remote Cutoff Pentode 
5908* UHF Pentode 
5916 Dual-Control 
7759 Medium-Mu Double Triode 
7760* Medium-Mu Double Triode 
7761 High Gm Video Pentode 
7762 Beam Power Pentode 

•All elements 26.5 volts 

GOLD BRAND PREMIUM 

SUBMINIATURE GUIDED MISSILE TYPES 

Type Description 
6943 Sharp Cutoff RF Pentode 
6944 Semi-Remote Cutoff RF Pentode 
6945 AF Beam Power Pentode 
6946 Medium-Mu Triode 
6947 Medium-Mu Double Triode 
6948 High-Mu Double Triode 
6788 Sharp-Cutoff AF Pentode 

Sylvan ia-7760--
medium-mu double 
triode—for service as 
an RC coupled amplifier, 

mixer. All elements are 

26.5 volts. 

Sylvania-7759— 

medium-mu double 

triode—designed for use 
as a IMF amplifier, RC 

coupled audio amplifier, 
low frequency 

oscillator, cascode 

amplifier, mixer. 

GOLD BRAND PREMIUM 

SUBMINIATURE TYPES 

Type Description 
5636 Dual Control Pentode 
5639 Video Pentode 
5641 Diode 
5643 Tetrode Thyratron 
5644 Cold Cathode Diode 
5647 UHF Diode 
5718 UHF Medium•Mu Triode 
5719 High-Mu Triode 
5840 UHF Sharp Cutoff Pentode 
5896 UHF Double Diode 
5899 UHF Semi-Remote 

Cutoff Pentode 
5902 Beam Power Pentode 
5977 Medium-Mu Triode 
5987 Low- Mu Power Triode 
6021 Medium- Mu Double Triode 
6110 UHF Double Diode 
6111 Medium- Mu Double Triode 
6112 High-Mu Double Triode 
6205 UHF Sharp Cutoff Pentode 
6206 UHF Semi- Remote 

Cutoff Pentode 
6308 Cold Cathode Diode 
6352 Double Diode 
6814 Medium-Mu Triode 
7327 Medium-Mu Double Triode 

(Pulse Tube) 
7550 Medium- Mu Double Triode 

(Pulse Tube) 

Sylvania-7762—beam 
power pentode— 

especially for Class A 
audio amplifier, series 

regulator, servo-

amplifier applications. 

Sylvania-7761—high-Gm 

pentode—well-suited for 
use as a video amplifier. 

Heater Wire wound on Insulator 

.- Coating and then is also coate )d..‹ 

Folded Coil Heater 

Insulator  

Coating Inner Mandrel 

Diagram shows enlarged view of 

rugged new 26.5-Volt heater for 

Gold Brand Subminiature Tubes. 

Gain the benefits of Gold Brand Subminia-
ture Tubes in your military and industrial 

designs. Call your nearest Sylvania Field 
Office for the new specifications and deliv-

ery information. For data on individual 

types, write Electronic Tubes Division, 
Sylvania Electric Products Inc., Dept. H, 

1100 Main St., Buffalo, N. Y. 

See the Sylvania Exhibit at Wescon—Booth #2009-2011, 2058-2061, 2108-2111. 

SYI TVLA N 
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CONVECTION COOLED 

GUARANTEED 5 YEARS 

LAMBDA Transistorized Power Supplies 

LA Series 

5 and 10 AMP • 0-34 VDC 

31/2" Panel Height on 5 AMP Models Compact 31/2" Panel Height 

CONDENSED DATA ON LA SERIES 

LA 50-03AM ( with meters) 0-34 VDC, 0-5A $425. 
LA 100-03AM ( with meters) 0-34 VDC, 0-10A 540. 
LA 50-03A (without meters) 0-34 VDC, 0-5A 395. 

LA 100-03A (without meters) 0-34 VDC, 0-10A 510. 
MODEL VOLTAGE STEPS 

LA 50-03A, LA 50-03AM-2, 4, 8, 16 and 0-4 volt vernier 
LA100-03A, LA100-03AM-2, 4, 8, 16 and 0-4 volt vernier 

Regulation: Line Better than 0.15 per cent or 20 millivolts 
(whichever is greater). For input variations from 100-

130 VAC. Load Better than 0.15 per cent or 20 millivolts 
(whichever is greater). For load variations from 0 to 
full load. 

AC Input: 100-130 VAC, 60 :.-1= 0.3 cycle. This frequency 
band amply covers standard commercial power lines in 
the United States and Canada. 

Ripple and Noise: Less than 1 millivolt rms. 
Ambient Temperature: 50°C—continuous duty. 

Remote DC Vernier: Provision for remote operation of 
DC Vernier. 

Remote Sensing: Provision is made for remote sensing to 
minimize effect of power output leads on DC regulation, 
output impedance and transient response. 

Size: 
LA 50-03A 31/2" H x 19" W x 14%" D 
LA 100-03A 7" H x 19" W x 14%" D 

LT Series 

1 and 2 AMP • 0-32 VDC 

CONDENSED DATA ON 

LT 1095M ( with meters) 
LT 2095M ( with meters) 
LT 1095 (without meters) 
LT 2095 (without meters) 

MODEL 

LT 1095, LT-1095M 

LT 2095, LT-2095M 

LT SERIES 

0-32 VDC, 0-1 AMP $315. 
0-32 VDC, 0-2 AMP 395. 
0-32 VDC, 0-1 AMP 285. 
0-32 VDC, 0-2 AMP 365. 

VOLTAGE BANDS 

0-8, 8-16, 16-24, 24-32 

0-8, 8-16, 16-24, 24-32 

Regulation: Line Better than 0.15 per cent or 20 millivolts 
(whichever is greater). For input variations from 105-
125 VAC. Load Better than 0.15 per cent or 20 millivolts 
(whichever is greater). For load variations from 0 to 
full load. 

AC Input: 105-125 VAC, 50-400 CPS. 

Ripple and Noise: Less than 1 millivolt rms. 

Ambient Temperature: 50°C—continuous duty. 

Remote DC Vernier: Provision for remote operation of 
DC Vernier. 

Remote Sensing: Provision is made for remote sensing to 
minimize effect of power output leads on DC regulation, 

output impedance and transient response. 

Size: 

LT 1095 31/2" H x 19" W x 14%" D 

LT 2095 31/2" H x 19" Wx 14%" D 

SEND TODAY FOR COMPLETE DATA. 

LAMBDA ELECTRONICS CORP. 

11-11 131 STREET • DEPT. 3 • COLLEGE POINT 56, N. Y. • INDEPENDENCE 1-8500 

See Us at Wescon. Booths 2114 & 2115 
LA110 



LAPP STAND-OFF INSULATORS 

FOR MODERATE 

OR HEAVY DUTY 

OE- Am 

For years, Lapp has been a major supplier of stand-off 

insulators to radio, television and electronics indus-

tries. Wide knowledge of electrical porcelain applica-

tion, combined with excellent engineering and produc-

tion facilities, makes possible design and manufacture 

of units to almost any performance specification. The 

insulators shown on this page are representative of 

catalog items—usually available from stock—and cer-

tain examples of special stand-offs. The ceramic used 

is the same porcelain and steatite of which larger Lapp 

radio and transmission insulators are made. Hardware 

is brass or bronze; brush nickel plating is standard. 

Write for Bulletin 301 with complete description 

and specification data. Lapp Insulator Co., Inc., Radio 

Specialties Division, 225 Sumner St., Le Roy, N. Y. 

IRE People 

(Continued from page 50.4) 

Prior to joining Aeronautical Radio, 
Inc., he was the Communications Super-
intendent for Pan American World Air-
ways, Inc. (Alaska Division, 1932-1941; 
Pacific-Alaska Division, 1945-1947; Latin 
American Division, 1947-1949). 

Military duty included service as Army 
Airways Communications Service Re-
gional Control Officer for Alaska; Com-
manding Officer, 1st AACS Tactical Group 
serving 20th Bomber Command India-
China; and Commanding Officer 63rd 
AACS Group in China. He was awarded 
the Bronze Star Medal. 

Mr. Gleason received the B.S.E.E. de-
gree from the University of Washington, 
Seattle, in 1931. 

Election of new vice presidents has 
been announced by R. E. Krafve, 
president of Raytheon Company, following 
a meeting of the board of directors. 

Among the new vice presidents are 
Fritz A. Gross (A'36—VA'39) of Weston, 
Mass., assistant general manager of the 
Equipment Division; and Thomas L. 
Phillips (M'51) of Wayland, Mass., assist-
ant general manager of the Missile Sys-
tems Division. 

Mr. Gross, one of the nation's out-
standing authorities in the radar field, is 
a 26-year veteran with Raytheon. His 
leadership in development of the first 
microwave search radar was a major factor 
in the American naval victory at Guadal-
canal. American ships were the first afloat 
to have this radar and thus, the first to be 
able to "see" at night. For this and his ac-
complishments in development of fire con-
trol radar, he was awarded the U. S. Navy's 
Certificate of Merit Commendation. 

He has served in a number of mana-
gerial and engineering positions. Following 
the war, he headed the group which de-
signed the Mariners Pathfinder radar for 
commercial vessels. Later, after serving as 
manager of the division's Wayland, Mass. 
laboratory, he was promoted to what is 
now Surface Radar and Navigation Op-
erations of the division. In October, 1959, 
he was appointed to his present post. 

Mr. Phillips, who joined Raytheon in 
1948, held positions in design of servo-
mechanisms, special radar circuits and sys-
tems until his appointment as manager of 
the Missile Systems Department in 1953. 

In 1955, he was appointed assistant 
laboratory manager for the division and 
two years later was named manager of the 
division's Bedford Laboratories, a post he 
continued to hold while serving as assist-
ant general manager of the division. Out-
standing work on the Navy's Sparrow III 
missile system, for which Raytheon is 
prime contractor, won for him the Navy 
Meritorious Public Service Citation in 
1958. 

(Continued on rage 60.4) 
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ESC'S NEW 
SUBMINIATURE 

LUMPED CONSTANT 
DELAY LINE*  

Model 16-92 is the latest example of creative versatility from ESC, America's 

largest producer of custom-built and stock delay lines. The specifications: 1/10 

usec. delay, 1,600 ohm impedance, 1/4 " x 1/4" x 1/2 " dimensions. Only ESC pro-

duces so many different delay lines, for so many varied applications. From the 

largest to the smallest, ESC has the best, most economical answer to your 

particular delay line problem. Write today for complete technical data. 

*shown actual size 

S. c You ol lb. IUrse,n Show — Booth = !W6 

exceptional employment opportunities for engineers experienced 
in computer components... excellent profit-sharing plan. 

E LECTRON ICS CORP. 534 Bergen Boulevard, Palisades Park, New Jersey 

Distributed constant delay lines • Lumped constant delay lines • Variable delay networks • Continuously variable delay lines • Step variable delay 
lines • Shift registers • Video transformers • Filters of all types • Pulse-forming networks • Miniature plug-in encapsulated circuit assemblies 
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MULTI-POLARIZED 

GIVES LINEAR, DUAL LINEAR, RIGHT OR LEFT CIRCULAR POLARIZATION. . WITHOUT A CHANGE OF ELEMENTS! 

Automatic flexibility at no additional cost. Now, with one antenna, you can 
select the polarization mode best suited for a particular missile or space 
vehicle. Selection may be done remotely, if desired. Direct application can 

be found in communicating, tracking, telemetering, or command control 
fields. This Chance Vought Electronics antenna development eliminates 

the need for changing elements to conform to polarization changes from a 
missile or satellite source. Yet its cost is no greater than that of a comparable 

helical design. 

Low-drag, lightweight design. With the Multi-Polarized System, element 
height reduction is four to one when compared to an equivalent helical 

array. Weight and drag savings in the Vought antenna allow the use of a 
lightweight pedestal and offer broad location freedom. The Pacific Missile 
Range's first tracking vessel, U.S.S. Skidmore Victory, is being equipped 

with Vought's Multi-Polarized Antenna Systems. 

FOR FULL PERFORMANCE AND DELIVERY DETAILS 
... or for an interesting summary of ground and airborne antenna applica-

tions from the developer-producers of /65 different systems, write: 

CHANCE 
VOUGHT 

ELECTRONICS 
DIVISION DALIAS. TEXAS 

ANTENNAS • AUTOMATIC CONTROLS • NAVIGATIONAL ELECTRONICS • GROUND SUPPORT ELECTRONICS 
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weather 
conditioned 

microwave 
ANDREW RADOME EQUIPPED ANTENNAS DEFY ICE...SNOW...WIND 

Andrew radomes provide excellent 2-way year-round protection 
for Andrew microwave antenna systems. First, they protect feed 
and reflecting surface against the attenuating effects of snow, ice 
and debris accumulation. Secondly, for tower mounted antennas 
they reduce the effects of wind thrust by 35%. 

All Andrew radomes are lightweight and easy to install— clip 
directly to the dish rim of existing antennas. Unheated radomes 
are suitable for all but exceptional cases. In areas where freezing 
rain occurs, heated radomes can be provided. 

ANTENNAS 

ANTENNA SYSTEMS 

TRANSMISSION LINES 

"We have paid particular attention to antennas 
during high wind conditions of gusts up to 40-60 
m.p.h. It is very obvious that these radomes 
quite materially reduce the wind loading on the 
parabolas—due to their shape factor." Washing-
ton State Patrol, Kennewick, Washington 

Diu. Type 
Feet No. 

10 RIO 

8 R8 

6 R6 

4 Ra 

2 R2  

*I,,lueng onronno 

SPECIFICATIONS 

STANDARD RADOMES 

VSWR 
Contribution 
@ 6 kmc 

Attenuation 
6 kmc. db 

0.4 

0.4 

0.4 

0.4 

0.4 

0 02 

0.02 

0.02 

0.02 

0.02 

Type Attenuation 

HEATED RADOMES 

nVt,SiWb ultt ion Th3rousptsaft* Din 
Feet. No. 6 kmc. db 

6 kmc. (Flats), lbs. 

10 1-1R10 

8 HR8 

6 HR6 

4 HR4 

2 HR2 

0.7 

0.7 

0.7 

0.7 

0.7 

0.02 

0.02 

0.02 

0.02 

0.02 

1,990 

1,270 

714 

320 

75 

Thrust at* 
30 pst 

(Flats), lbs. 

1,990 

1,270 

714 

320 

75 

Power** 
Reqmts. 

3,400 watts 

2,400 watts 

1,200 watts 

550 watts 

150 watts 

*Including antenna 

**Power requirements for HRIO and HR8 are 3 wire single phase 60 cycle 
220 volts. 

Power requirements for HR6, HR4 and HR2 ore single phase 60 cycle 115 v. 

._ For further details on ANDREW Microwave Antennas, 
Radomes, Wave Guides write for new Andrew Catalog M. 

CORPORATION 

P. O. Box 807, Chicago 42, Illinois 

Boston • New York • Washington • Los Angeles • Toronto 

"We have had up to four inches 
of ice on the radome with prac-
tically no reduction of antenna 
effectiveness." KLIX-AM-TV, 
The KLIX Corporation, Twin 
Falls, Idaho 

"Our field forces report that the radomes pro-
duce a signal loss of less than 1 db per antenna. 
Several radomes were removed and antennas 
inspected following a heavy snow storm and no 
snow or ice was found in the antennas." Natural 
Gas Pipeline Company of America 
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Accuracy 0.02 degree 

Direct phase 
reading in degrees. 

Full scale range: 
1, 2, 4, 10, 20 and 

180 degrees. 

MILLIMICROSEC 

15 to 1500 
megacycles 

Visual indication. 
Accuracy 0.05° 
or I% up to 1500 

megacycles. 

FORMERLY 
ADVANCE 

ORLYZER 

Type 202 

SPECIFICATIONS: 

Frequency Response: 23 
cps to 100 kc; with probe, 
up to 500 megacycles 
with relaxed accuracy. 

Voltage Range: 0.01. 
0.1, 1, 10,000. 

Price: $ 588.00. 

OND PHASE 

DETECTOR 

Type 20583 

SPECIFICATIONS: 

Resolution Time: Less 
than 0.1 uus. 

Minimum Input Signal: 
20 microvolts. 

Characteristic Impedance: 
50 ohms nominal 

Price: $ 1193.00. 

Expanded Scale 90' to 91 
(89°), or 90 to 92 
(88'), with error less than 
0.02 ' can be provided. 

Phase null down to 0.005 of 
a differential transformer or 
transducer can be achieved 
by using the 1 or 2 
phase range. 

Comparison of phase angle 
between two pulse-modu-
lated systems, A ansi B. 
Accuracy can be less than 
1 uus up to 1500 mc. 

OTHER NEW PRODUCTS: 

Type 11T Series Delay Line with rise time less than 
2%; total time delay up to 100 milliseconds. 

Type A101 Capacitor Tester measures low factor angle 
and value of electrolytic capacitor directly in degrees 
and in microfarads. 

Type 308A-B Transfer Function Analyzer for automatic 
and continuous plotting of Nyquist diagram. 

ELECTRONICS LAB., Inc. 
249-259 TERHUNE AVENUE 

PASSAIC, NEW JERSEY 

One week free trial on request. 
Rental service available. 

IRE People 

(1 ¡ailed ji, ii ¡Vile 

he Military Systems-Stavid Division 
of Lockheed Electronics Company has ap-
pointed Donald L. Gunter ( 1‘1'47) to the 
stew post of Di-
rector of Nlarket-
ing. Ile will be re-
sponsible for sales, 
contract adminis-
tration, market 
planning. and cus-
tomer relations itc-
tivities for the divi-
sion. 
A nativeof West 

Virginia, the new 
marketing head 
was previously em-
ployed for 12 years by RCA. His last post-
don was Nlanager of Nlarket Development 
for the Astro-Elect Tonic Products Division. 
He also served as Manager of Planning, 
Special Systems and Development Depart-
ment; Manager of Defense Projects nor-
dina t ion ; Administrator of Guided NI issile 
Projects; Manager of Air Force Contract-
ing; Manager of Army Contracting; and 
Manager of Research Contracts. 

Other positions throughout his careers 
include Colitract Representative for the 
Applied Physics Laboratory of j oh ns I lop-
kins University, Silver Spring. Md.; 
Project Engineer for the Bureau of Ships, 
Wa;:hington, D. C.; and Power Sales Engi-
neer for Appalachian Electric Power Com-
pany, Charleston, W. Va. Ile holds the 
B.S.E.E. degree from Virginia Polytechnk 
Institute, Blacksburg, and attended N itv‘ 
Radio and Radar Schools at Virginia Poly-
technic Institute, Harvard ami Nlassachu-
setts Institute of Technology. 

Mr. Gunter is affiliated with Tau Beta 
Pi, l'hi Kappa l'hi, American Ordnance 
Association, American Society of N aval 
Engineers, U. S. Naval Institute, Anted-

• • Rocket Society, and the Armed Forces 
mmunications and Electronics Associa-

tion. 

D. I.. GuNns 

Foto-Video Electronics. Inc., of Cedar 
Grove, N. J., annotmces appointment of 
Robert D. Hamilton (M'58) formerly con-
sulting engineer 
with International 
Business Nlachines 
Corporation, at Os-
wego, N. Y., as 
Head of the Sys-
tems Engineering 
Department at the 
Company's expand-
ing Cedar Grove 
operations. 

Mr. Hamilton 
comes to Foto-Video 
with a wide back-
ground in mechanical and electronic design 
and systems engineering. 

Whik. serving IBM, he was in charge of 
planning alld specification writing for the 
Bomb- Nay System Test involving Sighting 

R. D. Hamit.um 

((, ,Ilt ,1111r,1 ¡ , !1,« 
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CBS 

NEW 
DIFFUSED 

SILICON DIODES 
-e 

featured in 
more efficient 

economical 
switching block 

New CBS high back-resistance diffused silicon 
diodes for positive switching now join CBS high-
conductance and fast-recovery types. Efficient 
and flexible switching is made possible (see cir-
cuit). CBS diffusion techniques offer three major 
advantages over the alloying method: Close proc-
ess control of all parameters, great uniformity, 
and high reverse voltage through the graded 
junction. 
The new CBS 1N456, 1N457, 1N458, 1N459 

are particularly designed for efficient computer 
operation in missiles, rockets, airborne and in-
dustrial equipment. Typical applications, in-
clude: switching, pulse, flip-flop, modulator, 
demodulator, discriminator, clamping, gating, 
and detector circuits. Write for data sheet E-387. 
Order direct, from your local sales office, or 
MWD distributor. 

ADVANTAGES OF CBS 1N456,1N457,1N458 AND 1N459 
Efficient computer switching 

High back resistance 

Sharp hack- voltage characteristic 
Excellent forward conductance 

Low current saturation 

Wide storage and operating temperature ranges 

More Reliable Products 
through Advanced Engineering CBS 

_  

This single building block for computer switching achieves in-
creased efficiency, flexible cascading, and simple maintenance. 
New CBS high back- resistance diffused silicon diodes used in the 
"And" gate assure positive switching. The relatively large voltage 
drop developed by these current switching devices drives the 
phase inverter transistor efficiently at high switching speeds, and 
minimizes cooling problems. 

Check These Characteristic 

Type 
Min. Rev. 
(„Volel va a 

(volts) 

Min. Forward 
Current 

Maximum Reverse Current Avg. Rect. 
Fwd. 

Current e, 25°C @ 150°C 

ir 
(mA) 

Er 

(volts) 
IR 

(µA) 
ER 

(volts) 
In 

(1iA) 
ER 

(volts) (mA) 

1N456 —30 40 1.0 0.025 —25 5 —25 90 
1N457 —70 20 1.0 0.025 —60 5 —60 75 
1N458 —150 7 1.0 0.025 —125 5 —125 55 
1N459 —200 3 1.0 0.025 —175 5 —175 40 

Other Ciadialmgageon Types 

Type 
Min. 

Reverse V 
(a, 100 uA 

Min. Avg. 
Forward ei IV 
mA Ey 25°C 

Bulletin 

1N482 
11'4483 
1N484 
94485 

1N625 
94826 
111627 
94628 
111629 

High Conductance Types 
—40 100 
—80 100 
—150 100 
—200 100 

Fast Recovery Types 
—35 
—50 
—100 
—150 
—200 

20 
20 
20 
20 
20 

E-373 
E-373 
E-373 
E-373 

E-374 
E-374 
E-374 
E-374 
E-374 

Sales 

CBS ELECTRONICS 
Semiconductor Operations, Lowell, Mass. 

A Division of Columbia Broadcasting System, Inc. 

Lowell, Mane., 900 Chelmsford St., GLenvime .1-0416 • Xricark, 
Johnson Ave., TAlbot 4-2150 • Melrose Park, Ill., 1990 N. Mannheim 

, tebrook 9-2100 • Los Anoeks, Calif.. 2120 S. Garfield Ave., RAymond 
3-9081 • Atlanta, Ga., Cary Chapman & Co., 672 Whitehall St., JAckson 4-73R8 
Minneapoli$, Minn., The Heimann Co., 1711 Hawthorne Ave., FEderal 2-5457 

11 

semiconductors 
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SIGMA 

CAN NOW TAKE CARE OF COMPETITION IN 

ON-OFF DEVICES 

The Great Competitive Game being what 

it is, drastic measures are often necessary 

if a new product is to be assured of suc-

cess. Frequently, one must even resort to 

publishing better specs than the competitor 

has announced, and then build a product 
to meet them. Some companies even go so 

far as to reverse the order of these events 

but the procedure is rare in North America. 

We used to say the Sigma Series 33 was 

a sliding current relay and that it would 

work on 200 milliwatts. Now there is evi-

dence to the contrary: (1) the " 33" works 

best when abruptly energized, and (2) 

there's a new adjustment coded "VG" that 

needs only to0 mie for operation. (How's 

that for being wrong two out of two?) 

Series 33 relay 

This new subminiature 

competitor (on the left, 

• next to Dr. Guillotin) 

stays within spec and won't open its 

contacts, energized or not, at 30g to 5000 

cycles, under 70 g shocks, and over a -65°C. 

to + 125°C. temperature range. Contact 

form is DPDT, polarized, magnetically 

biased. This is designated "Form Y" by 

us and means that the armature occupies 

one closed position when there is no coil 

signal, the other closed position when a 

signal of correct polarity and magnitude 

is applied, and back to the first position 

when the signal is removed. On special 

order, 33VG's can be supplied with dual 

coils and, or gold alloy contacts for dry 

circuit work. 

One other thing about applications: the 

VG adjustment of the 33 is good for 

either on-off or off-on requirements; order 

device in main illustration only if your 

application is the former. Series 33 Bulletin 

and VG supplement on request. 

At WESCON—Booth 749-750 

SIGMA 
SIGMA INSTRUMENTS, INC. 

94 Pearl St., So. Braintree 85, Mass. 

An Affiliate of The Fisher- Pierce Co. (since 1939) 

(Cantinued from page 60.1) 

Radar, Doppler Radar, Data-Processing, 
Digital-Computing operations, Radar Dis-
play and Stellar Inertial operations. 

Prior to that he was a senior engineer 
with Allen B. DuMont Laboratories, hold-
ing the post of Electronic Systems Engi-
neer, responsible for the scheduling and 
writing of creative industrial and military-
systems proposals including tactical recon-
naissance by television and other com-
munications. 

Before holding those posts, he served 
G. M. Giannini and Company, of Cald-
well, N. J., in component engineering; 
Eclipse-Pioneer Division at Teterboro; 
Kearfott Company at Little Falls, N. J., 
and other electronic firms. He served in 
the U. S. Army Signal Corps overseas and 
in this country between 1940 and 1945. 

r. Hamilton is a member of a number 
of professional societies. 

Appointment of Charles Hittner (A'45-
SM '54), formerly Staff Director of Engi-
neering at Radio Receptor as a Divisional 
Vice President and 
Chief Staff Engi-
neer of the Engi-
neering Products 
Division has been 
announced by Gen-
eral Instrument 
Corporation, of 
which Radio Re-
ceptor Company is 
a subsidiary. 

After joining 
Radio Receptor in 
1945, he held the 
post of Chief of the Advanced Develop-
ment Section and Chief Engineer of the 
Engineering Products Division before 
being named Staff Director in 1958. In 
these posts, he supervised the design and 
development of ground coni nsu nuca t joli 
equipment widely used by the U. S. Air 
Force, air traffic control systems for the 
F.A.A., and vehicular and gun-mounted 
identification systems used extensively by 
the U. S. Army Signal Corps. Prior to join-
ing Radio Receptor, he was with Hudson 
American Corporation. 

Mr. Hittner is a graduate of Polytech-
nic Institute of Brooklyn, Brooklyn, N. V. 

C. HITTNElt 

The Semiconductor Division of Syl-
vania Electric Products Inc. has an-
nounced the appointment of William D. 
Hogan (S'50-A'51-M'55) to the newly 
created post of manager of field engineer-
ing. 

He has been section head in charge of 
field engineering since 1958. He joined 
Sylvania in 1950 as a junior engineer in the 
division's Engineering Test Laboratory in 
Boston. 

Previously, he was a civil engineer with 

(Continued OH page 64,4) 
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the industry's first 

LOW ENERGY, HIGH SPEED 
switching transistor 

T-1930... MICRO-ENERGY SWITCH ... TO-18 CASE 

MAXIMUM RATINGS 

Storage Temperature   100° C 

Total Device Dissipation at 25° C .   35 mw 

CHARACTERISTICS 

DC Current Amplification Factor, 

hFE (VcE= — 0.20 v, 10=-2 ma) 

Collector Voltage, VCE 
(ic = —2 ma, 18 = —0.2 ma) 

Gain-bandwidth Product, h. 
(11cE = 1 v, lc = 1 ma) 

MIN. 

25 

125 

TYP. 

40 

.095 

175 

MAX. 

.13 V 

MCS 

Immediately available 
from your Philco 
Industrial Semiconductor 
Distributor 

The Philco T-1930 is a new concept in the design of switching 
transistors for high speed computer logic circuits! All internal 
device capacities are exceedingly small . . . and its static char-
acteristics are optimized for operation at low collector voltages 
and collector currents. It permits the design of high-speed logic 
circuits with an overall power consumption only 1/3rd to 1/10th 
that of circuits with conventional transistors. It will operate at 
pulse rates in excess of 10 mc with collector currents as small 
as 1 ma from collector supply voltages as small as 1 V. 
This new micro-energy switch is of great importance in the 
design of ultra-reliable, high density, high speed equipment. In 
micro-energy circuits, the total device dissipation is reduced to 
an absolute minimum ... 250 microwatts ... a prime considera-
tion in achieving maximum reliability. The T-1930 is an im-
portant step toward microminiaturization. .. permitting high 
packing densities without excessive internal heat generation. 
For complete information write Dept. IRE-860. 

PH I LCO 
9;71/10(41 60 Qaaey fñeîi./oreet OIrr 

LANSDALE DIVISION • LANSDALE, PENNSYLVANIA 

SEE US AT WESCON... BOOTHS 2265-2266 
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JKTO -23 

Crystal- Controlled 
Transistorized 

Oscillator 

100 KC 
AVAILABLE NOW 

A precision 100 KC plug-in signal source, cur-
rently in volume production. Incorporates a new, 
ultra-stable, 100 KC glass-sealed crystal design, 
and all-silicon solid state devices. Temperature 
controller incorporates precise long-lifed, glass-
sealed Edison-type thermostat. Meets applicable 
mil, specs., including shock and vibration over a 
5 to 2000 cycle range. 

SPECIFICATIONS 
STABILITY CLASS: 5 lc 10-'/Day. 
FREQUENCY: 100 KC (Other Frequencies available). 
OUTPUT: One volt into 5000 ohms. 
POWER: 28 volt DC (Other voltages available). Built-in 

Zener voltage regulator. 
VIBRATION: 5 G's — 5 to 2000 cycles — less than one part 

per million. 
ALTITUDE-HUMIDITY: Available sealed or unsealed. 
TEMPERATURE RANGE: From — 55°C to +85°C. 
DIMENSIONS: 1-7/8' u 11/2  u 41/2  H. Weight: 61/4 Ounces. 

For information, write stating requirements 

THE JAMES KNIGHTS 
COMPANY 

Sandwich, Illinois 

JAMES KNIGHTS CO. 
SANDWICH ,ILL. USA 

dKTP..23 
100 >cc 
80°C 

stie'cifick* p__-tithe .1 

If you are being pressed for ever increasing accuracies in the dimension 
of time, Specific Products and the National Bureau of Standards can help. 

NBS radio stations WWV and WWVH provide pulsed time signals accu-
rate to at least one part in fifty million. By tuning one or more of the sta-

tion frequencies you can make use of these exquisitely accurate time tics. 

The new, all transistorized Model WVTR receiver by Specific Products 
enables you to do just that. This rack mount version of our previously 
announced Model WWVT (portable) brings to your calibration lb every 

bit of that one-in-fifty-million•parts accuracy. Furthermore, its conven• 
ience of operation makes a cinch of otherwise tedious calibration work. 

Model WVTR rack mount 
Six National Bureau of Standards frequencies 
— 2.5, 5, 10, 15, 20 and 25 mc — are instantly 
available at the touch of the dial. The conven-
iently packaged unit measures 31/2 " x 19". 
Power is either by 6 size D flashlight batteries 
or AC power pack. Both a speaker and an S 
meter are provided for frequency comparison 
and signal level. Price of Model WVTR is $725. 

Send for complete literature 

Specific Products 
Box 425 or 21051 Costanso, Woodland Hills, Calif. 

As a public service Specific 
Products presently publishes 
two bulletins on how you can use 
WWV and WWVH broadcast 
signals in your work. Bulletin 
#159A generally describes the 
free broadcast service. Bulletin 
#460 specifically describes 
the use of the broadcasts in 
calibration work. V 

VMS 
th.mt 

0'110 

6R. 
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the Commonwealth of Massachusetts and 
with Raytheon Manufacturing Company 
at Waltham, Mass. 
A native of Boston, Mass., Mr. Hogan 

graduated somma cum laude from the Uni-
versity of Massachusetts, Amherst, Mass.. 
where he received a Bachelor of Science 
degree in Electrical Engineering. He has 
also followed courses in industrial elec-
tronics at Northeastern University. 

Dr. Ralph P. Johnson (SM'58) has 
been appointed vice president, Electronics 
Divisions, Thompson Ramo Wooldridge, 
Inc.. according to 
an announcement 
by Dr. D. E. Wool-
dridge, president, 
TRw 

In his new ca-
pacity. which is ef-
fective immedi-
ately, he will be re-
sponsible for activi-
ties within TRW's 
five electronics di-
visions: Commer-
cial Electronics 
Group, Electronic Components Group, 
Pacific Semiconductors, Inc., Ramo-Wool-
dridge Division, and The Thompson-
Ramo-Wooldridge Products Company. He 
will be located in TRW's west coast head-
quarters in Canoga Park, California. 

He was formerly TRW vice president 
and general manager of Ramo-Wooldridge, 
a division of Thompson Ramo Wooldridge, 
Inc. He will be succeeded as R-W general 
manager by Milton E. Mohr (M'45-
SM'53), who was vice president, opera-
tions for Ramo-Wooldridge. 

Dr. Johnson joined Ramo-Wooldridge 
in 1954, as director of research and devel-
opment. Prior to this, he held a similar 
position with Hughes Aircraft Company 
for four years. From 1947 to 1950, he was 
deputy director of the Research Division, 
U. S. Atomic Energy Commission; and 
from 1936 to 1947, he was a research physi-
cist with the General Electric Company. 

Boonton Electronics Corporation, 
Morris Plains, N. J. has announced the 
appointment of Raymond E. Lafferty 
(M'51-SN1'56) to 
the position of 
Chief Engineer. In 
his new position he 
will investigate 
new applications 
and improvements 
for their present 
line of test equip-
ment, as well as 
contribute to the 
development of new 
equipment. He 
brings twenty years 
of experience in broadcasting. and com-
ponent and instrument design. 

R. P. JOHNSON 

R. E. LAFFERTY 

(Continued on pogo 67A) 
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ARNOLD: 
WIDEST SELECTION OF 
MO-PERMALLOY POWDER CORES 
FOR YOUR REQUIREMENTS 
For greater design flexibility, Arnold 
leads the way in offering you a full 
range of Molybdenum Permalloy 
powder cores . . . 25 different sizes, 
from the smallest to the largest on the 
market, from 0.260" to 5.218" OD. 

In addition to pioneering the de-
velopment of the cheerio-size cores, 
Arnold is the exclusive producer of 
the largest 125 Mu core commercially 
available. A huge 2000-ton press is 
required for its manufacture, and in-
sures its uniform physical and mag-
netic properties. This big core is also 
available in three other standard per-
meabilities: 60, 26 and 14 Mu. 
A new high-permeability core of 

147 Mu is available in most sizes. 

These cores are specifically designed 
for low-frequency applications where 
the use of 125 Mu cores does not result 
in sufficient Q or inductance per turn. 
They are primarily intended for appli-
cations at frequencies below 2000 cps. 
Most sizes of Arnold M-PP cores 

can be furnished with a controlled 
temperature coefficient of inductance 
in the range of 30 to 130° F. Many 
can be supplied temperature stabilized 
over the MIL-T-27 wide-range speci-
fication of — 55 to + 85° C . . . another 
special Arnold feature. 
Graded cores are available upon 

special request. All popular sizes of 
Arnold M-PP cores are produced to 
a standard inductance tolerance of 

or — 8%, and many of these sizes are 
available for immediate delivery from 
strategically located warehouses. 
Let us supply your requirements for 

Mo-Permalloy powder cores (Bulletin 
PC-104C). Other Arnold products in-
clude the most extensive line of tape-
wound cores, iron powder cores, per-
manent magnets and special magnetic 
materials in the industry. • Contact 
The Arnold Engineering Co., Main 
Office and Plant, Marengo, Illinois. 

ADDRESS DEPT. P-8 

ARNOLD 
SPECIALISTS In MAGNETIC MATERIALS 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 

CITIES • Find them FAST in the YELLOW PAGES 

1187 
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e Microwave Component News from SYLVANIA e 

New 

broad-band 

high-speed 

microwave 

switch 
Now-a superior new device 

for your switching, duplexing 

and crystal-protecting 

applications 

SvLvANIA's RESEARCH in microwave components has 
resulted in an important new development which over-
comes many of the disadvantages of existing microwave 
switching and duplexing devices. It is a hot-cathode, 
grid- initiated arc discharge switch with this unique 
combination of features: 

SYLV 
Subseary of GENERAL TELEPHONE &ELECTRONICS SYSTEM.";-e) 

SHOWN APPROXIMATELY ACTUAL SIZE 
(2NI" OVERALL). 

• Suitable for high and low power applications 

• Firing time of . 1-.3 microsecond 
• Recovery time of the order of 1-10 microseconds 

• Band width comparable to full waveguide band 

• Consistent, reproducible phase of transmission 
and reflection 

It has these specific advantages: 

SWITCHING APPLICATIONS 

High-speed Controlled firing High isolation Low loss 

DUPLEXING AND CRYSTAL PROTECTION APPLICATIONS 

Negligible spike leakage 

Insertion loss as low as 0.2 db 

Maintains performance at low temperatures 

No noise contribution to receiver (no keep-alive current) 

Protects against RF power at lower levels than TR's 

For engineering samples in C or X bands 
or information on units in other bands, 

contact your Sylvania sales office or write to 
Sylvania Special Tube Operations 

500 Evelyn Avenue, Mountain View, California 
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He was most recently Assistant Chief 
Engineer for the Daven Company. He 
joined that organization in 1957 as Section 
Head in charge of low frequency LC filters 
and test equipment, including some gov-
ernment projects. His sphere was later en-
larged to encompass delay lines and RF 
attenuator design. In June, 1959 he was 
made Assistant Chief Engineer. 

From 1948 to 1957, he was a Develop-
ment Engineer for the National Broad-
casting Company. In this position he was 
concerned with receiver and transmitter 
design, automatic audio gain control am-
plifiers, magnetic tape, regulated power 
supplies, synthetic sound effects, and 
transistorization of portable equipment. 

Prior to 1948, he was with WSLB as 
Chief Engineer, the Boonton Radio Cor-
poration as Project Engineer, and an In-
structor with the New York State Signal 
Corps Schools. 

He has contributed over a dozen papers 
in the field of measurements and delivered 
a number of talks, including a paper pre-
sented at the 1956 IRE Convention. 

Mr. Lafferty was a member of the 
Registration Committee for the IRE Na-
tional Convention for several years and 
Chairman of that Committee in 1958 and 
1959. He also served as Chairman of the 
Hospitality Committee for the 1960 IRE 
International Convention. Mr. Lafferty 
is a Fellow of the Radio Club of America:. 

Announcement of the appointment of 
Robert D. Lavin (A'54) as manager of the 
Systems Engineering Department of Gul-
ton Industries' Or-
tholog Division was 
made May 27, 1960, 
by Dr. Leslie K. 
Gulton, president 
of the electronics 
engineering and 
manufacturing firm. 

He will be in 
charge of the re-
cently-created de-
partment's project 
work in advanced 
military and indus-
trial instrumentation systems which are 
being applied in fields such as missile and 
space vehicular information and control, 
sonar techniques, and industrial control 
instrumentation. 

Prior to joining Gulton Industries, he 
had wide experience in systems manage-
ment and development. Among his previ-
ous associations were positions with the 
RCA Missile Test Project at Patrick Air 
Force Base, Florida; the Applied Science 
Corporation of Princeton; and the Ampex 
Corporation in California. Earlier he 
served as an instructor in communications 
for the Air Force. 

Mr. Lavin is a member of the Profes-
sional Group on Space Electronics and 
Telemetry. He holds both the Bachelors 
and Masters degrees from the University 
of Minnesota, Minneapolis. 

R. D. LAviN 

(Continued on page 68.4) 

:71 7:1364:14\ The smALLEsT 
CHOPPER 
in the WORLD! 
AI R PAX 

MICRO-MIDGET 
ELECTROMECHANICAL 

CHOPPER 
This new low noise chopper has 

"full size" reliability and perform-

ance. The principle, assembly and 

materials are unique. Life tests 
have proven the engineering con-

cepts leading to its development. 

Uses jewel bearings. Hermetically 

sealed. Noise is exceedingly low, 

in fact it is almost non-existent. 

CONTACT 
MODULATOR 

MODEL 30 

GENERAL CHARACTERISTICS ... MODEL 30 

*Drive: 6.3 volts, 60 CPS Phase: 25° ±. 10° 

Dwell: Average, 175° Balance: Within 15° 

Contact Rating: 2 ma, 10 v. Contact Action: SPDT BBM 

*Nominal. Non-resonant armature construction permits wide drive frequency span. 

WESCON BOOTHS 711 - 712 

CAMBRIDGE, MARYLAND 
SE 

FORT LAUDERDALE, FLA. 

CI324 
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This precision 30-foot 
antenna has a more 
accurate surface than 
any other production 
parabolic reflector 
of comparable size. 

Antenna System's new solid surface, high precision 30-foot antenna (model 103) is 

designed to set a new standard for accuracy in the fields of radio astronomy, tropo-
spheric scatter propagation, tracking radar, and experimental test installations. It 

features: 

• High precision — The static surface tolerance of the first unit has been measured. 
The deviation from the ideal curve measured 0.033 inches RMS. 

• Has an f/d ratio of 0.417 which readily adapts to a wide variety of feed systems. 

• Fully machined sections are interchangeable and easy to assemble. 

• Solid surface panels permit use at any frequency. 

• Useable with a wide variety of feed support systems. 

• Built to withstand 150 MPH wind with 4" ice. 

• Can be mounted on either the top or side of a tower with azimuth and elevation ad-
justments, on el-az or equatorial pedestals, self-contained trailer tower mounts, or 

other types of mounts. 

Write for specification sheet. 
a. 

DESIGNERS AND MANUFACTURERS °F(ll ANTENNA SYSTEMS 

ANTENNA SYSTEMS INC. HINGHAM MASSACHUSETTS 

IRE People 

Él,b 07.4) 

Dr. Harry Letaw, Jr. ( 5N1'561 has been 
named marketing manager for Surface 
Radar and Navigation Operations of Ray-
theon Company. He succeeds A. E. Kel-
eher, Jr. (\ l'-17), new manager of market-
ing planning for the electronic tutu's 
Equipment Division. 

In his new post, Dr. Letaw will manage 
marketing efforts for Surface Radar and 
Navigation Opera I ions, one of live Equip-
ment Division units. 'the operation is cur-
rently developing and producing surface 
radar and navigation equipment for the 
military as well as storm and flight track-
ing radars for the U. S. Weather Bureau 
and Federal Aviation's Agency's nation-
wide network. 

He joined Raytheon in 1955 as a senior 
research staff member of the Research Di-
vision. In June. 1958, he was appointed 
manager of the Equipment Division's 
Space Technology Department, and in 
July, 1959, he became manager of systems 
requirement for the division. 

Prior to joining Raytheon he was a re-
search assistant professor in the Univer-
sity of Illinois' Electrical Engineering De-
partment. 

He holds the Bachelors and Masters 
degrees front the University of Florida, 
Gainesville, and received the Ph.D. degree 
there in 1952. He held Atomic Energy 
Commission and Research Corp. fellow-
ships while doing graduate study. 

He is a member of the American 
Physical Society, Phi Beta Kappa, Phi 
Kappa Phi, and Sigma Xi. 

The appointment of Albert E. Linden 
(A'53-SM'57) to the position of I kTart-
ment Staff Engineer was recently an-
nounced by Hugh 
E. Webber, Mana-
ger, Grou0(1-Elec-
tronics Depart-
ment of the Martin 
Company, Orlando, 
Florida. 

Mr. Linden is 
best known to IRE 
members, however, 
as Chairman of 
t he new ly-orga n-
i zed Orlando Sec-
tion. In early 1959, 
he was the sparkplug of the Steering Com-
mittee which organized the Section, and 
he personally obtained 100 signatures on 
the petition for its formation. During his 
term as Chairman, IRE membership in 
the area, which six years ago was only 12, 
rapidly grew to over 325. 

Fie came to Martin-Orlando from the 
lissile Guidance Section of American 

Bosch Arma Corporation, where he was 
Senior Project Engineer in the Ground 
Equipment Department. There, he super-
vised the development of equipment for 
dynamic testing of digital computers asso-
ciated with the inertial guidance s‘ stem of 
the " Atlas- and " Titan - ICBM's. Prior to 

A. E. LINDEN 
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THE FINEST INSTRUMENT 

FOR ALL-PURPOSE TESTING. 

WESTON Model 901 Group 
Now better than ever 

Weston's matched line of Model 901 portables are well known 
for sustained accuracy and dependability under general test 
conditions. This modern group of AC and DC multi-range 
instruments consists of ammeters, voltmeters and wattmeters 
covering a wide range of measurement. 

Designed for critical use, the Model 901 DC series is now 
accurate to 0.25%. Hand-calibrated mirror scales are 
combined with knife edge pointers to eliminate parallax errors. 
Widely-spaced markings on 5.5-inch long scales facilitate 
readability. The Model 904 AC series is now stocked in 
multi-range, frequency-compensated versions only. 

Excellent for field use, these portables are housed in 
rugged plastic. 

Other features include wide, shadow-reducing windows 
which are specially treated against electrostatic effects, and 
self-shielded mechanisms that offer positive protection against 
external magnetic influences. 

Call your Weston representative for complete information, 
or write for Catalog 06-203. Daystrom, Incorporated, 
Weston Instruments Division, Newark 12, New Jersey. 
International Sales Division, 100 Empire St., 
Newark 12, New Jersey. In Canada: Daystrom Ltd., 
840 Caledonia Rd., Toronto 19, Ontario. 

Weston Model 901 Group consists of Model 

901 DC Instruments ; Model 904 AC Instruments ; 

Model 902 AC Rectifier-Types ; and Model 905 

AC and DC Single Phone Wattmeters. Protec-

tive leather carrying coses are available for 

all models 

1 I r- -. 
DAYSTROM , INCORPORATED 
IMO' WESTON INSTRUMENTS DIVISION 

eRelicliD ea, ba.Tiefs.n., 
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For more QUALITY 

than meets the eye . 
USE 

HICKORY BRAND 
Intercommunicating and 

Sound System Cables 

Manufactured from quality materials, Hickory 
Brand plastic insulated cables provide long serv-
ice life and excellent mechanical and electrical 
characteristics. 
Available in shielded and unshielded types for 
use as inter-connecting cables on electronic 
equipment, remote control circuits, special 
microphone circuits, power supply cords and 
for many other electronic applications. 

Quick termination, positive color-coding and 
small diameters insure maximum economy in 
all installations. 

Representative types: 

No. 8757-2 conductors: 20 AWG 7 x 28 
Cu. tinned .015" ins. . 185" nom. dia. 

No. 8446-6 conductors: 4-22 AWG 7 x 30 strand 
.010" ins.—plus 2 18 AWG 16 x 30 strand 

.018" ins. . 212" nom. dia. 

No. 8208-2 conductors: 18 AWG 7 x 27 copper 
tinned 
.040" ins. . 155" nom. dio. 

No. 8738-2 conductors: 22 AWG solid 
.015" ins. . 130" nom. dia. 

For more QUALITY than meets the eye . . . 
decide on Hickory Brand! 

Write for complete information on the full line of 

HICKORY BRAND 
Electronic Wires and Cables 

Manufactured by 
SUPERIOR CABLE CORPORATION, Hickory, North Carolina 

IRE PeopleA\ 

(Continued from page GSA) 

this, he was a Senior Electronics Design 
Engineer for Kaiser Metal Products, Inc., 
and still earlier, held engineering super-
visory positions with National Union Ra-
dio Corporation and Raytheon Manufac-
turing Company. At Kaiser, one of his 
outstanding developments was a "Precision 
Digital Delay Generator" which has a 
measurement accuracy of two millimicro-
seconds. Also, he was involved in the de-
sign of numerical controls for machine 
tools, "tinkertoy" modules, and advance-
ments in the development of modular 
printed wiring. 

He received his education in Electrical 
Engineering at Temple University, Phila-
delphia, Pa., and the University of Penn-
sylvania, University Park. He has done 
graduate work at the University of Penn-
sylvania, Massachussetts Institute of 
Technology and the Brooklyn Polytechnic 
Institute. 

After his discharge from the service, 
where he served as a Communications 
Warrant Officer during World War II, he 
established his own business devoted to 
Television Sales and Service. He returned 
to military electronics at the start of the 
Korean War. He holds FCC Licenses for 
Radiotelegraph, Radiotelephone and Am-
ateur Radio operation. 

Since joining Martin-Orlando in May 
of 1958, he has held various supervisory 
positions within the Ground-Electronics 
Department. He has been successively: 
Coordinator of Ground Check-Out Equip-
ment for the Lacrosse, Pershing, and Bull-
pup guided missiles; Acting Section Head; 
Chairman of the Research Committee of 
Electronic Packaging; Member of the 
Product Review Board; Lecturer at Or-
lando Junior College; and Chairman of 
the Committee for Design Coordination 
of Ground Equipment. 

Dr. Leonard C. Maier, Jr. (M'52), has 
been named manager of engineering for 
the General Electric Company's Semicon-
ductor Products 
Department at 
Electronics Park, 
Syracuse, N. Y. 

In his new po-
sition, he will direct 
and be responsible 
for all semiconduc-
tor engineering and 
advanced research 
studies which in-
clude the Advanced 
Semiconductor Lab-
boratory, Engineer-
ing Administration, Transistor Advance 
and Design Engineering, Transistor Prod-
uct Engineering and Semiconductor Met-
als Engineering. 
A native of LaGrange, Ill., he joined 

G.E. as an engineer in the Communica-
tions Systems Unit in 1950. During the 
next eight years, he served in various 
supervisory and managerial capacities in 

(Continut 1 on page 7A-1) 

I.. C. MAIER, JR. 

70A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE August, 1960 



NOW MAKE 

YOUR OWN 

EVALUATION 

Equivalent SOLID CIRCUIT* Semiconductor Networks 

11111 1101 Ell MI 

1111 1011 El 

WI e 

Using one particular inter-
connection technique for semi-
conductor networks, this 
working full adder occupies 
1 50th cubic inch. 

TI Type 502 silicon SOLID CIRCUIT network is intended for binary 
counter, flip-flop, or shift register applications. Maximum repetition 
rate of 200 kc. Hermetic sealed package. Write for bulletin TI type 502. 

EACH 0.047 4 EQUAL SPACES 

0.031-1 h  
r. • . 8 ff. 

Ce• 5° ;;; 

0.125 

_L 
TI 

(ACTUAL SIZE) 

P it P.  ii H 1._ 
0.250 ALL DIMENSIONS IN INCHES 

'Trademark of TEXAS INSTRUMENTS INCORPORATED 

E1i «Me * 

semiconductor networks 

Make your own evaluation today of Solid Circuit semi-
conductor networks from Texas Instruments. Available 
for immediate application, semiconductor networks inte-
grate resistor, capacitor, diode, and transistor functions 
into single-crystal semiconductor material. 

You get improved reliability through the elimination of 
individual components ... element interconnections are 
reduced as much as 80% ... size and weight are drasti-
cally reduced and power consumption is minimized. 

To design more sophisticated systems in the same space 
and to increase your system reliability, evaluate the 100 :1 
miniaturization potential of semiconductor networks. TI 
Type 502 Solid Circuit networks are available now for 
your evaluation. TI engineers are ready now to design 
Solid Circuit networks to meet your missile, satellite, space 
vehicle, or other micro-electronic specifications. 

Contact your nearest TI Sales Engineer today! 

TEXAS INSTRUMENTS 
INCORPORATED 

SEMICONDUCTOR-COMPONENTS DIVISION POST OFFICE BOX 312 • DALLAS. TEXAS 



»OMB CZEICIWZ * 
DIFFUSED SILICON BISTABLE MULTIVIBRATOR NETWORK 

A MICROELECTRONIC BINARY FLIP-FLOP 

for application in 

• Counter Circuits 
• Shift-Register Circuits 
• Reset-Set Flip-Flop Circuits 

maximum ratings at 25°C ambient 

Maximum Supply Voltage   8 
Maximum Trigger Voltage   8 
Storage Temperature   — 55° to +125°C 

design characteristics: 

Design Supply Voltage 
Input 

Minimum Pulse Width   1 i.t sec 
Minimum Trigger Voltage   2.5 volts 
Maximum Trigger Voltage   5.0 volts 
Maximum Trigger Frequency   200 kc 
Maximum Rise Time   1 µsec 

Output Voltages ON OFF 
With 10K-ohm load to ground 0  7 v max 3.5 v min 
With 10K-ohm load to V, 0  8 y max 4.0 v min 

Output Wave Form (typical) 
t oN (90%)   1 ,usec 

tOFF(9°%) 

6   0 v t 5% 

1 p.sec 
Operating Temperature Range   — 40°C to +85°C 

ENGINEERING ASSISTANCE AVAILABLE FOR SOLID CIRCUIT NETWORK APPLICATIONS 

TYPE 502 1110lialb CUM10111.11e * NETWORK 

CONNECTED AS A BINARY COUNTER 

O f/2 

u. 
INPUT 
FREQ If) 

O f/4 

10 

f/8 

10 

NOTE: SUPPLY VOLTAGE CONNECTIONS NOT INDICATED 

* Trademark of TEXAS INSTRUMENTS INCORPORATED 

TEXAS INSTRUMENTS 
INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION 

POST OFFICE BOX 312 • DALLAS. TEXAS 



ti IRE People 
(Continued from page 70A) 

the Company's Electronics Laboratory 
and the Cathode Ray Tube Department. 

He is an alumnus of Williams College, 
Williamstown, Mass., from which he re-
ceived the B.A. degree in physics in 1944. 
Following naval service in the V-12 pro-
gram and later as an electronics main-
tenance officer in the Pacific theater of 
operations, he enrolled at the Massachu-
setts Institute of Technology, Cambridge, 
for advanced studies. 

While at MIT, he served for three 
years in the school's laboratory of elec-
tronics as a research associate and research 
assistant. He was awarded the M.S. degree 
from MIT in 1948 and the doctorate in 
1949, both in the field of physics. 

Dr. Maier is a member of the Research 
Society of America, American Physical 
Society, the scholastic honorary Phi Beta 
Kappa and the physics honorary Sigma Xi. 
In 1954, he served as program chairman, 
Syracuse area, of the IRE. 

Beryl L. McArdle (SM'50) has been 
appointed scientitic advisor on the staff of 
Dr. Royal Weller, vice president for engi-
neering of the 
Stromberg-Carl-
son Division of 
General Dynamics 
Corporation. 

He will engage 
in special studies in 
chemical and bio-
logical warfare, in-
telligence systems, 
operations research 
and countermeas-
ures. 

For three years 
prior to his new appointment, he was man-
ager of the Intelligence Systems Depart-
ment in Stromberg-Carlson's Electronics 
Division. He has been with Stromberg-
Carlson since 1947, when he joined the 
company as a senior engineer in the Re-
search Division. Subsequently, he became 
manager of the division's Data Systems 
Laboratory. 
A native of Galien, Michigan, he re-

ceived the bachelor's degree in electrical 
engineering with honor from the Michigan 
College of Mining and Technology, 
Houghton. During World War II, he 
served in the U. S. Signal Corps with the 
rank of lieutenant, and later was head of 
the research section on cryptographic com-
munications in the Department of Defense. 

Mr. McArdle holds nine patents, sev-
eral of them classified, and is a member of 
the Committee on Military Electronic 
Systems of the Electronic Industries As-
sociation. 

B. L. McARDLE, 

The appointment of Howard S. Monc-
ton (A'39-M'46) as manager of planning 
and review for the Amherst Laboratory of 

(Continued on page 74A) 

When 

quality 

considerations 

outweigh 

cost... 

WESGO 
ULTRA HIGH PURITY 

LOW VAPOR PRESSURE 

BRAZING ALLOYS 

WESGO knows full well the need for quality in 
even so relatively a minor item as brazing alloys 
in vacuum tube construction and will, therefore, 
not compromise with this factor for the sake 
of cost. This high quality is maintained in the 
conventional alloys as well as a series of new 
brazing alloys developed by WESGO specifically 
for vacuum systems use. Brochure with full 
descriptions of standard WESGO Low Vapor 
Pressure Brazing Alloys is available upon request. 

WESTERN GOLD AND PLATINUM CO. 
525 Harbor Boulevard • Belmont, California • Phone LYtell 3-3121 
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THIS " BABY" 
CAN REALLY 

TAKE IT! 

specifies Hill signal generators 

for use in the AR- 200 magnetic tape 

recorder because of their high relia-

bility under extreme environmental 

conditions. The compact Hill units 

generate a precision 60- cycle fre-

quency which is power amplified to 

operate the recorder's capstan drive 

motor. While paralleling the qualities 

of advanced laboratory recorders, the 

sturdy Ampex AR- 200 will withstand 

shock up to 15 G's, operate at altitudes 

of 100,000 feet, function under ex-

cessive temperature changes and in 

up to 100% humidity. It displaces 

only 1.6 cubic feet. 

BULLETIN FS 17900 
fully describes Hill's Signal Generator used 
in this application. Write for your copy. 

Hill Electronics manufactures precision, 

crystal controlled frequency sources, filters 

and other crystal devices for operation un-

der all types and combinations of conditions. 

HILL ELECTRONICS, INC. 

MECHANICSBURG, PENNSYLVANIA 

IRE People 

(Continued from page 73A) 

Sylvania Electric 
Products Inc., has 
been announced by 
Walter Serniuk, 
laboratory director. 

He was previ-
ously business man-
ager of the Buffalo 
Operations. Affili-
ated with Sylvania 
since 1939, he was 
assistant to the 
manager of the 
company's Physics 
Laboratory at Bayside, N. Y., and admin-
istrative engineer of Sylvania Home Elec-
tronics, another division of the company, 
prior to joining Sylvania Electronic Sys-
tems. 
A graduate of Union College, Mr. 

Moncton is a member of Sigma Xi, hon-
orary scientific fraternity, the Society for 
Advancement of Management, and The 
American Radio Relay League. 

The appointment of William F. Palmer 
(A'51) to the newly created post of man-
ager of advanced circuit development and 
new product evaluation for the Semicon-
ductor Division of Sylvania Electric Prod-
ucts Inc. has been announced by Dr. J. E. 
Thomas, director of research and engineer-
ing for the division. Sylvania is a subsidi-
ary of General Telephone and Electronics 
Corporation. 

In hé new position, Mr. Palmer, who 
has headed the division's applications en-
gineering section since 1957, will seek new 
applications for existing semiconductor 
products and for devices presently under 
development. He will continue to have his 
offices at the division's general engineering 
laboratory. 

He joined Sylvania in 1952 as a device 
development engineer at Newton, Mass. 
The following year he was placed in charge 
of the division's advance communications 
application group. In 1955, he became 
head of the division's commercial engi-
neering department. 

Before joining Sylvania, he was a 
teaching fellow at Wesleyan University, 
Middletown, Conn., where he specialized 
in piezoelectric phenomena and received 
the Master of Arts degree in 1952. 
A native of St. John, N. B., Canada, he 

attended Mount Allison University, Sack-
ville N. B., where he received the Bachelor 
of Science degree in Physics. 

The author of more than a score of 
technical papers on solid state devices and 
applications which have appeared in trade 
and technical publications. Mr. Palmer 
has spoken extensively before professional 
societies and scientific groups. He is a 
member of the American Physical Society 
and the American Association of Physics 
Teachers. He has also served as chairman, 
vice chairman and secretary of the Boston 
Chapter of the IRE Professional Group on 
Electron Devices and on various IRE com-
mittees. 

H. S. MONCTON 

(Continued on Page 76A) 
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TIGHTEN YOUR "SPECS" 

WITH HUGHES CRYSTAL FILTERS 

Fo --.--

HUGHES has the highly skilled personnel, the 

"know-how" and the production facilities to fill 

your every crystal filter need— in any quantity 

—and with guaranteed on-time delivery. 

Experienced Hughes Applications Engineers 

are available now to work with you on your 

filtering problems. For additional information, 

t"k8 1.56 " '52 
FREQUENC F k, 

60 

-100 -50 .50 Ice -, 150 

DEVIATION FROM CENTER FREQUENCY AO 

call your nearest Hughes Semiconductor Sales 

Office or Representative listed below. Or write: 

Hughes Industrial Systems Division, Inter-

national Airport Station, Los Angeles 45, Calif. 

For export information, write Hughes Inter-

national, Culver City, California. 

LOWER SINGLE SIDEBAND 1.75 Mc. 

BANDPASS 10 Mc. 

Specifications: 

Passband width 
Carrier rejection 
Maximum ripple 
Impedance ( in /out) 
Maximum insertion loss 
Size 

Specifications: 

2.7 Kc 
50 db 
±0.75 db 
50/50 ohms 
3 db 
8.5 Cu. in. 

3 db bandwidth 40 Kc 
Shape factor (60 db/3 db) 2.2 to 1 
Maximum ripple ± 0.75 db 
Maximum insertion loss 6 db 
Impedance (in/out) 1.5K/1.5K 
Size 3.6 cu. in. 

BANDPASS 30 Mc. 

BANDPASS 100 Kc. 

Specifications: 

3 db bandwidth 108 Kc 
Shape factor (60 db/3 db) 2.1 to 1 
Maximum ripple ±1 db 
Maximum insertion loss 8 db 
Impedance (in /out) 2K /2K 
Size 6 Cu. in. 

Specifications: 

6 db bandwidth 2 cps max. 
Shape factor (30 db / 6 db) 5 to 1 

Impedance (in/out) 1K/1K 
Size 11.75 cu. in. 

SALES OFFICES: HUGHES OFFICES — 
California— Palo Alto, DAvenport 6-7780 • Colorado 
—Denver, SUnset 9-0549 • Illinois— Chicago, 
NAtional 2-0283 • Massachusetts—Boston, WElls 
3-4824 • Michigan— Detroit, UNiversity 3-6700 
Minnesota—Minneapolis, VVEst 9-0461 • New 
Jersey—Newark, MArket 3-3520 • New York— 
Garden City, Pioneer 1-4620, Syracuse, GRanite 
1-0163 • Ohio—Cincinnati, ELmhurst 1-5665, 6, 7 
Pennsylvania—Philadelphia, MOhawk 4-8365, 6 
Texas—Dallas, LAkeside 1-4111 

S. S. LEE ASSOCIATES: Alabama—Hunts-

\ JEffers,_q) ü- L631 • Florida—Orlando, CHerry 

1-4445 • Maryland, Lutherville, VAlley 3-3434, 
Wheaton, LOckwood 5-3066 • North Carolina— 
Winston-Salem, STate 8-0431 

EARL S. CONDON COMPANY: California— 

Los Angeles, DUnkirk 1-3951, San Diego, ACademy 
2-5593 

Creating a new world with ELECTRONICS 

- 

HUGHES 

AIPCRA, coRRANY 

INDUSTRIAL SYSTEMS DIVISION 



make your reservations now -- plan to attend the fifth---

Conference On Communications 
TOMORROW'S TECHNIQUES — A SURVEY 

Sponsored by the Cedar Rapids Section 

Address: 

"Conference On Communications" 

P.O. Box 948 
CEDAR RAPIDS, IOWA 

CEDAR RAPIDS, IOWA 

Roosevelt Hotel 

SEPTEMBER 9-10 

for information on registration and housing 
Contact: RAY FULLER 

• HIGH FIDELITY 

• HAM JADIO 

• MARINE 

• INSTRUMENTS 

111.81...TMZ11.1.1, 

r— 

Over 150 do-it-yourself electronic kits 
are illustrated and described in this 
complete Heathkit Catalog. 

DO•IT•YOURSELF ... IT'S FUN 

IT'S EASY F. YOU SAVE UP TO 1/2 ! 

HEATH COMPANY I oews-rRom 
gm. 

Benton Harbor 4, Michigan 

Please send the FREE Heathkit Catalog 

NAME 

ADDRESS 

CITY ZONE STATE 

For the highest 

RELIABILITY 

IN PRECISION 

COMPONENTS 

specify 

FAIRCHILD 
GYROS 

PRESSURE 
TRANSDUCERS 

ACCELEROMETERS 

POTENTIOMETERS 

IlfleC11111D 
CONTROLS CORPORATION 
"" COMPONENTS DIVISION 

225 Pe Monte, 6111 E. Wastuniton 
Hicksville. L. L. N. Y. Los Ahem CAI. 

A Subsidiary of Fairchild Camera and instrument Corporation 
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Charles J. Pence (A'52—M'57) has been 
promoted to engineering director of control 
systems at Remington Rand Univac, St. 
Paul, Minnesota, 
chief engineer 
N. T. Stone an-
announced today. 
A graduate of 

Monroe high school, 
St. Paul, and the 
University of Min-
nesota, Minneapo-
lis, Mr. Pence 
joined the Univac 
predecessor com-
pany, Engineering C. J. PENCE 
Research Associ-
ates, as an electrical engineer in 1950. For 
the past six months, he has been assistant 
department manager of the Univac ad-
vanced navy computer project. 

Election of Herbert W. Pollack (S'48— 
A'50—M'55—SM'58) as vice-chairman of 
the New York Section of the IRE has been 
announced. 

He is manager 
of the general engi-
neering depart-
ment, Polarad Elec-
tronics Corpora-
tion, Long Island 
City, N. Y. 
A graduate of 

City College of 
New York and New 
York University, 
he has previously 
served as chairman 
of the section's lecture committee and ac-
tivities review committee, section treas-
urer, and secretary. The New York Sec-
tion of the IRE is composed of 5500 engi-
neers and scientists in the Metropolitan 
New York-New Jersey area. 

Mr. Pollack, in addition to his activi-
ties with Polarad, is also a member of the 
electrical engineering graduate school staff 
at the Polytechnic Institute of Brooklyn. 

In furtherance of its recently announced 
plans for an integrated Electronics Divi-
sion, Gladden Products Corporation, Glen-
dale, has appointed 
Robert R. Reaver 
as Special Projects 
Manager, Electron-
ics Division. 

In this newly 
created post, he 
is responsible for 
broadening the 
Company's elec-
tronic base by in-
troducing new 
products and tech-
niques. 

Active in development work in the 
fields of radar, digital computers and RF 

H. W. POLLACK 

R. R. REAVER 

(Continued on page 78A) 
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Rendered to scale with 
the accurate blue lines 
to guide you. 
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LAYO 
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HERE'S YOUR PRINT 

Grid lines disappear 
completely, giving sharp, 
easy-to- read copies 
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TION 

LAYO 

CLEARPRINT PAPER CO. 
1482 - 67th Street, Emeryville, Calif. 

[1] Send me Clearprint samples, with prices, for the following 

GUST 

uses: 

LL,, Have your representative call at my office to 
applications for my particular needs. 

Name_ 

Firm 
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how do you play 

the numbers game? 

The current numbers game consists of seeing how many components 
you can wedge into a small space. But there's a catch to it. 

Some circuit modules may seem small until you string them together 
and find that interconnections and supporting structure take more 
space than the modules themselves. That's why it's important, in 
evaluating miniaturization, not to consider the module size alone, but 

to be concerned with the over-all size, including module, interconnec-
tions, and supporting structure. 

New EECO MINIWELD circuit modules are designed with over-all 
system size in mind. They offer optimum miniaturization not only of 
modules, but also of interconnections and supporting structure. Add 
to this the reliability of proven circuits incorporating readily available 

standard catalog components rather than hard-to-get specials, the 
superior strength of welded rather than soldered connections, and you 
have an unbeatable combination of advantages. 

We invite you to see for yourself at WESCON, Booth 1017. 

Write, wire, or 'phone today for detailed information 
on the revolutionary new MINI WELD space-saving 
package. 

ENGINEERED 

ELECTRONICS ENGINEERED ELECTRONICS COMPANY 

1441 EAST CHESTNUT AVENUE • SANTA ANA, CALIFORNIA 

Klmberly 7-5651 

(Continued from page 76A) 

countermeasures, Reaver was Department 
Head, Radar-Beacons at Bendix Pacific 
Division before joining Gladden. He re-
ceived the B.S.E.E. from Ohio State Uni-
versity in 1950. 

Norman J. Regnier (A'47)—M'57) has 
been named to the position of Program 
Manager for an advanced semiconductor 
reliability study 
being conducted by 
Motorola Semicon-
ductor Products 
Division for Auto-
netics, a Division 
of North American 
Aviation, Inc., as 
part of the MIN-
UTEMAN inter-
continental ballistic 
missile program. 

He will have 
responsibility for 
over-all program direction and administra-
tion, including coordination of the efforts 
of Motorola's Engineering, Production, 
Quality Control and Marketing Depart-
ments. 

Prior to joining Motorola, he was 
Western Regional Sales Manager and Di-
rector of Solar Cell Marketing for Hoff-
man Semiconductor Division. 
A graduate of the University of the 

West, Los Angeles, Calif., Mr. Regnier 
received the B.S. degree in Electrical En-
gineering in 1957. 

N. J. REGNIER 

Appointment of a new Radio Receptor 
Divisional Vice President has been an-
nounced by General Instrument Corpora-
tion, of which Ra-
dio Receptor Com-
pany is a subsidi-
ary. 

Arthur L. Ros-
soif (S'42—A'44— 
SM'54), until now 
Technical Director 
of the Company's 
Advanced Develop-
ment Laboratory, 
has been named Di-
visional Vice Presi-
dent as well. The 
Laboratory, which is located in Westbury, 
Long Island, is part of General Instru-
ment's Radio Receptor subsidiary. 

Since joining Radio Receptor's staff in 
1950, he has held various posts, princi-
pally in product engineering and the Semi-
conductor Division of the Company. Prior 
to 1950, he was associated with Dome and 
Margolin, Emerson Radio Company, and 
Universal Electronic Laboratories. He has 
also taught graduate studies at City Col-
lege of New York, Polytechnic Institute 
of Brooklyn, and Columbia University. 
He is the author of the text book, "Tran-

A. L. ROSSOFF 

(Continued on page 80A) 

78A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE August, 1960 



K
M
C
 
FR

EQ
UE

NC
Y 

40 

THERE'S MORE TO A D-B 

BROADBAND 

WAVEMETER 

THAN JUST 

THE DIAL! 

36 

38 

34 

t I 

50 

32 

MICROMETER READING 

Fail-Safe Design— 

loss of gas pressure makes unit 

immediately inoperative. 

Twelve models cover from 2.6 KMC 

to 140 KMC. Write for complete 

data in Bulletin D-B 715. 

30 

100 

• 

DE MORNAY BONARDI 

o 

28 

26 

150 

200 

Here is the D-B calibration 

chart showing the high 

resolution and accuracy you 

get with any D-B wavemeter. 

The X-Band curve, for example, 

is over 22 feet long! 

DE MORNAY-BONARDI 
780 SOUTH ARROYO PARKWAY • PASADENA CALIF. 

See us at the WESCON Show Booth No. 2214-15. 

PROCEEDINGS OF THE IRE August, 7960 79A 



MUCON 
SUBminiature 

CAPACITORS 
are shaped to fit your 

ES S 
space dimensions 

NARROW-CAPS 

!Ii 
NARROW DESIGN 
TO FIT 1/10" 
MODULAR 
SPACING 

THINLINE 
 ANY SQUARE 

OR RECTANGULAR 
SHAPE 

RIBBON LEADS 
FOR HIGHER 
SELF-RESONANT 
FREQUENCY 
and Q 

STANDOFFS 

fig
EXTREMELY 
LOW SERIES 
INDUCTANCE 

SPECIALS 

o 
RIBBON. WIRE 
and or TAB 
LEADS POSITIONED 
AS REQUIRED. 

MITCHELL 2-1476 - 7 - 8 

MUCON 
CORPORATION 

9 ST. FRANCIS ST., NEWARK 5, N. J. 

IRE People 

(Continued from page 78.4) 

sistor Electronics," and is a recognized au-
thority in the field of semiconductor elec-
tronics. 

Mr. Rossoff holds the B.E.E. degree 
from the City College of New York and 
the NI . E.E. degree from Polytechnic In-
stitute of Brooklyn. 

The appointment of Dr. Hamer Sel-
vidge (A'31-M '40-SM '43-F'S 8) formerly 
Western Corporate Representative of 
Bendix Aviation, 
as Vice President 
and General Mana-
ger of Meteorology 
Research, Inc., was 
announced by Dr. 
P. B. MacCready, 
Jr., President of 
this Altadena re-
search and instru-
mentation com-
pany. The appoint-
ment is the first 
step in a plan for 
substantial expansion to meet increasing 
demands for meteorological research and 
instrumentation. 

He has held a number of executive po-
sitions with Bendix during the past 15 
years, specializing in missiles, instrumen-
tation and new product development pro-
grams. Before joining Bendix, he was a 
staff member of the Applied Physics Lab-
oratory of Johns Hopkins University, 
Baltimore, Md. Prior to the war, he taught 
at Harvard, Massachusetts Institute of 
Technology and Kansas State University, 
Lawrence. He holds advanced degrees 
from the Massachusetts Institute of Tech-
nology and Harvard University. 

Dr. Selvidge is a member of the Ameri-
can Physical Society, the American Rocket 
Society and the Institute of the Aeronau-
tical Sciences. For his work on proximity 
fuzes, he received the Naval Ordnance De-
velopment award in 1946. He is also Presi-
dent of the Soaring Society of America. 

Crosby-Teletronics Corporation an-
nounced the appointment of John C. Sim-
mons (M'44) as assistant to the executive 
vice president. He 
will continue as 
contracts manager, 
a post he had held 
since 1957. 

Crosby-Tele-
tronics Vice Presi-
dent, R. S. Marston, 
said that Mr. Sim-
mons' promotion 
was designed to fa-
cilitate the coordi-
nation of sales, pro-
duction and engi-
neering departments of Crosby-Teletron-
ics, which, along with its subsidiaries, is 
primarily a manufacturing, research and 
development company. 

Mr. Simmons was contracts manager 

H. SEI.VIDGE 

J. C. SIMMONS 

for Teletronics Laboratory, Inc., prior to 
its merger with Crosby Laboratories in 
1959. From 1952 to 1957 he was in the en-
gineering department of Teletronics and 
served as project engineer on Signal Corps 
and Navy Department development con-
tracts. 

Prior to joining Teletronics Labora-
tories, he spent 10 years with the Sperry 
Gyroscope Company. As project engineer 
with Sperry, he was responsible for the de-
velopment and evaluation of air-to-air and 
air-to-ground microwave communication 
for the Bureau of Aeronautics, Navy De-
partment. He also was responsible for the 
development of the Telemetering Signal 
Simulator for missile systems and worked 
on many other military communications 
developments. 

Robert L. Sell (S'47-A'49-M'55-
SM'59), engineering executive for Telex, 
Inc. has been named assistant vice presi-
dent of the Twin 
Cities electronics 
company, Arnold J. 
Ryden, president, 
has announced. 

He will continue 
as director of engi-
neering,Ryden said. 
In addition to his 
engineering duties, 
he is being given 
new responsibilities 
as Director of Sales 
and Marketing for 
the company's Components Group which 
includes Special Products, Communica-
tions Accessories Division, and Magnetics. 

Since he joined Telex a year ago, he 
has directed development of a number of 
advances in hearing aid design, including 
its recently-introduced Telex Radiant, the 
first hearing aid to eliminate wire and 
mechanical connections by use of a radio 
transmission principle. Prior to joining 
Telex, he was chief engineer at Audio De-
velopment Company, Minneapolis, with 
ten years service there. 

Mr. Sell has been active in the Insti-
tute of Radio Engineers, serving as chair-
man of the Twin Cities section of the Pro-
fessional Group on Audio. He is also a 
member of the American Institute of 
Electrical Engineers and holds a commit-
tee chairmanship in the Electronics Indus-
tries Association. 

R. L. SELL 

Emerson & Cuming, Inc., Canton, 
Massachusetts, announces the appoint-
ment of Howard A. Smith (A'54) as Na-
tional Sales Mana-
ger. Mr. Smith 
joined the firm in 
1958 as New Eng-
land District Sales 
Manager. In his 
new position, he is 
responsible for all 
sales efforts for the 
company including 
its international 
representative cov-
erage, regional sales 
offices, sales promo-

HOWARD A. 

(Continued on 

SMITH 
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tion and advertising. Mr. Smith's back-
ground is extensive in the design and ap-
lication engineering of dielectric material. 

For two years previous to joining Em-
erson & Coining, he was partner/owner of 
the electronics manufacturers' representa-
tive organization of Smith & Purdy Asso-
ciates covering the New England Terri-
tory and specializing in microwave test 
equipment, components and materials. 

Prior to that, his experience was pri-
marily in the microwave instrumentation 
field, including antenna design and special 
test equipment design. He was associated 
with Gabriel Electronics for four years 
along this line. 

Mr. Smith is at present the Editor 
of "The Reflector" magazine published 
the Boston Section of the IRE. 

Robert C. Sprague (SNI'53), chairman 
of the board of the Sprague Electric Com-
pany, has been elected a Fellow of the 
American Academy of Arts and Sciences. 

The 180-year-old academv lists among 
its members about 1500 distinguished in-
tellectual leaders in various 'kids. Mr. 
Sprague was one of the 115 new fellows 
elected this year. 

Mr. Sprague, who founded Sprague 
Electric 34 years ago, is a graduate of the 
U. S. Naval Academy and holds the mas-
ter's degree from Massachusetts Institute 
of Technology, Cambridge. He is chair-
man of the board of the Federal Reserve 
Bank of Boston. 

His many services to the U.S. govern-
ment include a tour as chairman of the 
so-called Gaither Committee to assess 
American defenses. The committee's 1957 
report remains a closely guarded secret. 

H. Myrl Stearns (S'39—A'40—SM'48), 
president of Varian Associates, received 
an honorary Doctor of Science degree at 
special ceremonies 
at the 65th com-
mencement exer-
cises of the Univer-
sity of Idaho, Mos-
cow, Idaho, June 5. 

He joined Rus-
sell and Sigurd Var-
ian, the inventors 
of the klystron 
tube, and other 
scientists in found-
ing Varian Associ-
ates in 1948. He 
served as executive vice president and gen-
eral manager of the electronics firm from 
its founding until June, 1957 when he was 
named president. 

He received his bachelor of science de-
gree from the University of Idaho in 1937. 
After graduation he went to Stanford Uni-
versity and served as a teaching and re-
search assistant while studying for his ad-

H. M. STEARNS 
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vanced degree in electrical engineering, 
which he received in 1939. 

In 1941 he joined Sperry Gyroscope and 
later headed that company's Doppler ra-
dar program. In 1946 he received a com-
mendation from the Secretary of the Navy 
for work on radar in connection with sub-
marine warfare and leadership in the war 
effort at Sperry. 

Mr. Stearns holds patents in the fields 
of automatic frequency control and auto-
matic ranging and is the author of techni-
cal research papers in the fields of radar, 
microwave tubes and engineering manage-
ment. Ile is a past president of the Western 
Electronics Nlanufacturers Association, a 
Fellow of the American Association for the 
Advancement of Science and a member of 
Sigma Xi and Sigma 'Tau, scientific and 
engineering honorary societies. 

Telecomput ing Corporal ion, Los Ange-
les, Calif., has announced the appointment 
of Steve E. Stem (M'57) to the newly 
created position of manager of its techni-
cal services department. 

He will be responsible for preparation, 
graphic arts and production of proposals, 
publications, displays, and related services 
for the entire corporation. 

He was formerly supervisor, project 
services section and a member of the tech-
nical staff of Hughes Aircraft Co., Culver 
City, Calif. Previously, he was technical 
publications manager of Associated lis-
sile Products Corp., and before that, he 
was employed by Hycon Mfg. Co., Pasa-
dena, Calif. 

Educated in Paris, France, :\ Ir. St rem 
is also a graduate of American Radio In-
stitute. He is a past vice president and 
director, Technical Publishing Society na-
tional board, and presently a member of 
the Los Angeles Chapter. 

The Thurlow Navigation Award, the 
highest honor conferred for advancing the 
science of navigation, has been pre-
sented to William J. 
Tull (M.-16-SI\ I ' 55), 
Vice President, 
GPL Division-Gen-
eral Precision, Inc. 
for his work as the 
pioneer of Doppler 
navigation. 

The award was 
presented by the 
Institute of Navi-
gation during its 
annual meeting at 
the U. S. Air Force 
Academy. 

The citation described Mr. Tull as " the 
father of Doppler navigation. - It stated 
that he saw in 1945 the possibilities of 
applying Doppler principles to the prob-
lems of air navigation and that " his efforts 
resulted in development of the world's first 

\V. j. 

practical automatic self-contained air-
borne navigation system. - The citation 
further lauded him for his continuing role 
in refining Doppler systems for use in 
lighter aircraft. 

Ile is one of the original M.I.T. scien-
tists who founded GPL, and was largely 
responsible for the invention, design, and 
development of Doppler navigation sys-
tems. 

Prior to the founding of GPL, he was a 
Staff Member of the M.I.T. Radiation 
Laboratory, working on missile guidance 
systems and the AN/APQ-24. He holds 
eleven patents on Doppler systems and 
computers, ferrite devices, missile guid-
ance systems, and portions of the 
AN /APQ-24 Navigation and Bombing 
System. 

Ile also made significant contribu-
tions to compass technology, having orig-
inated techniques for eliminating accel-
eration effects in gyro-magnetic com-
passes, and techniques for compass swing-
ing. Microwave transmitters and anten-
nas, magnetron phasing, Doppler theory, 
high duty cycle radars and magnetrons, 
and Doppler systems flight tests are other 
areas of his research efforts. 

He has furthered the growth of GPL in 
administrative, as well as scientific, func-
tions: as coordinator of military projects, 
and as supervisor of sales planning and 
future research, development and engi-
neering. 

He graduated from the University of 
Michigan, Ann Arbor, in 1942 with t he 
B.S. degree in Electrical Engineering; he 
also did graduate study there. 

The Thurlow Award dates back to 1945 
when it was founded by Sherman Mills 
Fairchild to stimulate development of the 
science of navigation. The Award is given 
in memory of Colonel Thon m, L. Th ut low, 
who, in the early thirties, was i rtimental 
in establishing a navigation school for 
pilots, , Ind, with Harold Gatty, laid the 
groundwork for future training in naviga-
tion. Over the years, it has been awarded 
to persons who have written new chapters 
in the history of navigation. 

David R. Weindorf (S'50-A'51-W56) 
has been appointed Head, Production En-
gineering Section of the Rheem Semi-
conductor Corporation, it has been an-
nounced by Dr. E. M. Baldwin, \'ice 
President and General Manager of the 
Nlountain View, California silicon mesa 
transistor, diode, and special assemblies 
firm. 

Prior to joining Rheem, he was em-
ployed as a Project Engineer for Sylvania 
Electric Products and Head of Preproduc-
tion Engineering for I I ughes Aircraft 
Company and Fairchild Semiconductor 
Corporation. 

Mr. Weindorf hold the Bachelor of 
Science degree in Electrical Engineering 
from Pennsylvania State University, Uni-
versity Park, and has patented a ceramic-
metal fuse tube. 

•,1* 

David P. White (S'59- M '60) of Water-
town, Massachusetts, a senior at Brown 
University, Providence, R. I., has been 

(Continued an Page S6A) 
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awarded the cov-
eted Hannibal C. 
Ford Fellowship for 
study at the Gradu-
ate School of Engi-
neering of Cornell 
University, it has 
been announced. 

The fellowship. 
awarded by the 
Ford Instrument 
Company division 
of Sperry Rand 
Corporation, com-
,Inorates the memory of Hannibal C. 
Ford, Cornell '03, inventor, scientist, 
designer, and electromechanical genius, 
one of the nation's pioneers in the de-
velopment of ordnance and navigational 
controls and computers, and founder of 
the company which bears his name. 

He attended Watertown High School 
and entered Brown University in 1956. He 
has had a distinguished record at the uni-
versity and held a four year scholarship. 
At graduate school he plans to concentrate 
in the field of electromagnetic wave prop-
agation. 

At Brown, Mr. White is a member of 
Tau Beta Pi, Sigma Xi, the Brown Engi-
gineering Society, and the Brown Engi-
neering Student Council. 
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Dr. Alfred K. Wright ( X37—SM'45), 
vice president of operations, Tung-Sol 
Electric Inc., has been elected to the com-
pany's board of di-
rectors, Louis Rie-
ben, chairman, has 
announced. 

He joined the 
56-year-old elec-
tronics and auto-
motive components 
manufacturing firm 
in 1937, and has 
held a succession of 
managerial posts 
with the company. 

In 1938, as a 
sales engineer, he helped develop the firm's 
then new branch of engineering activity 
which aided radio and other electronics 
set manufacturers in solving advanced 
technical problems. This activity was an 
important factor in the growth of Tung-
Sol as a major supplier of original equip-
ment electron tubes. 

In 1951, he was elected vice president 
in charge of engineering. In 1958, he was 
given the broadened responsibilities of his 
present position. 

He is a member of the Joint Electron 
Tube Engineering Council, the American 
Society of Quality Control, and the Soci-
ety of Automotive Engineers. He is a grad-
uate of Northeastern University, Boston, 
and Harvard University, Cambridge. He 
received the Doctor of Science degree from 
Harvard. 

On April 21, 1960 Dr. Wright received 
a "Citation for Distinguished Attainment" 
from Northeastern during the exercises 
commemorating the 50th anniversary of 
the College of Engineering and its coop-
erative engineering program. 

A. K. WRIGHT 

Directors of Hazeltine Corporation 
have announced the election of Dr. Victor 
J. Young (S1W52) as' vice president of 
Hazeltine Electron-
ics Division. He is 
in charge of the 
Electrical Engi-
neering Depart-
ment of the 36-year-
old electronics firm. 
He had been an as-
sistant vice presi-
dent of the elec-
tronics division 
since 1956. 

He was gradu-
ated cum laude 
from Albion College in 1935, and received 
the Master's degree in Physics from the 
University of Iowa, Iowa City, while on a 
teaching fellowship there. After earning 
the Ph.D. degree in Physics from the Uni-
versity of Iowa in 1940, he was a physics 
instructor at New York University where 
he also was active in nuclear and radar re-
search programs. Prior to joining Hazel-
tine in 1949, he was in charge of radar, 
undersea detection and recorder projects 
for Melpar, Inc. and the Sperry Gyroscope 
Company. 

The new engineering vice president is 
the author of "Understanding Micro-
waves," published by John Rider in 1945, 
and many scientific papers on physics and 

V. J. YOUNG 
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electronics problems. He is a member of 
the American Physics Society, New York 
Academy of Science, American Ordnance 
Association, Alpha Tau Omega, Sigma Xi, 
Delta Sigma Rho and Kappa Mu Epsilon. 

The appointment of Ray A. Zuck (A'55 
as vice-president of Atronic Products, Inc., 
Bala-Cynwyd, Pa., electronic equipment 
manufacturer, has 
been announced by 
George J. Laurent 
(.V47—S:\ 1'52) com-
pany president. M r. 
Zuck will direct 
activities in design 
and production of 
Material Handling 
Systems. 

Since joining 
Atronics, he has 
been active in work R. A. ZUCK 
on automatic test 
equipment for production testing of tran-
sistor circuits; in transistorized recognition 
circuits for detection of specialized signals: 
and in electromechanical control equip-
ment for both military and industrial ap-
plications. 

During the last two years, he has been 
responsible for the development of \I ron-
ics' line of industrial products. This in-
cludes a series of code-reading devices for 
control of packages on conveyor lines, and 
automatic material handling systems for 
warehouses. 

Born in Ladysmith, \Vis., he received 
the Bachelor of Science degree in electrical 
engineering from the University of 
Wisconsin, Madison. While at the univer-
sity, he worked at the Wisconsin Alumni 
Research Institute on computers for elec-
tronic weather instruments, and, in the 
NaN'y, he served as an Aviation Elec-
tronics Technician. 

In his previous experience at Philco 
Corporation and Electronic Tube Cor-
poration, he led engineering groups con-
cerned with airborne_ radar circuit tech-
niques, and did development work on 
several industrial products, including a 
hearing aid and a personal paging system. 
Fie designed and developed new instru-
mentation, including a stabilized DC am-
Ober and a neuro-electronic stimulator 
and recorder. 

I hiring this period, Mr. Zuck served on 
the faculty at Drexel Institute of Technol-
ogy. l'hiladelphia, Pa., for four years, 
teaching courses in transmission lines, 
communication circuit analysis, and tran-
sistor circuits. Ile has a number of patents 
pending as a result of working in these 
fields, and he is the author of several tech-
nical articles. 

Use your 

IRE DIRECTORY! 

It's valuable! 

I. 

.tstrumenteallf 
is the only 

answer 

PRECISION 

You can depend on ELIN to 
meet your precision AC power 

requirements on gyros, bridge-type 
transducers, synchros, servo 
systems, resolvers and many 

other AC devices. 
Ask about the new load- regulated 

amplifiers for production line 

testing. External sync. provides 
master- remote features without 

sacrifice in over-all stability. 
Complete power systems available 

for your specific needs. 

Multi- Phase 

Ultra-stable 
AC Power 
Sources 

Single-Phase 

Voltage Calibrators 

Write for NEW 1960 Catalog 

u ri 
INTERNATIONAL ELECTRONIC RESEARCH CORPORATION 

135 West Magnolia Boulevard, Burbank, California • Victoria 9-2481 
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can measure 
DC from 100//v 
to 1 kv with 

0.01% accuracy 
AC from 1 mv 

to 1 kv with 
0.2% accuracy. 

• 

• • 

KIN TEL's 502 AC/DC Digital Voltmeter 
measures DC from .±0.0001 to 1000.0 
volts with 0.01% of reading -±-1 digit 
accuracy, and AC from 0.001 to 999.9 
volts with 0.2% of full scale accuracy. 
Ranging and polarity indication are auto-
matic for DC and manual* for AC. The 
measured voltage is displayed in direct 
numerical form on an in- line, single- plane 
readout. Six windows display 5 digits, 
decimal and polarity for DC; 4 digits, 
decimal and "AC" symbol for AC. For 
DC, the fifth digit in the left decade indi-
cates "0" or " 1" to provide 100% over-
ranging...ten times greater resolution at 
decade ( 1, 10, 100, 1000) voltage points 
where other 4-digit voltmeters change 
ranges and lose a full digit of resolution. 
Price $3845. 
.If automatic rather than manual ranging on AC 
is desired, designate Model 502A. Price $4685. 

Representatives in all major cities 

KIN TEL 
1.,1`,151(=)•,1 

Et_EC -,,CDNICS. ‘,,JC 

5725 Kearny Villa Road, San Diego 11, California 
Phone: BRowning 7-6700 

'111111ifffie.. • ........ ..... 

Industrial 
Engineering Note 

GOVERNMENTAL AND LEGISLATIVE 

Statistics for standard metro areas pub-
lished—The Census Bureau's preliminary 
General Statistics for Selected Standard 
Metropolitan Statistical Areas by Major 
Industry Groups, drawn from the 1958 
census of manufactures, has just been 
published. Order MC(P)-4 (Preliminary) 
from the Bureau of the Census, Washing-
ton 25, D. C. Price 25 cents. 

• ENGINEERING 

Expanded "phosphor book" published 
by JEDEC—A greatly expanded edition of 
"Optical Characteristics of Cathode Ray 
Tube Screens," a compilation of available 
phosphor data related to cathode ray tube 
applications, has been published by the 
JEDEC Electron Tube Council. The 106-
page "phosphor book" contains a wealth of 
information on phosphors, including spec-
tral energy distribution data and curves 
and persistence curves for all registered 
phosphors up to P29. The revised publica-
tion also contains sections on the measure-
ment of color, persistence and screen 
brightness, and describes standards for use 
in making the measurements. Also in-
cluded is information on phosphor screen 
defects and a bibliography of phosphor 
literature. The book was prepared by the 
JEDEC JT-6.3 Subcommittee on Phos-
phors and Optical Characteristics of Cath-
ode Ray Tubes. It is identified as JEDEC 
Publication No. 16 and may be ordered 
from the EIA Engineering Office, Room 
2260, 11 West 42nd Street, New York 36, 
N. Y. Price is $5.00 a copy. 

INDUSTRY MARKETING DATA 

Expanded Japanese market seen for 
automated machines—An increasingly 
larger market in Japan for U.S.-made 
electronic and electromechanical business 
and industrial machines was forecast last 
week by the Department of Commerce 
week by the Department of Commerce's 
Bureau of Foreign Commerce. Reporting 
the observations of the sixth and latest 
U. S. Trade Mission to Japan, BFC said 
automated machines have been effectively 
used in Japan and that a need will develop 
for many more. "The larger industrial and 
public utility organizations, and the more 
progressive business concerns, have ac-
cepted and applied electronic and electro-
mechanical equipment very effectively," 
according to the trade mission's observa-

* The data on which these Noms are based were 
selected by permission from Weekly Reports. issues 
of June 6, 13 and 20, published by the Electronic 
Industries Association whose helpfulness is grate-
fully acknowledged. 

tions. The mission found that Japanese 
business lags far behind the United States 
in using modern processes and equipment. 
This is apparently the fault of manage-
ment attitudes, which appear to hold that 
only very large firms can use automated 
equipment. "There seems to be little 
realization that in the United States many 
firms, large, medium size, and small, uti-
lize and improve management and admin-
istrative functions through use of modern 
data-processing equipment, accounting 
machines, and other modern office equip-
ment." The mission observed that a large 
part of office operations are being done by 
hand. "Realization is growing, however, 
among progressive business leaders that 
introduction of modern office machines can 
add to management efficiency," the mis-
sion found. "Prospects for U.S. manufac-
turers of such equipment to participate in 
this business to a greater degree appear 
very bright," the mission concluded. . . . 
March transistor sales up 24 million units 
—The number of transistors sold at the 
factory in March took an impressive two 
and one half million jump over total units 
sold during previous month, and revenue 
from factory sales rose nearly $4 million. 

The month-end statistics compiled by 
the Marketing Data Department: 

March 
February 
January 

Year-to-date '60 

Year-to-date '59 

Factory Sales 
Units 

12,021,506 
9,527,662 
9,606,603 

31,155,798 

16,898,980 

Transistor sales drop during April, but re-
main healthy—Total factory sales of tran-
sistors dropped to 9.891 million units in 
April after hitting a record high of 12 mil-
lion in March, according to figures just 
published by the EIA Marketing Data De-
partment. 

April's total sales, however, were more 
than one million units higher than the 
best monthly total for 1959-8.652 units 
sold in September. Year-to-date totals for 
1960 remained significantly ahead of those 
for the same period last year. 

April 
March 
February 
January 

Year-to-date '60 

Year-to-date '59 
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Factory Sales 
Units 

9,891,236 
12,021,506 
9,527,662 
9,606,630 

41,047,034 

22,805,716 
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TI is now developing revolutionary missile electronics 
using neltal.).J alth=4,.011tIr semiconductor networks 

In 1959, four years ahead of industry expectations, Texas 
Instruments introduced Solid Circuit semiconductor net-
works ... a new concept for harnessing the functions of a 
complete circuit in a single crystal silicon wafer no larger 
than the head of a match. 

Now, system designers in TI's Apparatus division are 
applying this concept to digital flight control problems — 
and the result is minimum 30-to-one size reduction over 
the highest-density packaging previously available. Equally 
important is an 80% reduction in the number of solder 
joints — a major cause of electronic equipment failure. 
Apparatus division experience in this new concept indicates 
that nearly half of today's military electronics, ground or 
airborne systems, can make practical, beneficial use of 
Solid Circuit networks. 

Other reliability gains attributed to this new design concept 
evolve from simplified production, test and process control. 
Equipment fabrication steps already have been reduced to 
one-tenth those needed for the same circuit functions using 
conventional components. Where unprecedented long-term 
reliability is required such as in space flight, the weight 

*trademark of Texas Instruments 

and space consumed by conventional components can now 
be diverted to circuit redundancy and "self-healing" tech-
niques. And in missile/space vehicle design these new space 
and weight savings mean that fuel load can be increased 
without displacing valuable instrumentation. 

The application of this advanced technology is another 
example showing how TI puts new concepts to work in 
military electronic systems. For more information on TI 
capabilities, send for booklet "Missile Electronic Systems" 
or contact SERVICE ENGINEERING. 

BEST TRANSISTORIZED 
FLIGHT CONTROL 

50,000 PARTS PER CU. FT. 

TI CONCEIVED 
FLIGHT CONTROL USING 

SOLID CIRCUIT NETWORKS 
1,500,000 PARTS PER CU. FT. 

30 to 1 Ratio 

TEXAS INSTRUMENTS 
APPARATUS DIVISION INCORPORATED 

6000 LENNON AVENUE 

DALLAS 9, TEXAS 
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TURTLE'S BACK 
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ARMAG-PROTECTED 

DYNACOR 

BOBBIN CORES 
AT NO EXTRA COST! 

Tough-as-tortoise-shell Armag ar-
mor is an exclusive Dynacor de-
velopment. It is a thin, non-me-
tallic laminated jacket for bobbin 
cores that replaces the defects of 
nylon materials and polyester 
tape with very definite advantages 
—and, you pay no premium for 
Armag extra protection. 
Tough Armag is suitable for 

use with normal encapsulation 
techniques on both ceramic and 
stainless steel bobbins. It with-
stands 180°C without deteriora-
tion—is completely compatible 
with poured potted compounds— 
has no abrasive effect on copper 
wire during winding—fabricates 
easily to close-tolerance dimen-
sions—inner layer is compressible 
to assure tight fit on bobbin—does 
not shrink, age or discolor. 

Write for Engineering Bulletins 
DN 1500, DN 1000A, DN 1003 
for complete performance and 
specification data covering the 
wide range of Dynacor low cost 
Standard, Special and Custom 
Bobbin Cores—all available with 
Armag non-metallic armor. 

• TRADEMAFIN 

DYNACOR, INC. 

A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 

1016 WESTMORE AVE.. ROCKVILLE. MARYLAND 
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AER0NAUTICAL AND NAVIGA-

TIONAL ELECTRONICS 

Oklahoma City—April 26 

"FAA Doppler VOR," C. Bibberstine, 
FAA, Oklahoma City; Movie: "Eyes of 
Flight" ( in color), furnished by Ryan 
Electronics Co., San Diego, Calif. 

Philadelphia—March 29 

"An Automatic Air Traffic Control 
System," A. \V. Muoio and C. H. Taylor, 
RCA, Camden, N. J. 

\ NTENNAS AND PROPAGATION 

Boston—April 18 

"Phase Modulated Traveling Wave 
Antennas," A. S. Thomas, A. S. Thomas 
Inc., Westwood, Mass. 

"The Design of a Lens Corrector for a 
Spherical Reflector," H. J. Rowland and 
J. Seavey, D. S. Kennedy 8t Co., Cohas-
set, Mass. 

Los Angeles—February 24 
Orange Belt 

"Conical Helix Feed For Parabolic An-
tenna," R. F. H. Yang, Andrew Corp., 
Chicago, Ill. 

Los Angeles—May 12 
"A Pillbox Feed System for Mono-

pulse Operation," P. A. Jensen, Hughes 
Aircraft Co., Fullerton, Calif. 

San Francisco—May 11 

"A Slot Antenna with Variable Cou-
pling and its Application to a Linear 
Array," R. Tang, Hughes Aircraft Co., 
Fullerton, Calif. 

ANTENNAS AND PROPAGATION 

('ONIMI NICATIONS SYSTENIS 

Washington, D. C.—January 25 

"Communications Systems for Project 
Mercury Space Capsule," \V. Benner, 
l,'1)onnell Aircraft Corp., Robertson, 

Orange Belt—May 25 

"An Axial Mode Bffilar Helical An-
tenna," A. G. Holtum, Jr., Andrew Cali-
fornia Corp., Claremont, Calif. 

ANTENNAS AND PROPAGATION 

M ICROWAVE THEORY AND 

TECHNIQUES 

Columbus—January 11, 1960 

"Present Trends in Antenna Re-
search," T. E. Tice, Ohio State Univ., 
Columbus. 

Columbus—February 2 

"Present Trends in Radar Scattering 
Theory," K. M. Siegel, Univ. of Michigan, 
Ann Arbor. 

Columbus—May 31 

"Present Developments in Propaga-
tion Phenomena," Prof. E. C. Jordon, 
Univ. of Illinois, Urbana. 

Au DM 

Cleveland—May 19 

"The Wood Panel that Talks," A. B. 
Cohen, Advanced Acoustics, Inc., Nutley, 
N. J. 

BIO- M EDICAL ELECTRONICS 

Philadelphia—October 14 

"Modern Analytical Methods for Eval-
uating Cardio-Vascular Function," L. H. 
Peterson, Univ. of Pa. Medical School. 

Philadelphia—January 13 

"Dosimetry in X-Ray Therapy," Dr. 
G. Henny, Temple Univ. Medical School, 
Philadelphia, Pa. 

Philadelphia—March 9 

"A Portable Artificial Cardiac Pace-
maker," 1)S. Furman, NI on tefiore Hospital, 
New York, N. Y.; 2) I). G. Kilpatrick, 
Atronic Products, Philadelphia, Pa.; 3) 
O. Muller, Philadelphia General Hospital; 
4) L. D. Sher, Moore School of EE, Univ. 
of Pennsylvania, Philadelphia. 

Philadelphia—May 19 

"Medical Tests with the Panex X-Ray 
Amplifier," 1) E. W. Godfrey, Princeton 
Hospital, Princeton, N. I.; 2) C. P. 
Hadley, RCA, Lancaster, P.a. 

Blo-N EDICAL ELECTRONICS 

INSTRUMENTATION 

SPACE ELECTRONICS AND 

TELEMETRY 

Washington— larch 14 

"Biological Instrumentation for Space 
Vehicles," R. M. Adams, Aerospace Medi-
cal Center, San Antonio, Tex. 

BROADCASTING 

Houston—April 12 

"Directional Antennas and Phasing 
Networks," R. S. Bush, Gates Radio Co., 
Quincy, Ill. 

(Continued on rage 924) 
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This modern three-quarter-acre plant has 
significantly expanded the services and produc-
tion capabilities of Microwave Associates' ex-
perienced Waveguide Components Division. 
This new research and production facility is one 
of the most completely equipped on the east 
coast. A large 3' x 2' capacity dip-brazing unit as 
well as complete plating and other shop facilities 
are now handling both large volume and custom-
engineered orders. Components are precision-
machined and produced in beryllium-copper, 
cast and fabricated aluminum, and cast mag-
nesium. 

Over 500 microwave components for applica-
tions from 1.12 to 90.0 kMcis are standard 
items. Our Sales Engineers will gladly discuss 
current work in sophisticated components and 
RF packaging with you. 

' COMPREHENSIVE 

MICROWAVE COMPONENT 

CAPABILITIES 

A FEW OF THE MANY COMPONENTS MANUFACTURED HERE 

New High-Power Varactor Harmonic Generators ex-

cellent suppression of unwanted harmonics and 
record power levels are available from these 
solid-state harmonic generators. 
New Cast Bends — Zero bend radius — 90° E and 
H plane bends in S through Ka bands ... Each 
bend is compensated to a VSWR of 1.05 over 
its entire waveguide band. 
Sidewall Hybrid Couplers (3db) and H-Plane Folded 

Hybrid Tees — Cast in aluminum and beryllium-
copper are available in S through Ka-band 
models. 
Two New Catalogs — Waveguide Components Short-
form Catalog (CSF-60) gives data on over 500 items of 
waveguide components and test equipment. 

Pressure Window Catalog (12 pages) contains electri-
cal and mechanical data on a complete line of glass-
kovar, mica, and special pressure windows plus valuable 
installation and testing tips. 

MICROWAVE ASSOCIATES, INC. BE'e"ntg". ""1.."""rj''" FAY  • TV" eurhre.1'. " 10011 _51 Ir 3,1 il C'irp)r)r.,)ti, lith Se., 'lee, York, Nc',1 
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versatile recorder 

for laboratory 

and plant use 

The new Beckman Potentiometric 
Strip-Chart Recorder is low-cost and 
simple to operate. Compact, push-
button unit features continuously 

adjustable input voltage span of 10 to 
100mv full-scale, facilitating its use 

with pH meters, spectrophotometers, 
and many other laboratory or 
process control instruments. Pen 

response is 1.0 second full-scale, 
and pen zero can be set to any point 
throughout the 5" pen travel. 
Chart speed is 1" per minute, and 

additional speeds are available with 
plug-in units. Other accessories 

include a circular chart recording 
adaptor and an external circuit 
controller. Unit may be wall-mounted 
or placed on laboratory bench. Ask 
your Beckman laboratory apparatus 

dealer for complete information, 

or write for Data File 9-8-21. 

Beckman. 
Scientific and Process Instruments Division 

iEe 
.425-1226 

Reektnan Inntrumentn, 

2500 Fullerton Road, 

5111erion, California 

Professional 
— 

Group Meetings 
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Philadelphia—April 14 

"TC Automation," R. D. Houck, 
RCA, Camden, N. J. 

COMMUNICATIONS SYSTEMS 

Oklahoma City—March 24 

"Underwater Television used in Skate 
Submarine in Recent Expedition Under 
the Polar Ice Cap," B. A. Bang, Bendix-
Friez Instrument Div. ( This meeting was 
open to the public. A filin of the installa-
tion and expedition was shown.) 

Oklahoma City—May 24 

"Tour of Telephone Facilities with 
Onestion and Answer Session," G. W. 
I lolt, S. \V. Bell Telephone Co., Okla-
homa City. 

Rome-I " tica— April 13 

"The RCA Microminiaturization Pro-
gram," I). Mackey. Radio Corp. of 
America. 

CONSTAR]  
CONSTAN1 
FROM THE 

VOLTAGE 

CURRENT 

09 
SAME TERMINALS! 

VNI 
AMBITROL 

V  

$1 435° 
F.O.B. 

FACTORY Write for Complete Details 

ivtfoirer Designs lue.  1700 SHAMES DRIVE 
WESTBURY, NEW YORK 

EDgewood 3-6200 ( ID Area Code 516) 

AMBITROL* is a dual 
regulator system permit-
ting continuous control of 
voltage or current with 
automatic electronic cross-
over to either mode of 
operation. 

•TM 

Rome-Utica—May 5 

"Managers Born or Developed," R. F. 
Risley, Cornell University, Ithaca, N. Y. 

"Marketing & Marketing Planning in 
the Defense Market," J. H. Richardson, 
Hughes Aircraft Corp., Los Angeles, 
Calif. 

"Planning—A Tool of Engineering 
Management," R. J. Rattell, • Westing-
house Air Arm Div. 

San Francisco—April 26 

"Non-Great Circle Communications," 
R. Wolfram, Stanford Research Institute, 
Menlo Park, Calif. 

COMNIUNICATIONS SYSTEMS 
VEHICULAR Commt-NIcATMNS 

Omaha-Lincoln—January 27 

"Automobile Transistor Voltage Regu-
lators," R. Beard, Delco Radio. 

"Diode AC Generators for Cars and 
Trucks," P. Benedict, Delco-Remy. 

Automotive Electronics Films, com-
mentary by R. Enders. 

Tour of General Motors Training 
Center. 

Syracuse—January 12 

"Communications—Electronics in Aero-
space Strategy," J. B. Bestic, United 
States Air Force. 

COMPONENT PARTS 

Baltimore—May 17 

"Micro-Circuitry: Recent Develop-
ments and Reliability Aspects," Dr. J. A. 
Bohrer, International Resistance Co., 
Philadelphia, l'a. 

Los Angeles—February 8 

"Thermoelectrics in Electronics," \V. E. 
Bulman, Ohio Semiconductors, Inc., Co-
lumbus, Ohio. 

Los Angeles—June 1 

"The Micro-Component Approach," 
E. Madden, Pacific Semiconductors, Inc. 

"Circuit Design for 1\licrocircuitry," 
II. J. Weber, Servomechanisms, Inc. 

"High Density Component Intercon-
nections," J. Richardson, Hughes Air-
craft Co. 

ELECTRON DEVICES 

Los Angeles—February 17 

"Joint Symposium on Tunnel Diodes," 
R. M. Hall & others, General Electric Co. 

Los Angeles—April 27 

Debate: "Vacuum Tubes vs. Solid 
State Devices for Microwave Power Gen-
erators," Dr. L. M. Field, Hughes Air-
craft Co., Culver City, and Dr. H. 
Kroemer, Varian Associates, Palo Alto. 

Los Angeles—June 1 

"Microminiaturization in Electronics," 
E. Madden, Pacific Semiconductors, Inc.; 
H. J. Weber, Servomechanisms Inc., 
Hawthorne, Calif.; J. E. Richardson, 
Hughes .Air(-raft Co., Los Angeles, Calif. 

(Cm:flu:fed on rage 94A) 
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ANTENNA TOWERS & STRUCTURES 
Dl'es.ser-Ideco Designs, Fabricates, EJ‘ects 

AWideVariety of 
Large Land-Based Antenna Stiwctul'es 

Whatever the antenna tower or structural problem, Dresser-

Ideco can handle the job. A large technical service staff, more 
than a quarter-million square feet of well-equipped production 
area, extensive research and development facilities, and many 
years experience designing and erecting steel and aluminum 
structures qualify Dresser-Ideco as a major contractor for any 
type of antenna tower . . . from 100 to 2000 feet. Below are 
same of the many types of Dresser-Ideco towers serving the 
nation's communications and military electronics facilities. 

B. C. 

D. 

Dresser-Ideco offers 
complete tower and structural 
serrice—design, applicatio. 

field installation. Call or 
write for co ins ultation on your 

structural problems at no 
obligation. Send for booklet 

"Facilities For Defense 
Production". Dresser-Ideco 

Company, A Dirisim, of Dresser 
Ind ust ries, Inc., 875 Michigan 
A venue, Columbus 15, Ohio. 

Branch:  
8909 So. Vermont A renne. 

Los Angeles 44. Calif. 

A. 

A. Multiple antenna tower. This big 729' tower in 
Baltimore supports three television antennas on a 
105' wide platform at the top. 

B. Antenna test range tower for height finding 
radar. 

C. Microwave antenna tower typical of those used 
in systems built for the Ohio Turnpike and the 
Illinois Toll Road. 

D. Surveillance radar towers on the DEW line. De-
signed for hurricane force winds and heavy ice and 
snow loads. These are some of more than 1,000 
radar towers built by Dresser-Ideco for the nation's 
early warning systems. 

DRESSER-I r) ECO COMPANY" 

DRESSER 
INDUSTRI ES 

INC. 

ELECTRONIC • INDUSTRIAL 

OIL • CAS • CHEMICAL 

pporpFntrunc rtar • or • I ado% 



The Radio 
Noise 

Spectrum 
Edited by 

Donald 11. Wenzel 

This volume—derived from papers 

presented at a Conference on 

Radio Noise held at Harvard Col-

lege Observatory—presents both 

a survey of the entire field and an 

introduction to further specialized 

work. The expert contributions in-

clude: "Man-made Radio Noise," 

"Radio Noise from Meteors," "So-

lar Radio Interference," "Noise of 

Planetary Origin," "Correcting 

Noise Maps for Beamwidth." and 

"Cosmic Radio Noise." $7.50 

(Josm¡c 
Radio 
Wares 

By I. S. Shklovsky 

Translated by Richard B. Rodman 

and Carlos M. Varsaysky. With a 

foreword by Bart J. Bok. 

This first study of radio wave 

emission from objects located far 

beyond the solar system examines 

the influence of radio astronomy 

on such problems as the nature of 

primary cosmic rays, the dynamics 

of the stellar system, and theories 

of cosmology. 205 illustrations. 

$12.50 

Order from your bookseller. 

r UNIVERSITY PRESS 

ARVA R D 
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San Francisco—April 26 

"Ultra Microwave Generators and 
Amplifiers with Maserlike Systems," J. R. 
Singer, Univ. of California. 

San Francisco—May 25 

"Localized Imperfection in p-n Junc-
tions," Dr. A. Goestzberger, Shockley 
Transistor Corp., Mt. View, Calif. 

Washington, D. C.—May 23 

"Survey of Low-Noise 1\ licrowave 
Amplifiers," Dr. G. Wade, Raytheon 
1\lfg. Co., Burlington, Mass. 

ELECTRONIC COMPUTERS 

Houston—April 12 

"Transistorized Data Process Re-
corder," H. B. Patterson, Southwestern 
Industrial Electronics, Houston, Tex. 

Omaha-Lincoln—February 17 

"Applications of an Analog Computer 
in Support of Development Engineering," 
L. R. Abkemeier, McDonnell Aircraft, 
Robertson, Mo. 

San Francisco—March 22 

1) "An Evaporated Random Access 
Memory"; 

2) "A Thin Filin Magnetic Shift Regis-
ter," K. D. Broadbent, Hughes Res. Labs., 
Culver City, Calif. 

San Francisco—April 26 

"Parametric Phase-Locked Oscillators 
and Esaki Diodes as Switching Elements," 
Dr. A. W. Lo, IBM Corp., Poughkeepsie, 
N. Y. 

San Francisco—May 24 

"The Neuristor," H. D. Crane, Stan-
ford Res. Inst., Menlo Park, Calif. 

ENGINEERING MANAGEMENT 

Boston—May 10 

Group Participation in Playing "The 
Business Game" with a Programmed 
Digital Computer. 

Dayton—February 18 

"PACE—:\ New Industrial Engineer-
ing Technique," D. N. Petersen, Nor-
throp Corp. 

Metropolitan New York—May 19 

"The Role of Venture Capital in 
Financing," \V. H. Shepard, Payson and 
Trask, New York, N. Y. 

ENGINEERING W RITING AND 
SPEECI I 

Boston—May 18 

"What the Air Force Looks for in En-

gineering Reports," A. McCalmont, 
AFCRC, Bedford, Mass. 

INSTRUMENTATION 

Los Angeles—March 2 

"Vibration and Its Measurement," 
W. Hancock and B. Munster, Endevco 
Corp., Pasadena, Calif. 

Los Angeles—June 1 

"How to Save Your Life," Rear Adm. 
F. Dunbar, Ret., Los Angeles County 
Civil Defense. 

"How to Save Your Life: Nuclear In-
strumentation," E. Kaufman, Litton In-
dustries. 

San Francisco—June 6 

"Management for Creativity and Pro-
ductivity in Electronic Instrumentation," 
J. M. Cage, Hewlett-Packard Co., Palo 
Alto, Calif. 

MEDICAL ELECTRON ICS 

Buffalo-Niagara—January 22 

"Implantable Cardiac Pacemakers," 
W. Greatbach, Electronics Consultant. 

MICROWAVE THEORY AND 
TECHNIQUES 

Baltimore—May 25 

"Infrared Systems," R. Grove, Martin 
Company. 

Long Island—November 24 

"Multiple Feed Antennas," J. Blass, 
W. L. Maxson, New York, N. Y. 

Long Island—January 19 

"Practical Uses of Transmission Line 
Mapping," Dr. E. Fubini, Airborne In-
struments Lab., Melville, N. Y. 

Long Island—April 5 

"Tutorial Discussion on Infrared In-
strumentation," F. Harjes, Servo Corp. of 
America, Plainview, N. Y. 

Long Island—May 24 

"Traveling Wave Resonators," S. J. 
Miller, MIT Lincoln Lab. 

"Coaxial Rotary Joints," C. E. Meule, 
Jr., MIT Lincoln Lab. 

MILITARY ELECTRONICS 

Northern New Jersey—February 24 

"Crossed-Field Microwave Tube," Dr. 
J. Feinstein, S-F-D Labs., Union, N. J. 

Northern New Jersey—April 20 

"New Applications of Parametric De-
vices," Dr. H. Seidel, Bell Telephone 
Labs., Murray Hill, N. J. 

New York—October 7 

"Biological Effects of Microwave En-
ergy," Panel Discussion: Col. G. M. Kauf, 
Air Force Missile Test Center, Patrick 
AFB, Fla., Dr. J. H. Vogelman, Dynamic 
Electronics, N. Y., and Dr. T. S. Ely, 
I'. S. Atomic Energy Commission. 

(C,Ittiouted an rage 96A) 
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A new 
miniature IL 1 

NMI% 

clme 
-1 -,7105 

,to r-

2 new 60-volt, 2 new 80-volt 

NOW, FROM DELCO RADIO, A COMPLETE LINE OF SMALL, HIGH- POWER TRANSISTORS! 

2N1172 2N1611 2N1612 2N1609 2N1610 

V„ 40 60 60 80 80 

VEBO 20 20 20 40 40 

VCEO 30 40 40 60 60 

Ic 1.5 A 1.5 A 1.5 A 1.5 A 1.5 A 

la, 200 ;2 a 100 ei a 100 iL a 100 µ a 100 /2 a 

FI FE 30 90 30 75 50 125 30 75 50.125 

V /sa, 1.0 V 1.0 V 0.6 V 1.0 V 0.6 V 

The four new Delco transistors, plus the 2N1172 40-volt model, 

offer highly reliable operation in a new range of applications where 

space and weight are restricting factors. 

Designed primarily for driver applications, Delco's versatile new 

transistors are also excellent for amplifiers, voltage regulators, 

Servo amplifiers, miniature power supplies, ultra- low frequency 

communications, citizens' radio equipment and other uses where 

substantial power output in a small package (TO 37) is required. 

Special Features of Delco's Four New Transistors: Two 

gain ranges. Can be used on systems up to 24 volts. Can be 

mounted with the leads up or down with the same low thermal 

resistance of 10° C/W. Dissipation up to 2 watts at a mounting 

base temperature of 75 °C. 

Available in volume production. Write for full engineering data. 

Newark, New Jersey Santa Monica, California Chicago, Illinois 

1180 Raymond Boulevard 726 Santa Monica Boulevard 5750 West 51st Street 
Tel.: Mitchell 2-6165 Tel.: Exbrook 3-1465 Tel.: Portsmouth 7-3500 

See you at the WESCON Show, Booths 2345 & 2347 

Detroit, Michigan 
57 Harper Avenue 
Tel.: Trinity 3-6560 

Division of General Motors • Kokomo, Indiana 

DELCO 
RADIO 
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111 
35 KV DC-1 MA 
30 KV DC-5 MA 
INSTRUMENTED 

POWER SUPPLY 
• Completely Self-Contained—Portable 
• Ideal as Insulation Test Set 
• No Exposed High Voltage Components 
• Electronic Overload Circuits settable 

from 0-120% of rated current and 
voltage 

• Many other Features 

Gil 
VOLTAGE 
QUALITY 
RELIABILITY 

Designed and constructed for reliable operation 
in industrial and experimental applications. 

Instrumented High Voltage Power Supplies from 1 to 300 KV and up to 50 KVA. Stand-
ard power supplies and transformers available from stock. Others built to your specs. 

For further information—write today to Dept. I. 

DEL ELECTRONICS CORPORATION 
321 HOMESTEAD AVENUE • MOUNT VERNON, N. T.• OV45559-2000 

I.•rntor.., / or MI,. Sp ps. available. 

, 

'1PROVEN PROCESSES 

elksaware 

At Buckbee Mears, photomechanical 
techniques have been refined and applied 
to products in the electronic field. 

Results are: 

Shadow masks for Color T.V. tubes 

Electroformed mesh for storage display 
tubes 

Micro Mesh Sieves for particle sizing 

Etched reticles in glass or metal 

Etched metal parts to rigid specifications 

Etched circuits, rigid board or flexible 

All of these and many more products are 
possible through the application of proven 
processes at Buckbee Mears. 

For assistance with your problem. 
call or write 

BUCKBEE MEARS CO. 
ST. PAUL 1, MINNESOTA 

/,(e Professional 

Group Meetings 

((‘ ,11(1111led ' ,HI rage 

New York—November 12 

"Multimode Waveguide Discontinui-
ties," Dr. L. B. Felsen, Microwave Re-
search Institute, Brooklyn, N. Y. 

New York—December 10 

"Diode Switching for Microwaves," 
R. V. Garver, Diamond Ordnance Fuze 
Labs. 

Omaha-Lincoln—February 25 

"Parametric Amplifiers—Principles and 
Application," H. J. Peppiatt and R. A. 
Powell, General Electric Co. 

San Francisco—April 19 

"Significance of the Maser in a Com-
parison of Classical and Quantum Electro-
magnetic Theory," E. T. Jaynes, Stanford 
University, Stanford, Calif. 

MILITARY ELECTRONICS 

Northwest Florida—February 10 

"The Use of Microwave Energy to 
Support Space Platforms," R. L. McFar-
Ian, President, IRE. 

MILITARY ELECTRONICS 
COMMUNICATIONS SYSTEMS 
VEHICULAR COMMUNICATIONS 

Philadelphia—May 17 

"Radio Coverage—Area Survey—In-
strumentation Research," R. E. Lacy, 
U. S. Army Signal Corps, Ft. Monmouth, 
N. J. 

NUCLEAR SCIENCE 

Oak Ridge—May 19 

"Cathode Ray Oscilloscope Manu-
facture," C. L. Bouffiou, Tektronix, Inc., 
Atlanta, Ga. 

PRODUCTION TECHNIQUES 

Boston—May 24 

"Translating Specifications into Fin-
ished Products," Panel Discussion: E. R. 
Rowlands, L. J. McCarthy, F. Seekell, 
C. Peterson, Cannon Electric Co. Plant 
tour of Cannon Electric, Salem Division. 

I.os Angeles—May 18 

"Multi-Layer Etched Laminates in 
High Density Electronic Equipment," 
N. J. Schuster, Litton Industries, Beverly 
Hills, Calif. 

San Francisco—November 24 

United Airlines Maintenance Base 
Tour. 

San Francisco—February 2 

"Production of Thin Metallic Filins," 

(C,mtinited on page 98.4) 
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The art of precise detection 
Dominating its environment is a Sperry Area Search 
Radar — one of a network which will strengthen 
America's Continental Aircraft Control and Warning 
System. Twenty-four hours a day the year round, 

these giant sentinels stand guard searching the skies 
for possible "hostiles." 

This is one of many advanced Sperry radar systems. 
Others are tracking and guidance radars for the Navy's 
Terrier and Talos missiles . . . airborne navigation 
and weather radars for the Air Force ... portable and 

airliftable tactical early warning radars for the Marine 

Corps . . . tiny battlefield surveillance radars for the 
Army footsoldier. And in commercial shipping, Sperry 
radars are guiding all types of vessels from the luxury 
ocean liner to the harbor tug. 

Sperry capabilities in radar and component technol-
ogy in such fields as microwave instrumentation, 

klystron and traveling wave tubes, ferrite devices, 
semiconductors and many other specialized fields 
related to radar continue to advance the art of pre-
cise detection ... and direction. General offices: 
Great Neck, New York. 

1.1.1.1:17 Milli 
SI [II 

SEA • SUR' ACE 



Professional 

Group Meetings 

(Continued from page 96A) 

J. R. Jennings, Spectracoat Inc., Bel-
mont, Calif. 

"Construction of Microminiature Pho-
tocells," C. Reise, Hewlett-Packard, Palo 
Alto, Calif. 

San Francisco—February 9 

"Welded Assemblies and the Use of 
Computers to Develop Optimum Wiring 
Sequence," W. H. Ayers, Sippican Corp., 
Marion, Mass. 

San Francisco—February 23 

"Microminiaturization Work Being 
Done at Lockheed," D. Fuller, Lockheed 
MSD, Sunnyvale, Calif. 

San Francisco—March 1 

"Panel Discussion on Future Possibili-
ties of Microminiaturization," Dr. C. A. 
Rosen, SRI, Menlo Park; Maj. O. R. Hill, 
ARDC, Los Altos; Dr. J. R. Nall, Fair-
child Semiconductor, Palo Alto. 

San Francisco—April 26 

Plant Tour—W. Bain, Assistant to the 
Factory Manager, Friden Calculator Co., 
San Leandro, Calif. 

RELIABILITY AND QUALITY 

CONTROL 

Boston—June 2 

"Malfunction Reporting," all day ses-
sion. 

Los Angeles—May 16 

"Poly-Vironmental Effects and Meas-
urement," R. Ratcliffe, Rototest Labs., 
Lynwood, Calif. 

"Acoustics as a Laboratory Environ-
ment," J. Fromkin, Rototest Labs., Lyn-
wood, Calif. 

"Nondestructive Testing and Analysis 
by Means of X-Ray Motion Pictures," 
Dr. I. Rehman, Ph.D., Rototest Labs. 

SPACE ELECTRONICS AND 

TELEMETRY 

Washington—May 17 

"Tiros Satellite Systems," J. Lehman. 
RCA, Princeton, N. J. 

VEHICULAR COMMUNICATIONS 

Detroit—May 27 

"Tower Effect on Antenna Patterns," 
Dr. R. Yang, Andrew Corp. Chicago, Ill. 

Houston—April 12 

"Directional Antennas and Phasing 
Networks," R. S. Bush, Gates Radio Co., 
Quincy, Ill. 

Los Angeles—May 19 

"Microwave as Applied to Two Way 
Systems," S. Combs, RCA, Los Angeles, 
Calif. 

VEHICULAR COMMUNICATIONS 

COMMUNICATIONS SYSTEMS 

Philadelphia—February 9 

"An Integrated Traffic Control 
tern," C. J. Schultz, Motorola, 
Scottsdale, Ariz. 

Sys-
Inc., 

Section 
Meetings 
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ALBUQUERQU E-LOS ALAMOS 

"The Los Alamos Space Research Program," 

John Northrup, Los Alamos Scientific Lab. 
5/20/60. 

Annual Picnic—Installation of Officers; 6/4/60. 

ANCHORAGE 

"Electro-Physiology of the Nervous System." 
P. A. Mead. 5/2/60. 

ATLANTA 

"Electronic Engineers in Management." D. J. 
Morrissey. Lockheed Aircraft Corp. 5 "27 60. 

BALTIMORE 

"Use of High Speed Computers in Predicting 
Hospital Needs of a Community," John Moss, 

Johns Hopkins Univ.; Election of Officers 6/13/60. 

BAY OF QUINTE 

"IRE Today and Tomorrow," J. N. Dyer, IRE 

Vice-President 6/16/60. 

BINGHAMTON 

"Theoretical Techniques for Adaptive Control 

Systems Design," G. W. Johnson. IBM. 5/23/60. 
"An Objective Appraisal of Essential National 

Strengths," M. J. Kelly; Election of Officers. 
6/16/60. 

CENTRAI. FLORIDA 

"PERCOS Performance Coding System," 

Ernest Keller, Motorola, Inc. 5/19/60. 

CENTRAL PENNSYLVANIA 

"State of the IRE and its Position in the Scien-
tific Community," John Dyer, IRE Vice-President; 

"Satellite Studies of the Ionosphere," W. J. Ross. 
Pennsylvania State Univ. 5/17/60. 

"Electronic Switching in the Bell System," 
L. A. Moretz, Bell Telephone Co. 5/19 60. 

COLUMBUS 

"A I.00k at Russia Through the Eyes of an 

Engineer," E. A. Harty, Power Equipment Co.; 

Installation of new Officers. 6/7/60. 

(Continued on page 100A) 

for immediate delivery of 

GENERAL 
INSTRUMENT 

semiconductors 
at factory prices 

call your authorized 
stocking distributor 

CALIFORNIA 
Electronic Supply Corp., 

Pasadena 
Pacific Wholesale Co., 
San Francisco 

San Delco., San Diego 
Universal Radio Supply Co., 

Los Angeles 
Valley Electronic Supply Co., 

Burbank 

COLORADO 
Interstate Radio and Supply Co., 
Denver 

CONNECTICUT 
Sun Radio & Electronics 

Co., Inc., Stamford 
The Bond Radio Supply, Inc., 

Waterbury 

FLORIDA 
Electronic Supply, Melbourne; 

branches in Miami, Orlando, 
St. Petersburg 

ILLINOIS 
Merquip Co., Chicago 

INDIANA 
Brown Electronics, Inc., 

Fort Wayne 
Graham Electronics Supply, 

Inc., Indianapolis 

IOWA 
Deeco Inc., Cedar Rapids 

MARYLAND 
Radio Electric Service Co., 

Baltimore 

MASSACHUSETTS 
The Greene-Shaw Co., Inc., 
Newton 

NEW YORK 
Delburn Electronics, Inc., 
New York City 

Standard Electronics, Inc., 
Buffalo 

Sun Radio & Electronics Co., Inc., 
New York City 

OHIO 
Buckeye Electronics 

Distributors, Columbus 
The Mytronic Co., Cincinnati 
Pioneer Electronic Supply CO, 

Cleveland 

OKLAHOMA 
Oil Capitol Electronics, 

Tulsa 

PENNSYLVANIA 
D & H Distributing Co., 

Harrisburg 
Herbach & Rademan, Inc., 

Philadelphia 

TEXAS 
Adleta Co., Dallas 
A. R. Beyer & Co., Houston 
Scooter's Radio & Supply Co., 

Fort Worth 

WASHINGTON 
Seattle Radio Supply Co., 

Seattle 

WISCONSIN 
Radio Parts Co., Inc., 
Milwaukee 

CANADA 
Soule's Magnetics Ltd,„ 

Willowdale, Ont. 

Distributor Division 
GENERAL INSTRUMENT 

CORPORATION 
240 Wythe Avenue 
Brooldyn 11, N. Y. 

98A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE August, 1960 



MY" —Ma 

1 GENERAL INSTRUMENT 
SEMICONDUCTOR REPORT 

Design Notes... 

DIODE CLAMPS PREVENT DRIFT IN 
HIGH SPEED ELECTRONIC SWITCHES 
The problem of drift in high speed elec-
tronic switches has been solved through 
the use of clamp diodes. This application 
is especially useful for stabilizing the op-
eration of go, no-go oscilloscopic testing 
of dynamic parameters in a variety of 
electronic components. 

In the circuit, General Instrument MP-
300 silicon diode/rectifiers may be used 
because of their superior stability and low 
reverse leakage ( only .05 p.a @ 25°C). 
Changing from vacuum tube to silicon 

clamp diodes minimizes problems associ-
ated with varying contact potentials. 
Equipment reliability is improved since 
total thermal dissipation is reduced. Fur-
ther, equipment does not have to be reset 
in case of power line failure. 
The small physical size of General In-

strument diode/rectifiers is important 
where a large number of switches are to 
be used in a single piece of equipment. 

NOVEL CIRCUIT USES DIODES FOR 
AUDIO COUPLING There are many ben-
efits to be gained through diode coupling 
of audio amplifiers. The simplified three-
stage transistorized audio amplifier shown 
above uses General Instrument IN645 sub-
miniature silicon diodes. 

Since the diodes are forward biased, 
oc is virtually direct coupled—resulting in 
ci flat frequency response limited only by 
transistor parameters. Need for large cou-
pling capacitors is eliminated. Virtually 
lossless ac coupling is obtained. And, tem-
perature stability is improved because of 
low external base resistance. 

Complete schematics of above circuits are 
available upon request. 

Proved Reliability: ZERO FAILURES after 11,000 hours 
operation at 150° Cl 

G IN 645- IN 649 DIODE/RECTIFIERS 
AVAILABLE IN PRODUCTION QUANTITIES... 
EXCEED USAF STANDARDS 

General Instrument 1N645 through 1N649 subminiature rectifiers are ideally 
suited for applications requiring small size and very high reliability. These her-
metically sealed glass units are designed to operate over an ambient range from 
—65° to 150°C ... pass MIL-E-1/1143 specfications for breakdown voltage . .. 
offer superior life test performance. This series covers the range of 225 to 600 
PIV, with maximum average rectified current of 400 ma @ 25°C. Maximum 
reverse current @ PIV is only 0.2 µa. 

These diode/rectifiers are subjected to 100% environmental testing and 
dynamic oscilloscopic tests to assure high electrical and mechanical uniformity, 
surpassing the most stringent military specifications. 

• LIFE TESTS indicate outstanding stability of the General Instrument 1N645 
series subminiature rectifiers under load. Graph shows results of a 1,000-hour 
test of 231 units from a normal production run. (Conditions: VRMS 160 V ac; 
lo 400 ma dc.) 

.005 

..é2f 004 

o 

Cr 

003 
o 50 250 500 

Time — iii Hours 
750 1000 

NEW MP SERIES DESIGNED FOR 200°C OPERATION! 
General Instrument has achieved an outstanding power-to-size relationship in the 
high quality MP silicon diode/rectifier series. Parameters for these subminiature 
glass units are suitable for a wide range of applications under high-temperature 
conditions: 

DC OUTPUT 
CURRENT (Ma) 

REVERSE LEAKAGE 
lgal @ Ply 

FORWARD DROP 
r.L 400 Ma 

TYPE PIV 25°C 200°C. 25°C 200°C @ 25°C 

MP 100 100 400 50 05 75 1.0 
MP 225 225 400 50 05 75 1.0 
MP 300 300 400 40 .05 75 1.0 
MP 400 400 400 35 .05 75 1.0 
MP 500 500 400 25 05 75 1.0 
MP 600 600 400 20 .05 75 1.0 

CALL ON GENERAL INSTRUMENT for technical data 
and applications assistance on the complete 
line of GI. high reliability silicon diodes. 

SEMICONDUCTOR DIVISION 
GENERAL INSTRUMENT CORPORATION 

65 Gouverneur Street, Newark 4. New Jersey 
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inslie 

by 

inslie 
CORPORATI 

II) 

1101, Model 1010 Pedestal 

shown 

NOW - available from 

Ainslie Corporation, a 

new remote control 

positioning pedestal 

capable of handling our 

antennas up to 18 feet 

in diameter in frequen-

cies from 100 to 

10,000 mc. Modifica-

tions available for a 

variety of tracking ap-

plications. Whatever 

your antenna or reflec-

tor requirements may 

be, contact us at our 

new facilities. 

CORPORATION 

531 Pond Street 
South Braintree 85, Massachusetts 

Section 

Meetings 

(Continued from page 98,4) 

DALLAS 

"Bioinstrumentat ion for Space Vehicles," 
Robert Adams, School of Aviation Medicine. 
6 7 60. 

"Alternating Current Spectroscopy of Bio-
matter; Basic and Applied Work," Herman 

Schwan. University of Pa. 614 60. 

DETROIT 

"Island Holiday," Nate Reiss; Election of 
Officers. 5 27:60. 

ELMIRA-CORNING 

"Presidential Address," Dr. R. L. McFarlan. 

President of the IRE. 5%18,.60. 

EL PASO 

Group Discussion on Programs & Meeting 

1 Attendance. 4 28 .00. 
"After Demobulation-What Then?" J. H. 

Maury, Mt. States Tel. & Tel. Co. 5 26 60. 

EVANSVILLE-OWENSBORO 

Annual Picnic Meeting. 6 12 60. 

FLORIDA W EST COAST 

"Test Equipment," George Frederick, Hewlett-
Packard Co. 5 18 '60. 

FOR t I UACHUCA 

"Satellite Navigation." Dr. Marner, Collins 

Radio Co. 5 23 60. 
"Tropo-Scatter Communications," J. C. Do-

mingue, USA EPG; Election of Officers. 6.'13;60. 

INDIANAPOLIS 

"Thin Film Micro- Electronics," E. N. Skomal, 
Motorola, Inc. 5/26 '60. 

ISRAEL 

"The Emergency Radio-Telephone Network in 

Border Zones," A. Bar- El, Israel Army. 11 3 59. 
A nu tial Meeting- Election of Officers. 

12 15 59. 

ITHACA 

"Some Impressions of Poland," Mark Kac, 
Cornell Univ.; Election of Officers. 5 '26 60. 

LAS VEGAS 

"Filtering & Equalization in Optics," Barney 

Oliver, Hewlett-Packard Co. 531 '60. 

LONG ISLAND 

"Inertial Navigation Equipment." Mr. Plevin 

& Representatives of Arma, American Bosch Arma 
Corp.; Tour through Arma plant. 62/60. 

Los ANGELES 

"The Role of Industry in the Space Age." 

W. H. Pickering, Caltech. Jet Propulsion Lab. 

4/21/60. 
"Challenging New Horizons for Space Age 

Engineers," W. J. Scarpino, Point Arguello; "The 

Navy in the Space Age," J. P. Monroe, Pacific 
Missile Range; Tour of Point Arguello. 5/13/60. 

LUBBOCK 

"National Defense," Glenn Scott, Southwestern 

Bell Tel. t'o. 5 17 60. 

MILWAUKEE 

"Communication Boundaries on Electronic 

Engineering in a Social Environment," Panel-

Walter Richter, Consulting Engineer; R. J. Jones, 

Mich. Mining Tech.; J. W. Nelson, General Elec. 

X-ray; P. Mundie, Industrial Psychologist; Annual 
IRE Student Award Night. 5,'11 /60. 

MONTREAL 

"The IRE and Its Role in Medical Electronics," 

Dr. R. L. McFarlan, President of the IRE. 6/8/60. 

NEW ORLEANS 

"Digital Transmission on the DDD Telephone 
Network." J. II. Felker, AT&T-Joint meeting with 
AIEE. 6 960. 

Noient CAROLINA 

"A Survey of the lli.Fi Components Field 

Today," W. G. Trayer, Dalton-Hege Radio Supply 

Co.; "Multiplexing Applications to Stereophonic 
Systems." Robert Linz, GE Co. 5 ' 20 '60. 

NOR r IIWEST FLORIDA 

"PERCOS Performance Coding System of 

Methods & Devices," Ernest A. Keller, Motorola 

Inc. 5 17 60. 

OKLAHOMA CITY 

"Communications Satellite," A. T. Mayle, Jr.. 
Farnsworth; Joint Meeting with AI EE g: AFCEA. 

4 21 00. 
Film: Laying of the Transatlantic Cable 

Furnished by Bell Tel. Co., George Holt, SW Bell 
Tel. Co.; Election of Officers, 5 / 10/60. 

Annual IR E-AIEE Joint Student Banquet & 
Student Paper Contest Awards Meeting. 5.'20 60. 

ORLANDO 

"The Project System vs. The Technical Sec-
tion," A. R. Gray. Martin Co.; Election of Officers. 

5/18 00. 

PHILADELPIHA 

"Determining the N'ulnerability of Military 
Equipment to Electronic Countermeasures." R. II. 

Sugarman, U. S. Army Signal Research 8: De'.'. 
Labs. 5/4/60. 

PHOENIX 

"Filtering & Equalization in Optics," B. M. 

Oliver, Hewlett-Packard, Inc. 5,'I 7 /60. 

PORTLAND 

"Attendance of American Exhibition in 

Moscow," Joe Roizan, Ampex. 5/17/60. 

"The Contribution of the IRE to Medical 
Electronics," Dr. R. L. McFarlan, President of the 

IRE. 5 25/60. 

ROCHESTER 

"Electronic Music," D. W. Martin. Baldwin 

Piano Co. 5/19/60. 

ST. Louis 

"Project Eclipse," Michael Witunski, Mc-

Donnell Aircraft Corp. 12 /8/59. 

"Radio Astronomy," Dennis Walsh. Observa-
tory, Univ. of Michigan. 1 / 19 /60. 

"Vour IRE." C. E. Harp, Univ. of Oklahoma. 

2/16/60. 
"Practical Antenna Applications of Microwave 

Components," T. N. Anderson. Airtron, Inc. 

4/12 '60. 
"Basic Logic Circuits." W. J. Murphy, St. 

Louis Univ.; "A Synchronized Television Signal 
Analyzer." G. R. Couranz, J. L. Wyland, Washing-
ton Univ., "Generation of Periodic Wave Forms 
Using Fourier Synthesis," N. Koening, Univ. of Mo. 

5/18 /60. 

SAN ANTONIO-AUSTIN 

"Semiconductor Electronics," Ernest \l'uerst, 

Texas Instruments, Inc. 3/7 '60. 
"Diode and Transistor Action," B. M. \Vil-

liams, Texas Instruments, Inc. 3 14/60. 

(Continued on rage 102A) 
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TYPICAL VALUES FOR DIRECT TRAVERSE TRIMMERS 

DC Volts   1000 

Dielectric Strength   1500 

Megohms IR   106 

0 Factor @ 50 MC   500 

IC   +50 to ±- 100 

FOR BACKLASHLESS LINEAR TUNING 

FOUR DIRECT TRAVERSE TRIMMERS 

7-

r (T. ' 

Some years ago we came up with the concept of a direct traverse 
trimmer capacitor . . . a unit in which the core slides in and out 
without rotating. 

This motion results in a completely linear tuning curve, utterly 
devoid of capacitance reversals or backlash. 
The mechanism compensates for wear automatically, so torque 

is maintained at all positions. Cores cannot work loose and be-
come microphonic. It's impossible for capacitance to change, 
even under shock and vibration. 

There is no tuning breakage. 
We added to this direct traverse motion the many values of 

glass. No other material combines such high reliability with such 
low TC. Or such precision at low cost. Specs and performance 
speak for themselves ... eloquently. 

Just recently we added three new models to our standard direct 
traverse line: 

ri 

Range Mini-Trimmers Precision DT Standard OT 

SIZES 0.5-3 
1-4 
1-8 
1-12 

1.18 

1-30 

tz›Fk.E.C--1 -1 r_..)/A 

1 

THREE NEW DIRECT TRAVERSE TRIMMERS 
NEW MINI TRIMMERS Where space is tight both in front and 
behind the panel. Fixed cavity tuning keeps screw enclosed at 
all times. Only 0.40 nut change per turn. 
PRINTED CIRCUIT MINIS Same specs as mini-trimmers, but 
designed for compacting printed circuits. 
NEW PRECISION DT TRIMMERS Even shorter behind the 
panel, slightly longer hardware. 0.50 uuf change per turn. 

STANDARD DT TRIMMER When you have more space to play 
with than money, the best buy in reliable trimmers is still our 
standard direct traverse model. 0.60 uuf change per turn. 

OFF-THE-SHELF DELIVERY For quantities of less than 1000, 
contact a local distributor serviced by Erie Distributor Division. 
For specs, Corning Glass Works, 542 High St., Bradford, Pa. 

SEE US AT WESCON ... Booths 853-854 

CORNING ELECTRONIC COMPONENTS 
CORNING GLASS WORKS, BRADFORD, PA. 
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R. F. Test 
Equipment 
Quantitative Measurements Using 

Sweep Frequency Techniques 

Model 900A-THE MOST VERSATILE 

SWEEP GENERATOR $1,260 00 

CENTER FREQUENCY-VHF 0.5 to 400 MC 

UHF 275 to 1000 MCS-SWEEP WIDTH-

up to 400 MCS-FLATNESS- + 0.5 db over 

widest sweep! 

Model 707- ULTRA FLAT 

SWEEP GENERATOR $79500 

Featuring + 5/100 db flatness- Plug-in osc. 
heads"; variable sweep rates from limin. to 
60/sec.; all electronic sweep fundamental 
frequencies; sweep width min. of 1% to 
120% of C.F. 
"Heads available within the spectrum 2 to 265 MCS 

Models 601/602- PORTABLE 
GENERAL PURPOSE $295.00 

COVERAGE-Model 601 
-12 to 220 MCS. Model 
602-4 to 112 MCS-
FLATNESS - +0.5 db 
OUTPUT-up to 2.5 V RMS 
WIDTH- 1% to 120% of C.F. 

Model FD-30 $250.00 

High speed DPDT co-
axial switch permitting 
oscilloscope measure-
ments without calibra-
tion- all measure-
ments referenced con-
tinuously against stand-
ard attenuators. 

Model AV-50 
Variable Precision 
Attenuotor $150.00 

Long life rotary 
switches; dual wip-
ing silver contacts 

on "Kel-F" dielec-
tric. 0-62.5 db in 

1/2  db steps; DC to 
500 MCS. 

Write for catalog and technical Newsletter series on 
measurements using sweep frequency techniques. 
Prices and data subiect to change without notice. 

JE1111111.11 ELECTRONICS CORPORATION 
Industrial Products Division Dept. ITE-76 

The Jerrold Building, Philadelphia 32, Po. 
Jerrold Electronics (Canada) Ltd., Toronto 

Export R•pr•senlative Rock• Internollonol, N.Y. 16, N.Y. 

A Section 
ViebE\ Meetings 

rate 100A) 

"Radar Moon Reflection Studies," A. W. 
Straiton, Univ. of Texas. 3 18.'60. 

"Transistor Internal Parameters & Device De-
sign," R. S. Stewart. Texas Instruments, Inc. 

3'21 60. 

"Useful Parameters & Basic Transistor Cir-
cuits," W. T. Jones. Texas Instruments, Inc. 
3/2860. 

"Oscillators & R.F. Circuitry," G. E. Penisten, 
Texas Instruments. Inc. 4/18/60. 

"The IRE and its Role in Medical Electronics," 
Dr. R. L. McFarlan, President of the IRE. 4/27/60. 

"Network Design & Feedback Amplifiers," 
W. E. Crisman, Texas Instruments, Inc. 4/4/60. 

"Digital & Pulse Circuits," Harvey Cragnon, 
Texas Instruments. Inc. 4/11/60. 

SAN DIEGO 

"Geodetic SECOR for World Mapping," 
R. V. Werner, Cubic. 4/6/60. 

SCHENECTADY 

"Measuring Radio Interference," Joseph 
Lords, Empire Devices. Inc. 5/24/60. 

SHREVEPORT 

"Digital Data Transmission," J. H. Felker. 
AT&T.; Election of Officers. 6 7/60. 

VIRGINIA 

"Microminiaturization," Mr. Doctor, Dia-

mond Ordnance Fuze Labs.; Election of Officers. 
4 '8 '60. 

See our 

Complete Display 

at WESCON 

BOOTHS 350-351 

BETTER THAN 
AN EXTRA HAND 

Protects your tubes and components 
from damage by sagging cable. 

-eliminates the old bugaboo of 
cable entanglement which damages 
tubes and components in lower chassis 
each time the one above is withdrawn 
for service and returned to position. 

Our new Cable Retractor's double action 
maintains constant tension and correct sus-
pension of cable at all times-permits ample 
cable length for full extension and tilting of 
chassis without hazard of snagging. 

For use with all types of chassis or drawer 
slides, adiustable to fit varying chassis 
lengths, simple to install, inexpensive, proven 
thoroughly reliable in operation. 

Mounts on rear support rails on standard 
114" hole increments. Cadmium plated CRS. 

Write for Bulletin CR-100D 
ORegon 8-7827 

WESTERN DEVICES, INC. 
600 W. FLORENCE AVE., INGLEWOOD 1, CALIF. 

"high Resolution Television Viewing System." 

J. F. Fisher. Piffle° Corp. 4 .22 60. 
"New Concept in Stereo," Paul Weathers. 

Weathers Industries, 5/6/60. 
"The Electronic Speech Analyzer & Compara-

tor," W. H. Darnell, III, Student V.P.I. 
"BMS Volt Meter Design." Marvin Perlman, 

University of Virginia; Annual Student Competition 

Award. 5/13/60. 

WASHINGTON 

"Space Instrumentation," R. B. Kersliner, 

Johns Hopkins Univ. 4/4/60. 
"Molecular Electronics." Charles Feldman, 

Melpar. Inc. 3/2/60. 

WESTERN MICHIGAN 

"Electronics in Air Navigation." W. A. Haw-

kins. Federal Aviation Agency. 11 / 11 /59. 
"Radiation Biology," David Scobie, Hope 

College. 12/9/59. 
"Electronics in Mechanized Inspection." 

M. .1. Applegate, Van-Tech Co. I / 13/60. 

"Electronics in Chemistry," James Dye, 
Michigan State Univ. 2/10/60. 

"Nuvistors," David Lovcik, RCA. 3/9/60. 
"A New Microphone," Robert Ramsey, 

Electro-Voice Co. 4/13/60. 
"Compatible Color TV." J. W. Wentworth, 

RCA. 5/11/60. 

WINNIPEG 

"Data Transmission on Micro-wave Systems," 
Monte Bramhall, Automatic Electric Co. 4/29/60. 

Field Visit to Canadian Pacific Telegraph's 
Communications Installations. 5/18 /60. 

SUBSECTIONS 

BUENAVENTURA 

"Space Age Tracking," Carl Nielsen, Halltunore 

Electronics; " Phase Lock Application at 'X' 
Band," Richard Hartenstien, Hallamore Electron-
ics; Student Award. 4/13 ,60. 

LANCASTER 

"Satellite Communication." C. C. Cutler, Bell 

Telephone Lab. 4/21 60. 

LEHIGH VALLEY 

"Evaluating High Fidelity Irom the Consum-
er's Point of View," D. M. Berk, Consumer's Re-
search, Inc.; Election of Officers. 4 27 60. 

MERRIMACK VALLEY 

"A New Technique for Mapping the Moon 
Using Radar," G. H. Pettingill, MIT Lincoln Lab.; 

Election of Officers. 4I8 '60. 

MID- HUDSON 

"Parametric Amplifiers," J. C. Greene. Air-
borne Instruments Lab.; Election of Officers. 

4 20 /60. 

MONMOI•TH 

"Principles & Applications of the Esaki 
Diodes," W. W. Anderson, Bell Telephone Labs., 
Inc.; Election of Officers. 5/18/60. 

NORTHERN VERMONT 

"Fuel Gaging. Injection Pumps & Other 
Products," Ilarrison Edwards, Simmonds Aeroces-
sories Inc. 5/23/60. 

ORANGE BELT 

"Hello Around the World," W. R. Simmons and 

Kenneth Lee, Pacific Telephone Co. 2/9/60. 
"Problems of Space Travel," Ilarry Lass, jet 

Propulsion Lab.; " Earth Movement," Hugo Ben-

nioff, Cal. Tech. Joint Meeting with Pasadena Sub-

section. 3 / 15 '60. 
"Evolution of Microminiaturization," W. D. 

Fuller, Lockheed Missile & Space Div.; Tour of 

Lockheed Aircraft Trainer Div. 5 to 60. 

(Continued On Mgt' 10 ) 
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New AiResearch system delivers nitrogen in liquid form 

from storage system to cooling area 

Now units requiring cryogenic cooling no longer need be 
designed with allowances made for bulky expanders or adjacent 
storage tanks. 
The new AiResearch system transfers the coolant in liquid 

form to a point of use 25 feet or more away. The liquefied gas 
passes through an uninsulated, small, flexible tube which can 
be bent over and around obstructions. Because the storage 
system can be placed anywhere, space limitations are overcome 
and vehicle installation problems are simplified. 

THE CLARIFIETT 

The complete system includes the cryogenic liquid container, 
pressure and flow controls, the liquid transfer tube and cooling 
adapter. The system can be operated without external power. 
It can be used with missile, aircraft, space or ground based 
units and can be converted to a closed-cycle system with the 
addition of a small gas liquefier. 

AiResearch has pioneered many new developments in the 
cryogenic field. It is presently engaged in work on systems 
utilizing helium, hydrogen or neon as coolants, and cryogenic 
systems for zero G operation. 

• Please direct inquiries to Los Angeles Division 

CORIPORATION 

AiResearch Manufacturing Divisions 
Los Angeles 45, Califorrii,i • Phoenix, Arizona 

Systems and Components for: AIRCRAFT. MISSILE. SPACECRAFT, ELECTRONIC. NUCLEAR AND INDUSTRIAL APPLICATIONS 
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FLEXIFORMER 
PACKAGED TRANSFORMER PRIMARY 

4 

TRANSFORMER 
Here is the original "do-it-yourself" transformer. 
This portable, self-contained toroidal primary coil 

eliminates the task of obtaining the right trans-
former for each new job . . . simply wind your 

own! Especially useful when high amperage at low 

voltage is required. Used to demonstrate basic 
transformer principles . . . serve as working lab 

equipment. The primary consists of a silicon steel 
core having a coil of 400 turns of copper wire. 

Completely enclosed in durable, high-impact plas-
tic with integral SUPERIOR 5-WAY binding posts 
for making connections. Versatile laboratory, shop, 

classroom and inspection aid. 

A SOURCE OF A-C VOLTAGE 

FLEXIFORMER type TP150 has an input rating of 120 
volts. 50/60 cycles single phase and an output rating 
of 150 VA. The voltage of the secondary is proportional 
to the number of turns hand wound through the center 
opening. The correct number of turns is determined by 
dividing the desired output voltage ( plus approximately 
25%) by 0.3 which is the volt/turn ratio of the 
FLEXI FORMER. 

A CURRENT TRANSFORMER 

400 rum 
("CASIO 
temOMI 

400 IMP MIX 
50/10 CM( 
LINE 

FLEXIFORMER type TP150 becomes the secondary wind 
ing when used as a current transformer. A current car 
rying conductor passing through the center opening 
serves as the primary. When used with a 0.1 ampere 
ammeter, currents up to 400 amperes can be measured 
with an accuracy of 1% at 60 cycles. Can be used as 
portable units or fastened permanently in place. 

I..., 

SU F•E Ft 10 Ft E 1.. EC ir 1Ft IC 
ColferYtNV 

8 Ames Ave.. Bristol, Conn. O Send FLEXIFORMER data to: 

Name   

Company 

Address 

City Zone Stati• 

Section 

Meetings 

(Continued fr.on rage 102,1) 

PASADENA 

"Hello Around the World," W. R. Simmons and 

Kenneth Lee, Pacific Telephone Co. 2 O 
`Problems of Space Travel, Harry Lass, Jet 

Propulsion Lab.: ' Earth Movement," Hugo Ben-
nioff. Cal, Tech. Joint Meeting with Orange Belt 
Subsection. .3 1.3 60. 

RicilLAND 

"The Future of Nuclear Business," Lyman 

Fink, GE Co. 2/24/60. 
"The Evaluation & Testing of the PRTR Con-

troller. Utilizing an Analog Computer... William 

Cameron, GE Co. 3/30/60. 
"The Measurement of Radioactivity in Peo-

ple," W. C. Roesch, GE Co.; Election of Officers. 

5 j25 /60. 
SANTA AN. 

"X-15 Research Aircraft & B-70 Valkyrie," 

A. White, North Aim•rican Aviation, Inc. 5,117/60. 

W ESTCHESTER 

"Seillicolldatctor Properties at Very Low 
Temperatures Sz Some Device Applications," S. 11. 
Koenig, IBM Watson Lab. 5/18 60. 

1,111,1iiill'illililliligli 1:1,1 
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The following transfers and admissions 

have been approved and are now effec-

tive: 

Transfer to Senior Member 

Ahjanich, G. S.. Ilicksville, L. I., N. Y. 
Franklin. G. E.. Stanford, Calif. 

George, N.. Pasadena. Calif. 
Glutton, II., Suresnes. Seine. France 

Hooper. J. R.. Jr.. Cleveland Heights. Ohio 

Ilunicke. R. I... Ambler. l'a. 
Knowles, E. R., Bisbee, Ariz. 

Leinkram. C. Z., Asbury Park. N. J. 

Lielbriedis, K.. Jamaica. I.. I., N. Y. 
Ludvigson. M. T.. Cedar Rapids, Iowa 

Machlis. J., Granada Hills. Calif. 

Martin. I.. H., Concord. Mass. 
Meyers, R. E., San Gabriel. Calif. 

Moore, H. S., Alexandria, Va. 

tkada, R. If.. Perkiomenville. Pa. 

Parsons, R. Dallas, Tex. 
Pearson, H., New York. N. Y. 
Roberts, W. \Y., Charlottesville, va. 

Rosenblatt, IL, Baltimore. Md. 

Sick, J. R.. Dayton. Ohio 

\Vest. J. P.. McLean, Va. 
\Videll, C. D.. Encino, Calif. 

\Vorthen, K. J., Lynchburg. Va. 
Yarnell, W. M.. Bethpage, N. Y. 

Admission to Senior Member 

Adam. (•„/,,. 

.\mara, 1)., Sherman Oaks, Calif. 
Arilin, Z., Djakarta, Indonesia 

Iteddoes, Tif. 1'., Vancouver. B. I. Canada 
Itioinia, Y., Den Haag. Netherlands 

Bradfield. 11..1.. Plainfield, N. J. 

Brown, C. M., Syracuse. N. Y. 
('okay, G., lIedondo Beach. («alit'. 
De Mott, E. G., ('hatham, N. J. 

Frost, R. F., .\ lexandria, Va. 
Harrison. F. IL, Jr., Dallas. Tex. 

Hattersley, F. I.., I.os Angeles, Calif. 
Hodara. 11.. Morton Grove. Ill. 

Holscher, 1). J.. Playa del Rey. Calif. 
Ibison, .\., St. Petersburg. Fla. 

I.iss. S.. Fair Lawn, N. J. 

Miller. F. N., Fort Httactinca. Ariz. 
Osborn. \V. C., Glendale. Calif. 

titer. II. Yl.. Camloidge, Ylass. 
Piket. J.. Den Ilaztg. Netherlands 
Itoliertson. J. 0.. Arbor. Nlich. 

Rollosson, G. W., Albuquerque, N \I 

Shank. II. C.. Glendale. Calif. 

Smith. D. S.. La Nlirada, 
F.. Pocoitna, 

Tanner, W. I'.. Jr., Ann :\ rbor. Mich. 

\Veimati. I.. Pasadena. Calif. 
Wolfe, I. R.. Palo Alto, Calif. 

Transfer to Member 

Abourezk, XV.. Hawthorne, Calif. 
Abrams. S. J., Brooklyn. N. V. 

Alonso. R. I._ Cambridge. Mass, 

Andros. I- R.. Moorestown. N. J. 

Bell, J. 11., Florissant, NI,. 

Berg. R. S.. Syosset. L. L. N. Y. 

Bissell. 11. M., Jr., Murray Hill, N. J. 
Blaski. M. F.. Whittier, Calif. 
Bowles. K. I.., Boulder. Colo. 
Bratmlin. R. J.. Indianapolis. Ind. 

Drown. E. A.. Los Alamos  N \I  
Butala, E. F., North Linthicum. Md. 

Caffrey, T. P., Syracuse, N. Y. 
Calhoun, S. H., Tonawanda, N. Y. 

Close, J. N.. Utica. N. 1. 
Constantinides, J. S.. Stanford. Calif. 

Cole, C. F., Jr., Ruston. La. 
Cox, H. N.. Cambridge. Mass. 
De Pasquale, N. D., Winter Park. Fla. 

De Pew, R. T.. Albuquerque, N. M. 
DuWane, W. H.. Klamath Falls, Ore. 

Duerig, W. II., Nutley, N. J. 

Dukes, J. R., Columbus, Ohio 
Dunn, J. R.. Rolling Meadows. Ill. 

Falconer. S., Manchester, Mass. 
Ferguson, R. C., Bellevue, Wash. 
Forest, O. J., At Highland.. N. J. 

Gardner, R., Brooklyn, N. Y. 
Hackenberger, R. It., ('oncord, Mass. 

Hamburger. T., Baltimore. 'Md. 

Handy. R. M.. Evall,tun. 111. 
Hart, C. E.. Fairview Park. Ohio 

Hart, 1). M.. Northampton, Ylass. 
"Howard, P. H., Apalachin, N. V. 

Hupp. C. E.. Evanston. 111. 

,'Won. F. R., Bethesda. Md. 

Kaiser, II. F.. Washington. D. C. 
Kincaid, N. 1.., Hawthorne, Calif. 

Klimberg, j., Sunnyvale. Calif. 
Knouse, R. H., Hatboro. 

Laughlin, C. R.. Jr., Silver Spring, Md. 
Leslie, R. E., East Northport, 1.. 1., N. Y. 

Levy. A. J., Orlando Fla. 

Lorenz, R.. Culver City. Calif. 
Meckiessel, E. F., Los Angeles. Calif. 

Mielz.iner, W.. Denver, Colo. 
Moran. W. R.. Jr., Gaithersburg. Md. 
Moreira  N \I South Farmingdale, L. I.. N. Y. 

Neveroski, 11.. \,,rth Vancouver, It. C., Canada 

(c ,r,ed 
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Testing insertion characteristics of X-band filter with Alfred Swept Generator. It consists of Alfred 
Microwave Oscillator and Alfred Microwave Leveler. This combination electronically sweeps fre-
quency linearly with respect to time while maintaining RF power virtually constant across the band. 

with ALFRED'S new 

SWEPT Microwave 
Generator  

Leveled Input, 
10 dbm ± 1 db 

Continuous Display, 
8 to 10 kmc 

Continuously Adjustable 
Frequency Markers 

set at 8.35 and 9.5 kmc 

The scope patterns tell the story. Top pattern shows constant power input from 
Alfred Swept Generator to component ( filter) under test. With known input, 
variation in output is due to filter characteristics. Lower pattern is especially 
significant, showing continuous, flicker-free display, 8 to 10 kmc. Any changes 
in stubs or irises are immediately reflected. Measurement accuracy is assured 
at every frequency, not just at selected points. 

THIS TECHNIQUE CAN BE USED FOR MOST PRESENTLY KNOWN MICROWAVE TESTING 

APPLICATIONS. HERE'S WHY IT'S FASTER THAN CONVENTIONAL SIGNAL GENERATORS: 

* Continuous Display allows immediate 
measurements — no plotting needed. 
Trace can be recorded if desired. 
* Sweep Technique eliminates time-con-
suming "point-to-point" frequency and 
power setting methods of conventional 
signal generators. Sweep range is contin-
uously adjustable with I% accurate Direct 
Reading Slide Rule Dial. 
* "Quick Look Readout" eliminates cal-
culations in setting sweep range. 
* Adjustable Frequency Markers allow 
rapid, broadband calibration of scope or 
recorder trace. 

SOME MORE FACTS YOU SHOULD KNOW 

* Frequency Ranges. The Swept Gen-
erator is available in five ranges to 12.4 
kmc — 1 to 2, 2 to 4, 4 to 8, 7 to 11, 8.2 
to 12.4. 

* Stability. At any single frequency, 
stability of the Swept Generator equals 
that of a conventional signal generator. 
Spurious modulation is low. 

* Power Output. Greater than a signal 
generator: 10 milliwatts as compared to 
1 milliwatt. 

Key specifications for Signal Generators available for coverage from I to 12.4 

Frequency— Controls: Continuously adjustable with direct calibrated dial. Calibra-
tion accuracy: 1%. Stability: ± 0.02%/hr. Residual FM: ± 0.0025%. Power Output 
(Minimum): 10 mw ± 1 db. Continuously adjustable from zero to maximum. 
Attenuation Ronge: Up to 20 db. Sweep — Selector: Recurrent Sweep, Single Sweep, 
Single Frequency, and External on panel switch. Time: 100 to .01 seconds, con-
tinuously adjustable. Monitor Output— Sweep Out: Positive linear sawtooth, 45 
volts peak. Panel BNC connector. Amplitude Modulation— Internal Square Wave: 
RF output is alternately 0 and unmodulated CW value. Frequency 800 to 1200 cps, 
adjustable by panel control. 

kmc 

FUNCTION OF THE LEVELER It holds power 

output constant to -± 1 db over standard 

frequency ranges, and better than ± 1 db 

over narrower ranges. The Leveler serves 

as a broadband attenuator with up to 20 

db dynamic range control, providing con-

stant output over a wide range. It can be 

used as a general purpose instrument for 

a wide variety of oscillators and amplifiers. 

For more details on the Alfred Swept Gen-

erator — please contact your Alfred sales 

engineering representative, or write direct. 

See us at Wescon, Booth 630 

fiLfRED RECTRORICS 
897 COMMERCIAL STREET 

PALO ALTO, CALIFORNIA 
7  
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ELECTRONICS DIV. 

Research-Design 

NO 
ADMITTANCE 

This does NOTmeanYOU 
In the radio-electronics industry, your new ideas and prod-

ucts are eagerly welcomed ... when you sell them in the 

pages of "Proceedings of the I R E." 

Because radio-electronic engineers work and live in a world 

of constant change, they are extremely receptive to new 

ideas. In an industry that has grown almost unbelievably 

fast, new ideas are the vital fibres from which successful 

designs are manufactured. 

In this fast-paced atmosphere, design engineers study closely 

the basic research and engineering developments reported 

in their industry's own workbook —"Proceedings of the 

I R E." Its authoritative articles keep them in step with 

the new ideas that will ultimately reach mass production. 

Teamed with this vigorous editorial data, your advertising 

in "Proceedings of the I R E" reaches the engineers who are 

designing undreamed of products when they are searching 

for information. This is the time when your advertising 

results in the specification of your products in the design 

stage ... products which will automatically be ordered later 

for mass production. 

Engineers are educated to specify and buy! 

-- — 
"Proceedings of the PRE" 

Circulation 80,115 

Published by 

THE INSTITUTE OF RADIO ENGINEERS 
Advertising Department 

72 West 45th St., New York 36, N.Y. MUrray Hill 2-6606 

CHICAGO • BOSTON • MINNEAPOLIS • LOS ANGELES • SAN FRANCISCO 

Membership 

(L"patimieil tr,si pinje 10-1.r1) 

Ozaki, G. K., Palo Alto, Calif. 
Pate, A. R.. Tonawanda, N. Y. 
Polskin, L. J., Lakeland, Fla. 

Previte, P. E., North Chili, N. Y. 

Rea, D. E., Pomona, Calif. 
Riddell, R. B., Great Neck, L. I., N. Y. 
Rubin, M. M., Haifa, Israel 
Samford, H. L., Oklahoma City, Okla. 

Schecker, E. J., West Islip, L. I., N. Y. 
Schnur, S. T., Rigeerest, Calif. 

Schooley, M. H., Royal Oak, Midi. 
Schottenfeld, I. A_ Erlton, N. J. 
Slunnway, K. J., Albuquerque, N. M. 

W. S., Palo Alto, Calif. 
ignanasunderam. T., London, England 

Smith. J. W., Poughkeepsie, N. V. 
Sobel, I. J., Hartsdale. N. Y. 

Steger, D. J.. Columbus, Ohio 
Stephens, E. J.. Anaheim, Calif. 

Stewart, J. P.. Springfield, Va. 

Stuart, J. L., Pasadena, Calif. 
Tomikawa. K. B., Los Angeles, Calif. 

Torres, J. F.. Williamsville. N. Y. 

Tucker, C. H., Jr., Palo Alto. Calif. 

Turner, R. I.., Jr.. Seattle. Wash. 
Weiss, S. R.. New York, N. Y. 

Weller, C. E., Cincinnati. Ohio 
Wolfe, C. W_ San Diego. Calif. 
Zimmerman, S. L., Minneapolis. Minn. 
Zwerling. M.. Framingham. Nlass. 

Admission to Member 
Abernethy, J. G.. Atlantic City. N. J. 
Albright, T. B., Downey, Calif. 

Azukas. D. C., Chicago. Ill 
Bales, R. C.. Watertown. Mass. 

Parritt. P. F., Cedar Rapids. Iowa 
Bechert. T. E.. Paoli. Pa. 
Boynton. P. M.. Seattle, Wash. 

Bridges. W. A., Paris, France 
Brooks. E. C.. Jr— Rome, N. Y. 

Brown. R. L.. Jr., Richland, Wash. 
Buckmasten H. A_ Calgary. Alberta, Catiada 

Ituetow, R. C., Mount Prespect, 
Buckvar, B.. Les ington, Mass. 

Byrne, E. I.., Northridge. Calif. 
Campaigne, H. H.. Jessup, M,. 

Cantwell, T., Lexington, M:,ss. 
Cauzoneri. J.. III. Houston. Tex. 
Casey, j. P., Amityville. N. Y. 

Castro, A. J.. Stewart Manor, L. T., N. Y. 

Chang. Y.. Roselle Park, N. J. 
Chantrain. N.. Antwerp. Belgium 
Chesler, D. A.. Newton Highlands, Mass. 

Chew, F. E.. Dallas. Tex. 
Childress, J. W.. III, Los Angeles. Calif. 

Cioli, E. J., Marlboro. Mass. 
Clark. R. F.. Ottawa. Ont.. Canada 

Conti. E.. Concord, Mass. 
Cook, W. S., Baltimore. Md. 

('rook, K. F., Seattle. Wash. 

Cumming. A. R., Lynchburg, Va. 

Czak, A. J., Pomona, Calif. 
Darnall, W. H., 111. Mount llope, W. Va. 

Davies. R. E., El Monte, Calif. 
Dean. A. I... Stoney Creek, Ont., Canada 

Devine, M. L.. Broadview. Ill. 
Di Natale, J. A_ Costa Mesa, Calif. 
Duncan, R. P., East Orange, N. J. 

Durio, J. R., Jr_ Richardson, Tex. 
DuVall, R. M., Dallas, Tex. 

Elston, A. C., Orlando, Fla. 
Farkas, E. C., Cantonsville. Md. 
Faris, R. V., Levittown, N. J. 

Feyder, F. J.. Verona, N. J. 
Flaherty, J. E.. Dayton, Ohio 
Flemming, K. F., Linthicum Heights, Md. 

(C011tililled (al page 1(9A) 
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A WESTREX specifica-

tions for recording, storing, and recovering data, Westrex brings more than a quarter 

of a century of experience. Our major disciplines are ( 1) electronics, ( 2) mechanics, 

as needed in mechanical design for precise tape-pulling mechanisms, and (3) optics. 

Here, briefed, are descriptions of some of our new products... 

PERFORATED TAPE READERS A new Westrex 
perforated tape reader handles 8 levels of informa-
tion; reads in both directions at continuous speeds 
up to 1400 characters per second; stops on character 
at 200 characters per second. Starting time 22 milli-
seconds, stopping time 1 millisecond. Remote con-
trol operation and logic level output to meet your 
specific needs. Solid state electronics, with minia-
turized etched circuit, plug-in modules. End of tape 
sensing by logic read out. 

MAGNETIC HEADS These include multiple section 
instrumentation heads; memory drum heads; and 
erase-record-reproduce assemblies for applications 
that range from sound systems to missiles. Catalog 
items or custom-built units to your requirements. 
Our experience assures proper utilization of design 
factors that most economically meet your needs. 
Consideration of your special requirements, such as 
high crosstalk rejection, stability under extreme 
environmental conditions, and precise mechanical 

tolerances, are a part of our service to customers. 
What are your needs? 

MINIATURE AIRBORNE TAPE RECORDERS 
Designed to withstand impacts of 1500 G's, a new 
Westrex miniature recorder can simultaneously 
record and monitor 14 tracks of information. With 
14 tracks to the inch, unique shielding provides a 
crosstalk ratio of over 40 db at 5000 c.p.s. Precise 
gap alignment, obtained by optical lapping meth-
ods, maintains gap scatter within plus or minus 50 
microinches. The positively-driven tape-pulling 
mechanism, and virtually continuously supported 
tape, are features which reflect our unique and pro-
prietary knowledge in this field. The entire hermeti-
cally-sealed recording unit is contained in a single 
cylinder 3 inches high and 4 inches in diameter. 

For information on this and other Westrex products, 
address your inquiry to Mr. L. A. Call, Westrex 
Corporation, Recording Department, 6601 Romaine 
Street, Hollywood 28, California. 

Westrex Corporation 
A DIVISION OF LITTON INDUSTRIES CH 
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TRAVELING 
WAVE TUBES 

Tests prove that Huggins TWT's can be 

provided to operate at 30G shock; 90,000 ft. 

altitude; 10G vibration to 2000cps with 0.5DB 

max. amplitude modulation; — 55 ' C to + 71 C 

with zL_-2DB variation in gain. 

Ce\%4 
•Z" manufacture 

mi1Ç :.:le .zvelopment 
encreerinci 
&sir co 

researck 

ABO0 ' 

IZATION 
Huggins HA 20 undergoes Vibration tests 

A world leader in research and pro-

duction of TWT's, the Huggins line is 

applicable to all phases of military 

equipment ... ground, shipboard, and 

airborne. 

Whatever your project, if it involves 

TWT's, call on Huggins for complete 

assistance. 

Visit us at Wescon, Booth 820-821 

UGGINS LABORATORIES, INC. 

999 East Argues Avenue Sunnyvale, California Regent 6-9330 
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Membership 

.1;11,i 7, Ill 1 ) 

Freeman, R. I... New York, N. Y. 

Frostad, D. G., Gardena. Calif. 

Furtado, A. \V.. Poona. Bombay State, India 
Calpin, J. B.. New York. N. Y. 
Gault, R. f... Murray Ilill, N. J. 

Gerzine, R. 13.. Albuquerque  X M. 
Glass, J. L., Federal Was. Wash. 
Goebels, F. J.. Jr., Conoga Park, Calif. 

Gonze, R. F. J.. Bruxelles, Belgique 

Good, T. M.. Johnson City, N. 1'. 

Harvey, E., San Francisco, Calif. 
Hawes, R. E.. Jr.. Montclair. Calif. 
Hawkins. C. F., Montgomery, 

Hayes  M M  , Salt Lake City. Utah 

Ileller, S., Flushing, L. 1., N. V. 

Henke. F. G., Vicente Lopez FUNGBM, Argen-
tina 

Hillman, J. K., l'ottsville, Pa. 
Hilsenrath, F., Poughkeepsie, N. Y. 

Hoffman, I.. E., Morton, Pa. 
Horton, J. A.. Poughkeepsie, N. Y. 

Huang, S. S- H., Stillwater, Okla. 
Ingraham, H. S., Jr.. Haddonfield, N. J. 
Isaacs, D., Conoga Park, Calif. 

Jacques. J. P.. Santa Clara, Calif. 

James, J. R., Swindon, Wilts. England 
Jeffries, L. A.. Pomona. Calif. 

Kagan, C. A. R., Princeton, N. J. 

Kimball, D. J., Haddonfield, N. J. 

Kimmy. N. \V., I.os Altos, Calif. 
Kopeck, R. N.. Buffalo, N. Y. 
Kozlowski, D. R., St. Louis, Mo. 
Leaf. \V. B., Silver Spring, Md. 

Levingston, H. H., Lawrence. Mass. 

Levinsohn, S.. New York, N. Y. 
Lewis, E. B.. East Hartford, Cont,. 
Linn, L. L., Elk Grove Village, ill. 

Livote. N. A.. Brooklyn. X. V. 
Lloyd, I). D., Lexington, Mass. 
Locke, D. P., Dayton, t hio 

Lonartli, A. G., Torrey ('lift. Palisades, N. Y. 

Manly, ‘V. A.. Jr., Redwood City. Calif. 

Marchetti, R. R., Cleveland, Ohio 
Marx, S. H., Levittown, Pa. 
McDaniel. F. C., Fort Worth. Tex. 

Mclnturff, J. C., Seattle, ‘'ash. 

McShulskis, J. E., Rockville, Md. 
Mercuri. S., Milano, Italy 

Miller, G. E.. Westbury, I.. I.. N. Y. 
Moldow. II. D., Silver Spring. Md. 
Morgan, T. A., Vandenberg AFIL 
Morrisroe, D. W., Lodi. N. J. 

Moussette, G. E., Palaiseau, Seine et Oise, 
France 

Myers, C. C., Jr.. Deer Park. I.. I., N. Y. 
Neat, C. E., Manhattan Beach. Calif. 

O'Berry, W. A.. Baltimore, Md. 
Ogasawara, N., Setagaya.ku. Tokyo, Japan 

Olivier, G. I., Santa Clara, Calif. 
Orlov, I., North Bergen, N. J. 
Parry, J. E., Alexandria. Va. 

Parsons, P. L., Broadview. Ill. 
Perry, J. R., North Syracuse, N. V. 

Poppert. P. E., Mantoloking, N. J. 

Preston, A. W., Jr., Fort Collins, Colo. 

Pritchard, J. P., Jr., Richardson, Tex. 

Provost, A. N., Dallas. Tex. 
Przybyszewski, A. W.. Niles. Ill. 
Rainer, R., Jersey City, N. J. 

Reese, R. E., Avondale, l'a. 

Reninger, N. W., Columbus, Ohio 

Rheinfelder. W. A., Phoenix, Ariz. 
Ritter, R. J., Asbury Park, N. J. 

Rolenz, E. J.. Akron, Ohio 
Roller. R. F.. Columbus, Ohio 
Ryde, R. M.. Oak Park, 

Schlereth, F. H., Syracuse, N. Y. 

Schreiner. M. l'., Richardson, Tex. 
Selot, M., College Station, Tex. 

Senia, J. W.. Stratford, Conn. 
Skyles, R. W.. Menlo Park, Calif. 

Slaughter. J. It., San Diego, Calif. 

Slivka. I.. P., Barberton, Ohio 

Smith, A. E., Springfield, Vt. 
Smith. G. J., Laureldale, Pa. 

Smith, W., Freeport, Ill. 
Snyder. I'. 0., Baltimore, Md. 

Solat. N., Culver City, Calif. 
Spacek. C. G., Milwaukee, Wis. 

Sweet, W. I.., Mountain View, Calif. 

Szot, H. J.. Montreal, Que., Canada 

Tanzyus. D. F.. Glen Burnie, Md. 
Tones, R. J., Paguannock. N. J. 

Templeton, I.. W., Palo Alto, Calif. 
Teoste, R., Cincinnati. Ohio 

Turner, J. W., Baltimore, Md. 
Van Auken. B. A., Oreland, Pa. 

F. O., Hyattsville, Md. 

Wallene, t j., Chicago, 
Watichopc. S. E., Jr., Mountain View, Calif. 

Weissman. W. A.. 13rooklyn. N. Y. 

Welch, J. P., Glendora, Calif. 

Wezner. F. S., Haddonfield, N. J. 
Widmer  \ X  , Poughkeepsie, N. Y. 

Wyels, P. J., Long Beach. Calif 
Vatt, F. C., Pensauken, N. J. 
Yengst, W. C., Palso Verdes Estates, Calif. 
Zechmeister, J. F.. Sunnyvale, Calif. 

Zorio. 1.. F.. Dedham, Mass. 

Admission to Associate 
Aaron, I. 1., Milwaukee. Wis. 

Ahmed, S., Karachi, West Pakistan 

Almagnault. R. J., Rochester. N. V. 
Avery, L. R., Fairborn, Ohio 
Bachman, R. G., Jr., New York, N. Y. 

Baker, H. M., Glen Burnie. Md. 

Barrett, W. S.. Paramount. Calif. 
Becker, II. J., Palo Alto, Calif. 

Bishop, J. E., Welltieet, Mass. 
Boren, J. T., Dallas. Tex. 

13ragassa, E. B., Honolulu, Ilawaii 
Bright, J. R., Mt. Clemens, Mich. 

Brooks, II. A.. Jackson. Mich. 
Byrne, B. II. L., Pasadena. Tex. 

Carter, I. 1'. V., Yorktown Ileights, N. Y. 
Carter, J. K., Oklahoma City, Okla. 

Chapin. G. II., Jr., Duxhury. Mass. 
Cohen, A. Z., St. Albans, New York 

Cougoule. R. f.., Redwood City, Calif. 
Cowan, J. E.. Los Angeles. Calif. 

Cronin, 1'. R.. East Williston, L. I., N. Y. 

Dailey, I.. 13., Washington, D. C. 
Day. A.. Chicago, Ill. 
Donsky, Philadelphia, l'a. 

Dorrell, R. F., Des Plaines, Ill. 
Evans, T., Montreal, Que.. Canada 

Feely, M. J., Garden City, I.. I., N. Y. 

Freniere, J. J., Natick, Mass. 
Frink, R. D., Lawrence, Mass. 

Fujiwara. T.. Yuri-gun. Akita-pref., Japan 
Caddis, M. T., Claremont, Calif. 

Grimm. J. II., Port Canaveral, Fla. 

Harper, J. D., Beaverton, Ore. 

Helmen, V. R., Minneapolis, Minn. 
Hokes. F. R., Garfield Hts.. Ohio 

Horvath, S. M.. Philadelphia, Pa. 
Jensen, G. N., New Orleans, La. 

Joyce, C. F., Dorchester, Mass. 

Katie. D. D., Belgrad. Yugoslavia 
Kalnins, M.. Cambridge, Mass. 
Kihbler, 1'. II., Wayland, Mass. 

Koester. J. C.. Santa Monica, Calif. 

Kupnowicki, M., Edmonton. Alta., Canada 
LeBel, G. N., Ste- Foy, P. Q.. Canada 
Lee, W. W. S.. Mead, Nebr. 

Lepine, R. A.. Nashua, N. II. 
Lihenson, L. H.. Saxonville, Mass. 

Margita, G. M.. East Detroit. Mich. 

Martin, F. T., Jr., Utica. N. Y. 

McKee, J. V., Jr., Stamford, Conn. 
McKelvey, R. F., Jr., Bridgeport, Conn. 

Miller, L. K., Chicago, Ill. 

Miller, W. T., Jr., l'ark Ridge, Ill. 
Mishra, J., Dhanbad, Bihar, India 

Moore, J. V., State College, l'a. 

Muscat, E. A., New York, N. Y. 

Nutman, A. J., Bayside, L. 1., N. Y. 

(Continued s, page 110A) 

a 

tradition 
in 

voltage 

regulated 

dc 

power 

supplies 

the 

standard 
for the 
"state 

of the 
art" 

for over 

14 years 

More than 

120 standard 

active models 

transistorized 

vacuum tube 
• 

magnetic 

For complete 

specifications 

send for 

Catalog B-601. 

131-42 SANFORD AVENUE 
FLUSHING 55, N. Y. 
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Give your products 

MORE RELIABILITY and 

BETTER PERFORMANCE with 

FREED 
QUALITY 

AVAILABLE FROM STOCK 

 1 e MINIATURE AUDIO 
TRANSFORMERS 
o MIL Specifications 

• Hermetically seciled 

Grade 4. 

• Frequency response: 

± 2011 30-20,000 CPS 

* ± 2D8 200-10,000 CPS 
cm. M. limped. level — ana. MIL Type 

39AA I Pd. 30/200/100 
See 60,000 CT. 

line es mike 
te single er P.P. grids 

51411010TT 

»AA 2 M . 4/ II 
Sm. 60,000 CT. 

Dynamic mike et mokr.   

»Me roll to single Of 
P.P. grids 

»IA 3 Pd. 50/200/300 
Sea 60,001 CT. 

LI» er mitre 
te single er P.P. grids 

'MA 1 Pd. 15,000 
SM.. 60,000 CT. 

Single »lode plate 
to single or P P. grids 

TF1111XISTY 

PMA S• Pd. 10,000 
Sea 60,000 CT. 

Ilegle triede plate 
te P.P. grids 

»AA 6 Pd. 10,000 
sm. scsms cygg 

Sine fried* Mete 
le multiple line 

TIMUISTY 

PIA 7e Pd. IS , 000 
See. 30/200/300 

Mee. Diette Pie. 
Se meitiPlellee 

Mall 3TT 

PIRA * Pd 30,000 CT. 
Set. 50/200/500 

Pvdt.pull triode plate   

le m0 4 4 il» 

»AA 9 Pd. 60,000 CT. 

Sea 30/200/000 

2,0Ni mike et Ode» 
to multiple line 

TI411113 TT 

»AA 10 Pd. 30/200 
Set. SO/200/300 

Alining er 'scotching »11111621 

»AA 11 10 hy, 3 ran. d.t. 

3300 ft da ma 

Parallel lead rear», TM  

( -- è—t#NETIC AMPLIFIERS 
-9111) • Hermetically Sealed To MIL 

Specifications 
• No Tubes 
• Direct Operation from Line Voltage 
• Fast Response 

• Long Life Trouble Free Operation 

• Phase Reversible Output 
Power Gain 2 x 100 —; 

Transistor 

Prearnp 
MAT- 1 

Wt. 10 oz 

Mag. Amp. 

MAP-5 

wt. 8 or. 

Motor 

n  INPUT VOL TAGE rAr.v.1 
reNPuT IMPEDANCE 
1,500 OHPAS.) 

WRITE FOR FURTHER INFORMATION ON THESE 
UNITS OR SPECIAL DESIGNS. 

Send for NEW 48 page transformer catalog. Also ask for 
complete laboratory test instrument catalog. 

FREED TRANSFORMER CO., INC. 

11451 

Membership 

(Continuer' from rqcri• 

Olson, J., Jr., Savannah, Ga. 

Paddock, J. L., Colorado Springs. Colo, 

Palevsky, M.. Los Angeles. Calif. 

Penner, H. F., Los Angeles. 

Peterson. W. A.. Palto Alto, Calif. 

Pieper. A. F., New York, N. Y. 
Rehman, J. A.. Alexandria, Va. 
Rhodes, R.A.. New York, N. Y. 

Ringer. R. S.. Morristown. N. J. 

Rrihm. R. R.. Jr.. Utica. N. Y. 

schwarz, F. W., Tempe. Ariz. 
Searle, W. A.. Jr., Wellesley Hills. Maso. 

Sedieec, D. F.. Lawrence, Mass. 

Somentini, A.. Rome, Italy 

sinba, V. P., Dhanbad, Bihar, India 
A. E.. Newark, N. J. 

smith. J. J., New York, N. Y. 

start.. G. I., East Williston, I.. L, N. Y. 
Steed, J. B.. Arlington, Va. 
Tabbitas, R. I.., Brooklyn, N. V. 

Tapias..1. R.. Bogota. D. E., Colombia 
Walker. R. K., Bromfield, Nr. Chelmsford. 

Essex. England 
Watson. R. It.. Liverpool. N. 1'. 
VI It son, W. J., Melbourne, Victoria, Australia 

Willis. H. D., Chicago, Ill. 

Wilson, N. J., Belmont, Calif. 

Wright. J. F.. Calgary. Alta., Canada 
Voshitio, Y. J., Oakland. Calif. 

Young. D. B.. Hicksville. L. I., N. 1% 

NEWS 
New Products 

5.1•2.72- •11.14.9......1010 • 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from rage 38.4) 

Pressure Switch 

Development of the A-21 pressure 
-witch, has been announced by Astromics, 
Div. Mitchell Camera Corp., 611 W. 
I larvarcl St., Glendale, Calif. 

Primary application of the pressure 
switch is anticipated in the aviation and 
missile fields, however, it should also be 
found useful in the varied phases of general 
industry. 

The A-21 pressure switch attains its 
sensitivity by means of a stretched dia-
phragm pressurized by dry nitrogen. 
Earlier approaches to high sensitivity have 
employed various configurations of solid-
state switches. This design utilizes solid 
Paliney contacts. 

Potential applications should encotn-
pass aircraft cabin pressurization protec-
tion; missile arming; initiating events at 
pre-set or programmed altitudes, and 
many industrial control system uses. 

Accuracies of plus or minus five feet at 
10,000 feet can be obtained in barometric 
applica tinos. 

Solid Resistor Coating 

An exclusive "Aeroglaze" conformal 
coating applied as a 100% solid is claimed 
to give superior performance and greater 
mechanical protection over conventional 
painted carbon deposited resistors by the 
Hi-Q Div. Aerovox Corp., Olean, N. V. 
This new feature is offered on Iii-Q Carho-
film resistors at no increase in price. 

%Id 

—.Rottà 

Applying the coating as a 100% solid 
eliminates weakened coatings through use 
of solvents and provides uniform sizes and 
improved appearance. "Aeroglaze" coating 
will meet all the requirements of MIL-R-
10509B. Mechanical protection is said to 
be superior to any other method and spe-
cial tubes, sleeves and jackets are elimi-
nated. "Aeroglaze" resistors are available 

1,1, 1 and 2 watt sizes to meet MIL 
designations RN 10, RN20, RN25 and 
RN3O. All ratings from 5 ohms to 50 meg-
ohms are available for immediate delivery 
in production quantitites. 

For complete information write to the 
firm. 

Cable Harness Analyzer 

1 

The Model 196 Militarized Cable 
Harness Analyzer allows simple and com-
plex branch circuits to be high-potted and 
measured for leakage to all other circuits. 
The manufacturer, California Technical 
Industries Div. Textron, Inc., 1421 Old 
Country Rd., Belmont, Calif., states that 
simultaneously with the leakage test, 
continuity (conductor resistance) is mea-
sured. In automatic operation the wires 
under test are checked at a maximum rate 

IC utinne'd rage 112.4) 
1720 Weidield St., Brooklyn ( Ridgewood) 27, N. Y. 
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Professional Group 

ois Aeronautical 

(god Navigational 

Electronics 

\Ithough radio communications 
early became an essential factor in 
aircraft development, perhaps one of 
the most dramatic and specialized 
fields of present-day radio-electronic 
progress has been airborne electron-
ics. 

Partly due to the war-time secrecy 
necessary, the Professional Group on 
Airborne Electronics was the elev-
enth formed by 1 RE members. But, 
it is a particularly clean-cut example 
of the need for Professional Groups. 
and the value the groups can render 
to members. The problems pre-
sented called for a high degree of 
specialization—vet they were essen-
tially radio techniques from servo-
mechanisms to radar, and from com-
munications to computers and guided 
missiles. 

The Dayton IRE Section intro-
duced its own specialized conference 
on Airborne Electronics in 1946, 
which has now become the National 
Conference of the Group. This Con-
ference publishes a very complete 
and printed " Proceedings" annually, 
in book form. The Group also pub-
lishes four Transactions a year in co-
operation with the IRE Editorial De-
partment, ami it sponsors full tech-
nical sessions at other Conferences. 
and notably at the IRE National 
Convention and WESCON, the pa-
pers from which are available to 
Group members as a part of the Con-
vention Record at a reduced rate. 

The group has grown rapidly, and 
now has members in all parts of the 
country. It has local Chapters op-
erating in eight cities in the United 
States. 

One very favorable outcome of 
the development of this Professional 
Group is that it is tending to accel-
erate the coordination between air 
frame design and electronic design 
in this field—to the obvious benefit 
of both. It has also drawn together 
into one Group, through practi-
cal engineering necessity, engineers 
working in sometimes widely sepa-
rated fields: propagation theory, 
navigational aids, servomechanisms, 
etc. 

baud Weben_ 
Chairman, Professional Groups Committee 

%Re  
i*ges9e-."0e9 

IRE 
Transactions 

on AUDIO 

IRE-
TranSaGtiOnS 

ON MED' 
111.ctolo.cs 

rtiet 

nenee°"ceite 
• 

IRE 

Tr an SeatiOne 

Mecrowave Theory *ma Teechn.que• 

"N ‘N"...... 

/... 

sir 

At least one of your interests 
is now served by one of IHE's 

28 Professional Groups 
Each group publishes its own specialized papers in its Transactions, 
some annually, and some bi-monthly. The larger groups have organ-
ized local Chapters, and they also sponsor technical sessions at IRE 
Conventions. 

Aeronautical and Navigational Electronics (G 11) Fee $2 
Antennas and Propagation ( G 3) Fee $4 
Audio (G 1) Fee $2 
Automatic Control (G 23) Fee $3 
Bio-Medical Electronics ( G 18) Fee 53 
Broadcast & Television Receivers (G 8) Fee $4 
Broadcasting (G 2) Fee $2 
Circuit Theory (G 4) Fee $3 
Communication Systems (G 19) Fee $2 
Component Parts (G 21) Fee $3 
Education (G 25) Fee $3 
Electron Devices (G 15) Fee $3 
Electronic Computers ( G 16) Fee $4 
Engineering Management (G 14) Fee $3 
Engineering Writing and Speech (G 26) Fee $2 
1-Iiiinan Factors in Electronics (G 28) Fee $2 
Industrial Electronics (G 13) Fee $3 
Information Theory ( G 12) Fee $4 
Im.trumentation (G 9) Fee $2 
Microwave Theory and Techniques (G 17) Fee $3 
Military Electronics (G 24) Fee $2 
Nuclear Science ( G 5) Fee $3 
Production Techniques (G 22) Fee $2 
Radio Frequency Interference (G 27) Fee $2 
Reliability and Quality Control (G 7) Fee $3 
Space Electronics and Telemetry (G 10) Fee $2 
Ultrasonics Engineering (G 20) Fee $2 
Vehicular Communications (G 6) Fee $2 

IRE Professional Groups are only open to those who are 
already members of the IRE. Copies of Professional Group 
Transactions are available to non-members at three times the 
cost-price to group members. 

The Institute of Radio Engineers 
1 East 79th Street, New York 21, N.Y. 

USE THIS COUPON 

Miss Emily Sirjane 

IRE-1 East 79th St., New York 21, N.Y. 

Please enroll me for these IRE Professional Groups 

PG-7-60 

Name   

Address   

Place   

Please enclose remittance with this order. 
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5-406-A8 

GOLD doped with N-type or 

P-type elements— supplied in 

form of wire, sheet or ribbon 

and cut or stamped pieces. 

FOR PUBLIC 
ADDRESS, RADIO, 
and kindred fields, 

JONES 400 
SERIES 

PLUGS & SOCKETS 
of proven quality! 

P-406-CCT 

Double Contact Area 
Phosphor bronze knife-switch socket contacts engage both 

sides of flat plug contacts. 
Socket contacts phosphor bronze, cadmium plated. Plug 

contacts hard brass, cadmium plated. Insulation molded 
bakelite. Plugs and sockets polarized. Steel caps with baked 

crackle enamel. 2, 4, 6, 8, 10, 12 contacts. Cap or panel 

mounting. 
Information on complete line, in Jones Catalog 22. 

Electrical Connecting Devices, Plugs, Sockets, Terminal 

Strips. Write 

HOWARD B. JONES DIVISION 
CINCH MANUFACTURING COMPANY 

CHICAGO 24, ILLINOIS 

DIVISION OF UNITED-CARR FASTENER CORP 

NEWS 

New Products 
R E 

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

(Continued in,111 page 110A) 

of five wires per second. When a fault oc-
curs the tester stops and indicates the 
circuit and type of fault. 

The tester will check 150 simple cir-
cuits, 75 main circuits with any combina-
tion or number of branch circuits to a total 
of 75 branches, or any intermediate com-
bination of main and branches up to a 
total of 150. 

Measurements are made on precision 
bridges which combine accuracy with fail-
safe operation. Continuity testing can be 
made from 0.3 to 10.0 ohms at 0.5 to 3 
amperes. High-pot testing call be made up 
to 1,000 volts dc. For high-potting, a con-
tinuously variable control gives dwell times 
from 0.2 to 10 seconds. A built-in ohm-
meter for manual checking measures leak-
age resistance from 0 to 1,000 megohms. 

Designed to meet the requirements of 
MIL-T-945A the equipment has been 
rigorously type-tested and in keeping 
with its intended function is housed in a 
moisture and airtight instrument case. 

Among the accessory units are: an 
aluminum transit case and extension 
switching units which can be used to in-
crease the basic capacity of this unit. 

Magnetic Shift Registers 
Magnetics Research Co., 255 Grove 

St., White Plains, N. Y., announces the 
availability of a group of unusually flexible 
magnetic shift registers with these fea-
tures: The ability to achieve non-destruc-
tive readout, reversible data-flow, rever-
sible counting, code generation, and "cor-
ner-turning" using one core per bit. The 
use of "wide-width" bit-coupling, which 
permits controllable-width output pulses, 
operation essentially independent of shift-
pulse width, and minimum shift-pulse 
power, both peak and average. 

These registers are available in 5-bit. 
9-bit, and 10-bit length/module, and may 
be combined without limit, since each 
module contains its own shift drive, wide-
width gate, and hold-gate circuitry. A 
wide variety of pulse amplitude, power 
supply, and operating frequency ratings is 
available in this series. 

Illustrated is th • Model 9-rDww-
150/C. mounted on a standard ELCO 

(Continued on page 116.4) 

112A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE August, 1960 



FOR SYSTEM DESIGN 

DIGITAL 
TECHNIQUES 

;ionmità.. > 

e 

ANALOG 
TECHNIQUES 

Combined by Link to give you Dialog* Systems Utilizing Available Components and Building Blocks 

Link's proved analog and digital capabilities are available to help you with your system 

design requirements. By offering a wide variety of analog and digital modules, Link 
provides the building blocks that facilitate system design and reduce costs. 

Listed below are Dialog system components for control, computation and simulation. 

DIGITAL CIRCUIT MODULES 

Data Handling Circuits 

Write Amplifier 

Read Amplifier 

Read Head Selector 

Read Head Diode Assembly 

Core Register Assembly 

Core Driver 
Pulse Generation and Amplification 

Circuits Decoding Matrix 

Logic Circuits 

Counter Flip-Flop 

Power Latch 

Power Inverter 

Multiple Input "AND" Circuits 

Multiple Input "OR" Circuits 

Delay Line 

Power Driver 

Indicator Driver 

Clocking Pulse Generator 

Housing 

Card Cage With Locking Bar 

ANALOG BUILDING BLOCKS 

Servo Systems 

Rectilinear Servo Motor With 
Drive Amplifier 

Standard Servo Assemblies, AC or DC 
Operational Amplifiers 

Transistorized Standard 
Operational Amplifier 

Transistorized Low Drift 
Operational Amplifier 

Miniaturized Electronic Tube 
Operational Amplifier 

Buffer Amplifiers 

Transistorized Standard Buffer 
Amplifier 

Transistorized 25 Volt 
Operational Amplifier 

AND SERVO COMPONENTS 

Computation Amplifiers 

Transistorized Resolver Driver 
Amplifier 

Summing Amplifier, Model 301 
Linear Phase Detector 
Phase Detector, Model 303 

Servo Amplifiers 

Transistorized 400 cps Servo 
Amplifier-20 Watt 

Universal Electronic Tube Servo 
Amplifier, Model 300 

Electronic Multipliers 

Time Division Multiplier 
Sine-Cosine Generator 

Write to Dept. PI, Industrial Sales Department 
for data and specifications on DIALOG components and building blocks 

*DIALOG (Link Digital-Analog Systems, Components and Building Blocks) 

pommts (It thc EM .(1.\ >;hoir . 1,1fiust 23- .?6' 

LINK DIVISION 
Binghamton, New York 

Another example of Link /Ability 

GENERAL PRECISION. INC. 
Other Divisions: GPL, hearfott, Librascope, 
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RCA radiator efficiency 
allows you to cut blower 

horsepower in half 

Resulting space and weight savings permit more compact packaging, greater design versatility 

Recently a leading manufacturer of communications equipment ran a comprehensive series of tests comparing the heat dis-
sipating capabilities of RCA-7203/4CX-250B, with integral radiator, to a standard JAN/4X-250B. The results: the JAN/4X-
250B required twice as much blower horsepower. 

The integral radiator on RCA-7203 is an exclusive RCA development. It is used on many types of RCA tubes for air-cooled 
operation. Its remarkably efficient louvered construction is a logical development in radiator design ... but only RCA has 
mastered the complex manufacturing problems involved. 

This high-efficiency integral radiator is one of the things that makes RCA power tubes so popular in designs where space and 
weight are critical considerations. For further information about this and other pace-setting features of RCA power tubes, 
including the new Cermolox* line, write: 

The Marketing Manager, RCA Electron Tube Division, Industrial Tube Products Department, Lancaster, Pa. 
*RCA's line of coaxial, precision-aligned grid, beam power tubes of ceramic and metal construction. See RCA's forthcoming advertisement on this complete line. 

RCA ELECTRON TUBE DIVISION.... FIELD OFFICES...Government Sales: Harrison, N. J., 415 S. 5th Street, HUmboldt 5-3900 • Dayton 2, Ohio, 224 N. Wilkinson 
St., BAldwin 6•2366 • Washington 7, D.C., 1725 " K" St., N.W., FEderal 7-8500 • Industrial Products Sales: Detroit 2, Michigan, 714 New Center Building, TRinity 5-5600 • Newark 2, 
N. J., 744 Brood St., FlUmboldt 5-3900 • Chicago 54, Illinois, Suite 1154, Merchandise Mart Plaza, WHitehall 4-2900 • Los Angeles 22, Calif., 6355 E. Washington Blvd., RAymond 
343361 • Burlingame, Calif., 1838 El Camino Real, OXford 7-1620 

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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SAC. At the invitation of the 
Strategic Air Command, your 
Editor and Managing Editor 
visited SAC Headquarters, in 

Omaha, Nebraska, to attend a communications briefing. The 
visit was made by a group of communications and electronic 
editors of national magazines and periodicals. We were af-
forded the opportunity to see and examine the extensive com-
munications facilities established by SAC as a vital aspect of 
their task of war prevention. 

It is gratifying and exciting to learn of the outstanding 
communications development of the Strategic Air Command. 
The ability of SAC to achieve rapid communications between 
its Headquarters, its air bases, and its aircraft was vividly 
demonstrated. Perhaps most impressive was an actual con-
tact using single-sideband voice communication. Headquar-
ters in Omaha called to and received acknowledgment from 
Guam, Tokyo, Okinawa, Fairbanks, Hawaii, Thule, Goose 
Bay, Bermuda, Puerto Rico, Tripoli, England, Turkey, Ma-
drid, Dhahran, and Westover, March, and Barksdale bases in 
the United States; these seventeen contacts required less than 
two minutes of elapsed time. Unquestionably the ability to 
to achieve this performance is in part due to the wisdom of 
the Air Force in choosing single sideband as the basic com-
munication technique. One wonders whether the Special Issue 
of the PROCEEDINGS in December, 1956, might have played 
a role in this instance. 

The much publicized "red telephone," the SAC hot-line 
for alerting SAC's entire force, was also demonstrated. In 
this case, over seventy locations, both in the United States 
and overseas, were contacted simultaneously and acknowledg-
ment was received in less than ten seconds. This was a remark-
able demonstration of the communication engineer's dream 
come true. 

From the point of view of engineering, in addition to that 
of the radio and communication engineer, the command post 
itself is a fascinating achievement. This structure, of three 
floors, extends 45 feet below ground level. It can be sealed 
off and become self sustaining. It is provided with its own air 
conditioning system, an independent water supply, an emer-
gency electrical power system, complete communications as 
described above but including teletype, and a supply of emer-
gency rations. 

As usual, the group of editors was occasionally skeptical of 
some of the claims made. They asked many questions about 
the facility for combating the many possibilities of failure 
that are inherent in any complex system. SAC was always 
ready with an answer and the evidence of careful detailed 
planning was clear. Even the back-ups have back-ups almost 
ad infinitum. 

While arguments will continue as to the relative role of 
manned aircraft and missiles in the country's armament pos-
ture, this Editor returned from the briefing feeling proud of 
the demonstrated significance of the contribution of communi-
cations engineering to the defense plans of the United States. 

Hands Across the Border. Not only hands, but also whole 
bodies traveled across the border (northern) last April. An 
automobile caravan of 65 IRE members from the Ottawa 
Section, led by Past President John Henderson, paid a week-
end visit to Syracuse, and were guests at a joint dinner meet-
ing of the Syracuse and Ottawa IRE Sections. \Vives were 
included in the visit, and shopped in the Syracuse stores while 
their husbands participated in a plant tour. The dinner 
meeting featured a talk by James E. Keister, " How Much 
Space." The Ottawa to Syracuse visit was so successful that 
plans are being made for a Syracuse to Ottawa visit next 
spring. This interesting aspect of IRE "internationalism" 
should be emulated elsewhere; joint meetings of adjacent sec-
tions, even within the United States, should be stimulating. 

Abstracts and References. The monthly feature of the PRO-
CEEDINGS, Abstracts and References, was emphasized in June 
with the publication of the yearly index, as Part II of the 
June issue. The significance of this contribution is reenforced 
by a study of the magnitude of the task performed by the 
compiler. The Radio Research Organization of the Depart-
ment of Scientific and Industrial Research, England, scans 
190 publications from 20 countries in assembling the Abstracts 
and References which IRE publishes by arrangement with 
the Department and with Electronic Technology. 

The coverage offered by these abstracts is not always 
appreciated. One's appreciation may be enhanced by the 
following tabulation of the countries and the number of jour-
nals covered in each country. The list is presented in alpha-
betical order. 

Argentina 1 England 49 Netherlands 7 
Australia 3 France 15 South Africa 1 
Austria 2 Germany 18 Spain 2 
Belgium 2 India 3 Sweden 6 
Canada 2 Italy 6 Switzerland 6 
East Germany 5 Japan 7 Turkey 1 

USA 40 USSR 14 

You curious readers may now refer to the annual index 
to assuage your curiosity about the titles of the journals rep-
resented by the tabulation. 

Section Number 107. The Executive Committee, in May, 1960, 
approved the change in status of the Kitchener-Waterloo 
Subsection to full Section status. The new Section also be-
comes the fourteenth Section in Region 8. \Ve extend a hearty 
w el rnrrIP — F T r 
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Benjamin J. Dasher (A'41—M'55—SM'57—F'59) was born 
in Macon, Ga., on December 27, 1912. He received the B.S. 
in E.E. degree in 1935 and the M.S. in E.E. in 1945, both 
from Georgia Institute of Technology, Atlanta, Ga. He 
received the Sc.D. in E.E. from Massachusetts Institute of 
Technology, Cambridge, Mass., in 1952. 

As an undergraduate student, he enrolled in the co-
operative program, and during the last two years spent his 
work periods as an operator for radio station WMAZ in 
Macon, Ga. After graduation he spent four years as a 
partner in a radio and electrical service business in Macon 
and then returned to Georgia Tech as a graduate assistant 
in Mechanical Engineering. In 1940, he was appointed In-
structor in Electrical Engineering and remained at Georgia 
Tech during World \Var II. 

In 1946 he went to Massachusetts Institute of Technol-
ogy as an Instructor in Electrical Engineering where he 
was engaged in teaching, research, and graduate study. He 
was associated with the Telemetering and Instrumentation 
Group of Project Meteor, Research Laboratory of Elec-
tronics, M.I.T. from 1950-1951. 

B. J. Dasher 

Director, 1960-1961 

In the fall of 1951 he returned again to Georgia Tech 
and was appointed Director of the School of Electrical 
Engineering in 1954. 

Dr. Dasher is the author or co-author of a number of 
technical papers, most of them in the field of circuit theory 
dealing with the synthesis of RC networks. He is co-author 
of the Chapter on alternating-current measurements in 
"Radio Engineering Handbook," edited by Keith Henney, 
and has contributed articles on electrical engineering to 
World Book Encyclopedia. 

He served as Student Branch coordinator and member 
of the Executive Committee of the Atlanta Section, IRE, 
for several years and he has been an editorial reviewer for 
the PROCEEDINGS since 1954. He has served as General 
Chairman of the IRE Instrumentation Conference, spon-
sored by the Atlanta Section and the Professional Group 
on Instrumentation, and also as a member of the Admin-
istrative Committee of PGI. 

Dr. Dasher is a member of the AIEE, the American 
Society for Engineering Education, Eta Kappa Nu, Sigma 
Xi, and Phi Kappa Phi. 
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Scanning the Issue 
Can the Social Sciences Be Made Exact (I3erkner, p. 1376) 

—Last March, at the Opening Meeting of the IRE Inter-
national Convention, a Director of the IRE called attention 
to some interesting similarities between the behavior of cir-
cuits and of humans. These comparisons were presented with 
the thought that they might provide social scientists with 
some much needed help in developing a more precise and 
quantitative understanding of the behavior of the human 
mind. Such an understanding would benefit the electronics 
engineer, too, for he must match many of his communication 
systems to human terminals about which he presently has 
inadequate knowledge. It is not the usual practice of the 
PROCEEDINGS to print speeches, but then this is ndt a usual 
speech. 
A Review of Panel Type Display Devices (Josephs, p. 

1380)—The science of communications and electronics has 
traditionally been concerned with methods of generating, 
transmitting, and receiving information. With the advent of 
television, radar, and the computer there has been added a 
need for methods of displaying information. During the last 
five years this need has led to the development of a surprising 
variety of panel display devices, not only of the solid type but 
evacuated, gas, liquid and mechanical devices as well. This 
paper presents a timely review of the substantial activity in 
this field. 

An Improved Film Cryotron and Its Application to Digital 
Computers (Newhouse, et al., p. 1395)—Several laboratories 
have been working intensively on methods of depositing thin 
films of superconducting and insulating materials, less than a 
micron in thickness, to form extremely compact cryotron 
circuits for computers. As a result, film cryotrons have in 
recent months become one of the most important and rapidly 
moving developments in the computer field. Film cryotrons 
constitute the first advance over transistors with respect to 
computer miniaturization. Much larger numbers of cryotrons 
can be used in a small volume without encountering the heat 
dissipation problems of transistors. Packing densities of a 
million elements per cubic foot are now a distinct probability. 
Moreover, they are easy to assemble; thousands of film cryo-
trons and all their interconnecting circuitry can be deposited 
at one time in a few simple steps. This is one of the first few 
papers on superconductive film devices (one appeared here last 
month) and is believed to be the first to describe the crossed-
film cryotron. 

Gallium Arsenide Tunnel Diodes (Holonyak and Lesk, p. 
1405)—Most of the work on tunnel diodes that has been re-
ported to date has involved diodes fabricated from germanium 
and silicon. This paper concerns the fabrication and proper-
ties of tunnel diodes made from gallium arsenide, an inter-
metallic compound which offers many attractive properties. 
Those properties give gallium arsenide tunnel diodes a num-
ber of advantages over silicon and germanium varieties, espe-
cially in the larger number of applications for which they are 
well suited. This paper will, therefore, be of great current in-
terest to practically everyone in the solid-state field. 

The Reflected-Beam Kinescope (Law and Ramberg, p. 
1409)—The authors have made some radical changes to a con-
ventional picture tube, resulting in a substantially shorter 
device, less than a foot long, especially suited for picture sizes 
of 21 inches or more. The phosphor viewing screen has been 
moved back a few inches from the tube face, while the gun 
assembly has been moved forward, telescoping the neck of the 
tube. The electron beam goes through the phosphor screen, 
which is perforated. As it approaches the tube face, the beam 
is reflected by a transparent conductive coating and falls 
back onto the phosphor screen to form the picture. This un-
usual construction offers a novel approach to thin cathode-
ray-tube design. 

Shot Noise in Tunnel Diode Amplifiers (Tiemann, p. 1418) 
—This paper develops some basic theory and calculations on 
the noise properties of tunnel diodes, providing a valuable 
reference for future work in this area. The widespread inter-
est in this subject, both on the part of device physicists and 
designers and on the part of circuit designers who may want 
to employ tunnel diodes, will make this a widely read paper. 
A Parametric Device as a Nonreciprocal Element (Kamal, 

p. 1424)—The author proposes connecting an up-converter 
parametric amplifier to a down-converter parametric amplifier 
to obtain a nonreciprocal phase shifting device. He demon-
strates that the phase of a signal can be shifted +90° when it 
is converted up and then down and, conversely, — 90° when 
it is converted down and then up, thus giving a two-way 
phase shift of 180°. This proposal is of considerable interest 
because it offers a way of providing isolators and circulators 
at frequencies below the range where ferrite devices can oper-
ate. 

The Compatibility Problems in Single-Sideband Trans-
mission (Powers, p. 1431)—An analysis of single-sideband 
signals has been made which yields results of fundamental im-
portance in determining the conditions under which SSB 
transmissions can be made compatible with standard AM 
receivers. The first important result of this analysis is that 
conventional SSB cannot be made fully compatible without a 
sacrifice in spectral economy. The second important result is 
that a proposed square-law SSB system, in which the message 
is conveyed in the square of the envelope of the wave rather 
than in the envelope itself, requires no sacrifice in spectral 
economy. In this case, a square-law envelope detector would 
be required in the receiver for distortionless detection of the 
signal. However, a conventional AM receiver could receive 
speech transmission without serious loss of intelligibility, thus 
preserving a measure of compatibility. Readers will also be 
interested in the comments which appear on page 1503. 

On the Resolving Time and Flipping Time of Magneto-
resistive Flip-Flops (Aharoni and Frei, p. 1436)—Magneto-
resistance is a well-known phenomenon which has been used 
for studying the properties of elements and alloys but which 
has not yet been applied to circuits or devices. This paper dis-
cusses an application, probably the first in the electronics 
field, which may be potentially important in the switching 
and data processing fields. Although the results are inferior to 
existing art, the theory presented shows no inherent limita-
tions. It is felt that publication of this paper may stimulate 
others to find improved magnetoresistive materials. 

IRE Standards on Nuclear Techniques: Definitions for 
the Scintillation Counter Field (p. 1449)— Definitions are pre-
sented for terms related to scintillation counters, ranging 
from Accelerating Electrode to Light Pipe to Wavelength 
Shifter, and encompassing 83 other terms in between. 

Noise in Oscillators (Edson, p. 1454) 
Background Noise in Nonlinear Oscillators (Mullen, p. 

1467) 
Monochromaticity and Noise in a Regenerative Electrical 

Oscillator (Golay, p. 1473)—It will be noted that the above 
three papers are addressed to the identical problem. The view-
points. however, differ substantially. Indeed, the authors 
arrive at results which are not equivalent in every respect. 
The problem they have tackled is an extremely difficult one 
because it involves nonlinear circuits, and because of this has 
received relatively little attention. The problem is also an im-
portant one, for noise affects the starting characteristics of 
oscillators, alters the amplitude and phase of the oscillations, 
and contaminates the spectral purity. It is felt that publica-
tion of three different approaches will do much to help solve 
a complex and basic problem. 

Scanning the Transactions appears on page 1509. 
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Can the Social Sciences Be Made Exact?* 
L. V. BERKNERt, FELLOW, IRE 

Summary—The social sciences are in great need of a more pre-

cise understanding of how an idea is conveyed from one mind to 
another. The difficulty seems to stem from an inability to find the 
fundamental and independent parameters from which the behavior 
of the brain and the consequent human response can be constructed 

in a mathematical sense. 
This problem concerns the electronics scientist as well. He must 

provide the communication links for conveying information from indi-

vidual to individual, but he has inadequate knowledge of the human 
terminals to which he must match his systems. 

It is suggested that certain strong similarities between the be-

havior of circuits and of man may provide analogs which would 
reveal characteristics of the mind that are fundamental and quanti-
tative. A number of such analogs are proposed and discussed. 

ji
. r iHE SCIENCE of communications which under-

lies the whole thinking of the IRE is ultimately 
concerned with the transference of information 

from individual to individual. Our whole science of radio 
has grown up because man has felt it necessary to con-
vey communications without regard to distance be-
tween communicants in the most rapid and effective 
way. The very primitive means of communications 
such as smoke signals or tom-toms, or even the eventual 
telegraph were not fast enough, so man now carries the 
voice, and indeed the picture of the whole surroundings 
of that voice, to make communications more complete. 
Gradually the distance of effective communication has 
lengthened until reliable voice communication to any 
part of the earth has become feasible. In the past few 
weeks coded messages have been received from millions 
of miles in space to extend our range of transmission to 
a substantial part of the planetary system. Where suffi-

cient power is not available to transmit a very sophis-
ticated signal, we are prepared to slow down the rate of 
transmission and then to resynthesize to bring it back 
to normal picture speed, thus retaining the level of de-
tail that we choose. 
Out of this business of conveying signals of one char-

acter or another from one place to another in an intelli-
gible and useful way has grown the whole field of elec-
tronics. Over the past three decades, starting with the 
original formulations of Hartley and Heising, we have 
learned how to measure precisely the amount of com-
munication that can be conveyed between two points 
in terms of the strength of transmitted signal, the inter-
vening loss, the noise level at the receiving source, and 
the bandwidth required to contain the whole transmis-
sion. Using Shannon's modern formulation of informa-

* Received by the IRE, March 25, 1960. Presented at the Open-
ing Meeting, 1960 IRE International Convention, New York, N. Y.; 
March 21, 1960. 
t President, Associated Universities, Inc., New York, N. Y. 

tion theory, this whole matter of conveying information 
in an acceptable form from one point to another has 
become a well-defined science, and the whole perform-
ance of any system can be predicted almost unambigu-
ously. With the elaboration of Wiener's cybernetics, and 
the intricacies of stochastic theory we can dissect the 
signal in almost any way we choose, transmit it using 
very advanced systems of modulation, and then re-
synthesize it in forms that, employing the advantages 
of redundancy, can sometimes be better than the orig-
inal. Thus we can dissect a photograph into appropriate 
bits of information and resynthesize this photograph 
at a distance out of those same bits to reconstruct the 
photograph with a definable measure of deterioration. 
But, even more important, we can surpass the human 
capability for assimilating such information very con-
siderably by scanning a whole series of rather poor pho-
tographs of the same thing and reproducing a single 
photograph out of all of this information which is very 
considerably and definably better than any of the foggy 
originals simply by statistically suppressing the random 
noise in the final reproduction. Of course, there are a 
variety of phenomena affecting the transmission and 
reception about which we need to know a great deal 
more, and so we have electronics and computer and 
transmission research. But as a whole the last two dec-
ades have brought the whole problem of the convey-
ance of information from point to point into a manage-
able form, well defined in terms of understandable and 
quantitatively definable parameters. 

Information, however, when communicated from one 
point to another, even from mouth to ear, is altogether 
useless unless it can be formulated by the sender in 
understandable form and unless it is received and as-
similated in a way that produces something similar to 
the image which the sender intended to convey. Now 
this question of how to formulate a message in the brain 
of the sender to contain the minimum of information 
necessary to convey an image with definable precision 
and without employment of unnecessary redundancy, 
and the corresponding problem of the extent to which 
the message will create an adequate image in the mind 
of the receiver of the message, now lies pretty much in 
the realm of the social sciences. Indeed, psychology has 
grown up over the past century to deal with the prob-
lem of stimuli (the messages) and responses (which are 
the recipient's reactions to the images produced by the 
message). 
At the turn of this century Ivan Petrovitch Pavlov 

published his original researches on cerebral activity 
and the theory of reflexes. His experiments on "condi-
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tioned reflexes" set the tone for modern behaviorist 
psychologists. Since that time psychology, using Bridg-
man's concepts of experimental measurement to pro-
vide precise and repeatable measurements of response 
to defined stimuli, has come a long way in increasing our 
confidence that under defined conditions of learning and 
stimuli life will behave within a statistically predictable 
pattern. As the psychologist says it, given a motivation, 
the individual will respond after a given and definable 
response time in accordance with a reaction pattern 
determined by the preparation or training of the indi-
vidual. For instance, the strength of hunger of a rat 
after a known period of food deprivation can be meas-
ured objectively by the strength of a shock from a grill 
lying on the floor of a passageway that will deter the 
rat from crossing the grill in order to obtain food. I re-
member that in the Antarctic I was impressed with the 
similar reactions on the part of humans who had been 
out on the ice for a long time and were willing to under-

go certain measures of exposure or hazard simply with 
the expectation of getting a drink. More recently, rather 
complex psychological experiments have been con-
ducted among groups of individuals to determine their 
statistical behavior in problem-solving when placed in 
any one of a variety of positions in the group with re-
spect to the availability of information and the re-
dundance and order of that information. Alex Bavelas 
has shown that the same group will exhibit very differ-

ent capabilities for dealing effectively with a given 
problem depending upon their lines of communications 
and their accessibility to the judgments and reactions of 
others. Interestingly enough, an excess of communica-
tion interconnection may actually reduce the problem-
solving capability of the group. 

But such experiments in psychology are a far cry from 

providing quantitative understanding of how an idea is 
conveyed from one mind to another. Just what is the 
information content of an idea? How fast can this in-
formation be assimilated in terms of parameters of the 
senses and of the brain? What pre-existing memory units 
and preformed programs (to borrow the words from 
computer lingo) must a brain contain to generate the 
image that the idea contains? How can we measure the 
precision of transfer in terms of the quality of the image 
and of the ultimate response reproduced? While psy-
chological experiments of today produce numbers, these 
numbers in themselves are not directly applicable to 
the basic problem of the formulation and reception of 
ideas of given complexity in an efficient and defined 
way. The problem in social science is to find elementary, 
fundamental, and independent concepts or parameters, 
whose coefficients can be determined numerically, and 
which combined in suitable mathematical formulations 
could predict analytically something about the ulti-
mate capacities of the individual. 

The basic problem of teaching and learning perhaps 
best points up the difficulties faced in social science. 

Among all teachers, I am sure we would agree that some 
are known as good teachers (and perhaps we should not 
admit that there are any bad teachers). Nevertheless, 
there can be no doubt that some men can formulate and 
convey information more effectively than others. But 
indeed no one would contend that there is anything like 
an objective measure of the capability of a teacher. On 
the other hand, we can consider the student—his ability 
to learn, his rate of learning, the minimum requirements 
for the content of the information to permit him to learn 
in the light of his past experience, and all of the other 
questions that are involved in receiving information and 
reproducing and retaining the desired images with de-
finable precision. This too is a purely subjective matter 
with which social scientists have not gotten very far. 
Indeed, one need only read the statement from the dis-
cussion of the Trustees of the Carnegie Foundation for 
Advancement of Teaching to realize how subjective 
these matters are at the present time. In discussing the 
selection of academic talent for special attention in 
teaching, the report of this discussion says: 

... appraisals of academic talent must be based on many kinds of 
evidence. Scholastic aptitude tests provide one significant kind of 
evidence. Achievement tests provide another. School grades offer a 

third kind of evidence. The judgments of teachers expressed in 
rating scales or in written comments are important. The views of 
counselors, deans, and others who have dealt with the student mas' 
be significant. There is no faultless measuring instrument for identi-
fying the academically talented. Each type of measurement has its 
advantages and its limitations. The important thing is to make use 
of all available measures as intelligently as possible. 

Unfortunately, the report does not define how this in-
formation is to be employed to meet the criteria of in-
telligent use. There is no formula by which the informa-
don about the student can indeed define his learning 
ability. I would defy anyone to assess in even a slightly 
objective way how the appraisal of a student's learning 
ability can be made unless your knowledge of him is so 
redundant as to require an unacceptable level of expe-
rience with his capabilities. 

One wonders, in fact, whether the really talented stu-
dent can be recognized by the average teacher, since that 
teacher, however well trained, cannot by definition ex-
tend his vision to the image capabilities of the talented 
student. In such a case, "intelligent" use of information 
in judging the student is meaningless. 
I recall that one imaginative university professor be-

gan to wonder why his students were all so very average 
and untalented. He studied the State Board examina-
tions used to select students—examinations that were 
of the true-false and check box variety. They contained 
such questions as: 

"Vegetables are destroyed by: 
moths 
worms 
butterflies 
snails 
slugs." 
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The student was to check one of these. Now if the stu-
dent were lazy and unimaginative, he would have stud-
ied only one general science textbook—the one pre-
scribed by the State Board of Education-- and unhesi-
tatingly would check snails, thereby receiving full 
credit. But if the student were imaginative, talented and 
creative, he would have read several books on natural 
science and biology, and having learned that any one of 
these pests could destroy vegetables, he had only one 
chance in five of getting credit. After reviewing the 
whole examination structure, the professor concluded 
that the State Board examinations were drawn hastily 
from specified and incomplete texts by persons of no 
better than average talent and learning. Therefore, the 
examinations were selecting persons just as stupid as 
the persons preparing the examinations and, worse luck, 
rejecting the brighter and more promising ones. 

All of us have had the experience in IQ testing of find-
ing true-false questions that were completely ambiguous 
in light of our special training. In the face of such ques-
tions, the really bright person will be smart enough to 
ask himself, " How would I answer this if I were very 
stupid ?," thereby recognizing the correct answer with-
out delay, and justifying his high IQ. But l doubt that 
the examiners planned it that way! I think it is evident 
that if average teachers are to identify talented stu-
dents, they need more objective measures than those 
provided by their own limited estimate and appraisal of 
the student. 

Certainly, we in electronics and communications are 
vitally concerned with the analytical process of convey-
ance of an idea from one brain to another with a mini-
mum definable level of information. It is perhaps the 
most fundamental problem of the social sciences. For 
it involves the matching of the means of communica-
tion from the originator to the receptor. One cannot help 
speculating whether at this stage in the development of 

our science of information theory, its formulation can-
not be adapted to apply further to analysis of the minds 
of the individual (and then perhaps to the defined statis-
tical behavior of a group). We, as communicators, need 
some more reliable and analytical way of understanding 
how ideas are formulated, conveyed, acquired, retained, 

and modified. 
Since no one else has succeeded in dealing with this 

problem at the present time, we can be excused if we en-
tertain ourselves with it a little. And so, we ask the 
question: Is it possible that the fundamental and inde-
pendent properties of learning and of formulation of 
ideas might be those same fundamental properties 
which we find in the electronic circuits that we deal 
with every day? A lot of people have thought about this 
in a general way, but not many psychological experi-
ments have been designed to produce coefficients in a 
form that will fit our every-day circuit parameters. 
Suppose we postulate some possible fundamentally in-

dependent functions in the human brain, reasoning from 
circuit analogs. Of course, this process is not new— 
many workers have studied the similarities between the 
computer and the brain. But perhaps it is worth trying 
again. 
Many people have studied the obvious analog be-

tween memory in the brain and in a variety of electronic 
circuits. Memory seems to be packaged individually in 
a very large number of independent "circuit" units. 
each of which has a content determined, at least in part, 
by the time order of acquisition of the information. 

Associated with problems of memory, are problems of 
retention of memory with time. Certainly, this has 
obvious circuit analogs involving leakage of charge or of 
physical or chemical deterioration of circuit properties. 
Possibly a whole memory package may be lost with a 
slight modification of only one element of the package, 
and restoration of memory storage may require restora-
tion of only one single element of the package. Certainly 
the test of memory as a pure matter, without resort to 
its renewal by association, might be quantitatively 
tested. Even more important would be determination 
of what elements of a lost memory package must be re-
newed to revitalize the whole package without neces-
sity of its entire replacement. Incidentally, one might 
remark that some memory packages are supplied at 
birth—packages acquired by heredity or prenatal social 
experience. These may be substantially different in 
circuit characteristics from those formed from expe-
rience. 

Given a supply of memory packages, the mind has 
perhaps a number of programs which permit association 
of the memory packages in different ways. Thus, com-
binations of memory packages can be set up in a pro-
gram to solve problems. While some programs are ob-
viously available at birth, most are acquired by expe-
rience and training. Certainly, programs of thinking are 
not very useful until perfected by disciplined and repet-
itive experience. But I would emphasize in this hy-
pothesis the probable complete independence of the 
memory process from the acquisition and perfection of 
independent programs—programs that employ that 
memory in problem-solving, by successive association 
of memory items, with the objective of optimizing the 

solution. 
Both the number of memory packages accessible, 

and the number of independent and well-disciplined 
program procedures available, will provide limits of 
creative problem-solving. Perhaps, then, we can say 
that an idea can be specified as a number of relevant 
memory packages when scanned in proper succession in 
accordance with a well-defined program. According to 
this hypothesis, conveyance of an idea involves speci-
fication of the necessary memory packages and of the 
appropriate program for their utilization. 
Now in the conveyance of ideas we must be concerned 
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with acceptable data rates and noise levels, as well as 
with the speed with which the receptors program will 
function in reproducing the desired image. It seems 
probable than an individual brain, or at least the sensing 
device stimulating the brain, has a bandwidth which 
restricts the rate at which information can be assimi-
lated into the memory. This bandwidth may vary a 
good deal among individuals, and certainly differs in 
the same individual from one means of sensing to an-
other. Whether it is the bandwidth of the brain or of the 
sensing device that limits the information rate in all 
situations is not clear; probably there are at least three 
independent "bandwidths" involving sensing, speed of 
access to memory storage, and functioning of the pro-
gram itself. 

Moreover, the highly trained brain may sometimes 
function efficiently with a very mininum of input by 
stimulation of a program that creates an analogous im-
age from pre-existing memory packages. Certainly, in 
this case, sufficient redundancy in the message is re-
quired to check the precision of the analogous image 
that has been generated. Consequently, perhaps a brain 
with a narrow bandwidth (that is, a slow learner) may 
acquire (through long and patient study with carefully 
tailored rates of training) very efficient, though some-
times inaccurate, means of image formation and prob-
lem-solving. Indeed, in the face of high noise levels, the 
brain with the narrow bandwidth might be superior on 
some occasions. 

Noise certainly appears at the input in the form of ir-
relevant information or, even worse, misinformation in 
the desired circuit; or it may involve an overpowering 
external signal or stimulus from an unwanted channel. 
Perhaps the brain or sensors can adjust their parame-
ters and narrow down the bandwidth to minimize the 
noise, but certainly the information rate is correspond-
ingly reduced. In addition, the mind must deal with 
internal noise in the form of fears and prejudice which 
distort the image that the message is designed to con-
vey. In severe cases of prejudice or emotional disturb-
ance, or after " brain washing," most or all programs 
seem permanently connected to cavities or resonators 
that are excited by almost any input to amplify the 
same old fixed idea whose noise level over-rides any hope 
of reproducing a recognizable image. I suppose the "con-
ditioned response" involves the manufacture and in-
stallation of such noise amplifiers, some of which can be 
very useful, when they respond to a coherent signal. 
But they also tend to fog and distort the beauty of 
complex images and thus diminish the effectiveness of 
otherwise efficient programs of creative thought. 

In this hypothesis, the speed and effectiveness of re-
sponse to a message depends on an adequate availability 
of suitably designed and prestimulated memory units, 
on rate of information supply with acceptable redun-
dancy, on rate of information assimilation, on both in-

ternal and external noise levels, and on availability of a 
well-functioning and suitable program to organize the 
material at hand into a proper and useful sequence 
which forms the image and depicts the decision. As-
similation of information may involve both supply to 
additional memory units and selection of the most suit-
able or applicable program. The response is tactical in 
nature, since speed implies a time limitation. There-
fore, effective tactical thinking implies preorganization 
of a sufficient number of programs that will be needed 
for the variety of tactical situations that may be en-
countered. In addition, judgment represents develop-
ment of a well-designed "super-program" to select the 
program or program combination most applicable to a 
given situation. 
Now, the problem of generating strategic thinking is 

quite different. Here we must install additional pre-
excited memory units—that is, acquire all applicable 
information in sufficient detail. But, more important, we 
must develop new programs to associate the memory 
packages in new ways, some of which will permit gen-
eration of new, creative, and useful " ideas." This takes 
time, study, and mental discipline. It requires familiar-
ity with libraries containing information too involved 
for simple storage in memory units, and complex and 

rarely used programs for their association. Conse-
quently, I am led to suspect that the length of the uni-
versity semester is no accident. I have noticed in the 
several "study" projects in which I have participated 
that new creative ideas take several months to incubate 
and the process leading to them involves a discipline of 
study and thinking that is well-defined. Moreover, the 
presence of several differently trained brains, with re-
sultant group access to a wider variety of programs, 
produces a composite image that more clearly defines a 
new idea. The high noise of conditioned response of each 
individual, which is random among a group with diverse 
training, can be sufficiently suppressed in the composite 
to provide a greater insight previously obscured in any 
one of them by his own internal noise level. Therefore, 
strategic thinking may be more effective in group study 
because of enforced thinking through group discipline 
and because of suppression of noise in generation of clear 
insight. 

In conclusion, some interesting and amusing inter-
pretations can be drawn from our elementary hypothe-
sis. Man lives primarily as a tactician with a limited 
supply of memory units and a few well-used programs 
to associate those units in a stereotyped and unimagi-
native pattern. Perhaps this represents the so-called 
"one-track" mind. A few who develop strategic capa-

bilities by installing additional memory units and de-
vising new programs to employ them are known as 

scholars, but more often as "egg-heads." Conventional 
courses of education and examinations tend to empha-
size tactical ability and tell little about bandwidth, in-
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ternal noise level, unusual memory capacity or storage, 
discipline in learning, or consequent capability for de-
vising novel programs for creative thinking. Conven-
tional education may actually tend to suppress the 
progress of those with creative capability. 
Now you may very well say that all of this is hypo-

thetical and unproved by experiment and therefore 
simply a flight of fancy. I would agree. But the image I 
am trying to convey is this. The social scientist is in 
trouble. He cannot define objectively man's capability 
to employ information. We as communicators are in 
trouble with him, because as conveyors of that infor-
mation, we have no objective or definable knowledge of 
the "source" or the "sink" to which we can match the 
terminals of our intermediate links. The trouble seems 

to stem from an inability to find the fundamental and 
independent parameters from which the behavior of the 
brain and the consequent human response can be con-
structed in a mathematical sense. We have developed 
very precise means of understanding information ca-
pacity in terms of circuit theory. There appear to be 
strong similarities between the behavior of circuits, and 
of man, with respect to the independent parameters 
leading to images and decisions of defined reliability 
and quality. Perhaps, through experiments and analysis 
derived from these analogs, we can ascertain the funda-
mental quantities and their coefficients from which the 
properties of man's brain and his consequent mental 
capabilities can be synthesized and mathematically 
defi ned 

A Review of Panel-Type Display Devices* 
JESS J. JOSEPHSt 

Summary—A review of the activities of various governmental, 
industrial, and academic institutions is made in the field of panel 

display devices. These devices are thin sheets which can display 
luminescent information. Insofar as possible the present state of the 

art is indicated. The displays are grouped as: evacuated, solid, gas, 
liquid and mechanical. 

Among the evacuated types are listed the thin cathode ray tubes 
and the image intensifier. 

The solid-type displays employ the electroluminescent panel in 

conjunction with an xy matrix of electrodes. Recent progress in 
panels of the above type with memory are included as well as a brief 
discussion of solid-state image intensifiers. 

Descriptions of proposed gaseous displays as well as of liquid and 
mechanical displays are included. 
A brief discussion of switching circuits is included. 
Actual as well as possible applications of these devices are listed. 

I. INTRODUCTION 

CONSIDERABLE interest has been shown of late 
in the class of devices known as panel displays. 
Industry has always been interested in the ulti-

mate "color-picture-on- the-wall"- type television, while 
the military has been looking for large flat display 
boards for combat information centers, air-traffic con-
trol boards, radar plotting displays, and displays used 
for readout of computer information. In many of these 
applications, a fast writing, bright display with holding 
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or storage is sought. In addition, a selective erase fea-
ture would be desirable for some applications. 
The panel-type display is a flat device (flat in the 

sense that the depth is considerably less than any area 
dimension) that acts as a transducer to convert an opti-
cal or electrical input into an optical output primarily 
adapted for human observation. This eliminates from 
consideration those devices which may act as inputs for 
electronic or other type systems. 
Some of the earliest displays have been found in ad-

vertising and include lighted billboards with animated 
displays. One of the best known of these is the New 
York Times news bulletin display [ 1], which can be 
viewed from the Times Square area in New York and 
will be described briefly below. 
Many of the more recent displays utilize electrolumi-

nescent (EL) panels modified for added versatility. 

II. TYPES OF PANEL DISPLAYS 

Advances in solid-state physics and improvements in 
the preparatory arts of other fields have given added im-
petus to research and development of these newer dis-
plays. 
The approaches have become so diversified that one 

may find displays using liquids, solids, and gases as the 
display materials. 
The sizes of these displays may vary from 1 inch X 1 

inch to 5 feet X 5 feet. Larger sizes are also being 
planned. 

In the descriptions that follow, displays will be 
grouped into: evacuated, solid, liquid, gas, mechanical 
and miscellaneous. 
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A. Evacuated Displays 

The evacuated-type panel displays fall into two 
groups: 1) conventional CRT's redesigned to give the 
desired geometry, 2) image intensifier displays. In the 
second class electromagnetic radiation of the desired 
spectral distribution forms an image on an appropriate 
photocathode. The photocurrent is increased by striking 
anode surfaces liberating additional electrons. In vari-
ous ways these electrons find their way to a phosphor 
screen where they produce light of the desired color. 

1) Evacuated Cathode Ray Tubes of " Flat" Design 
[2-8]: The geometries of these tubes are fairly similar 
for the different types. Deflection is usually obtained by 
electrostatic means, although one design uses magnetic 
deflection in addition to electrostatic deflection. In a 
few of the schemes provision for color is included. Fig. 
1 shows a pictorial representation of a particular flat 
tube [2]. Electrons are emitted from a gun in a cylindri-
cal stream along the x axis in the space bounded by a 
set of horizontal deflection plates in the xz plane, and 
the lowermost vertical deflection plate in the xy plane 
(see Fig. 1). Since this space is initially field- free, the 
electrons travel in straight lines. To deflect the beam 
upward, the potential of one of the horizontal deflection 
plates is lowered. In this way the deflection can be made 
to occur anywhere along the x axis. 

The beam, traveling in the y direction, has as a cross 
section a thin ellipse with its long axis in the z direction. 
This is due to the electron optics involved. 
The upward deflected beam now enters another field-

free region bounded on one side by the glass plate with 
the phosphor screen and on the other side by another 
glass plate to which are attached the vertical deflection 
plates lying in the xy plane. 
To deflect the beam outward in the positive z direc-

tion and onto the phosphor, the potential on one of the 
vertical deflection plates is lowered. The position at 
which the deflection occurs can be changed continuously 
by a corresponding variation in the potentials of the ad-
jacent vertical deflection plates. The beam, which orig-
inally had a thin ellipse for a cross section, now has a 
small circular cross section. 

If one chooses an appropriate sequence of potential 
variations over the horizontal and vertical deflection 
plates, then the spot at which the beam strikes the phos-
phor can be made to sweep out a raster. 
A particular sample displayed a television picture 

which could be viewed from either side, and another 
sample employed a transparent phosphor. 

In this and similarly designed tubes a switching prob-
lem is presented which is absent in conventional cathode 
ray tubes. In the latter, horizontal and vertical deflec-

tion voltages at the neck of the tube cause the electron 
beam to sweep out the raster, while, in the former, a 
succession of decreasing potentials need to be applied to 
both the horizontal and vertical deflection plates to ac-
complish the sanie effect. Details may be obtained in 
the references cited. 
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Fig. 1—(a) Pictorial representation of a flat tube. ( b) Schematic 
representation of a magnetic deflection flat tube. 

Various switching schemes have been proposed. These 
include the use of beam switching tubes and delay lines 
as well as various solid-state and electronic devices. 
They are discussed in Section Ill. 

In another design [4 ] of a " flat" tube, electrostatic and 
magnetic deflection are used in such a way as to obviate 
the need for switching circuits. See Fig. 1(a). 
The tube, as before, is a rectangular parallelepiped of 

small depth with an electron gun in one of the upright 
sides. The electrons leaving the gun receive line frequen-
cy deflection by means of a conventional yoke forming 
a plane and arrive at the opposite upright side of the 
tube where they may be deflected through more than 
1800 in the same plane by a novel magnetic electron mir-

ror. The return beam always travels in a straight line 
toward the electron gun in a plane perpendicular to the 
sides of the tube (the xy plane). One surface (in the xy 
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plane) of the tube is coated with a phosphor and all that 
is needed for the return beam to play upon this phosphor 
coated face plate is that the electron beam be deflected 
through a small angle in the z direction toward the face 
plate. This is done by providing a suitable electrostatic 
field at the site of the magnetic mirror. A sawtooth volt-
age at the electrostatic pole pieces which is properly syn-
chronized with the line frequency will cause the elec-
tron beam to sweep out a raster. 
The geometry of the tube and the position of the mag-

netic electron mirror make it possible to view the tube 
from both sides as in the design previously mentioned. 
The use of transparent phosphors in such tubes makes it 
possible to see through the tube and at the sanie time 

paint a luminous picture thereon. 
The tube mentioned above, while not in final form, is 

in operating condition. 
Another design [5] proposes the use of wide-angle 

deflection of two cathode ray tubes, joined in such a way 
as to provide a single tube of dimensions which allow 
it to be classified as a flat device. This tube also makes it 
unnecessary to have special switching circuits. 

Provision for color in these tubes is in the develop-
mental stage. In one design [6], while the tube planned 
is fairly large and bulky, color is 'obtained by using 
three electron guns, each having its electrons deflected 
in the manner described for the tube shown in Fig. 1. 

2) Image Intensifier- Type Tubes: The image intensi-
fier type of panel display holds great promise for meet-
ing many of the requirements deemed necessary for a 
flat display mentioned earlier. One design still in the 
preliminary stage [9] achieves a flat display in the fol-
lowing manner: Electromagnetic radiation forms an im-
age on a photocathode which covers one face of an evac-
uated flat tube. The opposing face, which may be an 
inch or so away, is coated with a phosphor. The space 
between these two surfaces is filled with a system of par-
allel secondary-emission dynode surfaces whose func-

tion is to cause multiplication of the original photoelec-
trons. These dynode surfaces channel the original photo-
electrons along with the secondary electrons liberated 
from the dynode surfaces in a straight path from the 
cathode to the phosphor. 
The dynode surface, which may be a sheet of nickel 

treated to make it an efficient secondary electron emit-
ter, is about 0.5 mm thick. The sheet is perforated in 
such a way that the openings are funnel shaped. In oper-
ation a thin perforated sheet of mica whose cylindrical 
perforations are in registry with the dynode surface is 
placed next to the photocathode surface and provides 
insulation between the cathode and the dynode sur-
faces. The dynode surface is placed so that the larger 

openings of the funnels are next to the mica sheet. A 
200-volt dc voltage is applied between the cathode and 
the dynode surface so that when radiation strikes the 
photocathode the liberated electrons are accelerated 
toward the dynode surface through the mica insulating 
layer. These electrons strike the funnel shaped openings 

of the dynode and emit secondary electrons. Another 
similar mica layer with a second identical dynode sur-
face, at 200 volts higher potential than the first, is 
placed over the first dynode surface with the openings 
again in registry. Additional secondary electrons are 
emitted and the process may be continued until the 
number of dynode surfaces reaches ten or more. 

Since at each dynode surface one incoming electron 
may produce from three to ten secondary electrons, we 
have a method for greatly intensifying the original pho-
toelectric emission at the cathode. 

In the last dynode stage the emitted electrons find 
their way to the phosphor and there produce a greatly 

intensified image. 
There are at least two [ 10], [ 11] other laboratories 

which have been working along similar lines and the de-
vice shows great promise. Advantages of the image in-
tensifier are many. An area cathode can be used that is 
sensitive to that portion of the electromagnetic spec-
trum which is of interest. The area of the tube is not 
limited, as the mica insulators and the dynode surfaces 
are layered in such a manner as to produce structural 
reinforcement of the surface plates. This opposes the 

stresses on the plates caused by atmospheric pressure 
and a sturdy device is obtained without resorting to 
thick face plates. High resolution (30 lines/inch) stor-
age, selective erasing and the production of halftones 
are possible future developments. 
A modification of a tube of this type might be sub-

stituted in the future for the usual screen in X-ray fluor-
oscopy to provide brightness in excess of present screen. 
This would have the advantage of allowing a smaller 
X-ray dosage. Many other applications requiring light 
amplification are possible and development is taking 
place along these lines. 

B. Displays Using Solid-State Materials 

These may be further classified into: 1) the xy ma-
trix type where an electrical signal is used to produce a 
light spot in a desired portion of the panel which may 
or may not be stored, 2) the type where one writes with 
a moving light source, the path of which is then stored 
as a visual image, 3) light intensifiers and image con-

verters. 
A brief general description of an EL cell is included 

at this point since the material used in categories 1, 2, 
and 3 for the generation of light is based on the EL cell. 
An excellent review paper covering the earlier experi-
ments on EL was published in 1947 [ 12]. 
The fabrication of the EL phosphors is an art which is 

continually developing and many improvements of the 
original phosphors have already been made [13]. An 
EL cell operates in the following manner: A thin layer 
(1-4 mils) of an EL phosphor (usually zinc sulphide 
crystals suspended in a transparent plastic or ceramic 
dielectric) is placed in a strong alternating electric field 
of up to 105 volts/cm. The crystals are activated in vari-
ous ways [ 16] and, when properly activated, they will 
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emit light when the field is applied. The mechanism for 
light emission has been described adequately in the lit-
erature [ 12]-115]. 

Initially, EL cells were not overly bright or efficient. 
Ten to fifty foot-lamberts is a brightness range usually 
mentioned. There has been much effort to achieve high-
er brightness [ 17]- [ 19] for EL lamps. A high figure re-

cently quoted [20] is upward of 4000 foot-lamberts for 
a green cell operated at 20,000 cycles. However, it must 
be pointed out that these figures apply to experimental 
models operated at high voltages and frequencies which 
may result in lifetimes of a few minutes or so. 

Recently, much effort has gone into improving the 
life of these cells. Apparently a high humidity will de-
crease their usable life. Consequently, even though plas-
tic resin embedments generally give higher brightnesses 
than ceramics, the latter are continually being investi-
gated [21] because they are less affected by humidity 
and are generally more durable. At least two industrial 
laboratories (Sylvania Electric and Westinghouse Elec-
tric) are engaged in a fairly large effort to improve the 
characteristics of the ceramic lamp. 

Other advantages for the ceramic cell are its ability to 
withstand impact, its resistance to chemical attack, and 
the greater resistance of its dielectric to temperature 
and voltage breakdown. 

In addition to the properties of the EL lamps listed 
above, a novel feature that they have is that their color 
can be changed by a shift in the applied ac frequency 
[13], [ 17], [ 19]. This is brought about because these 
phosphors produce one or more light bands in a specific 
wavelength region. The effect of frequency change is to 
alter the relative amount of light emitted in each band 
and in this way produce a color change. 

In addition to brightness and color, the efficiency of 
EL cells has received a good deal of attention [ 19]. 
While, as mentioned above, brightness increases with 
both frequency and voltage, efficiency in general does 
not. Optimum efficiency so far has usually been achieved 
at intermediate voltages. For example, plastic em-
bedded cells, with brightnesses of 50 foot-lamberts, op-
erating at 200 to 300 volts and between 500 to 1000 
cycles and with efficiencies of 8 to 14 lumens/watt, are 
being produced. 

Malty theoretical aspects of EL cells have already 
been investigated [ 13], [22]- [28] and present activity 
indicates a continuing endeavor. 
We will now discuss the types of panel displays which 

make use of the EL phosphor. 
1) X Y Matrix- Type With Electrical Input: The type 

represented here has been the subject of considerable in-
terest on the part of many academic, governmental and 
industrial laboratories. These all use variations of a basic 
idea [29] which places an EL phosphor between an xy 
array of grids. If a voltage is applied to one line of x 
and one line of y grids, the voltage drop across the area 

where the grids overlap will be twice as great as across 
either grid. If the total voltage drop is of the proper 

magnitude, the EL phosphor will luminesce at that 
area. The variations of this idea are primarily con-
cerned with overcoming problems of crosstalk, stability, 
and brightness. 

In one design [30] the panel is constructed of three 
layers (see Fig. 2): a horizontal or x array of parallel 
conductors, an EL layer, and a vertical or y array of 
conductors. These are applied to a base which may be 
glass or metal. 

(a) (1) 

Fig. 2—Mobile-dot lamp. (a) Exploded view. 
(b) Front view assembled panel. 

By using a suitable frequency, and establishing the 
proper voltage at a selected x line and y line, light will 
be emitted from that particular area of the EL phos-
phor between the crossed elements. 
The outside layer which houses the arrays must be 

transparent and one of the conductors constituting the 
x and y arrays must also be transparent (tin oxide, etc.). 
One serious problem encountered with an unmodified 

ny matrix panel is that of crosstalk. In general, when 
a voltage is applied to an x and y line, an attenuated 
light signal appears across a whole line of the x grid as 
well as a whole line of the y grid. Of course at the point 
of intersection of the two grids the brightness is much 
greater than along each line. The light signal that gets 
through adversely affects the wanted signal. 
There are possible ways to overcome these difficulties 

and in general they employ two methods of approach. 
1) A modification of the EL material in such a way that 
its brightness-voltage curve may have a steeper slope 
so that with half the applied voltage the brightness of 
the phosphor is so low that the contrast ratio is satis-
factory. 2) Use of nonlinear elements in series with a 
phosphor so that the voltages across the EL phosphor 
can be easily modified. While approach 1) is not being 
neglected a great deal of interest is centered on ap-
proach 2). 
Two of the laboratories [31], [32] using approach 2) 

are unable to supply details for publication. 
The EL panel may be regarded as a lossy capacitor 

with a power factor of about 0.1. Since large audio fre-
quency voltages are required for high light output, the 
dissipation in EL cells and driving circuits may run 
high. This requires a switching system which will handle 
large amounts of power and will switch in micro or 
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milliseconds. Switching will be mentioned again in Sec-

tion III. 
One system which employs approach 2) uses ferroelec-

tric nonlinear capacitors [33]. In these capacitors, the 
dielectric material is the ceramic barium strontium 

titanate BazSr„TiO3. 
One flat display screen combines the ferroelectric ca-

pacitor [34] with the EL screen (ELF) to solve some of 
the problems of brightness control and storage. Fig. 3 
illustrates schematically one way in which the ferro-
electric and EL capacitors might be arranged in a mul-
ti-element array. The EL cell emits light which varies 
with the alternating voltage appearing across it; this 
voltage is determined and changed by varying the bias 

or control voltage applied to the ferroelectric. 
In this application of the ferroelectric, the property of 

interest is the change in capacitance as a function of 
applied voltage. 

In the circuit shown in Fig. 4 an EL and ferroelectric 
capacitor are connected in series with an ac source called 
the light power supply. This might be 200 volts rms at 
10,000 cycles. Provision is made for a control voltage 
which might be supplied by a battery in series with an 
isolation resistance. 
Assume that the parameters are adjusted so that with 

zero control voltage the alternating voltage across the 
EL and ferroelectric cells are 150 and 50 volts, respec-
tively. This corresponds to the ON or bright condition 
for the EL phosphor; if now the control voltage is in-
creased the capacitance of the ferroelectric capacitor 
decreases. A larger fraction of the voltage from the light 
power supply appears across the ferroelectric and a 
smaller fraction across the EL cell. With the control 
voltage increased to 300 volts the alternating voltage 
across the EL cell might be reduced to 50 volts and the 
EL cell would go into the dark or OFF condition. 

If a phosphor is employed which has a voltage-bright-
ness curve as shown in Fig. 5, then for a drop in voltage 
from 150 to 50 volts the brightness of the cell would fall 
from 243 to 6 foot-lamberts, with a resulting contrast 
ratio of nearly 40 to 1. 
Sack [34] mentions fabrication techniques and in-

cludes other circuits which improve the screen charac-

teristics. 
Included in Section III are designs which show how 

the EL ferroelectric may be used in switching devices. 
2) Storage Display With Optical Input and Optical 

Output: In most of the xy matrix panels currently being 
studied, the panel is designed to be used in conjunction 
with a storage display. In these displays the writing is 
accomplished by means of a light signal. The light sig-
nal triggers a cell, which consists of an EL phosphor in 
conjunction with a photo element, to the ON state. 
The operation is carried out in such a way that the phos-
phor may be kept in the ON state for a predeter-
mined length of time; of from 0.1 second to an unlimited 
time. This produces a stored signal which can be erased 

at will, as shown below. 

The problems encountered in these devices are 
"spreading" of the stored images, dielectric breakdown 
of the associated EL and photo element, low bright-
nesses, crosstalk between cells of the matrix, and poor 
resolution; i.e., the number of cells per inch. Where pos-
sible a description of solutions to some of problems will 
be given below. 
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In one design [35]- [37], a transparent conductive 
layer is applied to a flat glass base over which is applied 
an EL phosphor layer. Then, as shown in Fig. 6, glass 
pillars, photo-formed glass or glass spheres are placed on 
top of the EL material. Fig. 7 shows a small section of 
the mosaic, modified with a cover glass. 
A glass base with its transparent conductive coating, 

B (see Fig. 7), has the EL layer, C, applied to it. In 

more recent designs the embedment material of this 

CdS PHOTOCONDUCTIVE LAYER 

TOP CONDUCTIVE COAT 
GLASS SPHERE  
CONDUCTIVE COAT 

ELECTROLUMINESCENT LAYER 

CONDUCTIVE COAT 

GLASS BASE  

CdS PHOTOCONDUCTIVE 

CdS PHOTOCONDUCTIVE 

CONDUCTIVE COAT 
GLASS PILLARS OR COLUMNS 
CONDUCTIVE COAT  

ELECTROLUMINESCENT LAYER 
CONDUCTIVE COAT-
GLASS BASE  

GLASS SPHERE MODEL 

TOP VIEW 

,  

FOTOFORM WEB MODEL 

400» 

600 VOLTS 

—FOTOFORM WEB 

0 0 0+—GLASS PILLARS 
0 0 
000 

PILLAR CONSTRUCTION 

Fig. 6—Experimental models of solid-state storage devices. 
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Fig. 7—Mosaic panel construction, cross section. 

layer is ceramic. Glass columns, K, with transparent 
conductive caps, D and G, on both ends are fused to the 
EL layer. A light attenuating layer, E, covers all the 
remaining surface of the EL area. Photoconductive ma-
terial, F (usually made of CdS doped with CuC12 and 
CdC12), is placed between the columns and sintered, and 
then a cover plate, J, with a transparent conductive 
film coating, I, on its underside is placed over the whole. 
The operation of the mosaic panel is as follows. The 

conductive film, B, at one end, and the conductive film, 
I, at the other are connected to opposite sides of an ac 
supply. The conductor filin caps, G, at one end of the 
glass column assume approximately the same potential 
as the conductive film, I. In total darkness or low am-
bient light, the photoconductive material, F, will not 
complete the circuit between the conductor film caps, 
D and G, on the columns. This is then the initial condi-
tion. Now assume that one of the elements is triggered 
by means of a light signal. (This may be provided by the 
xy matrix panel mentioned previously.) Light of suffi-
cient brightness will pass through the cover glass, J, 
through the conductive caps, G, and into the column. 
The scattered light (the pillars are frosted) will strike 
the photoconductor, F, attached to the wall of the col-
umn. Note that the photoconductor is applied with 
grooves or channels in it so that a maximum area of the 
photoconductor receives light. In the presence of this 
light, the resistance of the photoconductor will rapidly 
decrease and within a few milliseconds will present a low 

resistance (about 10-4 to 10—A of its dark resistance) be-
tween conductive end caps, G and D. The conductive 
end caps, D, will then assume the potential of the con-
ductive film, I, and the EL layer directly adjacent to 
the conductor end caps, D, will then have a major part 
of the alternating voltage across it in this area and will 
emit light. This emitted light will travel in both direc-

tions; it will pass out through the glass base, A, and be 
come one point in the display, and it will also pass up 
into the column. The light which passes into the column 
will be sufficient to keep the photoconductor in the con-
ducting state. The original triggering light can now be 
removed and the element will continue to emit light 
until the display is erased by removal of the ac voltage. 
The conductivity level of the photoconductor which 

is required for continuously holding an element lit is de-
pendent upon the magnitude and frequency of the 
source voltage applied between the conductor films. For 
an excellent discussion of photoconductors, see Bube 
[66], [67]. 

The photoconductor may be of the doped CdS vari-
ety, and again as with the EL phosphors the properties 
of the photoconductor may be strongly influenced by 
the methods of production and application. A typical 
spectral response for the photocondtictor mentioned is 
shown in Fig. 8. Since there is little volume conductivity 
of the photoconductor the material is applied thick 
enough so that it will absorb all the radiation. 
A typical photoconductive layer response to light and 
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applied voltage is /„= 9 X10-3 E V „; where 'PC is the 
photocurrent in ma/square, E is the illuminance in 
lumens/foot' and V „ is the applied voltage. The dark 
resistance is of the order of 10" ohms per square. Since a 
thin surface layer (less than 1 mil) absorbs all the il-
lumination, volume conductivity is a minimum. 
The transparent conductor requirements are: it must 

pass approximately 90 per cent of the visible light, have 
a resistivity of less than 103 ohms per square, and be 
easy to apply to the cover plates. The most versatile 
material is a tin oxide SnOx which is formed on the 
glass by various techniques and then bonded at tem-
peratures from 400° to 800°C. Construction techniques 
as well as operating details for the design of this panel 
are to be found in the literature [35 ], [37]. Other de-

signs [31], [38], [39] are variations of the basic design 
described above and are concerned with trying to im-
prove resolution, stability and brightness and to pro-
duce low crosstalk and long life. The use of a third ele-
ment [31], [39] to improve the characteristics of the 
cell is being studied. A simple description of one such 
circuit [39] which provides negative as well as positive 

feedback is shown in Fig. 9. 
Each cell consists of two parallel connected photocon-

ductor elements in series with a common EL element. 
Photoconductor 1 (pc 1) is exposed to input radiation 
only, while photoconductor 2 (pc 2) receives only feed-
back radiation; i.e., that originating in the EL layer. 
Each photoconductor can have an independent voltage 

source. With V2 = 0 the panel operates as a simple image 
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INPUT 
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Pc 2 

tc 

L.QpQJ INSULATOR 

\--OPAQUE CONDUCTOR 

(b) 

Fig. 9-2-pc EL structure (schematic). (a) Circuit schematic. 
(b) Structure schematic. 

intensifier. If V2 is subsequently applied and V1 re-
moved, the panel stores the picture present at the in-
stant of switching. With VI and V2 both applied in 
phase, the incoming information is stored continuously, 
and the panel operates in what might be called integrat-
ing storage. With VI and V2 applied out of phase, an 
optical negative feedback is obtained making the input-
output relationship more linear. An analogous situation 
is found with vacuum tube voltage amplifiers. 

For more details see Loebner [39]. 
3) Image Intensifiers and Image Converters: Several 

image intensifiers have been described in detail in the 
literature [ 14], [36], [40], [41]. Because of space limita-
tions, the description that follows is somewhat brief. 
Two general classes have been employed—one uses 
electroluminescence and the other photoelectrolumin-

escence. 
A description which might be considered a prototype 

of the first class is given below [40]. A transparent con-
ducting ( tc) coating on a glass plate (see Fig. 10) is 

sprayed with a thin ( 1- mil) EL phosphor layer. This is 
covered with a thin opaque layer over which is put a 
current-diffusing layer. A heavy layer of bonded photo-
conductive CdS powder is spread on and sprayed with a 
conducting film. Fine parallel grooves are now cut into 

the photoconductor, which leaves long 60° prisms of 
photoconductor with conducting lines at the apex. 
These lines are connected to a common terminal and act 

as one electrode for the device. The grooves of the pho-
toconductor provide continuous conducting paths for 
the photocurrents from the electrode at the apex of the 
photoconductor to the bottom of the photoconductor 
grooves. By means of the current diffusing layer, photo-
currents which would otherwise enter the EL layer at 
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Fig. 10—Grooved photoconductor-type image intensifier. 

restricted regions near the groove bottom are caused to 
diffuse slightly before entering the EL layer. The 
amount of diffusion is limited to the width of a single 
photoconductive groove by controlling the thickness of 
the current diffusing layer and so essentially all of the 

EL layer can be excited by the photoconductive layer 
and at the saine time resolution of the device is not af-
fected. 

The light output of the amplifier depends on the light 
input, the alternating voltage and frequency of the 
source, as well as the characteristics of the photocon-
ductor and EL layers. 

In one operating device [40] the voltage used is 1000 
volts peak-to-peak, at 400 cycles. This produced light 
of about 5 foot-lamberts for an input of about 0.2 foot-
lambert. These values are for a tungsten filament input 
operating at 2870°K. 

Although the usual input to the image intensifier is 
visible light, infrared and X-ray input images have been 
used with photoconductors having the required spec-
tral sensitivities, and outputs in the visible have been 
obtained. Used in this way, the amplifier may act as an 
X-ray intensifier and image converter. 
The other general class of image intensifiers utilizes 

the phenomenon of photoelectroluminescence. In a de-
vice using this phenomenon the incident radiation 
initiates and controls the light emission from the phos-
phor, while the power required for light emission comes 
from a direct voltage applied to the phosphor. 
A detailed description of the preparation of a photo-

electroluminescent phosphor which was initially studied 
because of its transparency and its lack of graininess as 
a phosphor screen, is in the literature [42]. 
These phosphor films, besides showing the phenome-

non of photoelectroluminescence, produce relatively ef-

ficient luminescence under cathode ray bombardment, 
and may be made to exhibit electroluminescence in al-
ternating electric fields [43] as well. 
The films are produced by chemical deposition from a 

vapor phase reaction. The ones most easily produced are 

zinc and cadmium sulphide activated with arsenic, cop-
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Fig. 11—Formation of zinc-sulfide coatings from vapor reaction 
(vapor-deposition method produces phosphor layers having de-
sired characteristics). 

per, manganese, phosphorus or zinc. The basic process 
produces a transparent film on a glass surface. It in-
volves bringing together zinc and activator vapor at the 
glass surface heated to 500°-600°C in an atmosphere of 
a few millimeters of H2S. Under proper conditions a 

clear zinc sulphide coating is deposited on the glass (see 
Fig. 11). 

Other activators may be introduced to produce dif-
ferent color responses. Clear coatings have been pro-
duced as thick as 5 microns in one deposit. The coatings 
are durable and tightly bonded to the glass and may be 
polished, handled and cleaned in practically the same 
way as the glass itself. 

The advantage of this technique over one in which a 
powder is evaporated and then condensed onto a glass 
surface in a vacuum chamber is that here the activator 
is present at all times while in the other process the con-
trol of the amount of activator material may be diffi-
cult. Another advantage is the uniformity of the film. 

Cells that exhibit electroluminescence are made in the 

following manner. An initial transparent coating of ti-
tanium dioxide (TiO2) is placed on a sheet of glass, and a 
layer of ZnS produced by a vapor phase reaction is de-
posited over this coating. The TiO2 now becomes elec-
trically conducting as the ZnS forms on it. If now an 
electrode is painted or evaporated over the surface of 
the ZnS, an EL cell is produced. 

It was while operating with a cell of this type that 
photoelectroluminescence was first reported [44]. 
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The properties of the photoelectroluminescent screen 
can be examined by applying voltage to the electrode 
with ordinary batteries (see Fig. 12). In making a screen 
which will respond to the near ultraviolet, ZnC12 is used 
along with Zn and MnCl2 in the vapor reaction with 
I-I2S. When ultraviolet radiation of about 3650 A is in-
cident through the glass and the TiO2 film, a faint yel-

low-orange photoluminescence results. If now a dc field 
of 50-100 volts (for a 10-micron thick film) with TiO2 
positive is applied the brightness is greatly increased. 

In a typical case for low-intensity ultraviolet excita-
tion ( 1-2 microwatts/cm2), the amount of energy radi-
ated in the visible while the field is turned on is 6 to 8 
times greater than the incident ultraviolet. The amplifi-
cation is nearly linear, thus good contrast is maintained 

during amplification. 
If sudden changes are made in incident intensity the 

light emission requires finite times to adjust itself to new 
values. These times range from a few hundredths of a 
second to several seconds, corresponding respectively to 
high and low radiation intensity. One of the most prob-
able applications of these phosphors in the near future 

will be intensified fluoroscopic screens. 

C. Displays Using Liquids 

A flat xy matrix-type display using a liquid as the 
display material (called an "electrofluor cell") has been 
developed [45] and is shown in Fig. 13. Response curves 
at different voltages are shown in Fig. 14. 
A flat plastic sandwich with a transparent top surface 

is filled with a partially conducting liquid which con-
tains a chemical indicator. Thin (0.003-inch) parallel 

platinum wires are attached to the underside of the top 
surface and run the length of the surface in the y direc-
tion. They are connected to one terminal of a dc source 
of the order of 1 volt. The other terminal of the voltage 
supply is connected to a row of dot electrodes in the x 
direction. These dots, which may be made of platinum, 
are embedded in the upper surface of the lower plastic 

layer and are shown to scale in Fig. 13. 
By means of a suitable switching arrangement, con-

tinuous application of the direct voltage across any xy 
row of electrodes will cause a reaction at the intersection 
which will produce an electrochemical change in a fairly 
well-defined zone. With the proper indicator, this will 
be observed either as self-luminous fluorescence in the 
presence of ultraviolet radiation or will appear colored 
by selective subtractive absorption of white light. In 
most types, the color effects occur at the negative elec-

trode. 
Voltage pulses may be as long as a second but a pro-

longed dc pulse will cause permanent damage to the 
bead electrode. The damage results because of electrol-

ysis with the formation of gas bubbles and loss of the 
luminous or color response. A reverse pulse will reverse 
the electrolytic reaction and cancel the response. 
The brightness response, since it is due to electrolytic 

deposition, varies with the quantity of electric charge 
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passed through the cell. There is a threshold below 
which no response is observed. This is indicated in Fig. 
14 by the dashed line called color zone. 
Simple circuits are available which will enable the in-

dication to turn on rapidly without going into overload 
and to erase after a time interval. 
A number of flat transparent cells may be stacked to-

gether to form a 3D matrix. Each layer may be made to 
exhibit a different color. 

D. Gaseous Displays 

1) X Y Matrix- Type: The flat panel using a gas as the 
display material may be thought of essentially as a large 
array of tiny closely stacked gas discharge or fluorescent 
bulbs connected by a crossed wire matrix. 
One of the first designs developed [46] consists of 

three basic layers or sheets as seen in Fig. 15. These 
sheets are made of glass approximately one-eighth inch 
thick. The center sheet in the sandwich is a multicellular 
structure having sixteen holes per linear inch. Each cell 
in the center sheet has its sides coated with phosphor. 
The other two layers constitute the front and back 
plates of the sandwich and each has on its inner surface 
a series of parallel wires or aluminum lines so that one 
set of lines can form a horizontal set of stripes backing the 
holes and the other set can form vertical lines in front 
of the holes. These lines or wires are thin so that the 
view from front to back through the holes is virtually 
unobstructed. The entire device is solder glass sealed 
and is filled with mercury vapor and an inert gas. 
The operation of the cell consists of connecting a ver-

tical and horizontal line to a source of voltage and, as in 
other xy matrix devices, a voltage exceeding the firing 
voltage may be impressed on a single cell. This voltage 
ionizes the gas and initiates the glow discharge in the se-
lected cell. Since the glow contains visible as well as ul-
traviolet emission, the light output may be enhanced by 
inclusion of a phosphor to convert the ultraviolet energy 
into visible light. Removal of the impressed voltage al-
lows for deionization and extinction of the glow dis-
charge. 

In the case of a gas discharge the value of the firing 
voltage is fairly critical and so a cell does not fire until 
the voltage is exceeded. By using a proper cell geometry, 
gas pressure, etc., the normal constant voltage charac-
teristics of the gas discharge cell may be altered and 
enough positive resistance added to each cell so that a 
bistable voltage ampere characteristic is obtained as in 
Fig. 16 [46 1. 
This chara-teristic allows the device to be biased at a 

holding voltage which is adequate to maintain the cells 
in the ON or OFF condition. Then the cell might be 
pulsed above its firing potential and ignited or pulsed 
below the extinction potential thereby turning it off by 
applying the appropriate voltages to the designated 
rows and columns. 
The device has several limitations in its present state 

of development. If large luminescent portions of the 
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Fig. 16—Typical cell volt-ampere characteristic. 

display board are required, a large amount of power will 
be needed to operate the device. 

This will give rise to heat dissipation problems and 
cooling a large board might be difficult if large sections 
are luminescent. As usual with these devices, switching 
circuits have to be developed to handle these large 
amounts of power at high frequencies. 

Various designs incorporate modifications of the 
above. For instance it is easy to modify the foregoing 
into a polar plot design. This has been proposed [47]. 
It is also possible to use a three-dimensional set of wires 
in a volume filled with air or with a gas at low pressures 
as has been done in another design [48]. 
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E. Mechanical and Miscellaneous Displays 

1) Tungsten or Neon Gas Bulb Displays: As men-
tioned above one of the earliest displays to be used is 
the one which displays news bulletins to the public at 
Times Square, New York, N. Y. 
The switching is mechanical and consists of two con-

veyer belts which carry along thin bakelite slabs on each 
of which is placed an individual metallic letter. Under 
each conveyer belt is an array of contacts which are 
connected in such a way that the metallic letters cause 
individual lamps to light up corresponding to the pat-
tern of contacts touched by the letters as is shown in 
Fig. 17. In this way a series of tungsten lamps are lit in 
succession. The effect is to produce a moving letter five 
feet high. 
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Fig. 17—The letter "F." All contacts except those 
grounded are attached to bulbs. 

Another mechanical display used for advertising pur-
poses is one of a series of animated displays which can 
display the antics of cartoon actors in black and white. 

In one design [49] a bank of 4104 light bulbs are acti-
vated by 1026 photoelectric cells also arrayed as a bank 
in the control room. In this control room a high inten-
sity image from a motion film projector is played on this 
bank of photocells. Each photocell is connected to the 
output of a thyratron. A light impulse from the projec-
tor hitting the photocell will trigger the thyratron and 
fire the four light bulbs attached to it. The time con-
stants are such that an animated cartoon can be dis-
played with no difficulty. 
An xy matrix of a large number of small gas discharge 

bulbs was proposed by the Naval Research Laboratories 

[50]. This could be used as a large visual display for 
radar information. The display would be operated by 
connecting all the cathodes of the bulbs in a common x 
row to a common bus to ground. The anodes of all the 

cells in a common y column could be connected to a com-
mon B+. The bulbs operate in the same way as the indi-
vidual cells in the device described in Fig. 15, except 
that a common envelope is not present. 

Several displays of the type mentioned in the previous 
paragraph consisting of a small number of bulbs were 
built and tested. One problem encountered was the un-
wanted firing of extraneous cells when a given cell was 
energized. The problem was due mainly to variations in 
bulbs which allowed one bulb to fire at a lower potential 
than another. While this problem could be solved, the 
simpler method, used in the device described in Fig. 15, 
has many advantages, including smaller space and lower 
cost. 

2) Units Which May be Incorporated Into Displays: 
These units are fairly small entities which may be 
grouped together to form a flat display. 
One laboratory [51] makes a variety of tubes each 

displaying as many as ten alpha-numeric symbols. The 
symbols are stacked for use as a direct inline read-out 
device. The tube (Nixie), which comes in two sizes, 1 
inch diameter and inch high and 11 inch diameter and 
11 inch high, is a gas-filled tube containing many cold 
cathodes and a common anode. These cathodes, up to 
ten in number, are stacked in such a way as to be indi-
vidually visible when turned on. The same principle is 
featured in another tube ( Pixie), but here, instead of 
having stacked cathodes, the glow positions are 36° 
apart. 

Another tube, a prototype which may be called an 
alpha-betanumeritron, has a series of vertical, hori-
zontal, diagonal and curved lines which can be made to 
glow. These used in the proper combinations can display 
numerals and the letters in the alphabet. 

Another laboratory [52] makes a series of tubes simi-
lar to the above. In addition they make a tube which 
has an xy matrix in a tube filled with neon. A lattice-
like structure of anodes and cathodes is provided which 
makes possible, by external switching, the portrayal of 
any of 100 luminous spots in any sequence or arrange-
ment. The limit in this direction may be as high as 
250,000 spots at approximately 400 spots per square 
inch. 

Another unit [53] which could be incorporated into 

a flat display consists of a stack of small lamps in a 3X4 
matrix; each lamp projects its light through a numeral 
stencil which has its own focusing lens system and 
throws a focused numeral on a ground glass plate. By 
switching a different lamp, a different numeral appears 
on the plate. While the present device can display 12 
characters, a large device is being developed which can 

display up to 36 characters. 
A similar type display [54] uses an endless belt of 

characters with a small driving motor instead of a pro-
jection system. The belt carries up to seventy-two dis-
play characters of 9/32 inch height and 13/16 inch width. 
The normal running time may be from 0.8 to 1.7 sec-
onds depending on the number of characters. 
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III. SWITCHING DEVICES 

Many of the switching devices mentioned below are 
still in the development stage. Some are used to drive 
the flat cathode ray tubes mentioned in Section II-A, 1 
and some to drive the solid and gaseous-type xy ma-
trices. They are grouped into electron-beam devices and 
solid-state switching devices, the latter including such 
things as ferrite cores, transformers, ferroelectrics, 
transistors, etc. 

A. Electron Beam Switching Devices 

One design, a magnetron beam switching tube, is al-
ready commercially available [51] and has been de-
scribed in the literature [55], [56]. This is a ten-position 
high-vacuum device with the positions mounted radially 
about an oxide cathode which runs along the axis of the 
tube. An axial magnetic field is provided by a small 
cylindrical magnet attached permanently to the glass 
envelope. Each position contains three electrodes which 
form, lock and switch the beam. Thus the electron beam 
may be formed in any one of ten positions and then 
switched. The tubes are available in voltage ranges from 
12 to 300 volts and may be switched in from 0.1 to 1 
microsecond. 
Other designs which are still in the initial stages use 

electron guns in the conventional manner with targets 
which are conductors, photoconductors, and combina-
tions of photoconductors with phosphors. 
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Fig. 18—Switching tube. 
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Fig. 20—Target section A-A (condition number two). 

Fig. 21—Crossed-grid presentation system. 

In one proposed design [57] the target of a conven-
tional cathode ray tube is divided into a series of sectors 
having a common central electrode as in Fig. 18. Two 
possible constructions for these elements are shown in 
Fig. 19 and Fig. 20. In the first case they may be photo-
conductive layers which have the additional property of 
becoming conductive when bombarded with electrons as 
in Fig. 19, or they may consist of photoconductive layers 
adjacent to a cathodoluminescent phosphor, as in Fig. 
20. 
The photoconductive layer becomes conductive when 

radiation from the adjacent phosphor strikes it. The 
phosphor, of course, emits this radiation when bom-
barded by electrons from the gun. 
The operation is as follows. Proper deflection is cho-

sen so that the electron beam sweeps out a circular path 
around the face of the tube. The common electrode at 
the center is connected to a source and the lead from 
each sector electrode of the tube to an x array of strips 
of an xy matrix electroluminescent panel. A similar tube 
is connected to a y array as in Fig. 21. A raster may be 
swept out by applying a half select voltage to one x line 
while applying a series of half select voltages in succes-
sion to the y lines, then doing the same to an adjacent x 
line. 

1h th 
j 

INTERSECTION 

In another design [34] an EL cell in conjunction with 
a ferroelectric capacitor is used as the target in a cathode 
ray tube, as in Fig. 22. The details of the target are 
shown in Fig. 23. The operation of the screen has al-
ready been described in Section II- B, 1. The screen 
which now forms the target is modified as follows. A ma-
terial having a secondary-emission ratio of greater than 
unity is deposited on the conducting back electrode, a, 
(see Fig. 23) and an electron collector screen is posi-
tioned behind the target as in Fig. 22. If video is ap-
plied to the collector screen, the electron beam will 
bring each control (back) electrode to the desired video 
potential as it scans the array. 
The array can also be used in the manner of Fig. 24 

where the control electrode is made of a material whose 
conductivity is changed by electron bombardment (or 
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Fig. 22—Electron beam distribution to the ELF screen. 
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Fig. 24—Electron beam distribution using 
beam sensitive switches. 

radiation). The electron beam can now scan these solid-
state switches which in turn commutate the video con-
trol signal among the numbers of the array. More de-
tails are to be found in the reference mentioned above. 

In one scheme which is in operation [2], a beam 
switching tube similar to the ones described above [57] 
is used to achieve a sequential potential drop for switch-
ing the deflection plates of the flat tube mentioned in 
Section II-A, 1. This is shown in Fig. 25. Another 
scheme used to provide sequential voltage for the deflec-
tion plates of the same flat tube is shown in Fig. 26. 
There, the grids are connected so as to have an increas-
ingly negative bias. This will allow each tube to conduct 
in sequence as a sawtooth voltage is applied to the grids 
in common. One may mention in passing that additional 
developments by the same laboratory to accomplish the 
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Fig. 25—Beam switching tube. 
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Fig. 26—Biased tube method. 

switching function take the form of tapped delay lines 
and tapped pulse lines. Other laboratories [58] are ex-
perimenting with beam switching tubes and have made 
progress in this area. 

B. Solid-State Switching Devices 

Among the solid-state switching devices may be found 
those which make use of each of the circuit elements— 
capacitors, resistors, inductors and transformers. Some 
of these have already been used in conjunction with 
cathode ray tubes. 

In one proposed design [59] the photoconductive 
layer is in the form of flat rings. The rings are spread out 
on a plate, a perforation is made in the center of each 
hole, a wire is placed in each perforation and the hole 
is filled with conductive material. The spaces between 
the rings are likewise filled with conductive material and 
form a common electrode. It is possible to increase the 
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number of switch positions by using photoformed glass 
as the face plate. This could increase the number to as 
high as 1000 and possibly 10,000. This plate could now 
be placed so as to cover the phosphor of a cathode ray 
tube and switching is now accomplished by proper sig-
nals to the deflection circuits of the cathode ray tube. 
Details necessarily omitted because of space limitations 
may be obtained in the reference cited. 
Another proposed design [60] uses as a switching de-

vice a small transformer with a ferrite core having a 
rectangular hysteresis loop as in Fig. 27. Schematically 
there are four windings in a circular core as in Fig. 28. 
A sawtooth scanning wave is applied to coil a, a cur-
rent which provides a magnetic biasing field to coil c, 
coil b carries a continuous high frequency current, coil d 
is the output coil. The b coils on all the cores are con-
nected in series. This is shown in Fig. 29 where only the 
b and d windings are shown for each coil. 

If a biasing magnetic field hl is applied by current in 
coil c, the coil will be saturated in the negative sense. 
The unit will not act as a transformer, and will block the 
passage of high-frequency voltage to a vertical wire in 
the EL panel. However, as the current in coil a builds 
up, the field hl is neutralized and the coil changes its 
state from negative saturation to positive saturation. 
During the transition the unit acts as a transformer and 
passes the high-frequency voltage on the vertical wire. 
This gives bursts of high frequency pulses which proceed 
in sequence from left to right on the vertical wires of the 
panel, when the value of the biasing current produces 
magnetic biases equal to h1, h2, h3, etc. in Fig. 27. The 
shape of this burst is shown in Fig. 30. 
At the end of the scanning cycle, all the cores are 

switched to e saturation and during the flyback they 
all switch back to minus saturation ready for the next 
scan. 

Since this is to be used with an EL xy matrix panel 
the high-frequency supply should be blanked out during 
the flyback, otherwise a burst of light will appear over 
the whole panel. 

For the horizontal wires the arrangement is the same 
with the exception that the sawtooth scanning wave is 
stepped while the scanning sawtooth for the vertical 
wires is not stepped (see Fig. 31). The steps on the scan-
ning wave insure that a single horizontal wire is ener-
gized by the high frequency for the entire time of the 
horizontal scan from left to right. The steps correspond 
to the biasing magnetic fields in the cores. Thus the first 
step in the scanning wave neutralizes the biasing field 
in the core for the first horizontal wire and holds the 
magnetic bias of the core at its operating point on the 
hysteresis loop. The next step will neutralize the biasing 
field for the second core, etc. It is obvious that the out-
put high-frequency voltage of the vertical and hori-
zontal strip must be 180° out of phase. 
The video signal is simply applied as a modulation to 

the high-frequency voltage. The description above ap-
plies to a particular design but similar designs have 
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Fig. 27—Hysteresis loop of typical core. 
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Fig. 28—Transformer detail. 

Fig. 29—Basic circuitry. 
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Fig. 30—Typical burst. 

(a) (b) 

Fig. 31—(a) Horizontal scanning wave applied to vertical wires. 
(b) Vertical scanning wave applied to horizontal wires. 
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been reported 1611, [62]. The literature describes the 
"transfluxor" [63], a multi-aperture core, which has ad-
vantages that could make it especially suitable as a 
switching device for an xy matrix. Indeed, Rajchman 
and Briggs [64] indicate it has already been incorpo-
rated in such a device. 
An xy matrix switching device using transistors in 

conjunction with saturable cores is in the process of de-
velopment [65]. In its present state, the switching net-
work contains 26 transistors for an xy array of 128 X128. 
Each line of the xy array (a total of 2 X128 = 256) has a 
half-inch saturable core which is used as a pulse trans-
former and as a switch. The network can deliver a pulse 
of up to 2000 volts, peak-to-peak, at frequencies up to 
80 kc. A one-millisecond envelope of these pulses has 
been enough to trigger cells of an EL panel. 

IV. CONCLUSION 

From the activity noted it is apparent that the state 

of the art is in rapid development. 
The sought-for applications mentioned in the Intro-

duction, while not yet realized, will certainly be realities 
in the not-too-distant future. 

While the problems of the life of these panels and their 
durability are still with us, the amount of time and 
energy being expended in this area and the advances al-

ready made indicate that progress should be forth-
coming soon. 

"Picture on the wall" television is already a reality in 
one of these designs [2] and there are already some ad-
vantages in this design, in that resolution and bright-
ness are superior to those of existing types. 

It may not be too long either before the flat display 
will find itself in such military and industrial applica-

tions as air traffic control boards, radar plotting boards, 
read-outs for computers, etc. 
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An Improved Film Cryotron and Its 
Application to Digital Computers* 

V. L. NEWHOUSEt, MEMBER, IRE, J. W . BREMERt, AND H. H. EDWARDSt 

Summary—A crossed film cryotron deposited on an insulated 
superconductor is described and analyzed. It has a time constant of 
less than one psec and is approximately 100 times faster than the 
original crossed film cryotron [4]. The dc dissipation is less than five 
mw and the active area of each element is approximately 5 X 10-4 cm2. 
These cryotrons and all their interconnecting circuitry can be de-
posited at one and the same time in a few simple steps. 
A cryotron storage circuit and a shift register is described, based 

upon a principle unique to superconductors. The shift register shown 

is deposited in an area corresponding to 18,000 active elements per 
square foot. Calculations are presented to show that with this com-
ponent density, a computer or memory containing more than one 

million elements can be operated in a one-cubic-foot container using 
a one-watt output liquid helium refrigerator. 

HISTORICAL INTRODUCTION 

ii_ r I HE name cryotron was applied by the late D. A. 
Buck to his well-known superconductive relay [ 1]. 
This device will be called the "wire-wound cryo-

* Received by the IRE, December 1, 1959; revised manuscript 
received, March 7, 1960. A portion of this paper appeared in Pro-
ceedings of the Eastern Joint Computer Conference, December 1-3, 
1959. 
t General Electric Company, Schenectady, N. Y. 

tron,"1 and is shown in Fig. 1. It is operated at 4.2°K, 
the boiling point of liquid helium at atmospheric pres-
sure. At this temperature both the niobium "control" 
coil and the tantalum "gate" wire are superconducting. 

0 1 174 ).„,„TANTALUM GATE WIRE 

NIOBIUM CPOROL COIL 

Fig. 1—Wire-wound cryotron. 

The operation of the cryotron depends on the fact that 
the superconducting gate wire can be made resistive by 
means of a magnetic field generated by passing a cur-
rent through the control coil. It will be recalled that any 
superconductor is restored to the normal resistive state 
while subjected to a magnetic field above the so-called 

The IRE Committee on Superconductivity has proposed that 
the terni "cryotron" be used for any four-terminal superconductive 
device in which current in the input circuit magnetically controls the 
superconducting-to-normal transition, and, thereby, the resistance, 
of the output circuit. This usage will be followed in this paper. 
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"critical" value Hr. The variation of H, with tempera-
ture for different materials is shown in Fig. 2. The 
temperature at which H. falls to zero for a particular 
material is known as the "critical temperature" T. 
Above this temperature the material is normal even in 
the absence of a magnetic field. A superconducting 
wire can also be made normal by the passage of a cur-
rent larger than a critical value I. For thick wires of 
carefully annealed material, I,. is that current which 
gives a surface field equal to H„. For thin films, how-
ever, the surface field corresponding to I, can be much 
smaller than H,. 

It is readily seen from Fig. 2 that at 4.2°K, the oper-
ating temperature of the wire-wound cryotron. H,. for 
niobium is much larger than H,. for tantalum. Hence, 
the magnetic field produced by passing a current 
through the control coil, although sufficient to make 
the gate resistive, does not affect the control coil itself, 
which remains superconducting throughout. This is im-
portant whenever the coil is itself controlled by another 
cryotron circuit, since a cryotron gate element can best 
control current in a circuit in which all other elements 
are superconducting. 

If one cryotron is to control other similar cryotrons, 
the critical current of the gate wire must be larger than 
the minimum control current required to make the 
gate resistive; i.e., the cryotron must have gain. The 
gain of a wire-wound cryotron can be increased by in-
creasing the number of turns per unit length of the con-
trol coil. This of course increases the control coil in-
ductance and therefore reduces the operating speed of 
a cryotron system. 

\Vire-wound cryotrons are slow, due to the low re-
sistance of the gate wire. However, when the gate is 
superconducting, any current it carries flows in a thin 
surface layer. It was thought, therefore, that the super-
conducting properties of the cryotron would be un-
affected by replacing the gate wire by an insulated rod 
having a film deposited on it. The resistance of such a 
film in the normal state would of course be much higher 
than that of a solid wire, with a consequent increase in 
operating speed. Further fabrication advantages would 
result, moreover, if it should be possible to deposit the 
cryotron on . a flat surface, because large numbers of 
circuits together with their interconnections could then 
be made at one and the same time. Such ideas appear 
to have occurred independently to a number of workers 
in the field [ 2], [3], including the authors of this paper. 
Apparently, work to develop vacuum-deposited cryo-
trolls was started at about the same time in several 
laboratories. 

It was shown by two of the authors [4] (and inde-
pendently by workers at other laboratories), that it is 
indeed possible to produce a cryotron having current 
gain in a geometry suitable for deposition on a flat sur-
face. This will be referred to as the crossed film cryotron 
(CFC). Its basic structure is shown in Fig. 3. It con-
sists of an evaporated tin film "gate" crossed by a much 

narrower "control grid" of evaporated lead. The tin and 
the lead are insulated from each other by an evaporated 
film of silicon oxide. The device operates at about 3.6°K, 
just below the critical temperature of tin. At this tem-
perature, the tin film has a relatively low critical field 
compared to that of the lead film which remains perma-
nently superconducting. If the lead control grid is made 
sufficiently narrow, even a small control current pro-
duces a magnetic field which is intense enough to 
switch the tin gate film in the vicinity of the grid to the 

normal state. It is shown below that the gain of the 
CFC can be made arbitrarily large by increasing the 

width of the gate film. The CFC was first presented in 
public at the Electron Device Research Conference at 
Ithaca in June, 1959. Similar devices were described at 
the same meeting by M. L. Cohen, J. L. Miles, A. E. 
Slade, and C. R. Smallman of the A. D. Little Com-
pany, and by A. E. Brenneman and R. de Lano of the 
IBM Research Center. 

Following a brief review of the relevant properties of 
superconducting films, the properties of the unshielded 
cryotron will be compared with the characteristics of a 
"shielded" cryotron which is an order of magnitude 

4 
•K 

Fig. 2—Critical fields of highly purified bulk superconductors 
as a function of temperature. 

TIN GATE 

LEAD CONNECTORS 

GLASS SUBSTRATE 

LEAD GRID 

SI 0 INSULATOR 

Fig. 3—Structure of the crossed film cryotron (CFC) (no shield). 
Typical dimensions: gate film-0.3 micron, X2 mm.; insulator-
0.4 micron; and grid film-1 micron X25 microns. 
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faster. The operation of a very simple storage circuit 
and of a shift register will be described. In conclusion, 
an assessment of the role of film cryotrons in computers 
will be made. 

PROPERTIES OF SUPERCONDUCTIVE FILMS 

Diamagnetism of Superconductors 

It is well known that a superconducting body does 
not allow the penetration of magnetic flux, provided 
that the surface magnetic field nowhere exceeds I-le. 
Under this condition, it behaves like a perfectly dia-
magnetic material. If a current-carrying wire is placed 
in front of a superconductor, screening surface currents 
will be induced on the surface of the superconductor 
just sufficient to maintain zero internal field at the ex-
pense of increasing the external field. It is easy to show 
that in the case of a current-carrying wire in front of 
an infinite superconducting sheet, the contribution of 
the screening currents to the field between the external 
wire and the sheet is equal to that which would be pro-
duced by an "image" current. This image current is 
antiparallel to the external current and is the same dis-
tance behind the superconducting sheet as the real cur-
rent is in front. 
The case of a superconducting strip of width W car-

rying a current I in front of a superconducting shield 
is treated in Appendix I. It is shown that if the strip is 
close to the shield, the field between them is approxi-
mately uniform and equal to H=0.47rI/ W. On the 
other side of the current-carrying strip the field is zero. 
These results are illustrated in Fig. 8. In the absence of 
a shield, it is easy to show that the field on both sides of 
the strip will be equal and opposite and of mean mag-
nitude H= 0.27rI/ W. Hence, by bringing a supercon-
ducting plane close to a current-carrying strip, we 
double the field between the plane and the strip and 
reduce it everywhere else. 

This effect can be used to reduce the effective in-
ductance of superconducting elements by depositing 
them on top of another insulated superconductor. This 
is the equivalent of replacing a single wire by a " twisted 
pair" to reduce its inductance. It is found, moreover, 
and described below, that another effect of a supercon-
ducting plane is to increase the critical current of a tin 
film brought close to it. 

Critical Temperature 

The width of the temperature transition over which 
the resistance of our tin films falls from 90 per cent to 
10 per cent of the normal value is of the order of 0.02°K. 
In this paper the critical temperature T., is defined as 
the temperature at which the film resistance has half of 
its full value. A low- measuring current of the order of 
0.1 ma is used to avoid heating effects. 

Penetration Depth 

When a thick superconducting wire or film carries a 
current, all of it flows in a region close to the surface. 

The depth of the region is of the order of magnitude of 
a parameter X known as the penetration depth. X is a 
function of both the material and the temperature and 
is given by the expression [5a] 

X0 
X —   

[1 — (T/Tc)4]" 

where Xo is the penetration depth at absolute zero. For 
tin, Xo = 0.05 micron, and at 3.6°K, the CFC operating 
temperature, X = 0.1 micron. It is shown below that the 
properties of superconductors differ from the bulk val-
ues when one or more of the specimen dimensions is 
decreased to the penetration depth. 

(1) 

Film Critical Field 

II for thin films is higher than for bulk material. 
Published data can be fitted to the equation 

(He) film X' 
 = 1 + 
(He) bulk d 

where d is the film thickness, and X' is of the same order 
of magnitude as X and has the same variation with tem-
perature. He as a function of temperature for bulk tin 
and for a 0.3- micron film is shown in Fig. 4. In accord-
ance with ( 1) and (2), (11,) film/(H) bulk decreases as 
T-->0. [The other curves shown in Fig. 4 are calculated 
from the electrical characteristic of CFC and are dis-
cussed in connection with ( 7) below.] //, for the film was 
measured by placing it in a solenoid producing a field 
parallel to the film surface, and measuring the film re-
sistance as a function of the field. The measuring current 
used was kept small compared to I. The sample geome-
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Curve 1-11, for 0.3-micron tin gate film calculated from grid cur-
rent measurements using ( 7). (..1 80 micron grid width, 
o 25 micron grid width.) 

Curve 2—H, for 0.3-micron tin film measured directly. [Geometry 
of Fig. 5(6).1 

Curve 3-11, calculated from grid current just sufficient to pro-
duce gate resistance using ( 7). (A 80 micron grid width, 
• 25 micron grid width.) 

Curve 4—H, for bulk tin. 
(The intercept of curve 3 with the abscissa corresponds 
to the width of the film resistance transition with tem-
perature at zero field.) 

Fig. 4—H, for tin as a function of temperature. 
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try used is shown in Fig. 5(b). Contacts 1 and 2 are the 
current terminals, 3 and 4 the voltage terminals. The 
four leads are soldered directly to the tin film. The rea-
son for using this geometry for the critical field meas-
urements is that since H varies inversely with film 
thickness, the edges of the films, which are thin, remain 
superconducting at higher fields than the rest of the 
film if the measuring current used is small. The ge-
ometry of Fig. 5(b) overcomes this problem because no 
superconducting path between the contacts exists once 
the center of the film has become normal. Critical cur-
rents must be measured with the geometry of Fig. 5(a), 
because, in this case, the film must have a well-defined 
width. The thin edges of the tin film present no prob-
lem here because lc decreases with film thickness. 

Film Critical Current 

The variation of resistance R with current for a 0.3-
micron tin film is shown in Fig. 6. By applying the cur-
rent in short pulses it is possible to obtain the so-called 
isothermal transition shown in the broken line. This 
curve is connected with the actual superconducting be-
havior of the filin and is reasonably independent of 
other film characteristics such as resistivity and of the 
substrate properties. If a slowly rising current is passed 
through a film, Joule heating causes thermal "propa-
gation" of resistive areas in the film [6]. This behavior 
is shown in the solid curve of Fig. 6 and is strongly de-
pendent on substrate thermal conductivity and on film 
resistivity. 
The critical current 1.4 will be defined as that current 

at which resistance first appears. For thin films at a 
temperature not far below Tc, 

1'4= j4W, (3) 

where W is the film width [7]. j, increases as T ap-

I 3 
4 

s---3 
••••,--- 4 

a.-- 2 

(b) 

LEAD 
FILM 

Fig. 5—(a) Specimen geometry for measuring L for films. (b) Sped - 
men geometry for measuring H, for films. 
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Fig. 6—Current-induced transitions for 0.3-micron thick, 4.05-turn 
wide tin film on sapphire substrate with n—T=0.09°K, 
— e— e—  slowly varying current, —X—X-4 psec pulses at 
50 cps. 

proaches zero somewhat like IL., and at absolute zero is 
proportional to the square root of the film thickness 
[8]. It appears to depend somewhat on heat treatment 
and film substrate. 

It is believed that, in a current-carrying film, the 
superconducting-to-normal transition starts at the filin 
edges because the surface current density is highest 
there. It can be shown that the proximity of a super-
conducting shield plane makes the magnitude of the 
magnetic field near a current-carrying film more uni-
form than it would be in the absence of a shield plane. 
This reduces the current concentration near the film 
edges. It is to be expected, therefore, that the current 
at which resistance appears should be higher for a film 
close to a superconducting shield plane than for a film 
which is not. In agreement with this reasoning, it is 
found experimentally, and shown below, that the mean 
surface current density r, at which resistance first 
appears in a 0.3- micron tin film, is increased by over 
300 per cent if the film is deposited on top of an insu-
lated shield plane. 

THE CROSSED FILM CRYOTRON 

DC Characteristics 

The basic structure of a CFC is shown in Fig. 3. As 
stated above, a sufficiently large current passed through 
the superconducting grid generates a magnetic field 
which produces a resistive channel across the tin gate 
film. The characteristics of the unshielded cryotron are 
shown in the broken curves of Fig. 7. The curve inter-
secting the left-hand ordinate at 91 ma shows values 
of gate and grid current at which resistance just begins 
to appear. Its intersection with the ordinate defines /4 
for the gate filin used. It can be seen that the presence 
of gate current "helps" the grid current to make the 
gate resistive. 
The gain of the unshielded CFC can best be defined 

as the ratio of the maximum current I,, which the gate 
can carry and remain superconducting, to the mini-
mum grid current i, required to make the gate resistive 
at low gate currents, i.e., 

g = (4) 
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Fig. 7—Comparison of electrical characteristics of unshielded and 
shielded CFC. Grid width-30 microns; gate width-2 min; 
T,—T=0.08°K. 
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For the unshielded cryotron, /c=91 ma and if, = 31 ma 
at the temperature shown. The other broken line 
curves shown in Fig. 7 refer to the right-hand ordinate 
and represent the variation of resistance with grid cur-
rent at constant gate current. 

If the CFC shown in Fig. 3 is covered with an insu-
lating layer followed by a film of lead, the inductances 
of the gate and grid will be reduced as explained above. 
The dc characteristics are found to be changed as shown 
in the solid lines of Fig. 7. It can be seen that I, for the 
shielded CFC is approximately three times that for the 
unshielded one, with a corresponding increase in gain. 

It is also noteworthy that the curves of gate resistance 
as a function of grid current for the shielded CFC have 
a smaller slope than the curves for the unshielded CFC 
and approach a saturation value of resistance R.... 
This is because the field, due to a grid above a shield 
plane, falls off very rapidly beyond the edge of the grid 
since in this region the fields due to the grid current 
and the shield current tend to cancel one another. This 
is demonstrated in Fig. 8. It is to be expected, there-
fore, that the portion of the gate film which can be made 
resistive by grid current action is that portion lying 
under the grid only. The maximum calculated resist-
ance of the shielded CFC on the basis of this assump-
tion is shown dotted and is seen to be in fair agreement 
with experiment. 

Gain of the Shielded CFC 

We will now show that the gain of the shielded CFC 
is proportional to the ratio of the gate width to that of 
the grid. That this holds for the unshielded CFC was 
shown by Newhouse and Bremer [4]. As stated above 
in (3), for thin tin films I, is proportional to the filin 
width W, i.e., 

ic = jcW, 

where W is now the width of the CFC gate film. 
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Fig. 8—Surface fields for a superconducting film of width W carrying 
a current / over an infinite superconducting shield plane. 
(11„--=0.4w // W.) 

To calculate the field due to a current-carrying grid, 
we use the results of Appendix I as illustrated in Fig. 8. 
As mentioned above, a tin gate film will start to become 
resistive due to grid action when the surface field on it 
exceeds H. Before this happens, the surface field of the 
tin should be that of a completely superconducting 
plane with an adjacent current-carrying grid, i.e., the 
middle curve of Fig. 8. The surface field on a super-
conducting tin gate film should, therefore, be a maxi-
mum in the middle of the grid and fall off slightly 
towards the edges. Under the center line of the grid, 
we find that the gate surface field to a very close ap-
proximation is given by 

H = 0.471-1 /2v (6) 

where W is the grid width. If we now define H, as the 
field at which the gate film reaches half its maximum 
resistance for low gate currents, then the grid current 
IG at which the gate film resistance becomes IR,,,ax will 
be, using (6), 

IG = Hcw/0.42r. (7) 

In Fig. 4, à curve of H, for a gate film measured di-
rectly with a solenoid is compared with values of H, 
calculated from grid current measurements using ( 7). 
(Also shown are values of H calculated from the grid 
currents at which gate resistance begins to appear.) 
From the agreement between curves 1 and 2, it is clear 
that ( 7) is at least approximately correct. 

If we now define the gain for the shielded CFC as 
G=Ic/IG and substitute for I, and IG from (5) and 
(7), we obtain 

jc IV 
G = 0.47 — — • 

H, w 
(8) 

We see that the gain is proportional to W/2v, a func-
tion of the geometry, and to j,/H,, a function of the 
gate film properties. It is known that j,/H, decreases 
with gate film thickness and increases with A T= Tc- T. 
(See, for instance, Bremer and Newhouse [7] and ('rit-
tenden [8].) The effect of temperature on the charac-
teristics of a typical shielded CFC is shown in Fig. 9. 
There is, as predicted by (8), a strong increase of gain 
with decrease of temperature. The cryotrons described 
here are operated at A T = 0.08°K, below their maximum 
gain, to reduce heat dissipation. 

Operating Speed 

The speed of a cryotron is, of course, dependent on 
the mode of operation. In the circuits described below 
[see Fig. 10(a) ], the cryotron gate is in parallel with the 
load, which consists of the grid crossing a similar cryo-
tron. The time constant r at which current will be di-
verted from the gate XZ to the grid Y of the load cryo-
troll is L/R where L is the load inductance and R the 
resistance of the driving cryotron. L is the sum of the 
grid inductance of the driven cryotron, the gate in-
ductance of the driving cryotron, and the inductance 
of the connecting circuits. 
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Fig. 9—Dependence of shielded CFC characteristics on temperature. 
Dimensions as in Fig. 3. T of gate film is 3.76°K. 
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Fig. 10—(a) Cryotron storage cell. (b) Equivalent circuit. 

It is shown in Appendix II that the inductance of a 
grid of width w spaced d cm from the superconducting 
shield plane is 47rX10-9d/w henries/cm. The driven 
cryotron has a width W; hence, its grid has a length W 
and 

IV d 
L = 4r — X 10-9 henries. (9) 

(The gate of the driving cryotron and its connections to 
the driven cryotron are much wider than w, hence, their 
inductance can be neglected.) As discussed in connec-
tion with Fig. 7, the maximum portion of a shielded 
cryotron which becomes resistive is that part of the 
gate film covered by the grid. Hence, the resistance R 

of the driving cryotron of width W, energized by a cur-
rent I G through a grid of width w, is 

1 ply 
R = — — ohms, (10) 

2 ID 

where t is the gate film thickness and p the effective 
bulk resistivity. ( For very pure filins, p is itself a func-
tion of 1, but for the relatively impure films used here, 
this dependence can be neglected.) 
From (9) and ( 10), we find that the effective time 

constant of one cryotron driving another is 

r = L/R 

Id ( 1172 
= 87r — — X 10-9 second. (11) 

P 

Substituting from (8) for W/w in ( 11), we find the time 
constant in terms of the gain 

= tc é y 
  G2. X 10-9 second. (12) 

p 4.47j, 

There are two points of interest in ( 12). First 
r oc 1(1L/0.47rje)2. This shows that there is an optimum 
value of the gate thickness t because, as we attempt to 
reduce r by reducing t, IL/0.47rje increases. For solid 
wires, IL/0.47rje—s1, but for the 0.3-micron tin films 
presently used, IL/0.47rje is between 20 and 50. The 
second point of interest is that r is not a function of the 
grid and gate widths. Hence, a reduction in cryotron 
area will not increase speed. 

Present values for the material constants in ( 12) 
are as follows: t = 0.3 micron, d= 1.0 micron, 
p = 6-12 X10-7 ohm cm, //0/0.47rje = 20-50. A practical 
value for the gain is 2. Substituting these values into 
(12), we obtain a theoretical range of r=10-130X10 8 
second. A typical cryotron, described below, has an 
experimental time constant of 38X10-8 second at the 
temperature of operation close to T. Fig. 9 shows that 
higher gain or speed is possible by operating at lower 
temperatures. 

A Simple Storage Circuit 

We will now describe a simple storage circuit used to 
measure 7 which depends on a principle unique to super-
conducting networks. The principle will be illustrated 
with the circuit shown in Fig. 10(a). 

In one mode of operation a current is applied between 
X and Z. Most of this flows through the path XZ rather 
than X YZ because the former has much lower induct-
ance. The equivalent circuit is shown in Fig. 10(b). 

If current is now passed through the input grid, XZ 
becomes resistive and I is diverted through the path 
X YZ. It is now possible to switch off the current 
through the input grid so that XZ becomes super-
conducting again. Since L2 is still superconducting, it is 
to be expected that I will remain diverted through 
L2, even though L1 has become superconducting again. 
This does, in fact, happen experimentally. The current 
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in X YZ can be determined conveniently with a dc 
measurement by measuring the resistance of MN. 

If, after I has been diverted to L2 and after L1 has 
become superconducting again, I is switched off, a circu-
lating current will remain in loop XYZ. Its magnitude 
can be calculated as follows: 
Assume that a current +I has been injected into 

node X and completely diverted to L2, through L1 hav-
ing been temporarily made resistive. If now current —I 
is injected into node X, it will divide itself between XZ 
and X YZ in the inverse ratio of their inductances. The 
current along XZ will be /xz = —/(L2/Li+L2) and the 
net current along X YZ will be 

14 
Ix vz = I I 

± L2 

L2 
=   

+ L2 

Therefore, —/xz=/xyz. Hence, the circulating current 
is 

L2 
/elm ==   J. 

L1 + L2 
(13) 

Eq. ( 13) has been confirmed experimentally and cur-
rents have been stored for several hours. 

The results which have been described in connection 
with the above storage circuit can be generalized. If a 
current is injected into a network of superconducting 
elements, it will distribute itself among them in inverse 
ratio to their inductances. By making one or more of 
these inductors resistive for various lengths of time, 
current will be diverted from the resistive elements to 
the superconducting ones. As soon as the resistive ele-
ments are made superconducting again, however, the 
current distribution stops changing, as long as the ex-
ternal injected current remains constant. 

It is clear that in a cryotron computer, analog and 
digital storage will be simpler than in a transistor com-

puter, where positive feedback circuits, or magnetic 
cores which cannot conveniently supply a:continuous 
output, are required. 
The circuit of Fig. 10 provides a convenient way of 

measuring the effective speed of the cryotrons used in 
it. The deflection of current from leg XZ to leg X YZ 
takes place with a time constant 

T = (LI L2)/R. (14) 

(R is the resistance produced in XZ by the input grid 
current.) By applying individual pulses of known 
length to the input grid, we can measure the current 
changes in the output grid and obtain an experimental 
value for r. 

The results of applying 0.05-µsec current pulses to 
the input grid of one of the storage loops shown in Fig. 
12 is shown in Fig. 11. The experimental curves have a 
time constant of approximately 0.38 µsec. The value 
given by (14), using calculated values for Li-1- L2 and 
experimental values for R, is 0.33 µsec. The curve of 
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Fig. 11—Change of stored current due to 0.05 psec pulses on input 
grid of a storage cell of Fig. 7. Curves are fitted to the data points 
corresponding to a time constant of 0.38 psec. 

rising current is obtained when 150 ma is injected into 
the cryotron loop and gradually diverted to the output 
leg. The curve of decreasing current corresponds to a 
stored current (with the external current switched off) 
being destroyed by pulses on the input grid. 

A Shift Register 

The memory circuit described has been applied to a 
shift register. A short portion of such a register is shown 

in Fig. 12. The register can be operated with three stages 
per bit using three advance and three reset current 
sources. Alternatively, it can be operated with four 
stages per bit, using two advance and two reset current 
sources. A diagram and a set of calculated waveforms 
for three-stage-per-bit operation are shown in Fig. 13. 

Information travels from left to right. To inject a "1" 
into the register, the input winding is pulsed while ad-
vance current I is on. This diverts I from the first 
cryotron to its output grid, and, when I goes off, a cir-
culating current C1 remains in the first storage cell. /2 
is now injected into the second storage cell. Due to the 
existence of C1, /2 will be diverted to the output grid of 
the second storage cell. It is necessary at this time to 
destroy C1. This is done by passing current through the 
reset winding R2. C1 has to be destroyed before /2 is 
switched off, since otherwise C2, the circulating current 
in the second storage cell caused by the effect of C1 on 
/2, would be destroyed. After C1 has been destroyed and 
II switched off, the injected " 1" is represented by the 
circulating current C2 in cell 2. In similar fashion, C3 is 
created and C2 is destroyed. Only now can a new "1" be 
injected into the first storage cell. The grid of the last 

storage cell crosses an output cryotron whose resistance 
is an indication of the presence or absence of the circu-
lating current Ca. As described earlier, the experimental 
and calculated time constant of the cryotron in this cir-
cuit module is 0.38 µsec. This time constant could prob-
ably be reduced to approximately 0.1 µsec by working 
at a lower temperature and changing the cryotron di-
mensions to lower the gain. The register has been used 
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Fig. 12—Portion of experimental shift register. Note the insulator 
filin separating the grids from the underlying gate films. 
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13—Shift register schematic and calculated waveforms. 

to transfer information but so far only at low repetition 
rates.' 

SYSTEM CONSIDERATIONS 

A summary of present CFC characteristics is shown 

in Table I. 

TABLE I 

Time constant 0.4 iasec 
Size 6 mtn2 
Dissipation (dc)=5X10-6 watt 

2 A 4-stage-per-bit shift register has recently been operated at a 
repetition rate of over 100 kc. 

The lower limit in size is presently set by difficulties 
in getting good contact between the CFC gate and its 
connecting circuitry. 

Using the present elements at the packing density of 
the shift register of Fig. 12 ( this leaves enough free area 
for interconnections) would make it possible to accom-
modate 18,000 active elements on a one-foot" plate. 
This makes the assumption that every gate element is 
crossed by an average of four active elements. (This 
assumption is realistic since the average amplifier in a 
digital computer is fed by a logic element involving at 
least four diodes.) Using an evaporator which is large 
enough to handle a one-foot" plate, and using vacuum 
mask changing equipment, it should be possible to 
manufacture one 18,000 element plate per hour. Stack-
ing two of these plates per cm gives a one million ele-
ment computer in one cubic foot. Assuming each ele-
ment to be on for 10 per cent of the time produces a 
total dissipation of 1 X 106X 5 X10-7= 0.5 watt. In addi-
tion, approximately 0.25 watt heat enters the liquid 
helium due to radiation and conduction through the 
container. It has been calculated that 100 input and 
output leads, 10 of which carry 200-ma dc, would con-
tribute less than 0.2 watt in conduction and Joule heat-
ing (provided that the upper ends of these leads are 
cooled by liquid nitrogen). The total heat inflow is 
therefore approximately one watt for the system under 
discussion. Helium refrigerators with one-watt capac-
ity for a one-cubic-foot volume are presently being de-
signed in at least two laboratories. 
The above considerations show that CFC are today 

the only active components which together with their 
interconnections can be manufactured and assembled in 
a few simple steps. This makes the cost of component 
manufacture and assembly negligible compared to the 
cost of design and testing. 

Film cryotrons also constitute the first advance over 
transistors with respect to computer miniaturization 
because, although semiconductor components have 
been developed in the last few years which have very 
small size, large numbers of them cannot be used in a 
small volume because their dissipation is too high. CFC 
do not have this limitation. 

As shown above, and in other ways, CFC can be used 
for storage. They have the advantage over magnetic 
cores of being compatible with the logic circuitry with-
out the need for intermediate amplification. This makes 
it possible to integrate memory and logic in new ways, 
leading to vastly improved performance. When cryo-
trons are used for storage, they have of course no dis-
sipation—a considerable advantage over all proposed 
semiconductor storage elements. 
To summarize, CFC should make possible computers 

which have an order of magnitude more components 
than hand-assembled machines--and are correspond-
ingly more powerful. At the same time, they may re-
duce the cost and size of conventional computers by an 
order of magnitude. 
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APPENDIX I 

SURFACE CURRENT DENSITY IN A SHIELDED 
SUPERCONDUCTING STRIP OF ZERO THICKNESS 

When an external magnetic field is applied to a super-
conductor, currents are induced in its surface sufficient 
to keep the internal field zero. It is easily shown that 
the surface current density under these conditions is 
given by 

1 
g =  H X n amperes/cm 

0.47 
(15) 

where H is the magnetic field at the surface, and, nec-
essarily, parallel to it, and n is a unit vector normal to 
the surface. 

In a current-free region, H can be written as the 
gradient of a scalar function 4/, the magnetostatic po-
tential: 

H = ÇV, oersteds. (16) 

and, combining with ( 15) at the boundary of the cur-
rent-free region, 

g = V‘t, amperes/cm. 
0.47 
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Fig. 14—Transforms used in Appendix I. 

the function 

(17) where 

Since the divergence of II is zero in the region of in-
terest, 

p24, = 0. (18) 

It is noticed that solving for g is the same mathematical 
problem as finding the surface charge on a conductor in 
an electrostatic field, since 

1 1 
= — D = — VV 

4r 476 

and '72V= 0, where V is the electrostatic potential, E 
is the dielectric constant, and D is the electric flux 
density. Since Laplace's equation has been solved for 
the appropriate geometry in the electrostatic case [9], 
this result can be applied directly to the problem of 
current density. 
The essential steps of the problem are summarized. 

If all the current is perpendicular to the cross section of 
the strip, then the problem becomes two dimensional 
and conformal mapping techniques can be used. 
The situation to be analyzed is shown in Fig. 14(a). 

We use the approximation of an infinitely thin film. 
(The case of a finite thickness film has been solved, 
also, but the results were not sufficiently different to 
warrant presentation.) 

To solve the case shown in the insert of Fig. 9, we use 
the further approximation of allowing the left-hand 
side of the strip to go to infinity, as shown in Fig. 
14(a). This is justified if d/w«1. To determine the mag-
netic field around the current-carrying strip, we define 

r 

IC' a'  

z-SHIELD, 

(a) 

E' 

F(z) = 0(x, y) + Y) (19) 

z = x jy. (20) 

4) is the axial component of vector potential analogous 
to the electrostatic potential, and 4, is the magneto-
static potential analogous to the electrostatic flux lines. 
We use the Schwartz-Christoffel transformation 

shown in Fig. 14(b) to the m plane. (m is used instead 
of the more familiar w to avoid confusion with the grid 
width.) In the m plane, 

F(m) = 0(u, r) 

m = u ji', and 

m = (21) 

In Fig. 14(a) and 14(b), point . 1 is the midpoint of 
the bottom of the film, point B is midpoint of the top of 
the film, and point C is the edge of the film. r, is arbi-
trarily chosen to equal 1 since arbitrary selection of one 
scale factor is allowed in Fig. 14(b). The transformation 
required to go from Fig. 14(a) to 14(b) is 

rz 
— = 1 ± ni ± In in. 
d 

(22) 

The solution for F in the m plane is known to be 

F(m) = i(m) + j4'(m) 

4)2 — 4)1 
= ln m — 01. 

ir 
(23) 

It is not necessary to know the value of 4)2 and 44 to 
find g. From (23), 

4)2 — (1)1 
Cm) = In m = k1 in in. (24) 
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From ( 17), for this two-dimensional case, 

aiy 
g = K21 V41 Is = K2 —aX 

= Ke)ar dx 

(25) 

where s indicates the derivative is evaluated on the film 
surface. 

K2 is evaluated using the fact that one-half the total 
current must flow between points A and B, the mid-
point of the bottom and top of the film respectively. 
This total current is directly proportional to the change 
in 4, going from A to B. 

Evaluating K2 and the derivative of ( 25), 

gs = 
I 1- rB + In rs 1 

"A - rs 1 - r 

where r is a function of X defined by (22). 
At the film surface, (m rer = - r) and 

TX 

d 

iry 

= 1- r + In r, 

= T. 

At the shield surface, 0=0 and 

(26) 

(27) 

I 1+ rB+ In rB 1 
ga = (28) 

- 1+ r  

From ( 26) and (27), it is seen that as W/d increases, 
g of the top surface (r> 1) will approach 0 while g/(I/W) 
for the bottom surface (r < 1) approaches 1. W/d will 
vary considerably for both grids and gates. A value of 50 
to 100 is not unknown for a control grid. For a gate W/d 
is of the order of 5000. The plot of the magnetic fields 
is shown in Fig. 8. H/Ho is plotted vs x/d and is essen-
tially correct for any value of W/d>10. Ho is the value 
of the field at the center of the bottom film surface. The 
variation of Ho with W/d is shown in the insert. H. is 
the field value at the center of the bottom film surface 
for W/d= 00. Since g is directly proportional to II at 
the surface, Fig. 8 also shows the variation of g with x. 

It is seen that the field is essentially uniform between 
the film and the shield. //o is evaluated from ( 15) and 
(26) (for r•-s,0): 

I 1- rB+ In rB 
Ho= 0.47r 

Ii" rA - rig 
(29) 

As W/d-soc,rB->oo,rA-40, and 1 + In rie<<ra. Thus, 

H.= 0.47r — • 
IF 

(30) 

In practice, the film is not infinitely thin, and the cur-
rent density cannot be infinite at the edge of the film as 

(26) states, or that portion of the film would go resistive. 
This fact can only serve to make the current distribu-
tion more uniform than shown. 

APPENDIX II 

INDUCTANCE OF A SUPERCONDUCTING STRIP 
OVER A SHIELD PLANE 

If I amperes are flowing in a conductor of inductance 
L henries, the energy in the magnetic field is 

U = ILI2 X 10-7 ergs, (31) 

or, in terms of the volume integral of the magnetic field 
H, 

1 
U = — f 1/2dV ergs. 

8r 
(32) 

L is calculated by evaluating (31) and equating it to 
(32) 
To evaluate (32), it is assumed that the field has a uni-

form value Ho in the volume between the strip and the 
shield and zero elsewhere. This is justified in Appendix I. 
From Appendix I, 

H = 0.4r — oersteds. 
tei 

Combining (31), (32), (33), and solving for L, 

d 
L = 4 — (10)-9 henries/cm. 

up 

(33) 

(34) 

Effects of the finite penetration depth of the field and 
current into the film have been neglected. These will 
tend to make L slightly larger than (34). 
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Gallium Arsenide Tunnel Diodes* 
N. HOLONYAK, JR.t, MEMBER, IRE, AND I. A. LESKt, SENIOR MEMBER, IRE 

Summary—The fabrication and properties of GaAs tunnel diodes 
are described. The material preparation is discussed; devices are de-
scribed which have been fabricated consistently with peak to valley 

current ratios > 15:1, with voltage swings in the range from 0.9 to 
1.2, and with current densities from 2000 amp/cm' to over 10,000 
amp/cm' (and with correspondingly low capacitances, e.g., capaci-

tances as low as 0.2 mmf /ma and g/C figures of merit as high as 
5 X100 sec-'). The temperature behavior of typical units is pre-
sented. Applications particularly well suited to GaAs units are men-
tioned. 

INTRODUCTION 

/
N a relatively short time the tunnel diode'-' has 
become a well-known device both as a negative re-

'sistance (active) circuit element and as a research 
tool in the study of degenerate semiconductors.5-8 
Initially, most tunnel diode studies were based around 
the two well-known materials, germanium and silicon. 
Almost simultaneously with this work, however, it was 
recognized that intermetallic compounds offered many 
attractive features as tunnel diode materials. This is 
because tunneling and tunnel diodes are not dependent 
upon minority carrier lifetime, which has never been 

very high in the intermetallics, and because such proper-
ties as low effective masses and high mobilities, which 

are characteristic of many of the intermetallic com-
pounds, are of direct benefit to tunnel diode operation. 
Among the various intermetallic compounds that 

have exhibited tunneling action or from which successful 
tunnel diodes have been fabricated, GaAs is one of the 
most attractive. First of all, the wide energy gap of 
GaAs (1.35-1.45 ev) makes possible tunnel diodes with 

a voltage swing9 significantly larger than those made of 

* Received by the IRE, February 29, 1960; revised manuscript 
received, April 22, 1960. 

t General Electric Co., Electronics Park, Syracuse, N. Y. 
L. Esaki, "New phenomenon in narrow Ge p-n junctions," Phys. 

Rev., vol. 109, pp. 603-604; January, 1958. 
2 H. S. Sommers, Jr., "Tunnel diodes as high-frequency devices," 

PRoc. IRE, vol. 47, pp. 1201-1206; July, 1959. 
I. A. Lesk, N. Holonyak, Jr., U. S. Dayidsohn, and M. \V. 

Aarons, "Germanium and silicon tunnel diodes—design, operation 
and application," 1959 IRE WESCON CONVENTION RECORD, pt. 3, 
pp. 9-31. 

R. N. Hall, "Tunnel Diodes," presented at IRE-PGED Meet-
ing, Washington, D. C.; October 29, 1959. 

6 N. Holonyak, Jr., I. A. Lesk, R. N. Hall, J. J. Tiemann, and 
H. Ehrenreich, " Direct observations of phonons during tunneling in 
narrow junction devices," Phys. Rev. Letters, vol. 3, pp. 167-168; 
August, 1959. 

6 J. V. Morgan and E. O. Kane, "Observation of direct tunneling 
in germanium," Phys. Rey. Letters, vol. 3, pp. 466-468; November, 
1959. 

7 J.I. Pankove, " Influence of degeneracy on recombination radia-
tion in germanium," Phys. Rev. Letters, vol. 4, pp. 20-21; January, 
1960. 

8 S. L. Miller, M. I. Nathan, and A. C. Smith, "Pressure de-
pendence of the current-voltage characteristics of Esaki diodes," 
Phys. Rev. Letters, vol. 4, pp. 60-62; January, 1960. 
" The voltage from tunnel region to thermal region of the V-I 

characteristic. 

germanium or silicon. This is desired in many switching 
applications. The theoretical decrease in tunneling cur-
rent due to a wider band gap is more than offset by the 
low effective masses ( < 0.1me) of GaAs relative to those 

of germanium and silicon (> 0.1m)." Also, the larger 
mobilities of carriers in GaAs, again relative to ger-
manium and silicon, make possible a reduction in device 
series resistance. Finally, the lower dielectric constant 
(11.1) of GaAs is of some value in reducing the junction 
capacitance. 

This paper describes the fabrication and properties of 

GaAs tunnel diodes. The material preparation is dis-
cussed; devices are described which have consistently 
been fabricated with peak to valley current ratios 
>15:1, voltage swings from 0.9 to 1.2, and current den-
sities as high as 10,000 amp/cm' and higher (and cor-
respondingly low capacitances, e.g., capacitances as low 

as 0.2 µµf/ma and g/C figures of merit as high as 
5 X10" sec-'). The temperature behavior of typical 
units is presented. Applications particularly well suited 
to GaAs units are mentioned. 

DEVICE FABRICATION 

The devices described herein were in all cases fab-
ricated from polycrystalline starting material of un-
known properties; i.e., the degree of stoichiometry and 
purity were either unknown or known to be not particu-

larly good. Gallium arsenide crystals were obtained 
from six different (independent) suppliers and cut into 
wafers and etched in preparation for doping by dif-
fusion. An arbitrary number of thin wafers were sealed 
into an approximately 10 ml quartz ampoule with either 
zinc or cadmium (acceptors) ranging in quantity in each 
case from a fraction of 1 mg to over 10 mg. Also, from 
5 to over 30 mg of free arsenic was enclosed in the 
ampoule, and the system, after evacuation and sealing, 
was annealed at temperatures ranging from 800°C to 
over 1100°C. The free arsenic in each ampoule estab-
lished a sufficiently high arsenic vapor pressure to pre-
vent decomposition of the GaAs wafers. For the condi-
tions described no deterioration of the wafer surfaces 
was noticed. 

With cadmium as a doping agent, measured doping 
levels of over 2 X10" atoms/cm' could be attained; with 
zinc, measured doping levels as high as 2 X102° atoms 
/cm' could be obtained. The resistivities and hole mo-
bilities corresponding to these doping levels were ap-

proximated as 0.007 ohm-cm and 40 cm2/volt-seconds, 
and 0.001 ohm-cm and 40 cm2/volt-seconds, respec-

1° N. B. Hannay, "Semiconductors," Reinhold Publishing Co., 
New York, N. Y., ch. 9, p. 415 and ch. 8, p. 323; 1959. 
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tively. These measurements were obtained on selected 
polycrystalline wafers in which individual crystallites 
were large, i.e., of a size comparable to the wafer di-
mensions. 

In fabricating the diode, a small scribed wafer is al-
loyed in a hydrogen ambient to a header assembly or 
base plate with gold-zinc alloy or with tin or lead-based 
alloys doped with zinc. On the opposite side of the wafer 

a small quantity of an alloy, largely composed of tin or 
lead, doped with sulphur, germanium, or tellurium is 
alloyed onto the parent crystal (either an individual 
crystallite or wafer consisting of several crystallites)." 

The parent crystal is p- type as a result of zinc or cad-
mium doping, and the alloyed-regrown region is n-type 

due to sulphur, germanium, or tellurium doping. 
Fig. 1 shows a cross section of an unetched GaAs 

Fig. 1—Unetched gallium arsenide tunnel diode, magnified cross sec-
tions. GaAs wafer p-type (doped with Zn). Alloyed-regrown re-
gion n-type (doped with S). 

" After etching, the junction area is of the order of 0.001 inch 
diameter or less. Hence, if one uses GaAs of reasonable crystallite 
sizes, no problems are encountered in using polycrystalline material. 

tunnel diode. The lower portion of the figure shows 
quite clearly the thick, uniform n-type regrown region 

formed on the p-type parent crystal. The upper portion 
of the figure shows that the regrown region is uniform 
under the entire alloy material. Structures such as those 
shown in Fig. 1 have been completely assembled, and 
etched to the desired peak tunnel currents, in low-
inductance rectangular and circular strip line packages 
and in relatively low-inductance, single-ended header 
assemblies. 

EI.E( TRICAL PROPERTIES 

The general appearance of a GaAs tunnel diode V- l 
characteristic as compared to that of Ge and Si is shown 
in Fig. 2. In terms of the magnitude of the peak to valley 
current ratio, the Ge characteristic is that of a "good" 
unit, the Si characteristic is that of a " fair" unit, and 
the GaAs characteristic is that of a "poor" unit. In spite 
of the fact that the GaAs unit has been classified as 

"poor," it will be noticed that it has greater than a 10:1 
peak to valley current ratio and a voltage swing , 1 
from peak tunnel current to equal thermal current. A 
more typical GaAs tunnel diode V-I characteristic is 
shown in Fig. 3. Again the voltage swing is 1, and the 
peak to valley current ratio is greater than 20:1. Soltys 
and Halln have managed to obtain ratios as high as 60:1 
by procedures similar to those described here. In the 
present work typical ratios, at current densities ranging 
from 2000 amp/cm' to 10,000 amp/cm2, are in the range 
from 15:1 to over 30:1. For such units the voltages cor-
responding to the peak tunnel currents fall in the range 
from 0.1 to 0.25. Finally, voltage swings greater than 
1.1 are frequently observed. 

Diodes fabricated on cadmium-doped material con-

sistently have current densities in the range from 2000 
to 10,000 amp/cm2. Higher current density units can be 
obtained on zinc-doped material, but then mechanical 
problems are experienced in attempting to reduce the 
junction area sufficiently to give convenient magnitudes 
ol peak tunnel current.'3 The high tunnel current densi-
ties attainable in GaAs make possible tunnel diodes 
having measured capacitances as low as 0.2 1.4tf per 

milliampere of peak tunnel current, and perhaps lower. 
This is of considerable importance to the theoretically 
maximum frequency of oscillation 

= g/C\/(1/gR.)-7--i 

of a tunnel diode. In the expression given above, g refers 
to the absolute value of the negative conductance, C to 
the junction capacitance, and R. to the series resistance 
of the tunnel diode. The ratio g/C is the important 

12 T. Soltys and R. N. Hall, private communication. 
13 Units of this type display their negative resistance regions for 

only an instant in switching to the thermal region (higher voltages) 
and then burn out because of the high currents and small areas of the 
junctions. These effects have thus far made it impossible to make 
actual current density measurements greater than 10.000 amp/cm2. 
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quantity commonly referred to and has been quoted as 
being as high as 2 X1010 sec --' in germanium.2 In practice 
it is found that it is extremely difficult to obtain g/C 
values of this magnitude in germanium, whereas values 
as high as 5 X10" sec-1 along with high (20:1+) peak 
to valley current ratios are readily attained in GaAs. 
The series resistance R. of GaAs tunnel diodes of 5 

ma peak tunnel currents has been measured and found 
to fall in the range from 2 to 10 ohms. These values are 
considered high in terms of what can be achieved by 
simple mechanical improvements in the assemblies 
which have been fabricated to date or by developing 
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Fig. characteristics of germanium, silicon, and gallium 
arsenide tunnel diodes. The doping impurities of each diode are 
Ga, As; B, As:and Cd, S, respectively. Scale: 0.1 volt/div (hori-
zontal), 0.2 ma/div ( vertical). 

Fig. 3--Gallium arsenide tunnel diode V-I characteristic. Peak to 
valley current ratio 25:1. Parent crystal cadmium doped, alloyed-
regrown region sulphur doped. Scale: 0.1 volt/div (horizontal), 
0.5 ma/div (vertical). 

units in which the parent wafer is n-type, rather than 
p-type, so that the greater mobility of n-type crystals 
can be used to better advantage. 
The speed properties of GaAs tunnel diodes can best 

be attested to by the fact that units of relatively high 
peak tunnel currents have been operated as oscillators 
well into the kilomegacycle frequency range. A diode of 
peak current a little less than 10 ma has been inserted 
into one end of a strip line which nearby was capaci-
tively shorted and presented an inductive load across 
the tunnel diode. With dc bias applied from a low im-
pedance source to the strip line and tunnel diode, oscil-
lations were obtained at 4.4 kinc. A representative unit, 
mounted on a single-ended header of considerable in-
ductance, was similarly arranged in a strip line and was 
observed to oscillate at 2 kmc. Because of the crude 
nature of these circuits and experimental diodes, it is 
reasonable to predict that GaAs tunnel diodes will be 
made to oscillate well above 10 kmc. By very ingenious 
experimental procedures Ge tunnel diodes have been 
made to oscillate at 10 kinc.4 Similar techniques should 
enable GaAs tunnel diodes to surpass Ge. 

TEMPERATURE PROPERTIES 

The temperature dependence of GaAs tunnel diode 
V-I characteristics has been found to resemble in many 
respects those previously reported in Ge and Si., Fig. 4 
shows the change in peak current and valley current of 
a typical unit in the temperature range from that of 
liquid nitrogen to 200°C. The valley current, as shown, 
increases monotonically with temperature. Beyond 
200°C the rate of increase in valley current with 
temperature becomes steeper. Although the data do not 
go beyond 200°C, some units have been operated up to 

300°C with a peak to valley current ratio slightly 
greater than 3:1. As shown, the peak current decreases 
by roughly 20 per cent when the temperature is lowered 
from room temperature to that of liquid nitrogen. 
Slightly beyond room temperature the peak current de-
creases monotonically with increasing temperature. 

This behavior is expected because of the increase in 
energy gap (and decrease in tunneling) as the tempera-
ture is lowered and because of the smearing out of the 
Fermi function at higher temperatures. In all units 
examined, the maximum in peak current occurred at or 
near room temperature. 

At liquid nitrogen temperatures (77°K) and below, 
many GaAs tunnel diodes exhibit a V-I characteristic 
much as shown in Fig. 5. In the region where the current 
increases from its valley magnitude (4 ma, 0.7 v) to 
some higher magnitude (34 ma, 1.2 v) in the thermal 
region, a "hump" is noticed in the V-I characteristic. A 
similar effect has been observed in Si tunnel diodes 
fabricated by alloying boron-doped aluminum onto a 
substrate heavily doped (-,402" atoms cm3) with phos-
phorus but has not been observed in silicon doped with 
arsenic. This effect was first observed in germanium by 
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Vig. 4—Gallium arsenide tunnel diode peak current and 
valley current temperature dependence. 

Fig. 5—Gallium arsenide tunnel diode V-I characteristic at 77°K. 
Parent crystal cadmium doped, alloyed-regrown region sulphur 
doped. Scale: 0.2 volt/div (horizontal), 10.0 ma/div (vertical). 

Esakii4 and later was described in greater detail by 
Longo," who attributes it to tunneling to states formed 
in the forbidden 'region on one side of the junction. This 
has been predicted by Ehrenreich 16 and possibly 
others. In the case of GaAs it is not certain at this time 
whether the type of chemical doping element is responsi-
ble for this effect and/or whether it is due to some type 
of structural or strain property (e.g., interstitial im-

" L. Esaki, " Properties of heavily-doped germanium and narrow 
p-n junctions," in "Solid State Physics," Proc. Internal!. Conf., 
Brussels; June, 1958, Academic Press, London, Eng., and New 
York, N. Y., vol. 1, pt. 1, p. 519; 1960. 
" T. A. Longo, "On the nature of the maximum and minimum 

currents in germanium tunnel diodes," Bull. Am. Phys. Soc., ser. 2, 
vol. 5, p. 160; March, 1960. 

16 H. Ehrenreich, private communication. 

purities) associated with high doping levels and particu-
lar impurities. 

APPLICATIONS 

As is almost directly obvious from the work previ-
ously performed with Ge and Si, GaAs tunnel diodes 
can be used, with minor changes in circuitry, as direct 
replacements for Ge and Si units. In addition, many 
applications are possible which formerly could not be 
considered possible or practical for Ge or Si. For exam-
ple, the large voltage swings and high peak to valley 
current ratios of GaAs tunnel diodes make them emi-
nently well suited as threshold elements to switch ger-
manium transistors, and silicon transistors and con-
trolled rectifiers.i7 In such applications the GaAs tunnel 
diode acts as a shunt to the input signal until it attains 
a magnitude equal to the peak current. At that point 
the tunnel diode switches (rapidly) to its valley region 
and presents the transistor or controlled rectifier with 
the requisite current and voltage drive. 
The wider voltage swing of GaAs tunnel diodes sug-

gests that it may be possible to build logic circuits in 
which germanium rectifier diodes may be used to steer 
the logic functions in a prescribed direction. Preliminary 
work by Chow" indicates that this is indeed true. 
One of the newest and perhaps most novel applica-

tions of GaAs tunnel diodes could be to build a coupled 
series pair of GaAs and Ge tunnel diodes where the 
GaAs unit has a peak current slightly higher than that 
of the Ge unit and where the valley current of the GaAs 
unit is smaller than that of the Ge unit. The over-all V-I 
characteristic of such a series pair turns out to be a 
multivalued function of both current and voltage.'9 It 
has been found possible, under suitable conditions, to in-
crease the current through the series pair and cause first 
the Ge unit to turn on, then to turn off just as the GaAs 
unit turns on, and finally cause both units to turn on, 
in the sequence outlined. This type of behavior suggests 
further possibilities for performing computer and logic 
operations. Gallium arsenide tunnel diodes are per-
fectly suited for this application since their peak to 
valley current ratios are generally much greater than 
those of Ge. 
Another application which is highly suited to GaAs 

is that of building a higher power oscillator making use 
of an active compound element consisting of a series 
connection of an odd number of matched tunnel diodes. 
This idea is due to Kim" and has been initially ex-
plored with Ge tunnel diodes. 
Another area in which GaAs tunnel diodes (Ge and 

Si units also) may find considerable application is in the 

17 These applications were first explored by T. P. Sylvan. 
IS \V. F. Chow, private communication. 
19 This effect was first examined by C. O. Harbourt and R. P. 

Nanavati, Syracuse University, to be published. 
" C. S. Kim, private communication, and J. J. Stoker, "Nonlinear 

Vibrations," Interscience Publishers, Inc., New York, N. Y., ch. 5, 
p. 133; 1950. 
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performance of electronic functions in ambients of high 
nuclear radiation intensity. Experiments are in progress 
in many laboratories to determine tunnel diode radia-
tion tolerances. (These experiments are also yielding 
information concerning effects of band structure on the 
V-I characteristic and vice versa.) Tunnel diodes should 
be quite insensitive to gamma radiation (and light) 
since their characteristics display such high dc con-
ductances everywhere, and because minority carrier 
lifetimes can be (and generally are) so small. Electron 

bombardment in the mev energy range of sufficient in-
tensity causes an increase in the valley current'5 in much 
the same way as does heating. Fast neutrons also cause 
a permanent effect like that of heating, i.e., an increase 
in valley current and a decrease in voltage swing. At 

sufficiently high integrated neutron flux levels, the nega-
tive resistance disappears. Germanium, silicon, and 
gallium arsenide tunnel diodes show noticeable changes 
in their V-I characteristics at fast neutron doses of 
10 15-1016 nvt. By 10 17 nvt, germanium and silicon units 
are inoperable while gallium arsenide units still show 
appreciable negative resistances." 

21 F. J. Reid, L. W. Aukerman, and R. D. Baxter, Battelle 
Memorial Institute, private communication, to be published. 

CONCLUSION 

Because of the remarkably good electrical properties 
of GaAs tunnel diodes, it is obvious that they hold many 
advantages over their Ge and Si counterparts, particu-

larly ill the greater number of applications for which 
GaAs tunnel diodes are better suited. Their speed 
properties thus far are as good and better than those of 
Ge units. Their ability to operate over a wide tempera-
ture range and to resist radiation damage make them 
competitive in these respects also. The fact that rela-
tively poor quality GaAs can be fabricated into high 
quality tunnel diodes by simple processes makes GaAs 
more than competitive with most known semiconductor 
materials which have been used or considered for use in 
making tunnel diodes. 
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The Reflected-Beam Kinescope* 
H. B. LAWt, FELLOW, IRE, AND E. G. RAMBERGt, FELLOW, IRE 

Summary—The reflected-beam kinescope is a short tube par-

ticularly suited for picture sizes of 21 inches or more. It retains the 
conventional gun and external deflection components and is axially 
symmetric. Although the effective deflection angle is nearly 180°, the 
deflection power required is equivalent to that used in conventional 
90° kinescopes. 

The electron beam scans through an apertured phosphor screen 
and is reflected back to the screen by the faceplate. The screen at-
tenuates the beam by a factor of 4, except in the case of a radial scan 
where a cutout in the center of the screen may be made to permit free 
passage of the beam. 

The results of a theoretical and experimental study of the tube 
are presented. They show the raster to be inherently barrel-distorted. 

However, the distortion may be corrected in several ways. The reso-
lution is somewhat lower than in standard tubes, although it is con-
sidered to be adequate. High detail contrast is obtained. 

INTRODUCTION 

/N the last few years, the trend in kinescope develop-ment has been to shorter and shorter tubes, while 
a degree of stability has been reached in regard to 

screen size. The reduction in tube length has been ob-
tained by increasing the deflection angle and, more re-
cently, by the development of shorter electron guns. 
Further gains to be achieved by these approaches ap-
pear to be limited. 

In addition to short kinescopes, there have appeared 

electron-beam display devices of an unconventional na-
ture designed to be very short." Sometimes these de-

' W. R. Aiken, "A thin cathode ray tube," PROC. IRE, vol. 45, 
* Received by the IRE, December 4, 1959; revised manuscript pp. 1599-1604; December, 1957. 

received, February 12, 1960. 2 D. Gabor, "A new flat picture tube," J. Television Soc., vol. 8, 
t RCA Labs., Princeton, N. J. pp. 142-145; October, 1956. 
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vices are referred to as thin cathode ray tubes. They The distance of the point of return of the scanning 
achieve their compactness by the use of traveling elec- spot from the tube axis is seen from Fig. 2 to be 
trostatic deflection fields in at least one of the two scan-
ning directions, utilizing the strong focusing action of r0 =- R sin 09. (1) 

the deflection field to obtain a sharp spot. It is the pur-
pose of this paper to describe still another approach to It is shown in the Appendix that 

a thin display device that involves a radical change in 
tube design, but has essentially the same operative char- 0, = arcsin -{sin 0(4/ 1 — ( 1 — 2 sin2 
acteristics as a conventional kinescope.  Ri 

GENERAL DESCRIPTION 

A schematic drawing of the tube for television display 

purposes is shown in Fig. 1. The spherically curved tube 2q (1 — sin OV 1— (1— 21 -)2 sine 
face has a transparent conductive coating on the vac-

± 2 arcsin  
uum side that is operated at cathode potential and 
serves to reflect the electron beam. Mounted a few V A'2R2— •lq(A'R—q) ( 1- 14 sine O 

inches from the reflector and curved in a manner similar 
to the reflector, is an apertured, shell-like structure where 
operating at high potential. On the convex side of this 
structure is deposited the phosphor screen. The elec-
tron beam scans through the holes in the screen, is re-
flected by the faceplate, falls back to the apertured and the remaining symbols are indicated in Fig. 2 

screen, and strikes the phosphor that lies on the surface 
between the holes. The picture is, therefore, viewed di-
rectly on a front-surface phosphor screen that lies a few 
inches back of the faceplate. 
A conventional deflection yoke is mounted very close 

to the screen on the axis of the tube and is activated by YOKE- 1113. DEFLECTION 

standard deflection circuits. The gun is in the usual 
place with respect to the deflection yoke. 

Although a perforated screen is required for the cen-
THIS PORTION OF MASK MAY BE 

tral area only, the entire screen is perforated to achieve REMOVED TO RESTORE NORMAL 

BRIGHTNESS OF MILITARY 

screen uniformity. If, however, a radial-type scan is DISPLAYS 

used, such as for radar displays, a hole of about 3-inch 
diameter may be cut out of the center to permit free 
passage of the electron beam, and the screen may be 
placed on a continuous surface instead of an apertured 
structure. 

(1 — --p—) cos O} 

TUBE CHARACTERISTICS 

Deflection 

Up to the point where the electron beam leaving the 
gun penetrates the apertured phosphor screen, the de-
flection of the beam is the same as in a standard kine-
scope. The beam, upon emerging from the phosphor 
screen electrode, is decelerated in a retarding field and 
finally falls back to the screen. A study of the raster 
shape to be expected under these circumstances has 
been made, assuming the arrangement shown in Fig. 2, 
where for mathematical simplicity the phosphor screen 
and reflector are considered to be spherical and con-
centric. Moderate deviations from the condition of con-
centricity will lead to only moderate deviations of the 
observed results from those given by the formulas de-
veloped below. 

A' = (1 — 178/V)(1 q/R) 

APERTURES PHOSPHOR 
SCREEN 

LECTRON BEAM 

TRANSPARENT CONDUCT-. 
ING COATING ON FACE 
PLATE TO FORM ELEC.. 
TRON MIRROR 

Fig. 1—Schematic drawing of reflected-beam kinescope. 

Fig. 2—Definition of symbols. 

(2) 

(3) 



1960 Law and Ramberg: The Reflected-Beam Kinescope 1411 

If the faceplate voltage V, is to be held constant, the 
highest value of Vs for which the beam electrons 
do not strike the faceplate is V, = 0 corresponding to 
A' = 1±q/R. 

In Fig. 3, the landing distance of the electron beam 
from the tube axis vs the half scan angle has been 
plotted with q as a parameter. A representative tube 
geometry of R=40 inches and p= 2.4 inches has been 
assumed. 
The bending over of the curves in Fig. 3 shows that 

the raster is, in general, barrel-distorted, the distortion 
becoming more severe for larger q values and larger scan 
angles. 
The curves in Fig. 3 apply for the case where the 

screen and reflector extend well beyond the extreme 
landing position of the beam. In practice, the beam path 
near the edge of the raster is influenced by the electrode 
arrangement at the edge. For example, if this electrode 
is at phosphor screen potential, as shown in Fig. 1, the 
effect is to lengthen the electron path near the end, 
reducing the barrel distortion. 
Another factor in raster distortion is the deflection 

yoke. Any slight pincushion distortion of the yoke will 

tend to offset the barrel distortion introduced by the 
reflection-type scanning system. In fact, the ease with 
which pincushion distortion can be built into a yoke 
makes this an attractive approach for minimizing dis-
tortion in the picture. 

In Fig. 3 it will be noticed that the spot displacement 
r9 does not reach a maximum as a function of angle of 
deflection or angle of elevation. This behavior is the 
result of assuming a rather strong curvature for the 
screen and reflector and a center of deflection some dis-
tance below the screen, i.e., between the screen and the 
gun rather than at the screen surface. 

IA 
R•RADIUS OF CURVATURE OF 
PHOSPHOR SCREEN 

P• CENTER OF DEFLECTION-
PHOSPHOR SCREEN DISTANCE 

4• PHOSPHOR SCREEN-
REFLECTOR DISTANCE • 

R. 40" 

P. 2,4' 3 

20. 30. 40. 60. ;OP 

HALF SCAN ANGLE IN TORE 

Fig. 3—Reflected-beam kinescope raster characteristics. 

If a flat phosphor screen and reflector is assumed, (1) 
becomes: 

r. = p tan O 2q sin 20. (4) 

In Fig. 4, r. vs O for (4) is plotted where p= 2.4 inches 
with q as the parameter. 
Comparing the curves in Figs. 3 and 4, where the 

screen is curved and flat respectively, it is seen that the 
raster is smaller for given values of p and q when the 
screen is curved than when it is flat. 

Reducing p also results in reducing the raster size as 
shown in Fig. 5. Here r, vs O is plotted for the same con-
ditions as in Fig. 4 except that p = 1 inch instead of 2.4 
inches. 

HALF SCAN ANGLE IN YOKE 

Fig. 4—Reflected-beam kinescope raster characteristics. 

Fg. pi on 0+ 2g s.. 20 

3 

CI 

10 20 30 •0 50 KO 70 

HALF SCAN ANGLE IN YOKE 

Fig. 5—Reflected-beam kinescope raster characteristics. 
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When p=0, (4) reduces to the well-known range 
equation for a projectile. 
Up to this point, the reflector was assumed to be at 

zero or cathode potential. On the tube axis, for 0=0, the 
beam grazes the reflector. As O increases, the distance 
of closest approach decreases. 

In principle, the beam may be made to graze the re-
flector for all trajectories by proper modulation of the 
potential of the reflector in synchronism with the scan. 
This modulation is given by 

A' = ( 1 + q/R)(1 [ R  sin' 0). (5) 
Rq  

Not only is the picture size increased but also the 
raster distortion is changed from barrel to pincushion. 
To show the effect, the above value of A' has been sub-
stituted in (2) and plotted in Fig. 6, where R=40 
inches, p --- 2.4 inches, and q= 4 inches. A plot for an un-
modulated reflector (A' = 1 ±q/ R) is included for com-
parison. With proper modulation it should be possible 
to correct distortion and at the same time obtain a 
larger picture for a given tube length than without 
modulation of the reflector. 

Beam Focus 

For a television-type display the electron beam scans 
through an apertured phosphor screen as indicated in 
Fig. 1. In this arrangement, there are two effects not 
normally encountered in a conventional cathode ray 
tube that tend to reduce resolution. First, the electro-
static fields about the apertures in the phosphor screen 
impart lateral components of velocity to the electrons 
passing through the mask apertures; and second, the 
retarding field between the phosphor screen and reflec-
tor has unilateral focusing action in the radial direction 
and thus distorts the spot in this direction. 

In the Appendix, it is shown that the total spot-size 
increase in the radial direction is 

ArD, — 

where 

2B (1 — 2 (1 — I±)2 sin' 0) 

1 + — (1 — P )2 sin' 0 

e R • 

D • 

16 q 

14 

12 

R • 40" 

p • 2.4' 

RADIUS OF CURVATURE OF 
PHOSPHOR SCREEN 

CENTER OF DEFLECTION-
PHOSPHOR SCREEN DISTANCE 

PHOSPHOR SCREEN-
REFLECTOR DISTANCE 

a q • 4' 

6 

(a) 

IO 20 30 . 40 . 50. 60. 70. 

HALF SCAN ANGLE IN YOKE 

Fig. 6—Reflected-beam kinescope raster characteristic for 
(a) modulated and (b) unmodulated reflector. 

the apertures in the phosphor screen; and the second 
terni gives the increase caused by the retarding field be-
tween the phosphor screen and reflector. 

In the tangential direction, the spot-size enlargement 
is shown in the Appendix to be 

= 2B 

(1 — V1 — (1 — 1-4 sin' 0) 

1 

(1 — -P—)2 sin' 0 

• (7) 

On the axis, it is seen that the spot size is increased 
by the aperture diameter. A plot of the increase in spot 

8q(Dc — D„)(1 — -P—)2 sin' 04/1 — ( 1 — sin' 0 

(4q A R) (1/ 1 — (1 — --P—)2 sin' 0 — AR (1 — cos 0 
RI 

B= diameter of apertures in screen 
Da =spot diameter for conventional kinescope with 

same electron gun and equal picture size and de-
flection angle 

190= beam diameter in deflection plane 
A = ( 1-17,/ V) 

and the remaining symbols are indicated in Fig. 2. 
The first term gives the electron spot-size increase re-

sulting from the transverse electric field components at 

(6) 

diameter as a function of the half scan angle 0 is shown 
in Fig. 7 for a given set of conditions. 

If the center of the phosphor screen is open so that 
the electron beam does not have to penetrate the aper-
tures, the first term in the expression for Ar.D. drops 
out. The residual radial spot enlargement is then due to 
the decelerating field between the phosphor screen and 
reflector. In Fig. 7, it may be found by subtracting the 
clotted curve from the curve for ArD„. 

Fig. 8 shows a monoscope pattern taken from the 
21-inch tube shown in Fig. 9 with the electrode struc-
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0.050" 

o 

2 0.040' 

o 

0.030' 

o 
.1; o.coo-

0•4• 
R. 30' 
Do 0.100' 

Ds. 0.050. 

Vv. 0 

0.010' 

A , DS- RAD IAL SPOT ENLARGE mET 

At Ds- TANGENTIAL SPOT ENLARGEMENT 

COMPONENT OF RADIAL 

.gozpek,a:eEPeel,sc-c 
O is• 30 45° 60' 

DEFLECTION ANGLE e 

Fig. 7—Spot-size increase in the radial and tangential 
direction for a given set of conditions. 

turc in Fig. 1. In this tube, q= 3.5 inches and the radius 
of both the screen and reflector is 26 inches. The tube 
was deflected by a standard 110° deflection yoke driven 
by conventional circuits. 

Brightness 

In a television-type display where the beam must 
penetrate the screen apertures, the fraction of the beam 
that is reflected back to the phosphor screen is just the 
transmission factor, T, of the screen. Since the screen 
surface is apertured, the fraction of the total area 
covered with phosphor is ( 1 — T). The brightness ob-
tainable is then proportional to T(1 — T). The bright-
ness becomes a maximum for T=50 per cent corre-
sponding to an attenuation by a factor of 4. The maxi-
mum is broad so that the light output is affected only 
slightly by the exact value of the screen transmission. 

Another factor influencing brightness is the nature of 
the front-surface screen. The light output of a conven-
tional aluminized screen has been compared with that 
of a front-surface screen in which the screen was placed 
on a highly reflecting surface. Within the experimental 
error, the light outputs were the same for equal areas 
of phosphor. 

If the light attenuation of the conducting coating on 
the reflector is considered to be equivalent to that of the 
grey glass normally used in standard tube faces, the re-
flected beam kinescope for television display purposes 
has a brightness potential, when all factors are con-
sidered, of one-fourth that of a conventional tube. If 
the center of the screen is cut out for radar-type dis-
plays, the potential brightness is the same as for con-
ventional tubes. 

Contrast 

A particular advantage of the reflected beam kine-
scope is the absence of halation.' This results from the 

3 R. R. Law, "Contrast in kinescopes," PRoc. IRE, vol. 27, pp. 
511-524; August, 1939. 

Fig. 9. 

fact that the screen is not in optical contact with the 
faceplate. As a consequence the picture exhibits high 
detail contrast. 

Large-area contrast might be expected to suffer from 
high-velocity scatter of electrons from the phosphor 
screen. The scattered electrons encounter a retarding 
electric field between the screen and reflector which 
causes them to fall back to the phosphor screen. An in-
tense area of illumination, therefore, has the effect of 
reducing contrast in surrounding areas. However, it 
does not produce a halo effect comparable to that ob-
served in post-acceleration kinescopes. The reason is 
that in the reflected-beam kinescope the screen-reflector 
distance is such that the maximum range of the scat-
tered electrons is approximately half the diameter of 
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the picture area. The large area over which the elec-
trons scatter dilutes their effect. Hence, high-velocity 
scatter is less objectionable than in tubes where concen-
trated halos are formed. 

PICTURE SIZE VS TUBE LENGTH 

The tube shown in Fig. 9 is not a production design 
but was fabricated from parts of existing tubes. It has 
an over-all length of 10 inches. A gun in a 110° funnel 
was used. Assuming that the same gun and funnel were 
used for other tube sizes, an estimate has been made of 
the over-all tube length required. These estimates are 
plotted in Fig. 10, together with lengths of existing con-
ventional tubes. It is apparent from the curves that the 
length advantage of the reflected-beam kinescope in-
creases with tube size. 

16" 

4" 

  es e 
e • 

NOMINAL TUBE DIAMETER 

le ze 28" 12" 

e 

e ,. se 
. e ......-  ...." t 

90 .... 

. et t, ..- 

 .101 :SEALED.OFF TUBE SHOWN 1 

„\ree 

FIGS— 

Fig. 10—Reflected-beam tube length compared 
to standard kinescopes. 

FABRICATION OF TUBE 

36 00" 

Screen 

A color-tube aperture mask with enlarged holes was 
used as the foundation structure for the phosphor 
screen. Phosphor was settled on the convex side of the 
mask. 
A problem peculiar to the reflected-beam kinescope 

is the fabrication of the screen in such a way that the 
phosphor at the edge of the holes cannot be excited by 
the beam in its first passage through the screen. It such 
excitation were allowed, a small raster would appear in 
the center of the tube and mar the appearance of the 
raster formed by reflection of the beam. Fig. 11 shows 
the small raster produced in the center. In this figure, 
the picture consists of a white rectangle bordering the 
raster. The small raster in the center marks the first pas-
sage of the beam through the mask. Note that the small 
raster is slightly pincushioned while the picture is 
slightly barreled. 

In the original picture, a third faint rectangle appears 
because of reflections from the tube face. Furthermore, 

Fig. 11. 

1 

direct light from the gun produced a pattern at the cen-
ter of the field. The picture has been retouched to re-
move these patterns so as not to confuse the illustra-
tion of the effect under discussion. 
A formal solution to the problem is either to remove 

the phosphor around the holes or to cover it up so that 
the beam cannot strike it. The latter method has been 
found to work satisfactorily by application of a carbon 
black spray in the central area on the concave side of 
the screen. In effect, the phosphor in the holes that the 
beam can see is covered up with carbon. Satisfactory 
suppression of the central raster is achieved with less 
than a one mil coating of carbon. 

Reflector 

The reflector consists of a semitransparent conducting 
layer applied to the inside of the faceplate of the tube. 
The surface resistivity can be quite high since no beam 
current strikes the surface. In the tube in Fig. 9, an 
evaporated coating of rhodium is used with an optical 
transmission of 85 per cent and a surface resistivity of 
2 X105 ohms. Since low reflectivity as well as high trans-
mission is desirable, other materials such as the alloy 
Inconel4 may be better suited for the coating material. 

Envelope 

The nature of the electron path, as shown in Fig. 1, 
indicates that an unconventional bulb design may be 
used to reduce the tube length or effectively increase 
the deflection angle. Primarily, the shortening comes 
about by being able to recess or telescope the neck of the 
tube into the bulb. The relation of tube length and pic-
ture size has already been discussed and is represented 
in Fig. 10. 
The tube shown in Fig. 9 was made by piecing to-

gether a 21-inch metal color-tube topcap and a metal 
cone. For simplicity in construction, the phosphor 
screen was electrically connected to the metal cone so 
that the cone operates at high voltage. If the screen 
were insulated from the cone, the cone could run at 
ground potential. 

' L. Holland, "Vacuum Deposition of Thin Films," John Wiley 
and Sons, Inc., New York, N. Y., p. 195; 1956. 
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In the test pattern in Fig. 8, there is a distortion at 
the top caused by the feedthrough contact to the semi-
transparent reflector coating. This effect would also 
disappear if the cone were designed to operate at ground 
potential. 
The concave section in the cone represents available 

space for placement of circuit components if extreme 
compactness is desired. 
The reflection of the beam by the retarding field be-

tween screen and faceplate necessitates recessing the 
picture behind the faceplate of the tube. This limits the 
viewing angle of the picture. On the other hand, the 
recess makes the picture more tolerant of ambient light-
ing conditions. 

CONCLUSIONS 

A kinescope having axial symmetry but an unconven-
tional design has been described. The characteristics of 
the tube and the principal problems may be summa-
rized as follows. 

1) The tube length is less than that for conventional 
designs, especially for larger screen sizes. 

2) Ninety-degree deflection power is used to obtain 
effective deflection angles of approximately 1800. 

3) Standard-type deflection yokes and deflection cir-
cuits may be used with the tube. 

4) Lack of halation makes for good detail contrast 
since the front surface of the phosphor is viewed. 

5) Large area contrast may be somewhat lower than 
for a standard type tube. 

6) The envelope may be run at ground potential. 
7) There is space in a recessed part of the tube for 

circuit components. 
8) The brightness for television display is down 4 to 

1 by loss of beam current at the phosphor screen. This 
does not apply for radial scan where no information is 
to be displayed in the center. In this case, the bright-
ness is that of a conventional tube. 

9) The picture viewing surface is recessed within the 
tube. 

10) Suppression of a vestigial image at the center of 
the tube is necessary. This image is produced by the 
first passage of the beam through the screen electrode. 
Suppression is not required in a radial type scan where 
the center may be removed. 

11) Although the resolution is somewhat lower than 
for a standard tube, observation indicated that accept-
able resolution may be obtained. 

APPEN DIX 

For reasons of mathematical simplicity, all the formu-
las given below relate to tubes with concentric spher-

ical phosphor screens and faceplate reflectors. For con-
venient reference, the symbols employed in the formulas 
are listed alphabetically below; the geometric meaning 
of some of them is indicated in Fig. 2. 

Definition of Symbols 

A=1 — V 
= (1 — V,/ 17) (1+q/R) 

B = diameter of screen apertures 
b= distance between point of incidence of 

beam on screen and point of sharp focus 
of the beam 

D. diameter of beam in deflection plane 
D. =diameter of focused spot (at distance b 

from mask) in absence of retarding field 
—e= charge of electron 
m = mass of electron 
p = distance between plane of deflection and 

center of screen 
q =separation of screen and inner (conduct-

ing) surface of faceplate 
rg = distance of point of return to screen 

(scanning spot) from tube axis 
ro = distance of point of incidence on screen 

from tube axis 
R=radius of curvature of screen 
tr= transit time of electron between inci-

dence on screen and return to screen 
V= voltage of screen (with respect to gun 

cathode) 
17,= voltage of faceplate electrode (with re-

spect to gun cathode) 
a = angle of incidence on screen (sin a 

-= ( 1 — p/R) sin 0) 
aiDa = spot enlargement in tangential direction 
ArDs= spot enlargement in radial direction 

AN/ le Vr/m = radial velocity component imparted by 
aperture fields to electron grazing edge 

  of aperture 
a-V2eVt/m = tangential velocity comp:Mee imparted 

by aperture fields to electron grazing 
edge of aperture 

0 = angle of deflection 
p =distance of point between screen and 

faceplate from their common center of 
curvature 

cp =angular coordinate of point with respect 
to tube axis, measured with center of 
curvature as origin 

(Po= central angle of point of incidence on 
screen 

cP, = central angle of point of return to screen 
1 /p — . 1 (1 +q/ R)/2q sin' a 

(dot) = derivative with respect to time 
(prime) = derivative with respect to e 

Derivation of General Formulas 

The path equations in the central field between screen 
and faceplate are 

eV AR' 
— (1+ -?--) (8) 

m qp2 R 
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d 
—dt (P24)) = 0; 

2eV 
p2.11) = RAI — sin a. (9) 

The second equation makes it possible to translate the 
variation with time in the first equation into a variation 
with central angle 4): 

2p' A(1 ± q/R)p2 
p - - - 

P 

The substitution 

leads to 

e = 
p 2q sin2 a 

+  0. 
2q sin2 a 

1 A(1 ± q/R) 

E" + e = 0. 
This differential equation is solved by 

- (po = arcsin (e/e.) — arcsin (eo/E„) 
with 

— 
R 2q sin' a 

1 A(1 ± q/R) 

A(1 ± q/R))2 cot2 a 

2q sin2 a R' 

For this condition, which yields maximum deflections 
for fixed voltages, we obtain 

- 4,0 = 2 arcsin 

2q ( I - 1±R) sin 04/1 - ( I - )2 sin' 0 

(10) 1/(R q)2 - 4qR(1 - 

(11) 

(12) 

(13) 

(13a) 

With condition (20) we obtain 

(13b) - cpo = 2 arcsin 

Eq. ( 13) can also be written in the form 

1 A(1 ± q/R) 
G sin - ct() -1- arcsin (e0/e„)). (14) 

2q sin2 a 

This is the equation of a hyperbola with the focal point 
at the origin. 

Formulas for the spot Displacement as Function of De-
flection Angle 

We find directly from ( 13): 

Of, = 0 - a + 2 arcsin 
q sin 2a 

A'2R2 - 4q(A'R - q) sin2 a 

= arcsin .{sin 0 (V1 - (1 - sin2 o 

- (1 - -e-) cos 0» 

2q (1- -P-)sin OV1 - (1 - I±)2 sin2 0 

A'2R2-4q(A'R-q)(1- 1±)2 sin2 0 

r, = R sin (h. (16) 

If the faceplate voltage V, is to be held constant, the 

highest value of V, for which the beam electrons do not 
strike the faceplate is V„ = 0, corresponding to 

2 arcsin (15) 

2q R - p 
 sin OV1 R  sin2 0 

R R q 

1 R - p\2( 1 ± 2q\ R sin20 
—121 

I)--)2 sin' 0 
• (18) 

For a flat mask, we obtain simply 

r, = p tan 0 2q sin 20. (19) 

It is theoretically possible to increase the scanning 

range by modulating the faceplate voltage, making it 
increasingly positive as the deflection angle increases. 
The maximum modulation which can be used corre-
sponds to the grazing of the faceplate by the beam for all 
angles of deflection. This modulation is given by 

A' = ( 1 ± q/R)(1 ( R R q sin2 0). (20) 

(21) 

Formulas for the Increase in Spot Diameter Above That 
for a Normal Kinescope 

The formulas for the spot diameter given below have 
been computed for plane parallel fields between mask 
and faceplate. Since the radii of curvature of these elec-
trodes are large compared to their separation, this sim-
plification leads to small error. If the beam is focused 
for maximum spot sharpness on the screen side of the 
mask, the length of the beam becomes effectively 

2e V 
L = p' + b = p' + tr (22) 

where, for a spherically symmetric system, the transit 
time tr is given by 

m A'R21/4  A'R21/4  

= 2eV 2 (A'R - 0312 (A'R - 9) 312 

•arcsin 
A'R - 2q 

A'2R2 - 4q(A'R - q) sin2 a 

2qR cos a\ 
(23) 

A'R - q) 

A = 1, A' = 1 ± q/R. (17) For a flat field (R---> ac), we obtain from (23) simply 
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I, = 
m 4q 

/17 2eV A 
cos a. 

4q 
b = — cos a. 

A 

In terms of the deflection angle 0, we can write 

= R / 1 — (1 _ sm . 2 R 0 

— (1 — cos 0} (25) 
RI 

4qV p\ 2 
b = — 1 — (1 — sin' 0 

A  RI 
(26) 

We shall denote by D, the diameter of the spot which 
would be formed at a distance p' -1-b from the deflection 
plane. 
The actual spot dimensions exceed Da for two reasons: 

1) The electrostatic fields about the apertures in the 
mask impart lateral components of velocity to the elec-
trons passing through the mask apertures; and 2) the 
retarding field between mask and faceplate has uni-
lateral focusing action in the radial direction, which dis-
torts the spot in this direction. 

In an azimuthal direction, the spot-size increase is 
given simply by 

/g 2B tan (a/2) 
arD„ 2à /, =   (27) 

tan a 

2B cos (2a) 
=  + 2(D, D„) sin2 a  
1 cos a p' + b 

2B (1 — 2 (1 — sin? 0) 

1 -I- 4/1 — (1 — -10 2 sin' 0 

In order to determine the focusing of the rays of the 
(24) beam which are not deflected by the aperture fields, we 

consider the extreme rays of the beam in the meridional 
plane, i.e., those that pass from the top and the bottom 
of the disk of diameter D, in the deflection plane to the 
top of the spot disk of diameter D,. 

In the plane of the mask, we have for the distance 
of the ray in question from the central ray 

1 p' + bDe 
Aro — (30) 

2 p' + b 

and for the angular deviation from the central ray 

D, -TD,. COS a 
Act —   (31) 

2 pl+b 

We thus obtain for the distance of these rays from the 
center of the beam upon their return to the mask: 

àr, = àro 4q cos (2a)àa/A (32) 

= — (± De — Da) sin' a (   b b)\ . (33) 
2 pl +  

In all practical cases (and in particular for a<43°), 
the upper sign indicates the ray establishing the bound-
ary of the spot. Hence, the total increase in the spot di-
ameter becomes 

8q(Dc — D„) 1 — 2 sin' 0,4/1 — 1 — sin' 0 

• (34) 

(4q + AR) V1 — (1 — sin20 — AR (1 — -P--) cos 0 

In the radial direction, the aperture fields effect a maxi-
mum change in direction àa, given by 

sin (a -I- àa) — sin a = 
V 

Vàa = sec aà —V, = 
V 

BA 
—  sec2 (a/2). (28) 
8q 

The corresponding spot enlargement is 

4q 2B cos (2a) 
2.— cos (2a)àa =   
A 1 + cos a 

(29) 

The effect of the mask apertures is thus to increase the 
spot size both in the tangential and in the radial direc-
tion by an amount, equal to the spot diameter on the 

tube axis, which decreases with increasing deflection 
angle. 

Thus, on the axis, the spot size is increased by the aper-

ture diameter. For large deflection angles, this spot-size 
increase is augmented if the beam diameter in the de-
flection plane is relatively large and reduced if it is 
very small. Since, in general, D„>>D„ the added term 
generally signifies an increase in the spot size. 
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Shot Noise in Tunnel Diode Amplifiers* 
J. J. TIEMANNt, MEMBER, IRE 

Summary—The contributions of Johnson noise and shot noise to 
the noise in a tunnel diode are analyzed according to a simple theo-

retical model. The current stream flowing across the junction in one 
direction is assumed to be uncorrelated with that flowing across the 
junction in the opposite direction, and both current streams are as-

sumed to produce full shot noise. A simple parabolic band structure 
is also assumed. There is qualitative, but not quantitative, agreement 

between the predictions of this model and the experiment. On the 
basis of some simplifying assumptions (which are consistent with the 

experiment), the noise figure of a tunnel diode amplifier is calculated. 
A simple graphical method of determining the approximate noise 
figure of a diode from its current voltage characteristic is presented. 

It is found that the noise figure has a broad minimum centered about 
a point slightly higher in bias than the bias value for maximum nega-

tive conductance. 

I. INTRODUCTION 

T HAS been reported in the literature" that tunnel / 
diodes display little or no excess noise in the bias 
region where the I-V characteristic displays a nega-

tive dynamic conductance. This paper consists of a 
more quantitative measurement of the noise in this bias 
region and an analysis of the noise figure of a tunnel di-
ode amplifier based on these measurements.3This analy-
sis corrects some errors which have appeared in the 
literature.' The next section describes a simplified model 

for the tunnel diode, and uses this model to predict its 
noise properties. Section III relates the noise properties 
of the tunnel diode to the noise figure of a small signal 
amplifier, and the last two sections describe the experi-

mental procedure and results. 

II . THEORETICAL MODEL 

Following Esaki,5 we assume that there are two cur-
rent streams flowing across the junction in opposite di-
rections. These currents are due to the fact that an 
electron occupying a state on one side of the junction 
can cross the barrier by means of the quantum mechan-
ical tunnel effect if there is an appropriate unoccupied 
state available on the other side (see Fig. 1). It will be 
seen that the current flowing in the reverse direction is 
the familiar Zener current. For the sake of definiteness, 

* Received by the IRE, February 8, 1960; revised manuscript re-
ceived, March 25, 1960. 
t General Electric Res. Lab., Schenectady, N. Y. 
1 T. Yagitna and L. Esaki, " Excess noise in narrow germanium 

p-n junctions," J. Phys. Soc. Japan, vol. 13, pp. 1281-1287; Novem-
ber, 1957. 

2 H. S. Sommers, Jr., "Tunnel diodes as high-frequency devices," 
PROC. IRE, vol. 47, pp. 1201-1206; July, 1959. 

3 Most of the material in this paper was presented orally by the 
author at the IRE Solid-State Device Research Conference, Cornell 
University, Ithaca, N. Y., June, 1959. 

4 K. K. N. Chang, "The optimum noise performance of tunnel-
diode amplifiers," PROC. IRE, vol. 48, pp. 107-108; January, 1960. 
Because of some errors in analysis and interpretation, some of the 
conclusions drawn in this letter are incorrect. 

6 L. Esaki, " New phenomenon in narrow germanium p-n junc-
tions," Phys. Rev., vol. 109, pp. 603-604; January, 1958. 

we will call the current stream flowing in the forward 
direction the Esaki current. 
The Zener current h from the valence band to the 

conduction band, and the Esaki current JE flowing from 
the conduction band to the valence band are taken as 

follows: 

ffc(E)Pc(E)Z,.. [1 — f„(E)]p„(E)dE, (la) 

fE, [1 — fe(E)]P.(E)dE, (lb) 
E, 

where A is an appropriate arbitrary constant. 
In the expression for 1E, fc(E) is a Fermi function de-

noting the probability that a state at energy E in the 
conduction band (on the n-type side) is occupied, and 
pc(E) is the density of such states at energy E. The 
quantity Z,„ is the probability per unit time that an 
electron in a particular state in the conduction band 
will appear on the other side of the barrier, and that 
the remaining factors are the probability that a particu-
lar state in the valence band is empty, and the density 
of such states at the energy E, respectively. The inte-
gration ranges over the overlap region where the two 
bands are "crossed." The factors in the expression for 
/z have a similar meaning. 

CONDUCTION BAND 
"FERMI LEVEL" 

VALENCE BAND 
"FEW LEVEL 

Fig. 1—The electron potential is plotted vs the dimension perpen-
dicular to a doubly degenerate p-n junction for the condition of 
zero bias. The Fermi level is shown at an energy C within the con-
duction band on the n-type side, and at an energy V within the 
valence band on the p-type side. The integration shown in the 
expression ranges over the region where the bands overlap. 
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In actual fact, the Z's are functions of both the inte-
gration variable and the applied bias. The calculation 
of the value of Z has been the subject of several publi-
cations.' For the present analysis, however, we shall 
continue to follow Esaki and set 

= const. 

The net electron current flowing across the junction 
is the difference between IS and /z and is given by 

Er 

= Is — Iz = A' f [ME) — ft.(E)jpep.dE. (2) 

For calculation of the mean square noise current, we 
shall assume that both current streams are completely 
uncorrelated. 7 Both of these current streams will then 
contribute full shot noise, and the equivalent saturated 
diode current for the tunnel diode is the sum of h and 
Is (see Fig. 2). 

= lz+ IS = A' f5 [.4+ — 21.4p,prdE. (3) 

It is shown in the Appendix that this expression re-
duces to the correct value for Johnson noise in the re-

THEORETICAL TUNNEL DIODE CHARACTERISTICS 

PARABOLIC BANDS ASSUMED 

kT 
C. V, 5 T 

Fig. 2—The net diode current / is composed of two current streams 
flowing in opposition across the junction. Is, flowing in the re-
verse, is the familiar Zener current. The "Esaki" current is re-
sponsible for the negative resistance. Since these two streams are 
uncorrelated, their effects add (rather than subtract) in determin-
ing the noise properties of the device. 

E. O. Kane, "Observation of direct tunneling in germanium," 
Phys. Rev. Letters, vol. 3, pp. 466-468; November, 1959. See also 
Kane, footnote 11. This paper contains several references to earlier 
work. 

7 This assumption will be discussed in detail in a future publica-
tion. 

gion of zero bias. This model is therefore not in conflict 
with the requirements of thermodynamics. 
Upon assuming a density of state function, and fixing 

the location of the band edges with respect to the Fermi 
level, the expression for i and i„ are easily evaluated as 
functions of applied bias and temperature. Two such 
curves are shown in Fig. 3. One feature worth noting is 
that i and i„ approach each other when more than a 
few times kT/e of bias is applied. This fact will be used 
later to obtain an approximate expression for the noise 
figure of a tunnel diode amplifier in ternis of easily 
measured quantities. 

TUNNEL DIODE CHARACTERISTICS AT DIFFERENT TEMPERATURES 

(THEORETICAL/ 

HIGHER TEMP 

Fig. 3—Thermodynamics requires that for zero bias, 

2kT e — dI 
dv v-0 

RIAS 

In our model, this cornes about because both h and h fall to 
zero more rapidly at lower temperatures. This fact is also re-
flected by the higher value of the peak current at lower temper-
atures. 

III. THE NOISE FIGURE OF A SMALL 
SIGNAL AMPLIFIER 

We now turn our attention to the relationship be-
tween the noise properties of a tunnel diode and the 
noise figure of an amplifier using it. Fig. 4 shows two 
amplifier circuits which are essentially identical."-'° 

8 For additional discussion on small signal tunnel diode amplifier 
see, for example, U. Davidsohn, et al., "Designing with tunnel di-
odes," Electronic Design, vol. 8, pp. 50-55, February 4, 1960; vol. 8, 
pp. 66-71, February 17, 1960. 

9 I. A. Lesk, N. Holonyak, and U. Davidsohn, "The tunnel di-
ode—circuits and application," Electronics, vol. 32, pp. 60-64; No-
vember 27, 1960. 

1° E. Gottlieb, "Using the tunnel diode," Electronic Industries, 
vol. 19, pp. 110-113;March, 1960. 
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AMPLIFIER CIRCUITS 

is2 4IcTsGs Af 

2eI eo Af 

L. TLGL Af 

NOISE CIRCUIT 

Fig. 4—Small signal tunnel diode amplifiers. The circuit on the left 
is a typical narrow-band amplifier circuit. At the center fre-
quency, it is equivalent to the circuit on the right, provided G, and 
GI, are the transformed source and load conductances, respec-
tively. The generators in the lower circuit represent the fluctuating 
noise currents. 

The only difference is that in the video amplifier the ad-
mittance seen by the diode is independent of frequency. 
The current generators in the equivalent circuit repre-
sent the Johnson noise in the conductances and the 
shot noise in the diode, and are given by 

• = 4kT,G.Af, 

• = 2eie„Af 2eiàf, 

• = 4kTLGLAI., (4) 

where T. and TL are the absolute temperatures of the 
source conductance and the load conductance, respec-
tively. In replacing 4, by i, it is assumed that the tem-
perature of the diode is low enough that /z//E«1 at 
the operating point and that correlation effects are 
negligible. 

Since all of these sources are in parallel, we arrive at 
the noise figure simply by taking the ratio of the total 
mean square current to that contributed by the source 
alone as follows: 

F (j.2 id2 iL 2)/i.2 

TLGL ei 
= 1 ±  

T.G. + 2kT.G. 
(5) 

In order to appreciate what (5) implies regarding an 
actual amplifier, let us consider the operation of the 
amplifier of Fig. 3 in greater detail. 
The impedance into which the signal current source 

feeds its current is 

Z = (G, GL — G)-1. (6) 

The output power is therefore 

W o = e2GL = (M2G L. 

The available power from the signal source is in the 
same units 

i2 

Wi = - 

4G8 

and the gain of the amplifier is 

G = Wo/Wi = 4G,GLZ2. (7) 

According to ( 7) and (6), the gain can become arbi-
trarily large as G approaches Ga+GL. On the other 
hand, we see from (5) that the minimum noise figure 
for the stage occurs when G, is as large as possible. This 
means that for the lowest noise figure and large gain 
we should choose 

G. > G 

GL,-, O. 

For this case, (5) becomes 

ei 
F ± = 1 -1-

2kTaG T. 

Teff 
(8) 

where ref( is defined by (8) and is the inherent noise 
"temperature" of the diode. 

e i 

Teff = —2k • (9) 

Referring to Fig. 5, the quantity i/G appearing in (9) 
is the horizontal distance along the voltage axis between 
the points at which the tangent to the operating point 
crosses it to the point directly below the operating 
point. The most favorable operating point for a given 
diode as well as an absolute figure of merit for the shot 
noise of the diode can therefore be easily obtained from 
the I-V characteristic. It should be pointed out that al-
though there is a minimum value of i/G for any par-
ticular diode, there is no known general argument which 
states what this minimum value can be. Therefore, until 
more is learned theoretically about the properties of 
heavily doped semiconductors, nothing can be said 
about an ultimate limit on the noise figure of a tunnel 
diode amplifier. Generally speaking, we have found 
that diodes made from larger band gap semiconductors 
have larger values of (i/G) at the optimum operating 
point than diodes made from semiconductors with small 
band gaps. From the point of view of noise performance, 
therefore, small band gap materials are preferable. Two 
prominent disadvantages of small band gap tunnel di-
odes are the fact that they are unable to operate over a 
wide temperature range, and the fact that their output 
voltage is correspondingly lowered. 

If the tunnel diode stage is the first stage of an ampli-
fier system and if the subsequent stages of amplification 
are extremely noisy, then one requires a very large gain 
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CONSTRUCTION FOR EVALUATING THE SHOT 

NOISE PROPERTIES OF THE TUNNEL DIODE 

Fig. 5—In the above construction, a tangent to the characteristic 
curve at the operating point is drawn to the voltage axis and a 
perpendicular is erected through it. The horizontal distance be-
tween the intersection of these lines with the voltage axis is pro-
portional to the effective noise temperature of the device. 

from the tunnel diode to get the best noise figure, and 
(8) represents the best noise figure possible. On the 
other hand, if the second stage is not too noisy com-
pared to the tunnel diode, not as much gain is needed 
from the tunnel diode, and G, can be increased above G 
by a greater amount. In this case, the noise figure of the 
tunnel diode stage is less than that given by (8), and 
the over-all noise figure can also be less. 

IV. EXPERIMENTAL RESULTS 

Fig. 6 is a plot of the I-V characteristic of a typical 
germanium tunnel diode. The donor concentration on 
the n-type side is about 4X10'9/cc and the acceptor 
concentration on the p-type side is about 102°/cc. Also 
plotted is the equivalent saturated diode current. This 
quantity is defined as 

i2 

= e 
2eàf 

and for an applied bias large compared to kT/e would 
be identical with the dc current flowing if full shot noise 
was present. 

The circuit used at 0.5 mc is shown in Fig. 7. The cir-
cuit used at 100 mc was similar. The experimental pro-
cedure is as follows: With the tunnel diode removed 
and the resistance R set at some convenient value, one 
measures the noise power from the narrow-band am-
plifier. Then one increases the current in the noise di-
ode until this power is doubled. The diode current re-
quired to do this is the equivalent saturated diode cur-
rent for the preamplifier stage and the Johnson noise 
of the resistance. One then increases the output of the 
signal generator until the power meter reads a conven-
ient value large compared to the noise. Next, one in-
serts the tunnel diode and replaces the resistance R by 
a different convenient value and adjusts the bias on the 
diode until the signal produces the same reading as be-
fore. At this point, the combined conductance of the 

COMPARISON OF TUNNEL DIODE CHARACTERISTICS 

WITH PREDICTED CURVES 

(PARABOLIC BANDS WITH ABRUPT EDGES ASSUMED) 

1 

• 

---- CALCULATED LI" 

- MEASURED I 

0 MEASURED / eq 

o 
o 

0 .1 .2 .3 .4 .5 

VOLTS 

Fig. 6—Although the relationship between the dc current and the 
noise are similar to the calculated relationship, it is clear that our 
simple model ( particularly as regards the abrupt band edges) 

• is not in agreement with the measurements. 

10K 

NOISE MEASUREMENT CIRCUIT 

TUNNEL 
DIODE 
BIAS 

NOISE 
r DIODE 

Fig. 7—The circuit for measuring the equivalent saturated diode 
current of a tunnel diode. 

new resistor plus the tunnel diode is equal to the con-
ductance of the original resistance alone. Under this 
condition, the equivalent saturated diode current for the 
preamplifier will be as before, and the additional noise 
diode current required to double the noise power is due 
to the diode and the added conductance. By subtracting 
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the contributions from the conductance and the pre-
amplifier, one obtains the value for the tunnel diode 

alone. 
Referring to Fig. 6, we notice that the behavior of 

the noise is in qualitative accord with our model. That 
is, for applied bias in excess of a few times kT/e, the 
equivalent saturated diode current drops from the 
Johnson noise value to essentially full shot noise. We 
notice, however, that the negative conductance is not 
as great as is predicted from the calculation based on 
parabolic density of state functions for the conduction 
and valence bands. Since this fact implies a poorer 
noise figure for the diode than would be expected, it is 
of interest to examine the possible reasons why this is 
so. There are two possibilities: either the conduction 
band electrons lose energy through interactions with 
other entities (such as phonons, photons, and free car-
riers) in the crystal during the tunnelling process, or 
there are states for the electrons within the forbidden 
gap. These alternatives are represented in Fig. 8. The 
first of these possibilities has been examined by Kane," 
and has been found to be unlikely. The second possi-
bility seems at present to be the more likely. There are 
two types of states which could be present in the for-

MODELS FOR EXCESS CURRENT 

ELECTRON SCATTERS 
FROM FUZZY BAND EDGE 

STATE 

.FREE ELECTRON 

ELECTRON SCATTERS TO 
STATE IN FUZZY BAND EDGE 

ELECTRON TUNNELS 
HORIZONTALLY 

Fig. 8—In the first process, the electron loses energy through the 
involvement of some other entity in the tunnelling process. In the 
second process, the electron tunnels without loss of energy by 
means of states within the forbidden gap. The energy is lost both 
before and after tunnelling. 

" The author is indebted to E. O. Kane for a pre-publication copy 
of his manuscript, "Electron-electron scattering in n-p tunneling," 
Bull. Am. Phys. Soc., vol. 5, p. 160; March 21, 1960. 

bidden gap. There could be deep levels caused by some 
unknown impurity or by a complex of donor or acceptor 
impurity atoms, or there could be a general fuzzing of 
the band edge caused by the large impurity concentra-
tions present in the crystal. The latter case is in agree-
ment with the observed current voltage characteristic 
and the fact that the small band gap materials, which 
require fewer impurities to become degenerate, show a 
lower value of i/G. If deep level traps are involved, the 
bound states must have a lifetime less than about 
2 X10-9 second; otherwise the noise would have ex-
ceeded the shot noise value by a measurable amount. 

APPENDIX 

THE RELATION BETWEEN JOHNSON NOISE AND 
SHOT NOISE IN A TUNNEL DIODE 

According to very general thermodynamic argu-
ments, the noise current in any two terminal devices at 
thermal equilibrium (zero applied bias) must be given by 

= 4kTGAt", (10) 

where 

ai 
G = — 

av 0=0 

is the conductance at thermal equilibrium. Now, ac-
cording to our model, there are two opposing but un-
correlated current streams crossing the barrier. Their 
difference is the current i flowing, but their sum deter-
mines the shot noise. 
For the mathematical steps which follow, it is con-

venient to express these current streams in terms of 
dimensionless variables. We take our unit of voltage 
as kT/e. By comparing Fig. 1 with Fig. 9, it is easily 

Ev 

ELECTRON POTENTIAL FOR A TUNNEL JUNCTION 

OVERLAP 
REGION 

DENSITY 
OF 

STATES 

DENSITY OF 
UNOCCUPIED 

STATES 

Ev 

1E= A f [Pc I Zcv rp,(1 -f(EllidE 

Ec • 

DENSITY OF 
OCCUPIED 

PENETRATION 
FACTOR 

NUMBER OF ELECTRONS 
AT ENERGY E IN CON-
DUCTION BAND 

Ec 

NUMBER OF AVAILABLE 
STATES AT ENERGY E 
IN VALENCE BAND 

Fig. 9—The variables used in the Appendix. 

UNITY 

STATES 
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seen that ( 2) and (3) become 

i = A f  N/EN/ X — E 

• [f(E — C) — f(E + V — X)[dE, (11) 

= 2eA.àf f VEN/X — E[f(E — C) 
o 

+ f(E + V — X) — 21(E — C)f(E + V — X) jdE, (12) 

where 

f(z) = 1/1 d-e8 is the Fermi function, 
(kT/e) C is the position of the Fermi level in the con-

duction band, 
(kT/e)V is the position of the Fermi level in the 

valence band. 

The radicals appearing in the integrands represent the 
density of states functions and represent a simple para-
bolic band shape. 

In ternis of the dimensionless variables C, V, and X, 
the applied voltage is 

kT 
= — (C + V — X); 
e 

hence 

di e di 

—dv kT (Tx . 

Now 

di 
=[A'N/EN/X — E[f(E — C) — f(E + V — X)[1( 

—dx 

lc 1  
+ A' f VE2N E [f(E — C) — f(E + V — X)[dE 

0   

1- fVEN/ X E  exp (E + V — X) 
o [1 + exp (E — V — X)]2 dE. 

At zero bias, X = C+ V. Hence, the first two terms van-
ish. Thus 

di 

dv 11=0 

eA' f VEN/ c+v _ exp (E — C) 
= — C + V E  

kT 0 [1+C)[2dE' 

and the Johnson noise is 

c+v 
iJ2 = 4eA'àf f ../L/C + V — E 

exp (E — C) 
 dE. 
[1 + exp (E — C)[2  

Similarly at X = Cd- V, ( 11) gives for the shot noise 

(13) 

c+v 1 
ia2 = 4eA'Af f N/TN/C + V — E[  

1 + exp (E — C) 

1 
  dE 
[1 + exp — OP] 

c+v exp (E — C) 
= 4eAW f VEN/C + V E dE, 

o [1 + exp (E — C)]2 

in agreement with ( 13). 
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A Parametric Device as a Nonreciprocal Element* 
A. K. KAMALt MEMBER, IRE 

Summary—A parametric device has been proposed which is 
equivalent to a passive nonreciprocal phase shifter. A first-order anal-
ysis is made assuming the series resistance effect in the variable 
capacitance diode to be negligible and a dispersion theory for match-
ing and bandwidth of the nonreciprocal element is developed. The 
nonreciprocal phase behavior of the device was exhibited experi-
mentally over a narrow frequency band. 

I. I NTRODU( TION 

T
. I I E importance of parametric amplifiers using 
semiconductor diodes has stimulated the de-

  velopment of various other devices. At the higher 
frequencies (of the order of one kmc and higher), where 
ferrite isolators and circulators are easily available, 
some problems of the negative resistance type of para-
metric amplifier are easily solved. At lower frequencies, 
however, of the order of few hundreds of megacycles, for 
example, it becomes difficult to separate the input and 
output circuitry. In other words, one should provide a 
nonreciprocal element between the load and the para-
metric device, first, in order to eliminate the effect of 
load impedance variations, and second, to keep the 
noise produced by the hot load from entering the device, 
being amplified and returning to the load. 

In this paper certain potentialities for nonreciprocal 
behavior in parametric devices are exploited. A non-
reciprocal circuit element has been proposed which can 
be used as an isolator or circulator at lower frequencies 
where it is not possible to obtain the ferrite equivalents. 
The idea is based on the fact that if we employ an up 

converter parametric amplifier, as shown on the left of 
AA' in Fig. I, we note that the upper sideband co„ 

u.) Le, 

e 

44. u), /4+4-% 

Fig. 1—Block diagram of the nonreciprocal device. 

* Received by the IRE, September 28, 1959; revised manuscript 
received, March 17, 1960. 
f School of Elec. Engrg., Purdue University, Lafayette, Ind. 

This work was done by the author during the summer of 1959 at 
Bell Telephone Labs., Murray Hill, N. J. 

--=co„4-e.t, has a phase angle of cp„-1-08, where 44 is the 
phase angle associated with the signal and Op is the 
angle associated with the pump. The right-hand side of 
this figure is a down converter parametric amplifier 
where the pump frequency remains the sanie but the 
pump phase angle is changed to Op'. Hence, the output 
is at the signal frequency with a phase angle of 0,-44),,' 

Considering the transmission from right to left, we 
will get the output signal frequency at a phase angle of 
Op' — 0„--1-0,/, which demonstrates the phase nonrec-
iprocity. As an example, suppose that c¢„,--0,' =90° 
In this case, the transmission from left to right will pro-
duce a phase angle of 90°+4h, while from right to left 
it will give — 90°-1-44'. Hence, in the two directions, the 
device will produce a 180° phase shift, which shows a 
complete nonreciprocity. The amplitude of the signal is 
not affected because the diodes are assumed to be loss-
less. 

II . ANALYSIS 

The analysis is based on the transfer or ABCD matrix 
methods as described in the appropriate forms by 
Guillemin.' 

The equation for a reactance parametric amplifier 
can be written in the usual admittance matrix form2 

= 
[  1,, 

Cu,,. 

Cow,,, 

o 

C 1*(0„1[ V, 

O V„,*], (1) 

Cow„ 

where subscripts s, nt and u represent the quantities at 
signal, image (or lower sideband), and upper sideband, 
respectively; the star indicates the conjugate value. 

From ( 1), reversing the sign of /"„ and suppressing the 
lower sideband, the equation for an upper sideband up 
converter in .1BCD matrix form can then be expressed 
as 

Co2 
— ¡CO. — 

CI 

(2) 

Liu ] 

' E. A. Guillemin, "Communication Networks," John Wiley and 
Sons, Inc., New York, N. \ vol. 2, ch. 4; 1935. 
2 M. E. Hines, "Amplification in Nonlinear Reactance Modu-

lator," presented at the 15th Conference on Electron Tube Research, 
Berkeley, Calif.; June, 1957. 
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which can be written3 as 

r v.] = ci. bi F.] 
Li„ J V c, Lc di J 

= K [ac bd] [ id 

= ic[a][117] 

where 

  * 

K = 
cu. CI. 

b —   
210 

(»Xi) 

210 
and 

WuCo 

\ 
= I ci I (1 I ci 12r 

çt2 = 

The operator [0] in ( 5) represents a passive reactive 
network which does not include any pump phase rela-
tionships. The determinant of this operator is unity. 
On the other hand, K is the active element and in-

volves the pump phase relationship, i.e., 

K = 1K1e"P where 

and 

IKl = 

1 CI* 
— In — 
2 CI 

so that 

co„ 

= — phase of C1. 

But C1 depends on the pump voltage V„, therefore, 

ct, = — phase of V,. 

(6) 

(7) 

Consequently, it is possible to display the network 
represented by (3) schematically, as in Fig. 2. Eq. (3) 
and Fig. 2 characterize a simple nonlinear reactance 
diode which has as a usual representation, that shown 
in Fig. 3. 

If such an up converter is terminated by a down con-
verter having a similar diode as a parametric element, 
it is easy to write down a circuit configuration of the 

whole system, as shown in Fig. 4. [el represents [a] 
with co„ and co. interchanged. The gain in a lossless sys-
tem is unity, since 

1 

I
2 1781,* for the up converter, 

K1  

a H. A. Hans, "Equivalent circuit for a passive nonreciprocal net-
work," J. App!. Phys., vol. 25, pp. 1500-1502; December, 1954. 

and 

V.I.* = I K1 211 u1 .* for the down converter. 

The phase, however, will be changed by an amount 

± (phase of V„, — phase of V„2), (8) 

which is the phase difference between the two pumps. 
The above relationship can also be shown simply by 

writing down the transmission, for example, from left 
to right, as follows: 

Transfer function — 
1 

Vcoo CI* i/co. Cl' 
—•— X — 
W. C1 to, CI' 

(up con-
verter) 

= 

(down 
converter) 

where cih and ck2 are the phase angles of the pumps. 

(9) 

III . MATCHING AND BANDWIDTH 

It will be of great importance to consider the match-
ing problem between the two networks [a] and 
Matching is accomplished by inserting a coaxial line 
between the up converter and down converter para-
metric devices, as shown in Fig. 5. The figure represents 
the case of two lossless diodes, which can be justified by 
neglecting the series resistance at lower frequencies pro-
vided that the Q is very high. 

f lh2 aVp. LP) 

Fig. 2— Up converter parametric amplifier representation. 

Fig. 3—Nonlinear reactance diode. 

f3 phase V 

Fig. 4—Circuit contil,nration of an up converter-
down converter parametric amplifier. 

zo 

Fig. 5—Matching by a coaxial line of length O 
and characteristic impedance Zo. 
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In the normalized matrix form, one can easily write Since the determinants of 

that 

where 

V, 1 11 [A iBni- cos° ¡ sing 

[4 1 [0 1 iC D _ i L i sin ft cos eJ 

oirvoi 

pc AJL1 iJL o J 
(10) 

[a], WI 
( cos 0 

and 
i sin 0 cos 0 

are unity separately, the determinant of [ T] must also 
be 1. Hence, 

THT22 Ti2T2i = 1. (16) 

At any frequency for which match is obtained, it can 
co„Co 1 be shown that 

=   B —   
12,91 C11' 

c:  
C = R,111 CI 1 (1 

1 CI 12) 

coaCo 
D = —  and R Mierator = Rload 

CI I 

Eq. ( 10) is represented by Fig. 6. 

o 
le] 

Zo — Ro. (11) 

Fig. 6—Normalized represent lion of Fig. 5. 

Performing the matrix multiplication, one gets 

T12 = T21. (17) 

The insertion gain of such a network is, in general, 
given by' 

4 
Go 

since 

(18) 

Available power in the unit load = I F,I 2 
Go =   , (19) 

vo 12 I vo12 
matched power — — 

4 4 

4 
GO = 

I T11 + T22 ± i( T12 -1- T21) 1 2 
(20) 

At the center frequency, that is, when perfect match-
ing conditions occur, 

D(i1 cos 0 — B sin O) 
1 4 

— C(A sin 0 ± B cos 0) Go =   = 1 (21) 
4(T11 2 ± T122) 

D(C cos 0 ± D sin 0) } 
11[i since 4. 

+ C(D cos 0 — C sin 0) 

r(A cos 0 — B sin 0) } 
1 

+ A (A sin 0 B cos 0) 

A (D cos 0 — C sin 0) 
1 

— B(C cos 0 D sin 0) 

I 

1 

which may be written more compactly in the form 

r rl Ii[ Tu in2ip 

L, L 11 0 1_,,.¡T2, Trib 

, ruin iiL oin r ] L Lo I i o 

where 

Tn = T22 = (AD — BC) cos e — sin 0(BD ± CA), 

T12 = 2AB cos 0 — B2 sin 0 ± A2 sin 0, and 

T21 = 2CD cos e — C2 sin 0 + D2 sin O. 

T11 and l'12 = 121. 

The bandwidth of the previous system can be evalu-

(12) ated by varying one of the variable parameters, for ex-
ample, the signal frequency W9. In general, one can write 
the matrix transform [ 1] of ( 14) as 

[TI = [To] + [ST] (22) 

where [To] is the value of [T] at match frequency and 

(13) [ST] is the change from the center value. 
In terms of a small variation t5co„ in the signal fre-

quency, the gain is shown in Appendix I to take the 

(14) form of 

G = 
1 

(23) 
1 [a(Ti2 - 7-20-12 

1 + — (604)2  iw 

H. Seidel and G. F. Hermann, "Circuit aspect of parametric 
„ amplifier," 1959 IRE WESCON Cosy ENTioN Ecoau. pt. 2, pp. 

(10) 83-90. 
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The three-db bandwidth can be found by equating 

1 [0(7'12 — T21)12 
(842   to 1. 

4   

We will take a practical example by assuming some 
specific values and solving for the gain from (23) and 
(39) (see Appendix II). We will assume the following 
values: 

co. = 2r X 500 X 106 cycles/second, 

w„ = 2/r X 2000 X 106 cycles/second, 

Co = 10 mÁfds, 

IC1 = N/10 ppfds, and 
R, = 50 ohms. 

The three-db bandwidth, as shown in Appendix III, 
is given by 

8,02 = i 1 ) 

\122.6/ 

WI 

Sco = = 2r X 45.2 mc. 
10 

Consequently, the bandwidth 

2M = 90.4 mc. 

For a coaxial line, ( 39) becomes 

2 812 

[ 2— ( T12 — T21)1 (t5C0.) 2 = 368. 6 
aws Jws 

hence, the gain by (23) becomes 

1 
G =  

a, 2 ' 
1 ± 92 (--) 

ws 

which gives the three-db bandwidth condition that 

or 

Sco 

1 
v5w2 = 

92 

1 
= — X 27 X 500 mc. 

9.6 

Hence, the bandwidth 

2M = 104.2 mc. 

The Q of the system can also be calculated, since 

f 500 
= — = 4.8 

2Af 104.2 

(24) 

for the coaxial case, and 

for the guide. 

f 500 
Qguide = = 5.5 (28) 

23,f 90.4 

IV. EXPERIMENTAL SET-UP 

The experimental arrangement is somewhat more 
complicated than one might infer from the block dia-
gram of Fig. 1. This is due to the necessity of matching 
each element in and out, which in turn requires a liberal 
use of tuning stubs. This obviously tends to make the 
whole arrangement of narrower bandwidth than that 
predicted by the theory outlined in Section III. 
A simplified block diagram for a three-port circulator 

is given in Fig. 7, since, in this form, the gyrator action 
of the parametric network was most amenable to ob-
servation. 

MAG,IC 

TEE 

Fig. 7—Block diagram of a three-port circulator. 

(25) A magic tee is used to provide the third port. At the 
input port, a simple three arm tee is employed which 
divides the signal equally into two arms, one of which 
consists of the nonreciprocal parametric device and the 
other which has just a phase balancer in it. 

In the parametric device arm, a filter for eliminating 
the pump is provided between the up and the down con-
verter parametric amplifiers. This filter plays a very 
important part in determining the bandwidth char-
acteristics of the device. The same pump source feeds 
both the up converter and down converter, the pump 
phase difference being introduced by a phase shifter in 
one arm. We have used a variable coaxial line for this 
purpose. It is easy to see that when the path PA is equal 
to PB, the two pumps are fed in phase at the points A 
and B. But changing the length PB gives a phase dif-

(26) ference at the points A and B, and, consequently, one 
gets a nonreciprocal device. It is possible to produce any 
amount of phase nonreciprocity since the signal phase 
change is directly proportional to the pump phase 

(27) change. In other words, when the two pumps have a 
zero phase difference, the device is completely recipro-
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cal. As the pump phase goes from 0° to 180°, the para-
metric device becomes a perfect gyrator at 90° phase 
difference, and again becomes reciprocal at 180°. • 
We have also used a variable coaxial line for the phase 

balancer in the second arm. 
If the signal is applied, for example, to port 1, it 

divides into two equal parts, one passing through the 
parametric device and the other through the phase 
balancer, combining at port 2, where a magic tee is pro-
vided. The terminal 3 provides the third arm of the 
circulator and is terminated. When the phase shift of 
the pump was 90°, the transmission fron port 1 to port 
2 was adjusted to add in phase at port 2. On the other 
hand, transmission from ports 2 to 1 under those con-
ditions resulted in cancellation of the two signals, giv-
ing a minimum at terminal 1. 

V. EXPERIMENTAL RESULTS 

A signal frequency of 500 mc and a pump frequency 
of 1500 mc were chosen. The up converter thus gave a 
2000 111c upper sideband which in turn became the 
signal for the down converter parametric amplifier 
which again gave out 500 mc. Under perfect conditions, 
there should not be any power loss since the gain in the 
up converter is exactly the saine as the loss in down 
converter parametric amplifier. We did get loss, how-
ever, which, we were able to reduce to less than one db. 
With the elaborate tuning arrangement, a bandwidth 
of 5 mc was observed. 
When the whole unit was operated as an isolator, by 

loading the third port of the circulator, we were able to 
obtain an isolation of more than 46 db between the two 
directions. 

G =  
4 ± [(Tu — T22) 2 + ( T12 

VI. DISCUSSION 

The loss of less than one db was exceptional when one 
considers the number of elements, such as filters, etc., 
included in the experimental circuit. It is quite possible 
that under such conditions the converters might have 
acted as negative resistance amplifiers and provided 
gain. 

This negative resistance behavior limits the band-
width of the system and makes the phase relationships 
more complicated than those discussed above. To 
eliminate the lower sideband, the circuit has to be de-
signed properly. 
The other limiting factor for the bandwidth is the 

filter which is necessary in this device. Consequently, 

it is important to design a broad-band and low inser-
tion loss filter. Matching elements should also be de-
signed carefully so as not to limit the obtainable band-
width. 

One of the future efforts will be to broaden the band 
to 100 or 150 mc. 

APPENDIX I 

CALCULATION OF GAIN FUNCTION DEN OM I NATOR 

rv,i p nr 7,„+ 8T„ i[Ti, 
Lo dLi[ni + ST21] 7'22 

[I 01V00 Li ] 

where 

T11 61.11 = T22 ST22. 

Since the determinant still remains unity, 

(T11 ± STn)(T22 + 6T22) + (T12 ± (512)(T21 + ST21) = 

5T121 

ST22 J 

(29) 

(30) 

1 

which gives to first order in the variation of the matrix 
elements: 

THST22 T22STI2 Ti2ST21 T2IST12 = 0. (31) 

The insertion gain will become 

G= 
4 

1 ( T11+ T22+ ST11+ ST22)± i(T12 T21+ 6T12+ ST21) 12 

4 

( T11+ T22 + ST11 b 1.22) 2+ ( T12+ T21+ e5T12+ f5 T21) 2 

4 

(T11+ T22)2+ (T12+ T21)2+ S(712-1- T222+ T122+ T212) 

From (21), 

(Tn + T22) 2 (T12 T21) 2 = 4. 

Hence, (32) may be written in the form 

4 

— T21)2 + 2(7'111'22 ± 7.127.20] 

. (32) 

(33) 

T11 T22 + 1.12 T21 is the determinant of the operator [ T] 
which is equal to unity; hence, the variation of the de-
terminant is zero, which gives 

G = 
4 

4 ± & Urn — T22)2 ± ( T12 — T21) 2] 

but Tn= T22 under the assumptions we have made. 
Consequently, 

4 
G   

4 ± S(T12 — T21) 2 

1 

which finally gives 

1 ± 16(1'12 — T21) 2 

1 
G —  

1 [a(Ti2 — T21)  
1 — (Sco,) 2 
4 (1,4 

(34) 

(35) 
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± 2 sin O•R„291 C112(1 — 7 2)2 — 
dco 

where 

Since 

and 

Co2 dwu 
=  and — = 1. 
IC11 2 dco. 

= (co.w.) 1/2, 

at 1 

dco, = 252 (w8 w“)' 

2/r/ 27r xu)2]t/2 

0 = — = — [ 1 — 
X0  

where represents the length of coaxial line or wave-

guide, X, the guide wavelength, and X, the cut-off 
wavelength. Then 

APPENDIX II 

DERIVATION or ( T12 T21) 

From earlier definitions in ( 11) and ( 15), one obtains 

T12 — T21 

CO2 \ c. 
= 2 cos 0 [RowsCo (1 

1 C112) Rgw,i C1 12-I 

± sin Op„ Co2 Co2 1 

cog 1 C, 12 /4/. 1 C11 2 R02[22 I C11 2 

C 2 ) 2 

R g29 2 1 CI 12 (1  ° 
IC11 

Taking the first derivative, 

a 
— (Ti2 — T21) 
a‘th 

(36) 

dO 
= — 2 sin 0•—• Rgw,C0(1 — 7 2) ± 2 cos OR,Co(1 — 7 2) 

dcos 

dO Co Co 
+ 2 sin 0.   + 2 cos 0   

dw, Reu. I CI 12 I C 1 12 

(w. cou) dO co„ dO co„ 
± sin 0•72   cose• — •—  7 2 — COS • -- • — 72 

CO,2 A/ CO. &A W u 

dO dO\(dX 0\ 

d0h =  (l)tujd0.),) 

= 

at center frequency 

ft. 
1 c 

fc2)1/ 2 (2, f ,2) 

1 — 

as can easily be shown. Hence, 

dO a O wi, 
  where a = — • (38) — 

do" ‘,4 L2 1/2 44 ( 

1 — — 
f.2 

From the theory of the parametric amplifier,4 one 
knows that 1?„21221 C11 2 = 1, and, if we call Roci4Co =0, 
then (37) can be written 

2 

[—a ( Ti2 — T2i)] 

cos2  i[ 
2,3(1 72)   

aO 260 

fa2 

±  72 (1 _1 ) 72a( 1 a) 

a 

— sin 0.7"(0). — co) cos° dO 1 ± (1 + a) ± ( 1 — -y2)2(1 -1- a) tan O 

0,,,2 dws R 022 2 I C11 2 

2 et 2/3 72 a0 

± sin O•  -1- 2a(1 7 2) + ± 

R 9212 3 1 C1 12 dco, a a ( fc2)112 

1 — j— 

j•m2 

dO 

± cos 0 • — • 14 2122 1 C11 2(1 — 72)2 a0 

dw 

dJ (37) _ 72« (1 f2)'!2 

(1 a0c2)112 
f 

fu2 fu2 

a0 2 

fe2)1/ 2 

[ 
1 — 

11 
f.2 

APPENDIX III 

CALCULATION OF GAIN FUNCTION 

Taking as the assumed values 

Co2 
  = 10, 

72 1C112 

1 
a = 

cou 4 

3 = R,04C0 = ve2 = 
since 

fc2)1/ 2 

— — 
fu2 

(39) 

R,2w,cou1 C112 = 1 = 4/1-0 • (40) 
7 
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Before substituting the above values in (39), it will be 
necessary to find the value of 0, which is obtained at 
the matched condition, namely, from (17). That is, 

2AB cos 0 — B2 sin 0 + A2 sin 0 

= 2CD cos 0 ± D2 sin 0 — C2 sin 0, 

which gives 

2[DC — AB] 
tan 0 =   • 

(A' + C2) — (B2 + D2) 

Substituting the values of A, B, C and D, we get 

tan 0 = 

-F 20(1 — 7 2) + Lcl. 2 

0(.0' 
cos' 0 

O 

.12 ) " 2 

(41) 
= \ 2.86 y  

cos) \ 3.04 

70.72 2 

(33.1) ± - .86 15.61}  

33.1 2 

+ 9 . (42) 

(1 -- f-2)"2 

2[ Co —Row,C0(1 Co' 
IC112) + Rocosi C11 2] 

CO2 CO2 \ 2 1 (08 CO2 W u 

R02112 1 C1 12(1 

04 1 C2 12 1 C1 12) Ru2112 1 CI 12 W I, 1 CI 12 

From (40) we obtain For a coaxial line, (42) becomes 

2 [ — 0(1 — 7 2) [ ± 9— ( T12 - T21) 2] 0(4 2 

aCO3, 

tan 0 —   

— (1 — -y2)2 — 1 — a-y2 = CL-1 2(22 )2110.2 ± 91 2 (43) 
a cos 3.04 

Hence, 

1 

2.86 

2.86 
cos 0 = 

3.04 

Substituting these values, (39) becomes 

2 cos2  
—a (T22 — T21(o44) 2 = 0;42 

w,2 

• [-y2 — -y2a2 — a + ( 1 — -y2)2a 

2/3a 20 
  (1 72) +   
2.86 2.86 

1 1 
-1- 2.86 [-y2(1 — —a ) — -y2a(1 — a) 

-1- 1 a (1 -I- a)(1 — 

0 

fc2 ) 1/2 

since 

(c2 
— = o. 

For a waveguide, putting fe2/f.2= 4, we obtain 

(3CO ri 2.86 \ 2 j 10.2 _4_ 91 2 . 
(44) 

\ ) \ 3.04 ) a)" 

Solving (44), we get 

[ —8 (Tc2 — T21) I1 2 = (490) ( 11 2. 
aco, cos 

Hence, the gain by (23) becomes 

1 
G=  

1 ± 122.4-6,0\2 
co, ) 

(45) 
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The Compatibility Problem in Single-

Sideband Transmission* 
K. H. POWERSt, SENIOR MEMBER, IRE 

Summary—Under the assumption of simultaneous amplitude 
and phase modulation of a carrier, a study is made of the relations 
that must hold between the envelope and the phase of a single-side-
band wave. In particular, it is shown that absolute compatibility with 
standard AM receivers employing a linear envelope detector cannot 
possibly be achieved with the spectral economy of conventional single 
sideband. On the other hand, if one conveys the message function 
in the square of the envelope rather than in the envelope itself, it is 
shown that a phase function can be found for which the hybrid wave 
occupies a spectral width equal to that of a conventional single-side-
band (SSB) system. Distortionless detection is achieved with a 
square-law envelope detector. The operations required to generate 
this square-law SSB signal are described in detail. 

INTRODUCTION 

I
T IS well known that a single-sideband signal, gener-
ated by any conventional single-sideband technique, 
can be regarded as the resultant of quadrature mod-

ulation of a carrier by a pair of signals in phase quadra-
ture. If s(t) is an arbitrary message function, and o(t) is 
its harmonic conjugate [obtained from s(t), ideally, by a 
network whose amplitude response is unity, and whose 
phase response is a constant 90° lag at all frequencies], 
then it follows that the modulated wave 

1(1) = s(t) cos coot — u(t) sin coot (1) 

is an upper-sideband signal with no spectral components 
below the carrier angular frequency coo. In fact, any 
band-limited wave (e.g., band-pass noise) can be ex-
pressed in the form of ( 1), if coo is chosen to be below the 
band edge. 

\Ve can write ( 1) in the form 

1(1) = Vs2(t) 0.2(/) cos [coot + tan—' 7--(1)1 
s(t) 

= a(t) cos [coot + it)(/)], (2) 

regarding the single-sideband signal as a hybrid ampli-
tude- and phase-modulated wave. In a conventional 
SSB system, the message is normally conveyed by the 
in-phase component s(t), detection being accomplished 
by synchronous demodulation with a carrier generated 
locally at the receiver. It is conceivable, however, that 
the message could be conveyed by the envelope a(t), if 
a corresponding phase OW can be found that yields a 
single-sided spectrum for the hybrid wave. Reception 

* Received by the IRE, August 2, 1959; revised manuscript re-
ceived, March 28, 1960. The research for this paper has been spon-
sored in part by the Electronic Res. Directorate, AF Cambridge Res. 
Center, Air Res. and Dey. Command, under Contract No. AF 
19(604)-4976. 

David Sarnoff Res. Center, RCA Labs., Princeton, N. J. 

would then be accomplished by a conventional envelope 
detector, and a single-sideband transmission could be 
made compatible with standard AM receivers." 

Since the signals s(t) and a(t) are uniquely related to 
one another, it is apparent that the envelope a(t) and 
the phase OW must be related also. The compatibility 
problem consists in the study of conditions on the en-
velope a(t) that yield to a realizable phase function 
4)(t) and in determining the relation that must hold be-
tween . them. The solution is most easily obtained 
through the concept of the analytic signal.' 

Mathematically, the function cr(t) is related to s(t) by 
the Hilbert transform' relation, 

0.(1) r e s(r) 
  dr 

J•  _00 — r 
1 f e s(t — r) — s(t r) 
• J  dr. 

If the spectrum S(cu) 
Fourier integral 

(3) 

is derived from s(t) through the 

00 

S(co) = f s(t)e—iw€dt, 

then it follows directly from (3), (4), and 
Fourier integral that the spectrum E(co) 
monic conjugate function cr(t) is given by 

—iS(co) 

E(w) = o 
iS(co) 

(4) 

the inverse 
of the har-

(5) 

Thus for positive frequencies, the spectrum of «I) is 
identical to that of s(t) except for the multiplying factor 
(—i) corresponding to a 90° phase lag. 

It can further be shown that the spectrum F(co) of 
the single-sideband wave of ( 1) is given by 

F(w) = 
fo W  I 

S(IW' — WO) 1W 1 

< 000 

> 4)0. 
(6) 

L. R. Kahn, "A Compatible SSB System," presented at Aero 
Communications Symp., Utica, N. Y.; October 6, 1956. Also, Proc. 
Radio Club America, vol. 34, pp. 1-9; March, 1958. 

2 J. P. Costas, "A mathematical analysis of the Kahn compatible 
single-sideband system," Pkoc. IRE, vol. 46, pp. 1396-1401; July, 
1958. 

J. Ville, "Theorie et application de la notion de signal analytic," 
Ciibles et Transm., vol. 2, pp. 61-74; January, 1948. 

E. C. Titchtnarsh, "Theory of Fourier Integrals," Oxford Uni-
versity Press, New York, N. Y., pp. 119-151; 1937. 
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If the spectrum of s(t) is limited to a base-bandwidth of 
W cycles per second, then the signal f(t) occupies the 
same bandwidth above the carrier frequency w0/27 cps. 
Now if we define a complex signal #(t) by 

= s(t) + 
= a(t)e'4", (7) 

it follows that the spectrum xlf(co) of et) becomes 

( ) {25(co) > 0 < 0, 

and is characterized by the property that it vanishes for 
negative frequencies. The nonphysical signal et) has 
been called the analytic signal by some authors' because 
as a function of a complex variable z, ez) is analytic in 
the upper-half z plane. By comparing (2) and ( 7), it 
can be seen that the magnitude and phase of the com-
plex signal em are identical to the envelope and phase 
of the single-sideband wave. Thus a study of single-
sideband can be made through the analytic signal with-
out reference to the arbitrary carrier frequency W. 

In order to study the compatibility problem in SSB 
communication, one needs only to study the relation-
ships among the real and imaginary parts, magnitude 
and phase of the complex function 440, to obtain the 
same relationships between the in-phase and quadrature 
components, envelope and phase of the single-sideband 
wave. 

(8) 

THE COMPATIBILITY PROBLEM 

Let us turn now to the first important result in this 
study, the spectrum of the squared envelope. From ( 7) 
we have 

a 2(t) = 1 #09 12. 

By taking the Fourier transform of both sides, 

a2(t)e- 'dt = f 1,e(t)1 2e-'widt 
f  

=f e e(t)e- iwi f 4,*(X)e-i"dXdt 

= f 4,*()) f ell.(1)e-i(k+w)IdtdX 
2r , , 

= f e 
q1* (X)4,(X (.0)dX 

2r , 

(9) 

s.(x)s(x+ (OA, co > O. (10) 
71' J o 

Now if we assume the signal #(t) [hence also s(1)] to be 
limited to a bandwidth of W cps, then 

r. 
j_.a2(t)e-iw'dt 

2 f (27rW—to) 

= — S *(X)S(X co)dX, > 0. (11) 
7t 0 

The right-hand side vanishes for co>27rW. We have 
thus established: 

Theorem 1: The bandwidth of the square of the en-
velope of a single-sideband wave (or any band-pass 
limited wave) is equal to the spectral width of that 
wave. 

A similar result was obtained by Rice' in his study of 
noise through a square-law device. The theorem in the 
above form was proved by Dugundji.6 It should be re-
marked that no statement can be made concerning the 
bandwidth of the envelope itself since, in general, the 
envelope is not bandlimited. 

However, if the envelope is constrained by compati-
bility to be of bandwidth W, it is clear that the envelope 

square is of bandwidth 2W, hence the spectral width of 
a bandlimited hybrid wave must also be 2W. In other 
words, if a given envelope is bandlimited to W, then the 
spectral width of a hybrid wave with any arbitrary 
phase modulating function must equal or exceed 2W. 
Thus we have the important result that absolute com-
patibility with an Ail receiver employing a linear enve-
lope detector cannot possibly be achieved with the spectral 
economy of conventional single-sideband. Costas2 came to 
this conclusion by simple reasoning with the case of 
single-tone modulation. 

Although this result precludes the possibility of a 
truly compatible SSB system, it still includes the possi-
bility of an SSB system employing a simple asynchro-
nous receiver. If we accept the use of a square-law detec-
tor at the receiver, the theorem suggests that a tech-
nique may be found to generate an SSB signal whose 
envelope is the square root of the message function to 
be transmitted. 

It is an inversion of Theorem 1 that is required for 
the existence of such a system. Given a message function 
m(t) of bandwidth IV cps, is it possible to generate a 
modulated wave occupying a spectral width W cps in 
such a way that m(t) is the square of the envelope of 
that wave? The following considerations indicate an 
affirmative answer. 
We shall write the intelligence signal m(t) as ae(t), 

since it is to be the square of the envelope of the modu-
lated wave. The above question can be posed in the fol-
lowing manner. What are the conditions on «2(t) that 
are both necessary and sufficient for the existence of a 
phase function OW for which simultaneous amplitude 
and phase modulation of a carrier by a(t) and ct)(t) pro-
duces a waveform with spectral width equal to that of 
et)? Clearly a necessary condition is that et) be non-
negative. Further conditions, both necessary and suffi-
cient, are found in the following theorem of Paley and 
Wiener:7 

S. O. Rice, "Mathematical analysis of random noise," Bell Sys. 
Tech. J., vol. 24, pp. 125-131; January, 1945. 

6 J. Dugundji, " Envelopes and pre-envelopes of real waveforms," 
IRE TRANS. ON INFORMATION THEORY, vol. IT-4, pp. 53-57; March, 
1958. 

7 R. E. A. C. Paley and N. Wiener, "Fourier Transforms in the 
Complex Domain," Amer. Math. Soc. Colloquium Publications, New 
York, N. Y., vol. 19, pp. 16-20; 1934. 
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Theorem 2 (Paley and Wiener): Let a(t) be a real 
non-negative function, integrable square in ( — cc, 
CO ). Then a necessary and sufficient condition for the 
existence of a complex function et) whose Fourier 
transform vanishes for negative argument and 
111/(t)I --- a(t), is that 

I log a(1) I < . 

1+12 

It is clear that if 61'(t) is non-negative and satisfies the 
logarithmic integral condition, then a(t) will also satisfy 
the condition, and the theorem applies. The logarithmic 
integral converges 1) if a(1) does not vanish identically 
over any interval or, more generally, 2) if a(t) falls to 
zero slower than an exponential decay of arbitrary ex-
ponent. Condition 1) is required for the existence of a 
proper phase function. Obviously if the envelope of a 
modulated wave is zero (hiring a finite interval, the 
phase of the wave during that interval is indeterminate. 
Satisfaction of condition 2) [which incidentally, implies 
satisfaction of condition 1)] is guaranteed if a(t) is the 
output of any physically realizable network. It is, in 
fact, guaranteed by the bandlimitedness of either a(t) 
or its square. Also, since the exponential decay can be as 
fast as one chooses with an arbitrary choice of exponent 
there is, in effect, no limit on the decay time of a(t) ex-
cept as imposed by a limited bandwidth condition. 
Thus the only condition required by the theorem that 
has real physical significance is that a(t) be non- nega-
tive. Since an envelope is by definition non-negative, 
this condition is obvious. 

The proof of the foregoing theorem can be found in 
the book of Paley and Wiener. We reproduce in the Ap-

e pendix, however, a simple proof of the sufficiency part 
of the theorem since the desired relationship between 
the envelope a(t) and the phase q5(t) are brought out in 
the course of that proof. It is shown in the Appendix 
that if the phase OW is chosen to be the Hilbert Trans-
form of the logarithm of the envelope, that is, if 

1  =- log a(µ) 
4)(1) — 

f e w _„, I — 
(12) 

then the function et) =,a(t) exp [ick(t)] is an analytic 
signal whose spectrum vanishes for negative argument. 

From. ( 10), we have 

f e‘11*(X)4,(X (.0)dX = f a 2(t)e- di. (13) 
2r o 

If the spectrum of the intelligence signal a2(1) is assumed 
to vanish for I col > 2r W, then both sides of ( 13) must 
so vanish. This is possible only if the spectrum qi(co) 
also vanishes for co>27rW. We have thus established: 

Theorem 3: Given a real non-negative function et) 
satisfying the conditions of Theorem 2, and, in addi-
tion, having a Fourier transform that vanishes for 
I col > 2r W, the function 

f   del 
e' log a(µ) 

IP(1) = a(t) exp [— 
r , t — 

has a Fourier transform that vanishes outside the 
interval 0<co<2r W. 

The implication of Theorem 3 is as follows. Given a 
non-negative message function (satisfying certain in-
tegrability conditions) of bandwidth W, and a carrier 
signal at some arbitrary frequency, then simultaneous 
amplitude and phase modulation of that carrier with an 
envelope which is the square root of the message func-
tion, and a phase that is in quadrature with the loga-
rithm of that envelope, produces a hybrid wave occu-
pying a band above the carrier frequency of spectral 
width exactly equal to that of the message function. 

Distortionless reception of such a signal is achieved 
with a square-law envelope detector. It is of interest to 
note that even though the squared envelope is band-
limited, neither the enevelope itself nor the phase func-
tion are necessarily bandlimited, yet the hybrid modu-
lated wave generated by these is limited to the same 
bandwidth as the envelope square. 

A SQUARE-LAW SSB SYSTEM 

A complete transmitter for generating a hybrid wave 
that conveys a message in the square of the envelope 
and yet has the spectral economy of conventional single 
sideband is shown in the block diagram of Fig. 1. The 
message function m(t) is first made positive to produce 
the envelope-squared a2(1). Although this operation 
can be accomplished simply by adding a constant equal 
in magnitude to the largest negative peak of the mes-
sage function, a substantial improvement in efficiency 
is realized for speech transmission by the process de-
picted in Fig. 2. The speech signal is rectified and fil-
tered to obtain a negative slowly-varying envelope. 
This envelope is inverted and added to (or subtracted 
from) the original speech waveform to yield the non-
negative waveform of Fig. 2(b). No serious loss of in-
telligibility results since this process simply adds a low-
frequency, virtually inaudible signal to the original 
speech waveform. In the transmitted wave, this non-
negative process is equivalent to a controlled-carrier 
operation. 
The non-negative signal a2(t) is fed to a nonlinear de-

vice whose output is proportional to the logarithm of 
the input. With an appropriate gain adjustment, the 
signal log a(t) is available for Hilbert transformation 
by means of a wide-band 90° phase-splitting network. 
The two outputs of the phase-splitter are conjugate 
harmonic functions, one a delayed replica of the input 
and the other lagging in phase from the first by a con-
stant 90° at all frequencies. The conventional RC 
phase-splitters of the phasing system of SSB are not 
adequate for this system because of severe phase dis-
tortion. One of the outputs must preserve the input 
waveform because of the nonlinear operation that has 
been performed. A phase-splitting network that does 
preserve this waveform is described in detail below. 
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Fig. 2—Non-negative signal processor for speech. 

SSB OUT 

The phase-shifted output O(t') represents the in-
stantaneous phase signal for the hybrid wave since it is 
the harmonic conjugate of the logarithm of the envel-
ope. The delayed output log a(e) is passed through 
another nonlinear device with an exponential charac-
teristic to recover the envelope a(e). An arbitrary car-
rier is first modulated in phase by the signal cté(t'), and 
the PM wave is further modulated in amplitude by 
a(1') to produce the single-sideband output. 

The Wide-Band 90° Phase-Shift Network 

So far we have tacitly assumed that the wide-band 
90° phase-shifting network is physically realizable. 
Although a constant amplitude response and constant 

phase shift is not a physically realizable character-
istic exactly, it can be approximated arbitrarily closely 
with sufficient delay. If s(t) is the input to such a filter, 
the output u(t) at any instant t is seen from (3) to de-
pend upon both s(t—r) and s(t+r) for all positive r. 
But s(t+r) represents future values of the input. Thus 
the exact 90° phase shifter is a clairvoyant network. 
The dependence on future values is of lesser degree as 
r increases because of the r in the denominator of (3). 
We can thus make finite the upper limit of the integral, 
and can achieve as small an error as desired by setting 

that limit sufficiently large. 
Now if the network input s(t) is bandlimited, it is 

completely defined by its samples at the Nyquist in-
terval, hence the output (s(t) can be made to depend 
upon only a finite number of sample values of the input. 
These sample values can be obtained from taps on a 
delay line as in Fig. 3. The delay line is center tapped to 
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Fig. 3—The 90° phase-splitting network. 

 O Œ(t') 

provide a delayed replica of the input. If we denote by 
s(t') the present value of the signal at the center tap, 
then the signals at taps toward the input represent fu-
ture values of s(t') while those toward the termination 
represent past values. By the proper choice of a linear 
combination of the values at the delay line taps, the 
network of Fig. 3 provides a close approximation to the 
Hilbert transform relation of (3). 
The network provides two output signals, the one at 

the delay line center tap representing a delayed replica 
of the input signal. The transfer characteristic from the 
input to the center tap is thus a unit amplitude re-
sponse at all frequencies and a phase response that is 
linear with slope ( 2n —1)/2W, intercepting zero degrees 
at zero frequency. This response is shown by the dashed 
lines of Fig. 4. The transfer characteristic from the in-
put to the adder output can be shown to be 

H„(w) = exp i[211 —  1± 
2 

4 1 2k — 1) 
L,   sin   (14) 
k=j 2k — 1 ( 211' 

The exponential term indicates a linear phase shift in-
tercepting 90°, while the summation can be seen to be 
an amplitude response represented by a partial sum 
of the Fourier series expansion for the constant one. 
Thus the two output signals differ in phase by precisely 
90° at all frequencies, while maintaining approximately 
equal magnitudes of their Fourier components. The 
amplitude and phase response for a network with 
n=13 is shown by the solid lines of Fig. 4. 

It is important that the input signal be properly band-
limited, because the amplitude response of the phase 
shifter is periodic in frequency. The amplitude response 
between IV and 2H' is identical to that between 0 
and W. 

CoNci.t-stoNs 

In the case of an average power limitation in the final 
RF stage of the transmitter, the square-law system 
operates at a disadvantage relative to conventional 
SSB. In fact, the average power in the "controlled-
carrier" resulting from the slowly-varying envelope of 
the speech waveform is obviously excess power over 
that required for suppressed-carrier SSB operation. 
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Fig. 4—Amplitude and phase response for 900 phase splitter. 

However, if the final stage is peak-power limited, the 
square-law system can be used effectively, even when 
clipped speech is being transmitted. It is well known 
that SSB suffers from a pronounced peaking factor 
when operating with compressed waveforms. In the 
square-law system, the envelope is the square root of the 
intelligence and has an even lower peak-to-rms ratio 
than the original message waveform. Thus, for a given 
peak power, the final stage can be operated at a higher 
average power in the square-law system. 
An additional advantage of the square-law system is 

its capability of transmitting analog data waveforms in 
the sanie bandwidth as conventional SSB, without the 
requirement of precise phase synchronization for de-
modulation at the receiver. In fact, to transmit such 
waveforms by conventional SSB would require the 
equivalent of a phasing system employing a phase dis-
tortionless phase splitter such as the one described 
above. At the present state of the art, the filter method 
is not promising for this application because of the re-
quirement of a sideband filter with good phase linearity 
measured from the frequency of the virtual carrier. Al-
though available sideband filters have a reasonable 
phase linearity in the center of the pass band, the linear-
ity in the cutoff regions is particularly poor. 

Distortionless detection of the square-law signal is 
achieved only with a square-law envelope detector at 
the receiver. In the case of speech transmission, how-
ever, the use of a linear envelope detector will result in 
no serious loss of intelligibility. Thus, in a sense, com-
patibility with standard AM receivers is achieved. 

APPENDIX 

PROOF OF SUFFICIENCY OF THEOREM 2 

Assuming the convergence of the logarithmic inte-
gral, let us set z=t+ir, and define the function Y(z) 
for r > 0 by 

1 f e log a(g) 
Y(z) = Y(t -I- ir) = —  d,.ir „ u — (1 -I- ir) 

dg 
1.02+ T 2 

—   

f  e — g) log a(g) 
+ dg. (15) 

7r + 72 

If we take the limit as r approaches zero from above, 
the function r/r[(1-1.1)2+r2] approaches a unit impulse 
function centered at y = t and 

1 r log a(g) 
f  

lim 1(1+ ir) = log a(1) i f 
loe a(µ) 
  dg. (16) 
— 

The imaginary part of this expression is seen to be the 
Hilbert transform of the real part, log a(t). If we form 
the function e(z) = exp Y(z), and define et) by 

et) = hm exo Y(1 + ir) 

then 

i f  log a(g) 
= a(1) exp [—  dg], 

, t — (17) 

I ‘t (I) I = a(t), (18) 

and we have only to show that the Fourier transform of 
ip(t) vanishes for negative argument. From the inequal-
ity between the arithmetic and geometric means, we 
have 1 T log cr(p) 

I el ± ir) I = exp — d 
(1 1.02 ± T 2 

< 1 J re ra(g) (1- 42+ dg, (19) ir 1 r2 

and from the Schwartz inequality, 

1 el ir) 1 2 e   ra2(e) (20) 
(t - ,)2 + T2 

Thus for r>0, 

rdl 
et -I- ir) 1 2d1 f: za2(12) ji "e„  12)2 ± 7.2 (112 

(21) 

and tii(t+ir) is boundedly integrable square on every 
line r > 0. Now since the Fourier transform of 4,0-1-ir) 
is given by Nif(co)e-wr, we obtain from Parseval's relation 
that 

Nlitto) 12e-2 do) = f + ir)1 2 di 
27 

≤ f a2(g)dg (22) 

for every r>0. Since the left-hand side is bounded for 
every positive r, it follows that the spectrum xlf(co) must 
vanish for negative co, and the proof of sufficiency is 
complete. 
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On the Resolving Time and Flipping Time of 

Magnetoresistive Flip- Flops* 
A. AHARONIt AND E. H. FREI I, MEMBER, IRE 

Summary—The time constant of the exponential approach to the 

stable states is shown to be a fair approximation for the flipping time 
of the "bridge" magnetoresistive flip-flop. This time constant turns 

out to be at least of the order of milliseconds for the magnetoresistive 
materials known at present, which is too large. Similar time con-
stants are used as an approximation for the resolving times of a gen-
eral nonlinear network, in particular networks in which the nonlinear 
element is a magnetoresistor. It is shown that these time constants 

are the latent roots of a certain matrix whose elements can readily 
be calculated from the parameters of the network. 

The flipping time of the "bridge" magnetoresistive flip-flop is cal-
culated as a function of the energy supplied by the incoming pulse. 
The calculation is made by the numerical solution of the nonlinear 
differential equation involved. The results show that for input pulses 
of conceivable amplitudes the linear time constant is a good measure 

of the flipping time. 

I. INTRODUCTION 

I
N a previous paper' the authors discussed the possi-
bility of constructing a magnetoresistive flip-flop 
using the "bridge" circuit of Fig. 1. Obviously the 

parameters must be chosen in such a way that the 
change of the magnetic field produced by the changing 
current and the resulting change of resistance in the 
magnetoresistive material produces an amplified change 
of current. In order to obtain an efficient element, the 
magnetoresistive effect must be as large as possible. An 
arrangement giving larger fields with larger currents 
will "drive" the element stronger, but will also give 
higher inductance and lower the speed. It was shown' 
that the current I in the coil L is the solution of 

R 3 2 R4 

—1VV\r— 
R 

< -3) 

V r2 

Fig. 1—Basic circuit of the "bridge" magnetoresistive flip-flop. 

where Ro is the resistance of R1 and R2 in zero magnetic 
field, C is the magnetoresistive coefficient, Ho is a con-
stant magnetic field applied to all the resistors and K 
is the constant of proportionality between the current 
I and the magnetic field it produces. 

It was also shown that whenever 

M V > + R (3) 

the circuit has (besides the unstable equilibrium 1= 0) 
two stable equilibrium states, + /0, which are the roots 
of 

+ R — MV [Nri R(2N — 1112)1102 

N2R1o4 = 0. (4) 

dl L (ri R — MV)! [Nri R(2N — 312)113 N2RI5 

dl 1 + NI2 

if one assumes for simplicity that r2 of Fig. 1 can be 
neglected when compared to the resistors of this cir-
cuit, and that R4 =RI, R3 = R2. Here, 

M = 2CKHo (1+ CHo2), N = CK2/(1 Cllo2), 

R = Ro(1 -I- CH02) (2) 

* Received by the IRE, June, 1959; revised manuscript received, 
January 4, 1960. This paper is part of a thesis submitted by A. Aha-
roni to the Hebrew University, Jerusalem, in partial fulfilment of the 
requirements for the Ph.D. degree. 
t Dept. of Electronics, The Weizmann Institute of Science, 

Rehovot, Israel. 
Stanford Research Institute, Menlo Park, Calif. Formerly with 

Dept. of Electronics, The Weizmann Institute of Science, Rehovot, 
Israel. 

A. Aharoni, E. H. Frei, and G. Horowitz, "A new active circuit 
element using the magnetoresistive effect," J. App!. Phys., vol. 26. 
pp. 1411-1415; December, 1955. 

(1) 

The flipping time, on the other hand, was not calcu-
lated, but was assumed to be of the order of L/ R. It 
will be shown here that in many cases this is not a good 
approximation, and the actual flipping time is much 
larger. For the sake of a more rigorous calculation, 
another time constant is introduced in Part II and is 
shown (in Parts III, IX and X) to be a good approxima-
tion. In Part IV this time constant is referred to the 
power dissipated by RI and R2 and is shown (in Part 
V) to be at least of the order of 10-3 seconds for con-
ceivable values of this power. In Parts VI and VII a 
general network theorem concerning the evaluation of 
time constant of networks containing magnetoresistive 
elements will be proven. In Part VIII the dependence 
of the flipping time on the incoming pulse is considered. 
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For the purpose of this paper, the following notation 
will be used: 

---= (ri R)/R; X = 4C1-102/(1 + C1102) (5) 

m= MV/R— cr; n= + 1 — X (6) 

where m is a measure of the "amplification" property' 
of the element. 

Using (2) and definition (5), one obtains 

M' = 4C2K21102/(1 + C1102)2 

= 4NCI102/(1 + C1102) = XX. (7) 

Substituting (5), (6), and ( 7) in ( 1) yields 

—(L/R)dl/dt = (— in! + NnI3 + N2I5)/(1 + N12) (8) 

while substituting the same in (4) gives 

—m nNlo2 + N2I04 = 0. (9) 

Since the coefficient C is positive, as are all the 
sistances involved, it is clear from the definition 
that 

1 < < ; 0<X< 4 

while the substitution of (5) and (6) in (3) gives 

m > 

and the substitution of ( 10) in (6) gives 

—2 < n < oc 

re-

(5) 

(10) 

(11) 

(12) 

II. THE TIME-CoxsTANT r 

Consider the behavior of I near a stable state 10, i.e., 
when /— /0+i and i is small enough for its higher 
powers to be neglected. In this case (8) reduces to 

L dl L di 

—R —dt = —dt 

—m(10+ i) + nN(10' + 3102i) + N2(105 + 5I04i) 

1 + N(IO2) + 210i) 

which together with (9) gives 

—(L/R)di/dt (2nNlo2 + 4N2.104)i/(1 + NI02). 

This means that i vanishes exponentially, i= 
with the time constant 

r = L(1 + N102)/2RNI02(n + 2N/02). (13) 

It should be noted that the time constant is always 
positive so that i vanishes and the element decays into 
the stable equilibrium. This is assured by ( 11) which to-
gether with (9) gives 

n X/02 > 0, 

the other terms in r being positive by definition. 

2 A. Aharoni and E. H. Frei, " Remarks on magneto-resistive am-
plifiers," Bull. Research Council of Israel, vol. 5A, pp. 240-241; April, 
1956. 

When transferring from one stable state to the other, 
the terminal epoch is thus an exponential decay with 
the time constant given by ( 13). It therefore seems 
conceivable that the flipping time will be at least of the 
order of this r. In the next part a more rigorous justi-
fication of this will be given. 

Let 

III. THE FLIPPING TIME 

X = x(t) = NI2 (14a) 

be substituted in (8). This yields 

—(L/2R)dx/dt = x(— m + 'ix + x2)/(1 x) 

= x(x — a)(x + b)/(1 + x) (14b) 

where 

a = + (0 4. 4n) ici > 0, 

b = n + (n2 + 4m) 112]> 0. (15) 

Comparing ( 15) with (9), one can also write 

a = N/02 (16) 

Suppose now that the element is somehow brought to 
a point x1, past the unstable equilibrium x=0 and is 
allowed to decay to a point approaching the stable 
states x = a. By ( 14), the time this decay will take is 

= L f 2.2 (1 + x)dx 

2R 2, x(x + b)(a — x) 

L [ 1 — b x 1 + a x - 1z2 

  log +    log   
2R b(a — b) x + b a(a + b) a — xj„ 

Using ( 13), ( 15) and ( 16) one can rewrite this in the 
form 

t [ x a(1 — b) lx2 
— — log     log   (17) 

a — x b(1 + a) x + 

Figs. 2 through 5 are a plot of this t/r as a func-
tion of the various parameters involved, namely 
in, n, x and x2. Figs. 2 and 3 give the time it takes the 
current I to reach a given fraction of its stable value 
/0, with 1=0.1 Io as a starting point. Fig. 2 is drawn for 
n = 1 and with ni as a varying parameter, while Fig. 3 is 
drawn for ni = 1 with n as a varying parameter. Fig. 4 
shows the dependence of the time on the starting point, 
for m=1, n=0. Fig. 5 is a plot of the time T it takes 
the element to change I from 0.1 to 0.9 of its stable 
value. It will be noted that, whereas this time has a 
minimum as a function of n, it is a monotonic decreasing 
function of m. However, larger values for m than those 
given in the above figures are of little interest because 
a large m actually means a large amplification factor of 
the active element, and according to our present ex-
perience' even the value of m=100 is much beyond 
what might be realized in practice. Besides this, for 
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such large values of m, r increases with m, usually much 
more rapidly than the decrease of t/r (see Part V) so 
that t itself increases. 
A study of Figs. 2 through 5 clearly shows that tir 

does not change appreciably with quite large variation 

of the parameters involved. This means that the time 
of transfer (without external pulse) from any value near 
the unstable states to any value near the stable point 
may be taken as practically independent of the design 
of the network. A value of, for example, 3-5 r seems 

plausible from the graphs. This facilitates the handling 
since the formula for r is much simpler than that for t. 
The applicability of r to expressing the time of trans-

fer is more easily seen when one tries to compare it 
with some other time constant, e.g., L/R, which always 

appears in linear circuits. In Table I some numerical 
values [calculated from ( 17)] are given for the case 

n= J. 

nl 

0.1 

TABLE I 

r/t1./1?) 

5.0354 

0.5854 

10 0.1070 

100 0.0276 

TIT 

6.0151 

5.4428 

3.9479 

2.8898 

T/(111?) 

30.288 

3.185 

IV. T AS A FUNCTION OF THE POWER DISSIPATED BY 
THE MAGNETORESISTORS 

In the stable state there is a constant current through 
each of the four magnetoresistors of Fig. 1. This dc is 
limited by practical considerations of heat dissipation. 
From the symmetry of the circuit, it is clear that the 
power dissipated by R1 in one stable state will be dissi-
pated by R2 in the other stable state, and vice versa. It 
will therefore suffice to calculate the dc power for one 
stable state only, e.g., for +/0. 
From the analysis of the circuit of Fig. 1 in the sta-

tionary states (i.e., al/t= 0) when r2 is negligible, one 
obtains the power dissipated by RI: 

= (V — r/02)/4R, (18) 

and similarly 

R2i22 = (V + r/0)2/4R2. (19) 

For the state in which I= +Io, 

R1= R(1 — M/0 -I- N/02), 

R2 = R(1 + M/0 + N/02). (20) 

This means that each magnetoresistor should be de-
0.422 signed so that it can dissipate at least the de power 

0.080 

It is seen from the values of rR/L in the second col-
umn of the table that had the time been given in terms 
of L/R instead of in terms of r, one would have had to 
magnify the scale of the first graph in Fig. 2 five times 
and decrease that of the last one 30 times. It is also seen 
from the last two columns of the table that while T 
(the time needed to transfer from 0.1 /0 to 0.9 /0), is in-
creased only 2.1 times in terms of r, for the given range 
of m, this time increases 380 times in terms of L/R for 
the same range of m. 

It should be noted that the time calculated here is not 
the flipping time from one stable state to the other, an 
accurate definition of which should involve a definition 
of the incoming pills& as well as the way by which the 
output of this element is applied to similar circuits. 
lowever, without considering these questions, which 

will be partly treated in Part X, the above time of trans-
fer seems to be a good measure for the flipping time. 
This is due to the fact that Tir is independent of the 
circuit parameters, so that it will not change when the 
element is loaded in the input and output circuits. It is 
also practically independent of the value past the un-
stable state where the input pulse stops, so that one can 
expect it to be independent of the shape of the pulse and 
of the form of its application to the coil. 
One can therefore conclude that the flipping time is at 

least about 3r, when r is given by ( 13). 

3 M. Rubinoff, "Further data on the design of Eccles-Jordan flip-
flops," Electrical Engrg., vol. 71, pp. 905-910; June, 1952. 

— Max [ (V + ri/0)2 

4R(1 + M/0 -I- N/02) 

(V — rift:4)2 

4R(1 — M/0 + N/02)] . 

Substituting for V from (6), for M from (7), for h 
from ( 16) and for r from (5), one gets 

with 

(21) 

W = (R, 4À.V) max (P, Q) (22) 

P = [ff m(cr — 1)(Xa) 1/212/ [ 1 + a + (Xa) 212], (23) 

Q = [a + m(a — 1)(Xa)hl212/ [1 + a — (Xa)"], (24) 

where a is given by ( 15). 
It is evident from Fig. 1 that 

V > 

i.e., 

0" — (a — 1)(Xa)"2 > 0. (25) 

Also, <4 by ( 10) so that 

1 + a — (Xa)" > 1 + a — 2a 112 = ( 1 — au2)2 > 0. (26) 

Consider now the following arrangement. The four 
magnetoresistors, each having the volume y cm', are 
placed in small gaps in one or more toroids, made of 
ferromagnetic material with permeability IA and volume 
V cm'. If the magnetic field II is assumed to be uniform 
in the gaps, the energy stored in it is 

E = 112(4v + Viet)/80. erg. 
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On the other hand, the field is produced by the cur-
rent of I ampere in the coil L, so that 

E = 4LI2 X 107 erg. 

Comparing the foregoing, one obtains 

R(v V /4µ) 
IV = Max (P, Q) 

X(4 — X)CrL107 

and, finally, by using this relation to eliminate L/R 
from ( 13), 

+V / 
r —  r* 

271-107CW 
(27) 

with 

r* =- ( 1 ± a) Max (P, Q)/[aX(4 — X)(n2 4m) 112]. (28) 

Here a, P and Q are functions of a., X and m, defined by 

(15), (23) and (24) respectively. 

V. ESTIMATION OF T 

The expression for r* is rather complicated, involv-
ing three independent parameters, a, X, m, whose range 
is restricted only by ( 10) and ( 11). For the limiting case 
=1, it was proved analytically' that r* has a single 

minimum, rtnin = 1.677 at m=1.069, X = 1.67. The 
general case was only numerically treated using the 
WEIZAC (the electronic computer of the Weizmann 
Institute of Science, Rehovot, Israel). 

Typical results of these computations (the case m=1) 
are plotted in Fig. 6. It is seen that an ellipsoid-like sur-
face is obtained with a single minimum with respect to 
X. It should be noted that the derivative with respect 
to X is not continuous and some of the graphs "break" 
at a certain point. This is especially noticeable at X=3 
on the curve = 2. These discontinuities are caused by 
the switchover from P to Q in (28). 

Additional computations seemed to confirm that the 
functional dependence on X, with a single minimum as 
illustrated by Fig. 6, was typical. Some of the results 
for these minima are plotted in Fig. 7 as a function of 
a, with m as a parameter. Because of the overlap of the 
curves, the one for m=16 is drawn dashed whereas 
m=32 is omitted. 

In Fig. 8, the same results are plotted as a function of 
m with u as a parameter. It shows that r* has a single 
minimum as a function of m also. The minima are 
plotted in Fig. 9 as a function of u. 
The results thus obtained show that r* is never lower 

than the value 1.677 obtained for u=1. Substituting 
this value in (27) one obtains 

y + V / 4µ 
T >  X 2.67 X 10-2. 

CW 

Fig. 6—The reduced time constant r* defined by ( 28) 
for m=1, as a function of a and X. 

5 10 

o-

15 20 

(29) Fig. 7—The minima with respect to X of the reduced time constant r* 
defined by ( 28), as a function of e, for various values of m. 

A. Aharoni, "Magneto-Resistive Memory," a Ph.D. thesis 
submitted to Hebrew University, Jerusalem, in 1957 (in Hebrew). 
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Fig. 8—The minima of Fig. 6 as a function of in, 
for various values of a. 

20 

1 0 

5 

2 

5 
o-

10 15 

Fig. 9—The minima of Fig. 8 with respect to ni and the values of m 
of which these minima are realized, plotted as functions of «. 

According to the values' of C for the known magneto-
resistive materials at temperatures which are not lower 
than that of liquid air and for conceivable values of the 
power density W/v which the magnetoresistors can dis-
sipate, the flipping time cannot be smaller in order of 
magnitude than 10-4 seconds, which is too large for 
practical use as a flip-flop. 

VI. GENERAL NETWORK CONSIDERATIONS 

The method of calculation of the flipping time will be 
extended to more general networks. Consider a network 
composed of ohmic resistors, of magnetoresistors or 
other nonlinear resistors of known characteristics, and 
of coils. (Capacitors will be neglected here.) The volt-
age source in the kth loop is denoted by Irk, and the cur-
rent in this loop by ik. Suppose that the network is such 
that its behavior can be described by the equation 

Vk = Ak(ilp • • • p + E Bk.di„,/dt 
M=I 

with known constants Vkr Bi,,, and known Ak as func-
tions of the currents (but not as functions of the time). 
These Ak and Bk,,, can be found for a general magneto-
resistive network. It is obvious that for any specified 
network these expressions can be found from Kirchhoff's 
laws, if the characteristics of the nonlinear resistors 
are known. 

Suppose further that the network has at least two 
stable equilibriums in addition to a number of unstable 
ones. If the currents in an equilibrium state are denoted 

by 1„„ (30) implies that these values should satisfy the 
equation 

Vk = Ak(I1, • • • , In). (31) 

Consider now the system in the vicinity of a stable 
state, i.e., for 

ik = Ik SIk(1) 

where 131k is small enough, so that its orders higher than 
the first can be neglected. For a first approximation, 
one can express (30) in the form 

Vk = A1(11, • • • , In) ± E simaAk/a/,,, 

+ E Bk„,d(51m/dt. (32) 

Substituting from (31) one can write (32) using matrix 
notations (F) --(FA..),(B) --(Bkm),E.1=(ô!„,), in the form 

Fal Bdê1/dt -- 0 (33) 

where 

Fhm = av,/ain, (34) 

and the derivatives are calculated from (31). 
The solution of (33) is clearly a sum of exponentials, 

for if one substitutes in (33) 

81 = 5I0e—tIr (35) 

one has 

(rF — B)610 = 0. (36) 

A necessary and sufficient condition for the existence 
of solutions to this set of equations is the vanishing of 
the determinant of coefficients. That means that (35) 
is the solution of (33) if, and only if, the time constant 
r is one of the roots of 

iF — = 0. (37) 

It should be noted that if F is a regular matrix, one 
can write (36) in the form 

F-'Bblo = r6/0 

which means that 6/0 is a characteristic vector, and r is 
a characteristic root of the matrix P''B. Eq. (37) is a 

(30) more general definition for r including the case I FI = 0 
as well. 
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The time constants defined by (37) then determine 
the decay of the system into a stable equilibrium at the 
end of the process of flipping from one stable state to 
the other. It is thus reasonable to assume that the 
flipping time to this stable state is at least of the order 
of the largest root r of (37). Eq. (37) then provides a 
practical and convenient first approximation to the 
flipping time in a wide class of general nonlinear net-
works, or at least a lower limit, which in most cases is a 

sufficient approach. It should be noted that the treat-
ment of nonlinear resistors with the rigorism of Part 

VIII is not common in the literature beyond a one-loop 
network.' Even in the Eccles-Jordan bistable circuits 

which have already been thoroughly investigated, one 
does not introduce the nonlinear element (the vacuum 
tube) into the calculation, but rather one calculates the 
time-constant of the condenser's decay.' It should also 
be noted that the roots of (37) are generally not required 
and an estimation of the largest root usually suffices. 

Another use of (37) is in the determination of the sta-
bility of equilibriums. Suppose the roots of (31) are 
known for a certain problem, but it is not yet known 
which of them are stable and which are not. In this 
case, one can construct (37) for each state in turn and 
determine the signs of the roots. It is clear from (35) 
that only positive roots give a decay into the considered 
state, while, if at least one of the roots is negative, the 
system will tend to withdraw from that state. 
Though B, a matrix of coils and their couplings, is al-

ways symmetric, as will be proved below, the matrix F 
is not symmetric for most magnetoresistive cases. It 
might therefore occur that the roots of (37) are not 
real. This is no drawback since by (35) only the real 
part of r determines both the flipping time and the 
stability, while the case of pure imaginary roots gives 
sustained oscillations and does not occur when multi-
stable systems are considered. One can therefore state 
that a necessary and sufficient condition for an equilib-
rium to be stable is that the real parts of all the non-
zero roots of (37) be positive. 
The problem now is to define more specifically the 

matrices B and F involved in (37) for the case where 
the nonlinear resistors are magnetoresistive ones. For 
simplicity of notation, it will be assumed here that not 
more than one magnetoresistor is placed in each branch 
of the network. Many other cases not obeying this re-
striction may also be included in the following argu-
ment, but it would unnecessarily complicate the nota-

tions if the restriction were to be removed. 
According to the above assumption, every magneto-

resistor is uniquely determined by the current in two 
adjacent loops. The resistor defined thus by the kth 
and the mth current will be denoted by Rk. (see Fig. 
10). The ohmic resistance in the same branch will be de-
noted by rkm. This notation implies no restrictions since 
ohmic resistors in series may be taken as one for any 

Fig. 0—Schematic representation of the notation used for the gen-
eral inagnetoresistive networks. An arrow across a resistor di-
rected towards a coil indicates that the former is a magneto-
resistor whose resistance depends on the current in the latter. A 
double arrow designates a coupling between coils. 

network calculations. From these definition, it is evi-

dent that 
R„,k = Rt., r„,k = rk.• (38) 

In each branch of the network only ri(n+1) coils 
will be allowed in this treatment (n being the number 
of loops) each being wound on a different magneto-
resistor. The inductance of the coil placed between the 
current ik and in, and wound on the R„,, will be denoted 
by Lk„,„, (see Fig. 10, in which the arrow directed from 
a resistor to a coil designates that the former is a mag-
netoresistor and is influenced by the current in the lat-
ter). The coupling between Lk.„ and Lmai (as referred 

to the current i and r) will be denoted by is clear from the definition that k.pgrrti• It p i M. 

Mkmpqrstj = M rsijkmpq = kmpqrsjt = Mmkpqrstj• (39) 

It is assumed that only the coils thus defined are those 
whose magnetic fields change the resistance of the mag-
netoresistors. A constant magnetic field may be in-
cluded by adding a loop made of a coil in series with a 
current source. However, this assumption excludes coils 
which are not wound on magnetoresistors, e.g., coupling 
transformers or chokes, unless at least one of the Rkm 
in the network is zero and the related coils are not. The 
definition of the L's also implies that only coils wound 
on the same resistor may be mutually coupled, i.e., 

Mk.pqrsti = O if (p, 9) 0 (1, j). 

Using these definitions, one can write Kirchhoff's law 
for the kth loop in the form 

Vk —  E A kmim = E — im)/di E Lkkdik/dt 

where 

mpq P9 

+ E m„„,„dir/d/ (40) 

E(Rkp + rk,), „ 
in = k 

L. A. Pipes, "Analysis of electric circuits containing nonlinear 
resistance," J. Franklin Inst., vol. 263, pp. 47-55; January, 1957. m k. 

(41) 
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It should be noted that the M's were defined for differ-
ent coils only, so that the last summation in (40) con-
tains only terms for which (k, m)0(r, s). Now, it is 
readily seen that, if one defines 

kmpqkmpq = Lkmpq, (42) 

(39) still applies for the new terms and the definitions of 
M can now be collected into the following relation (as-
suming ideal coupling): 

mkmp„„; = + (L,..„,Lro,)"(f5pesq, + kefsql — bposposp,). (43) 

Here Se is the usual Kronecker delta which has the 
value 1 if p =t and zero otherwise. According to these 
notations, 

E Lk„,,d(ik — i) "dl = E mk„,„kmp,dik/d/ 
mpq ePq PI 

+ E mk.pqmkpgaimbir. 
mpq 

It is seen that the first two summations of (40) contain 
the terms which are needed to complete the summation 
of the last sum, so that one obtains 

where 

V k E Akmr4 = E 3/kmpqrspgdydr, 
mpqrs 

Vk = E Akmim E Bk.di„,/dt (44) 
111 

Bkm = E Mkrpqmspq• 
rM78 

(45) 

By comparing (44) to (30) it is seen that (45) is the re-
quired definition for B to be substituted in (37). It is a 
symmetric matrix since by (45) and (39) 

B m k B  km• (46) 

Using (45) one can evaluate B from the network data 
concerning the coils and their couplings. To use (37) one 
still has to have a convenient definition for the matrix 
F. In order to do this, consider the geometrical arrange-
ment in which Lpgkm consists of N„,km turns wound on 
an almost closed toroid of length skm centimeters ( Fig. 
11). The toroid is made of a material having high 
permeability, µkm, and its cross section is Skm cm2. The 
magnetoresistor Rkm is placed in a small air gap S km' 
centimeters wide. If one applies a plus or minus sign to 
N according to the relative direction of winding, one 
has for this geometry, according to (43), 

411-S Am pqkm X abkm 
10-9 Henry. (47) M . pqmabkm =    

5k„,' skm/mkm 

On the other hand, the field produced by such a coil 
L„,km at RA.„„ due to the current ip amperes, is 

Ilk. = 471'N „km ip/ 10(S km' S km / km) gauss. 

It follows that the whole field at Rkm is 

47 
llkm =  E .\-„,min, (48a) 

tu(skm S km /íi,) pq 

Fig. 1 —Schematic representation of the geometric 
arrangement of coils and magnetoresistors. 

it being assumed as before that the N's have the proper 
signs according to the direction of the windings. 
Assuming that the magnetoresistive effect is essen-

tially quadratic, as it is in most practical cases, one can 
write 

Rkm = Rkmo)(1 CHkm2). (481)) 

The linear term may be added to the appropriate rk., so 
that 

Rkm = Rkm ((e)C  II km 2. 

Substituting into this from (48) 

(47) 2 
Rk„, = Rkm(0C 

102(sk.' + skm/mk.)2 

or, according to (47), 

where 

E xpqkm  Nabkmipia 

pqab 

Rk m = akm E Mpqkm,,bkmIpa 

pqab 

47r107CRk„,(°) 
akm   

S km(S km' ± S km/ ilkm) 

(49) 

(50) 

Substituting (49) in (41) and using (44) one obtains 

V k = E Ektnim E Dk,,pqmpq + E Bk.di„,/dt (51) 

with 

and 

rn InP4 

E rka, 
Ekm = Emk =  s 

[— rim 

E aksMpaksqbkif 

abo 

Dkmpq = 

akm E Mpakmqbkm, 
ab 

if in = k 

if m k 

if m = k 

in k. 

Definition (53) and the relations (39) imply 

Dk„.,,, = Dkmpq = Dnikpq• 

(52) 

(53) 

(54) 

The equilibriums of the general magnetoresistive net-
work discussed are then the roots of the set of cubic 
equations: 

vk = E E Dempgimip!, 
mpq 

(55) 
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Hence, according to (34), 

F = Ekm E Dk.„,/,/, + E Dk.,/./. 
P9 

+ E 
.P 

sq 

or by (54) 

F5, = Ekm E (Dkmn, + 2Dk„,) /pig. (56) 
P4 

Eq. (56) is then the required relation for the matrix F 

to be substituted in (37) for the calculation of the time 
constants. D and E are readily evaluated using the 
network data and (50), (52) and (53). 

VII. PROPERTIES OF THE PARAMETERS 

For the numerical analysis of a specified network, it 
is sufficient to solve (37). However, if one wants to in-
vestigate the time for a more general group of such net-
works, one has to have a measure for the time constants 
expressed by the parameters involved in this treatment. 

Consider a certain magnetoresistor Rk.. In a sta-
tionary state the current which flows through it is 
I k — I m, while its resistance is at least R5,,,(®, according 
to (48b). This resistor should therefore be designed so 
that it can dissipate at least the stable state power 

W km = Rkme (I 1.)2. 

Substituting this in (50) one obtains 

1 Sk.(s'km sk./mkm) 

a4m(Ik — 1)2 47r107 CW km 

Vkm V km/ IÀkm 

4r107CWk. 
(57) 

But, according to Part V, the expression on the right 
hand side is at least of the order of 10-3 seconds. One 
can therefore conclude that, for the network to be a 
practical flip-flop, the largest root of (37) should be at 
least 2 orders of magnitude smaller than the smallest of the 

expressions akm-1(1k— I.) -2 of the network.6 
Using the measure, certain groups of magnetoresistive 

bistable networks were analyzed,4 but all those tried 
could be proved to have time constants of at least the 
order of one of the ak.-1(1k—.1.) -2. 

VII I. FLIPPING BY AN EXTERNAL PULSE 

In the following the dependence of the flipping time 
on the magnitude of the incoming pulse, which trans-
fers the elements from a stable state to the vicinity of 
the unstable state, will be discussed. 
The circuit of Fig. 12 is assumed. The flipping pulse 

E(t) with an internal resistance kR is applied via a 
coupling transformer. Here k> 0, and R is the resistance 
of each of the magnetoresistors R1 and R2 in the bias-

8 For k= nz one should take a' f&. since h is the current through 
Rkk. 

E(t) 

kR 

Fig. 12—Schematic representation of the bridge magnetoresistive 
flip-flop is discussed. The resistance of R1 and R2 depends on the 
current through L. A pulse E(t) serves to flip over from one stable 
state of the current in the coil to the other. A linear load kR is 
assumed to be transformer coupled. 

ing field Ho. Since in most applications, a flip-flop circuit 
has to operate a similar cascaded element, a load kR is 
added in Fig. 12. The load is made equal to the pulsing 
internal resistance since this is usually the most favor-
able condition to utilize the power involved. The in-
ternal resistance of the dc source V is assumed to be 
zero. For simplicity, all the coils are assumed to be 
equal, each having an inductance L. The resistance of 
the magnetoresistors is assumed as in (20). Analysis of 
the circuit gives 

kRia Ldi4/dl = Ldl/dt E(1) (58) 

kRi5 Ldi5/di = Ldl/d1 (59) 

— ml nX13 ± .V215 L d 
ià — 31). (60) 

1 + N12 R di 

From (58), (59), (60) and (30) it is seen that the B 
matrix for this case is 

3 — 1 — 1 

B —1 1 01 —L 

—1 0 1 

Hence, using (34) and (47) the linear time constant, r, is 
the largest root of 

rFn — 3L/R L/R L/R 

L/R rk — L/R O = 0 (61) 

L/R O rk — L/R 

with 

Fu = 2a(n 2a)/(1 -I- a) (62) 

where a is as defined in ( 15). 
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Subtracting the second column of (61) from the last 
one, and adding the second row to the last one, it is 
readily seen that one of its roots is 

= L/kR (63) 

while the other two are the roots of 

2ak(n + 2a)a2 — al3k(1 + a) + 2a(n + 2a)} 

+ (1 + a) = 0 (64) 

with 

a = TR/L. (65) 

The time constant for this element without the input 
and output circuits has already been calculated above. 
The result (for a coil of 3L used here) was 

ro = aoR/L 

with 

3(1 ± a) 
ao —   

2a(n ± 2a) 
(66) 

Substituting for a from (66), the largest root of (64) is 

a --- ( 1/2k) lao k+ 1 4. (ao2k2 _IL 1 ± 2ka0/3) 1121. (67) 

It should be noted that the time constant given by 
(65) and (67) is larger than ro and tends to this value 
only for k—> ce. It is also evident that the square root in 
(67) is larger than 1, so that a> 1/k. This means that 
the solution of this equation is larger than the one de-
termined by (63). Since only the largest solution is of 
interest, the linear time constant, r, is the one determ-
ined by (65) and (67). 

IX. THE DIFFERENTIAL EQUATION FOR THE TIME 

Using the above mentioned r, let the following nota-
tions 

T = 1/r, y = I/1o, z1= i4/Io, Z2 = i6//0 

be substituted in (58), (59) and (60). Using (66), 
equations reduce to 

d(zi — y)/dT = — akzi aE(T)/ R10, 

d(z2 — y)/dT = — akz2, 

(68) 

these 

(69) 

(70) 

d (1 — y2)(ay2 b) 
—(3y — — z2) aay   (71) 
dT 1+ay2 

Here a and b are given by ( 15). 
Now it can be verified by substitution that the solu-

tions of (69) and ( 70), which satisfy the initial condi-
tions zi(0) = z2(0) = 0, are 

Z1 = e-kar f (aE/Rlo dy/d1)ekardT, (72) 

52 = e-kar (dy/dT)ekardT. 
• o 

(73) 

Substituting these solutions in (71) one obtains 

dy f Ti + 2 aE dy) 
kae-k"T 

0 kRlo dT e 
dT k&rdT — aE ±  

Rlo 

aaY(1 — y2) (9Y2 + le) 
(74) 

1 ± ay' 

One can differentiate ( 74) after multiplying both 
sides of this equation by ekar thus getting rid of the in-
tegral and obtaining a nonlinear differential equation of 
the second order. Here we shall consider only the sim-
plest case 

m = 1, n = 0. 

In this case (67) reduces to 

a =- (1/2k) [3k/2 ± 1 + (9k2/4 ± 1 + k) 112] 

and the differential equation becomes 

dy dy 
+ (3k — 1 ± 3,e) — ka2y(1 — y') Ga' 

dr dT  

with 

G = (1/aR10)(dE/dT). 

(75) 

(76) 

(77) 

(78) 

Let the pulse be initiated at T= 0 when the element is 

in one of its stable states + 1, for example in the state 
y = — 1. The pulse voltage is either stepped in zero time 

to a value E(0) or rises continuously from zero, in 
which case E(0) = 0. In either case, the currents cannot 
change discontinuously, due to the presence of induct-
ance, so that (58) and (59) imply 

(dii/dt) i_o — (d//dt) i_o = E(0)/L, (dio/d1) 1_0= 0. 

Substituting these relations in (60) and taking into ac-

count that at t= 0 the element is in a stable state, one 
obtains 

Eq. (79a) and 

(d//dt) g_o = E(0)/2L, 

(dy/dT) r_o = aE(0)/R1o. 

y(0) = — 1 

(79a) 

(79b) 

are the necessary initial conditions for the solution of 
(77). 

X. NUMERICAL COMPUTATIONS AND RESULTS 

Eq. (77) is nonlinear but does not contain the inde-
pendent variable explicitly and can therefore be re-
duced to a first order equation. By substituting 

u = dT/dy (80) 

it is transformed into 

du/dy = au2(3k — 1 ± 3y2) 

— ka2u3v(1 — 3,2) — Ga2u3. (81) 
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This is a special case of Abel's equation' whose solution 
cannot be expressed in terms of tabulated functions. 
Therefore a numerical computation was undertaken. 
The first case considered was a ramp pulse (i.e., E 

increases linearly up to a certain value and then remains 
constant). According to (78), this assumption implies a 
constant value for G to be substituted in (77), for 

T< T* and G=0 for T> T*. For the solution of 
(77) one thus has the 3 parameters k, G, T*. According 
to (79) the initial conditions for this case are 

y(0) = — 1, y'(0) = O. 

Using these values and the Fourth order Runge-
Kutta Method,8 ( 77) was solved numerically for some 
values of the parameters involved. The results for 
k = 1, G=1 are plotted in Fig. 13. Curve 1 of this figure 
is for an unterminated pulse. In curve 2 the pulse is 
terminated at the unstable state (G=0 from y =0 on-
wards). In the other curves the pulse is terminated at 
the points designated by the arrows. It is clear that the 
higher the energy supplied to the element, the shorter 
the flipping time. However, the most interesting case is 
that in which the energy supplied by the pulse does 
not exceed the energy which the element needs to flip 
over a cascaded element of similar type. Since it is diffi-
cult to estimate this energy, it was assumed that the 
power supplied by the pulse when it is terminated 
equals R/02 which is of the order of the internal power. 
Curve (4) of Fig. 13 comes roughly within this limit; 
but it is seen that the energy supplied in this case does 
not suffice to flip-over the element, and it falls back to 
the initial state. 

Similar results for k=1, G=3 are plotted in Fig. 14. 
In this figure, also, curve 1 represents an unterminated 
pulse and the arrows designate the points of termina-
tion for the other pulses (T*). In this case again the 
terminations should be such that the power supplied is 
somewhat higher than R/02, otherwise the element falls 
back to the initial state. Of special interest is curve 4, 
where the element almost reaches the unstable state 
y = 0, and remains in its vicinity for rather a long time. 
The results for the derivative of y in the case k = G = 1 

were used to calculate z1 and z2 from (72) and (73). The 
results are plotted in Figs. 15 and 16, respectively. The 
indexes 1 and 2 in these figures refer to the appropri-
ate curves in Fig. 13. It is seen that in this case at least 
the output current is considerably smaller than the in-
put current, which prevents cascading elements. No at-
tempt was made to look for output amplitudes which 
would be at least equal to the input. 

7 E. Kamke, " Differentialgleichungen," Chelsea Publishing Co., 
New York, N. Y., Band 1, P. 24; 1948. 

°J. B. Scarborough, "Numerical Mathematical Analysis," The 
Johns Hopkins Press, Baltimore, Md., 2nd Edition, pp. 299-303; 
1950. 

'Ir 

Fig. 13—The transfer of the current I in the coil from the stable state 
—Jo to the stable state -F/o, for linearly rising pulse with G=1 
and k = 1. The arrows show the termination of the pulse and are 
indexed according to the indexing of the curves. Curve 1 is for an 
unterminated pulse. The time scale is referred to the linear time 
constant r. 
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Fig. 14—Same as Fig. 13 with G=3. 
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Fig. 15—The input pulse current of the curves 1 and 2 
of Fig. 13 as a function of the time. 
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Fig. 16—The output current of the curves 1 and 2 
of Fig. 13 as a function of the time. 
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Fig. 17—The transfer of the current I in the coil front the stable 
state —./0 to the stable state +10 for the step function pulse and 
for k = 1. The values of E/R/0 are indicated in the ligure. Same 
time scale as in Fig. 13. 
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Fig. 18—Same as Fig. 17 for k=5. 
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The second type of flipping pulse considered was a 
step function for E, i.e., a sudden rise from 0 to E of the 
voltage at T=0 and a constant voltage E for T> 0. In 
this case one has to substitute G=0 in (77) and use E 
in the initial conditions (79) only. 

Since the derivative of y is rather large, for large 
values of E, the Runge-Kutta method cannot be ap-
plied to (77) in this case. Therefore, the transformation 
(80) was used and the fourth order Runge-Kutta 
method was applied to (81). Computations from this 
equation were made until u was large enough. The last 

values were then used as initial values for the numerical 
solution of ( 77). 
The results of the numerical computations for k= 1 

and k = 5 are plotted in Figs. 17 and 18, respectively, for 
various values of E. The numbers indicated in the fig-
ures are the values of E/R/o. 

In the results plotted in Figs. 13, 14, 17, and 18 the 
time scale is referred to the linear time constant r. It 
can, therefore, be seen that r is a very good approxima-
tion for the flipping time for conceivable values of the 
power involved. 

TABLE OF NOTATIONS 

(MOST COMMONLY USED) 

C • • • Magnetoresistive coefficient 
(Bismuth from 3.1 X 10-6 Gauss-2 at liquid air temperature to 
1.7 X10-2 Gauss-2 at room temperature; slightly higher with 
InSb and some other semiconductors). 

K • • • Constant of proportionality of magnetic field, produced by 
current I, Fig. 1. 

L • • • Inductance of coil. 
RI • • • RO, fir2 Resistances according to Figs. 1 and 12. R1 R4 and 

R2 = R2. 
Ro • • • Resistance of Ri • • • Ro in zero field. 
/0 • • • Current in a stable state. 
M= 2CKHo/ (1 ± CH02). 
N = CIO/ (1 + CH02)• 
R = R0(1 C H 02). 

u= freHo2/O R) /R+. x =4 CH02). 
ni = MV /R —a, characteristic amplification of element. 
n=cr+1—X. 

r • • • Time Constant 
a = IF —n+ (n2+4,0 1121. 
b = 4[11-1- (n2 +4m) 112]. 
P =-(o ±m±(ff — 1)(Xa) 1/212/I1 +a+ (Xa)"21. 
Q = kr+m (a— 1)(Xa) 1/2)2/[1 +a —(Xa)/21. 
r* = ( 1 +a)max(P, Q)/laX(4 — X)(n2+4m)'/2]. 
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Accelerating Electrode. An electrode to which a poten-
tial is applied to increase the speed of the electrons 
which constitute the space current. 

Accelerating Grid. See Accelerating Electrode. 

After Pulse. A spurious pulse induced in a photomulti-
plier by a previous pulse. 

Anode (Electron Tubes). An electrode through which a 
principal stream of electrons leaves the interelectrode 

space. 

Anti-Coincidence Circuit. A circuit that produces a 
specified output pulse when one (frequently pre-desig-
nated) of two inputs receives a pulse and the other re-
ceives no pulse within an assigned time interval. 

Background Counts (in Radiation Counters). Counts 
caused by ionizing radiation coming from sources other 

than that to be measured. 

Background Response (in Radiation Detectors). Re-
sponse caused by ionizing radiation coming from sources 
other than that to be measured. 

Coincidence Circuit. A circuit that produces a specified 
output pulse when and only when a specified number 
(two or more) or a specified combination of input termi-
nals receives pulses within an assigned time interval. 

Collector (Electron Tubes). An electrode that collects 
electrons or ions which have completed their functions 
within the tube. 

Count (in Radiation Counters). A single response of the 
counting system. 

Counting Efficiency (Scintillation Counters). The ratio 

of 1) the average number of photons or particles of 
ionizing radiation that produce counts to 2) the average 
number incident on the sensitive area. The operating 
conditions of the counter and the conditions of irradia-
tion must be specified. 

Counting-Rate Meter. A device that indicates the time 
rate of occurrence of input pulses averaged over a time 
interval. 

Current Amplification (Photomultipliers). The ratio of 
1) the signal output current to 2) the photoelectric sig-
nal current from the photocathode. 

Dark Current (Phototubes). See Electrode Dark Current. 

Dark Current Pulses (Phototubes). Dark current excur-
sions that can be resolved by the system employing the 

phototube. 

Delay Circuit. A circuit that produces an output signal 
that is delayed intentionally with respect to the input 
signal. 

Delay Line. A real or artificial transmission line designed 
to introduce delay. 

Delay Coincidence Circuit. A coincidence circuit that is 
actuated by two pulses, one of which is delayed by a 
specified time interval with respect to the other. 

Discriminator, Amplitude. See Discriminator, Pulse-

height. 

Discriminator, Pulse-Height. A circuit that produces 
a specified output pulse if and only if it receives an in-
put pulse whose amplitude exceeds an assigned value. 

Dynode. An electrode which performs a useful function 
by means of secondary emission. 

Electrode Dark Current (Phototubes). The component 
of electrode current remaining when ionizing radiation 
and optical photons' are absent. 

Focusing Electrode. An electrode to which a potential is 
applied to control the cross-sectional area of the elec-
tron beam. 

Focusing Grid. See Focusing Electrode. 

Full Width at Half Maximum (FWHM). The full width 
of a distribution measured at half the maximum ordi-
nate. (See Fig. 1.) For a normal distribution, it is 
equal to 2 (2 In 2)1/2 times the standard deviation (a). 

o 

o 
o 

t- A/2 

o 

A 

Fig. 1. 

ENERGY ( MEV) 

14---L1E FULL WIDTH AT HALF MAXIMUM 

Note: The expression " full width at half maxi-
mum" given either as an absolute value or as a per-
centage of the value of the argument at the maximum 
of the distribution curve is frequently used in nuclear 
physics as an approximate description of a distribu-
tion curve. Its significance can best be made clear by 
reference to a typical distribution curve, shown in 
Fig. 1, of the measurement of the energy of the 
gamma rays from Cs"7 with a scintillation counter 
spectrometer. The measurement is made by deter-
mining the number of gamma ray photons detected in 
a prescribed interval of time, having measured ener-

I Optical photons, for the purpose of this Standard, are photons 
with energies corresponding to wavelengths between 2000-15,000 A. 
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gies falling within a fixed energy interval (channel 
width) about the values of energy (channel position) 
taken as argument of the distribution function. The 
abscissa of the curve shown is energy in million elec-

tron volt (mev) units and the ordinate is counts per 
given time interval per mev energy interval. 
The maximum of the distribution curve shown has 

an energy E mev. The height of the peak, is AI 
counts/100 seconds/mev. The full width at half 
maximum AE is measured at a value of the ordinate 
equal to AI 2. The percentage full width at half 
maximum is 100 ¿SE/E,. It is an indication of the 
width of the distribution curve, and where (as in the 
example cited) the gamma ray photons are mono-
energetic, it is a measure of the resolution of the de-
tecting instrument. When the distribution curve is a 
Gaussian curve, the percentage full width at half 
maximum is related to the standard deviation cr by 

100 — = 100 X 2(21n 2) 1/2 X «. 

Gain (Photomultipliers). See Current Amplification. 

Ionizing Radiation. a) Particles or photons of sufficient 
energy to produce ionization in their passage through 

air. b) Particles that are capable of nuclear interactions 
with the release of sufficient energy to produce ionization 
in air. 

Kick-Sorter (British). See Pulse- Height Analyzer. 

Light Pipe. An optical transmission element that uti-
lizes unfocused transmission and reflection to reduce 
photon losses. 

Note: Light pipes have been used to distribute 
the light more uniformly over a photocathode. 

Linear Pulse Amplifier. A pulse amplifier in which the 
peak amplitude of the output pulses is directly propor-
tional to the peak amplitude of the corresponding 
input pulses, if the input pulses are alike in shape. 

Multiplier Phototube. A phototube with one or more 
dynodes between its photocathode and output electrode. 

Noise (Phototubes). The random output which limits 
the minimum observable signal from the phototube. 

Photocathode. An electrode used for obtaining photo-
electric emission. 

Photocathode Blue Response. The photoemission cur-
rent produced by a specified luminous flux from a tung-
sten filament lamp at 2870°K color temperature when 
the flux is filtered by a specified blue filter. 

Photocathode Luminous Sensitivity. See 
Cathode Luminous. 

Sensitivity, 

Photocathode Radiant Sensitivity. See Sensitivity, 
Cathode Radiant. 

Photocathode Spectral Sensitivity Characteristic. See 
Spectral Sensitivity Characteristic (Photocathode). 

Photocell. A solid state photosensitive electron device 
in which use is made of the variation of the current-
voltage characteristic as a function of incident radiation. 

Photomultiplier. See Multiplier Phototube. 

Photpn Emission Spectrum, Scintillator Material. The 
relative numbers of optical photons' emitted per unit 
wavelength as a function of wavelength interval. The 
émission spectrum may also be given in alternative units 

such as wave number, photon energies, frequency, etc. 

Phototube. An electron tube that contains a photo-
cathode and has an output depending on the total photo-
electric emission from the irradiated area of the photo-
cathode. 

Pulse Amplifier. An amplifier designed specifically for 
the amplification of electrical pulses. 

Pulse Counter. A device that indicates or records the 
total number of pulses that it has received during a time 
interval. 

Pulse Decay Time. The interval between the instants 
at which the instantaneous amplitude last reaches 
specified upper and lower limits, namely, 90 per cent 
and 10 per cent of the peak pulse amplitude unless 
otherwise stated. 

Pulse Duration. The time interval between the first and 
last instants at which the instantaneous amplitude 
reaches a stated fraction of the peak pulse amplitude 

Pulse-Height Analyzer. An instrument capable of indi-
cating the number or rate of occurrence of pulses falling 
within each of one or more specified amplitude ranges 

Pulse-Height Resolution, Electron (Photomultiplier). 
A measure of the smallest change in the number of 
electrons in a pulse from the photocathode that can be 
discerned as a change in height of the output pulse. 
Quantitatively, it is the fractional standard deviation 
(cr/il i) of the pulse-height distribution curve for output 
pulses resulting from a specified number of electrons 
per pulse from the photocathode. 

Note: The fractional full width at half maximum of 
the pulse-height distribution curve, (FWHM/44 1) is 
frequently used as a measure of this resolution, where 
A1 is the pulse height corresponding to the maximum 
of the distribution curve. 

Pulse-Height Resolution Constant, Electron (Photo-
multipliers). The product of the square of the electron 
(photoniultiplier) pulse-height resolution expressed as 
the fractional full width at half maximum (FWH NI /A 1). 
and the mean number of electrons per pulse from the 
photocathode. 

Pulse Rise Time. The interval between the instants at 
which the instantaneous amplitude first reaches speci-
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fled lower and upper limits, namely 10 per cent and 90 
per cent of the peak pulse amplitude unless otherwise 

stated. 

Pulse Shaper. Any transducer used for changing one or 
more characteristics of a pulse. 

Note: This term includes pulse regenerators. 

Pulse Stretcher. A pulse shaper that produces an output 
pulse whose duration is greater than that of the input 
pulse and whose amplitude is proportional to that of the 
peak amplitude of the input pulse. 

Register, Mechanical. An electro-mechanical indicating 
pulse counter. 

Resolving Time (Radiation Counters). The minimum 

achievable pulse spacing between counts. 
Note: This quantity is a property of the combina-

tion of the tube and recording circuit. 

Scaler, Pulse. A device that produces an output signal 
whenever a prescribed number of input pulses has been 
received. It frequently includes indicating devices for 

interpolation. 

Scintillation. The optical photons' emitted as a result 
of the incidence of a particle or photon of ionizing radia-

tion on a scintillator. 

Scintillation Counter. The combination of scintillation 
counter heads and associated circuitry for detection and 
measurement of ionizing radiation. 

Scintillation-Counter Cesium Resolution. The scintil-
lation-counter energy resolution for the gamma ray or 
conversion electron from Cesium- 137. 

Scintillation-Counter Energy Resolution. A measure 
of the smallest difference in energy between two par-
ticles or photons of ionizing radiation that can be dis-
cerned by the scintillation counter. Quantitatively it is 
the fractional standard deviation (e/E,) of the energy 

distribution curve. 
Note: The fractional full width at half maximum 

of the energy distribution curve ( F\VH / El), is fre-
quently used as a measure of the scintillation-counter 
energy resolution where EI is the mode of the dis-
tribution curve. (See Fig. 2.) 

f i ENERGY —* 

2. 

Fig. 3. 

Scintillation-Counter Energy Resolution Constant. The 
product of the square of the scintillation-counter energy 
resolution, expressed as the fractional full width at half 
maximum (FWHM/Ei), and the specified energy. 

Scintillation Counter Head. The combination of scintil-
lators and phototubes or photocells which produces 
electrical pulses or other electrical signals in response to 
ionizing radiation. 

Scintillation-Counter Time Discrimination. A measure 
of the smallest interval of time between two individually 
discernible events. Quantitatively it is the standard 
deviation ((r) of the time interval curve. 

Note: The full width at half maximum of the time 
interval curve is frequently used as a measure of the 

time discrimination. (See Fig. 3.) 

TIME DISC = CS 

INTERVAL—b.. 

Scintillation Decay Time. The time required for the rate 
of emission of optical photons' of a scintillation to de-
crease from 90 per cent to 10 per cent of its maximum 
value. 

Scintillation Duration. The time interval from the emis-
sion of the first optical photon' of a scintillation until 
90 per cent of the optical photons' of the scintillation 
have been emitted. 

Scintillation Rise Time. The time required for the rate 
of emission of optical photons' of a scintillation to in-
crease from 10 per cent to 90 per cent of its maximum 

value. 

Scintillator. The body of scintillator nui ferial together 
with its container. 

Scintillator Conversion Efficiency. The ratio of the op-

tical photon' energy emitted by a scintillator to the in-
cident energy of a particle or photon of ionizing radia-
tion. (The efficiency is generally a function of the type 
and energy of ionizing radiation.) 

Scintillator Material. A material which emits optical 
photons' in response to ionizing radiation. 

Note: There are five major classes of scintillator 
materials, namely, 

1) inorganic crystals [e.g., Nal(T1) single crystals, 
ZnS(Ag) screens], 
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2) organic crystals (e.g., anthracene, trans-stilbene), 
3) solution scintillators: a) liquid, b) plastic, c) glass, 
4) gaseous scintillators, 
5) Cerenkov scintillators. 

Scintillator Photon Distribution (in Number). The sta-
tistical distribution of the number of optical photons' 
produced in the scintillator by total absorption of mono-
energetic particles. (See Fig. 4.) 

PHOTONS PER SCINTILLATION 

Fig. 4. 

Scintillator Material Total Conversion Efficiency. The 
ratio of the optical photon' energy produced to the 
energy of a particle or photon of ionizing radiation 
which is totally absorbed in the scintillator material. 
(The efficiency is generally a function of the type and 
energy of the ionizing radiation.) 

Selector, Amplitude. See Selector, Pulse- Height. 

Selector, Pulse-Height. A circuit that produces a speci-
fied output pulse when and only when it receives an in-
put pulse whose amplitude lies between two assigned 
values. 

Semi-Transparent Photocathode. A photocathode in 
which radiant flux incident on one side produces photo-
electric emission from the opposite side. 

Sensitivity. The least signal input capable of causing an 
output signal having desired characteristics. 

Sensitivity (of a Measuring Device). The ratio of the 
magnitude of its response to the magnitude of the quan-
tity measured. It may be expressed directly in divisions 
per volt, millimeters per volt, milliradians per micro-
ampere, etc., or indirectly by stating a property from 
which sensitivity can be computed (e.g., ohms per volt 
for a stated (leflection). 

Note: In the case of mirror galvanometers it is 
customary to express sensitivity on the basis of a 
scale distance of one meter. 

Sensitivity, Cathode Luminous (Photocathodes). The 
quotient of photoelectric emission current from the 
photocathode by the incident luminous flux under speci-
fied conditions of illumination. 

Note 1): Since cathode luminous sensitivity is not 
an absolute characteristic but depends on the spectral 
distribution of the incident flux, the term is commonly 
used to designate the sensitivity to radiation from a 

tungsten filament lamp operating at a color tempera-
ture of 2870°K. 

Note 2): Cathode luminous sensitivity is usually 
measured with a collimated beam at normal incidence. 

Sensitivity, Cathode Radiant (Photocathodes). The 
quotient of the photoelectric emission current from the 
photocathode by the incident radiant flux at a given 
wavelength under specified conditions of irradiation. 

Note: Cathode radiant sensitivity is usually meas-
ured with a collimated beam at normal incidence. 

Sensitivity, Incremental (of an Instrument). A measure 
of the smallest change in stimulus that produces a sta-
tistically significant change in response. Quantitatively 
it is usually expressed as the change in the stimulus 
which produces a change in response equal to the stand-
ard deviation of the response. 

Sensitivity, Threshold (of an Instrument). A measure of 
the smallest stimulus that produces a significant re-
sponse. 

Spectral Quantum Yield (Photocathode). The average 
number of electrons photoelectrically emitted from the 
photocathode per incident photon of a given wavelength. 

Note: The spectral quantum yield may be a function 
of the angle of incidence and of the direction of polari-
zation of the incident radiation. 

Spectral Sensitivity Characteristic (Photocathode). The 
relation between the radiant sensitivity and the wave-
length of the incident radiation under specified condi-
tions of irradiation. 

Note: Spectral sensitivity characteristic is usually 
measured with a collimated beam at normal incidence. 

Spurious Count. A count from a scintillation counter 
other than, a) one purposely generated or, b) one due 
directly to ionizing radiation. 

Spurious Pulse. A pulse in a scintillation counter other 
than, a) one purposely generated or, b) one due directly 
to ionizing radiation. 

Time Distribution Analyzer. An instrument capable of 
indicating the number or rate of occurrence of time in-
tervals falling within one or more specified time interval 
ranges. The time interval is delineated by the separation 
between pulses of a pulse pair. 

Time-Interval Selector. A circuit that produces a speci-
fied output pulse when and only when the time interval 
between two pulses lies between specified limits. 

Time-Sorter. See Time Distribution Analyzer. 

Wavelength Shifter (Scintillator). A photofluorescent 
compound used with a scintillator material to absorb 
photons and emit related photons of a longer wave-
length. 

Note: The purpose is to cause more efficient use of 
the photons by the phototube or photocell. 
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Noise in Oscillators* 
W. A. EDSONt, FELLOW, IRE 

Summary—Noise affects the behavior of oscillators in at least 
two important ways. During sustained oscillation, noise creates un-
desired perturbations or modulation in both the amplitude and the 
phase of the wave. The amplitude perturbations produce a continu-
ous spectrum which in typical situations is quite weak and broader 
than the bandwidth of the resonator. The phase perturbations dis-
perse the nominal frequency into a continuous distribution which is 
of the same form but much stronger and narrower than for the 

amplitude perturbations. 
During the initiation of oscillation, noise constitutes the starting 

voltage and therefore affects the time required for the wave to reach 
some pre-established amplitude. The resulting jitter in the starting 
time of pulsed oscillators is objectionable because it degrades the 
signal-to-noise ratio in systems employing super-regenerative re-
ceivers or pulse-time modulation. The time and spectral distributions 
of noise effects in typical oscillators are derived and discussed in the 
following sections. 

LIST OF SYMBOLS 

A = amplitude of oscillation 
C= capacitance 
F= frequency 
G=conductance 
/ = a current 
K= constant of integration 
L= inductance 
P= power 
Q= selectivity 
R= the autocorrelation 
T= temperature °K 
U= mean noise amplitude 
V=a voltage 
co = angular velocity 
o.=-- probable error 
p = an amplitude function 
4, = a phase function 
8 = logarithmic decrement 
r =a time interval 
a = expansion coefficient 
e =a variable related to decrement 
=a dimensionless multiplier 

r = the number 3.14159 
AL = a dimensionless multiplier 
a = a variable 
b= a variable 
d= the differential operator 
e =the number 2.71828 
1= frequency 
h= a variable 
i =a variable 

Original manuscript received by the IRE, June 9, 1959; revised 
manuscript received. Janaury 6, 1960. 
t General Electric Microwave Lab., Palo Alto, Calif. 

j= a variable 
k= Boltzmann's constant 1.38 X10-23 
n -= number of half-cycles 
p =a variable, also probability 
q = a variable, also cumulative probability 
r = a variable 
s= the saturation coefficient 
t= time 
U =an amplitude coeffcient 
v=a voltage 
x = an amplitude coefficient 

INTRODUCTION 

0 F THE many publications concerned with noise, 
[2], [ 13], [ 15], a considerable number, [4], [7], 
[14], concern themselves with the more special 

problem of noise in oscillators. A variety of approaches 
has been taken, and results of undoubted value have 
been obtained. However, it appears that many impor-
tant questions remain to be answered. In particular, it 
is believed that no previous treatment adequately de-
scribes either the distribution during build-up of oscil-
lation or the spectrum during sustained oscillation. 
Conventional noise formulas are directly applicable only 
to steady-state situations in linear systems. Unfor-
tunately, the build-up problem involves the transient 
state, and sustained oscillation involves nonlinearity. 
Thus, normal methods are inapplicable, and it has been 
necessary to return to basic considerations. 
Only white noise of thermal or electronic origin is con-

sidered in this treatment. While microphonics, element 
drift and other effects contribute to the instability of 
oscillators, their action can be calculated by these or 
other methods and no specific treatment is given here. 
The analysis indicates that low frequency abnormalities 
such as the flicker effect may affect the amplitude dis-
tribution of the output but should have only a second 
order effect upon the frequency. 

NARROW BAND NOISE 

Oscillators are characterized by relatively selective 
circuits and the fact that all the effects of interest are 
concentrated in a relatively narrow band of frequencies. 
Therefore, we may restrict our attention to noise within 
fractionally narrow bandwidths. The voltage which re-
sults when white noise is passed through any relatively 
narrow band-pass filter may be described by 

v(t) = xi(t) cos coot x2(t) sin coot (1) 

where con is the midband angular frequency and xi(t) 
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and x2(t) are uncorrelated functions of time which vary 
slowly and randomly about zero in a manner described 
by the normal or Gaussian probability function shown 
as Fig. 1. That is, the most probable value is zero and 
during half the time, the function lies within the range 
of probable error + 0.675u, where u, the standard 
deviation, is the rms value. The numerical value of cr de-
pends upon the temperature, impedance, and band-
width of the circuit and is discussed later. 

Although zero is the most probable value for xi(t) and 
x2(t) separately, it is very improbable that the two co-
efficients are simultaneously zero. That this is true may 
be seen from the expression equivalent to ( 1), also 
given by Davenport and Root, [5], 

v(t) = p(t) cos Pot (2) 

Again wo is the midband radian frequency and p(t) and 
4)(t) are slowly varying functions. However, entirely new 
statistical properties are involved. The phase varies 
randomly and with equal probabilities in all quadrants: 
therefore, et) has a rectangular distribution, uniform 
throughout the interval + 7r radians. The amplitude 
p(t) is now a magnitude or envelope function and has the 
Rayleigh distribution shown in Fig. 2. The standard 
deviation has the same significance as before, and during 
half the total time the envelope amplitude equals or ex-
ceeds 1.177 of the rms value. The fact that the same 
physical phenomenon is correctly described by both 
Gaussian and Rayleigh distributions is important to all 
the following discussions. 

I. INITIATION OF OSCILLATION 

In the interval which follows the instant that an os-
cillator is first turned on, the amplitude builds up from 
a small initial value until it becomes large enough to 
produce limiting at some point in the system. During 
this period, the behavior of typical oscillators is sub-
stantially linear. Therefore, it is possible to treat this 
part of the problem without recourse to nonlinear 
mathematics. 

In low-frequency oscillators, it is very difficult to 
achieve the turn-on process without simultaneously 
generating a transient which, within the bandwidth of 

interest, is large compared with background noise. 
Under such circumstances, the oscillation starts from 
this injected transient rather than from noise, and the 
phase of oscillation is uniquely related to the turn-on 
signal. Such oscillations are referred to as coherent and 
are desirable in many situations. However, they are 
beyond the scope of the present treatment, which is 
limited to situations in which the starting transient is 
negligible and oscillation builds up from the white 
noise signal which is inherent in all physical circuits. Be-
cause pure noise has no correlation with respect to the 
turn-on signal, there is no phase relationship between 
the phase of the growing oscillation and the turn-on 
signal. Such oscillations are referred to as incoherent. 
Phase coherence is a convenient practical test for the 

existence and relative magnitude of a starting transient. 
At best, the problem to be analyzed is complicated 

and difficult. For this reason the following treatment is 
divided into several steps of increasing complexity, each 
introducing some additional consideration and, there-
fore, being a closer approximation to a physical system. 

A. Noise Build- U p in a Passive Circuit 

Referring to Fig. 3, assume that L, C, and G are posi-
tive fixed elements and that the switch has been closed 
for a long time. Noise effects identifiable with the con-
ductance G are represented by the current I. The sys-
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tern, which is initially at rest, is driven by the current 
I in the interval which follows the opening of the switch 
at time d =0. 
Normal tube or thermal noise consists of a great many 

small impulses, randomly distributed in time. However, 
as already shown, the energy storage in a tuned circuit 
reduces the rapidity of response which is possible. There-
fore, no loss of generality results if the impulses which 
occur within some finite period are collected or grouped 
together. For the present purpose, it is convenient to use 
one-quarter cycle as the collecting interval. On page 31 
of Woodyard [17], it is shown that this procedure is 
correct and that it meets the requirements of sampling 
theory; this discussion also accounts for the sine and 
cosine components of ( 1). 

In the present section, it is assumed that the sampling 
period is perfectly uniform. However, in the final section 
on phase perturbations this period is modified to con-
form with the existing phase of the wave as perturbed 
by preceding impulses. No appreciable error is intro-
duced because the perturbation per cycle is very small. 
The situation is best visualized by imagining that a 

very large number of identical oscillatory systems are 
subjected simultaneously to the same experiment. It is 
now possible to make meaningful statements as to the 
statistical behavior of this ensemble. In the following 
paragraphs the amplitudes u and y are to be interpreted 
in this sense. 

During the first quarter-cycle after the switch is 
opened, the noise current will excite in the system a 
voltage of sine phase with an amplitude identifiable 
with some mean-square value u2. In the ensuing quarter-
cycle, the noise current excites a voltage of cosine phase 
and the same mean square amplitude. The initially ex-
cited sine term is not affected because sine and cosine 
terms are orthogonal. Since the sine and cosine com-
ponents experience similar influences, it is sufficient to 
explore either. The cosine term is selected because it 
offers minor simplification of notation. 

During the last quarter of the initial cycle, two op-
posing effects take place. The cosine oscillation excited 
during the second quarter cycle is decreased in ampli-
tude by a factor associated with the positive damping 
of the passive circuit. However, this effect is more than 
compensated by the additional impulse received from 
the driving current I. Thus, at the end of the second 
half-cycle, the amplitude of the cosine component is rep-
resentable by 

2,22 = u2(1 + 6) 

where 6 is related to the logarithmic decrement 8 by 

-= e-6 

derived from 

(3) 

(4) 

(12 = e-26 (5) 

which more closely represents the actual physical situa-
tion. For future reference it is noted that, because 8 is 

small in the cases of interest, (4) may be approximated 
by 

1 — = S. (6) 

Consistent with ordinary usage, (5 is taken as positive for 
a passive circuit. 
The validity of (3) depends upon the fact that the 

noise impulses are statistically independent so that the 
square of a deviation is equal to the sum of the squares 
of all component deviations. 

Iteration of the above reasoning shows that the mean 
square of the coefficient of the cosine voltage at the end 
of n half-cycles is represented by the finite sum 

v.2 = u2(1 ± 02 $ 3 am-1) . (7) 

The stepwise derivative of this series with respect to n 
is obtained by noting that, because dn = 1, 

v.+12 vn2 = dv„' = teed), = u2e-"dn. 

Integration gives 

=  K _ u2(e-nav 

(8) 

(9) 

The constant of integration K is evaluated by fitting the 
initial condition, 

2,„ = 0 when n = 0 with the result that 

= u2( 1 _ e-nav& = u2(1 _ On)/ 8.1 (10) 

The noise build-up represented by ( 7) or ( 10) is plotted 
as curve (A) in Fig. 4. It is seen to reach the asymptotic 
value 

U2 = u2/8. (11) 

However, Pierce, [ 12], has shown that this equilibrium 
amplitude is given by 

U' = kT/C (12) 

where k = 1.38 X10-23 is Boltzmann's constant, and T is 
the effective absolute temperature of G. The coefficient 
in ( 12) is correct because U corresponds to the peak 
value of the cosine wave, which in turn is equal to the 
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Fig. 4—Growth of the cosine component of voltage: (A) Passive 
circuit, Q= +20r; +0.05. ( B) Active circuit, Q= —20T; 
6= — 0.05. 
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rms value of the total wave. This expression can be put 
in several equivalent forms by use of the following well-
known relationships: 

coo = 1/N/LC, (13) 

Q = woC/G, (14) 

and 

= 7/Q = 7G/w0C. (15) 

The magnitude of the mean-square noise impulse de-
livered per quarter-cycle is given by eliminating U2 be-
tween ( 11) and ( 12) to obtain 

u' = 71eT/CQ = 7kTG/woC2 peak volts'. ( 16) 

This relation is basic to all that follows, and may be 
taken as the principal result of this section.' 

B. Noise Build-up in an Active Circuit 

Now assume that G is negative rather than positive 
but that no other change is made in the system previ-
ously described. Because numerical relationships be-
tween voltage and current are independent of whether 
G is positive or negative, it follows that the equations 
already developed can be used. The essential new fact 
is that disturbances caused by noise or other influences 
increase rather than decrease with the passage of time. 

Specifically, ô is now inherently negative and 13 is 
larger (rather than smaller) than unity. Eqs. (7) and 
(10) are valid, but now diverge rather than converge. 
The situation corresponding to the negative selectivity, 
Q= —207r, is plotted as curve (B) in Fig. 4. As before, 
this curve represents the mean square value of the co-
efficient of the cosine component of voltage, and devia-
tions from this value are given by the probability dis-
tribution of Fig. 2. 

C. Change of Circuit Parameters 

Let us now extend the analysis to include a change of 
circuit parameters as shown in Fig. 5. It is assumed that 
L, C and G are all positive and that an initial statistical 
equilibrium has been reached with respect to the noise 
current I identified with G at temperature T. The 
added conductance 7G associated with an additional 
noise current /21 is negative and numerically larger than 
G in the cases of interest, but the analysis is not so 
limited. In view of the preceding sections, and recalling 
that a conductance is incapable of energy storage, it is 
anticipated that subsequent to closing the switch at 
t = 0, the voltage across the system will increase with 
time from some finite initial value. 

Evidently, I/02, the value of the cosine voltage at time 
t = 0, is correctly given by ( 12), and the parameter a 
which identifies the rate of growth is given by 

a = e-r(t+ er)/Q. (17) 

2 Here and throughout the remainder of this paper, noise power is 
identified with positive frequencies, and no use is made of the nega-
tive frequency concept. 

The total noise impulse received per quarter-cycle is, 
from ( 16), 

u2 = (rkT/CQ)(1 u2). (18) 

Therefore, the cosine component of voltage which exists 
at the end of n half-cycles after the switch is closed is 

v.2 = U 020n u 2(1 a + 02 ± . 0n-1) . (19) 

This equation may be converted with use of ( 10) to 

u 2 
U 2 U 2 

e2 = U 020,1 (1 — On) = (U O2 — tin (20) 

where 0, u, and ‘5 have the values given in ( 17) and ( 18). 
To illustrate the application of these results, assume 

that in Fig. 5, y = — 2 and i=1. Further assuming that 
the passive circuit has a selectivity of Q = 207r, it can be 
determined from ( 17) that 6 = — 0.05 and )3=1.0514. 
Consistent with ( 18), u2= 0.1 UO2. The result of sub-
stituting these values in (20) yields the expression 
vn2/ UO2= —2+3(1.0514)", shown as curve (A) in Fig. 6. 
The slope is relatively steep for small values of n be-
cause noise impulses add to the exponential growth due 
to the negative conductance. After about ten cycles, the 

effect of additional noise impulses becomes negligible 
and the plot becomes essentially straight on the semilog 
coordinates used. 
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Fig. 5—Second circuit model. 
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D. Build-up with Continuously Variable Parameters 

The analyses of the foregoing sections have in com-
mon the underlying assumption that the parameters of 
the system are changed discontinuously, that is, in a 
time which is short compared with one cycle of the oscil-
lation. In practice, such a sudden change would be as-
sociated with transients which are large compared with 
the level of noise. Moreover, no means is known for pro-
ducing switching rapid enough to meet this criterion at 
microwave frequencies. Therefore, the concern here is 
with systems in which the total conductance is changed 
in some orderly manner from a positive to a negative 
value. Because such a change is ordinarily made by 
means of an electronic device and because appreciable 
noise contributions are associated with such devices, it 
is quite desirable to obtain an analysis which permits 
time variation of the noise current. 
The system under consideration is shown in Fig. 7 

which differs from Fig. 3 only in that G and I are both 
functions of time. At time t = 0, the voltage has an initial 
equilibrium value U0 identifiable with the system com-
prised of L, C, Go and to, where Go and jo refer to the 
values of these parameters during all negative values of 
time. Starting at time 1=0, both G and I change, ordi-
narily in such a way as to increase I and to decrease G 
from a positive to a negative value. No serious restric-
tion of generality results from the assumption that 
neither G nor I changes appreciably during any one 
cycle of the oscillation. Therefore, the convolution inte-
gral and methods of linear, time-variable, systems may 
be used. The analysis of superregeneration by Wheeler 
[16], and others has much in common with the following 
discussion. 

I (0 

Fig. 7—Third circuit model. 

(t) 

Drawing on the results derived in preceding sections, 
the following expression can be written for the cosine 
component of noise in Fig. 7 at the end of n half-cycles: 

Uo2(Ri.$2.03.i34 • • • On) 

± 142032133.04 • • • fin) 

+ U22(03 • • • tin) 

+ 113204 • • • On) 

-F 

+ 142 (21) 

where u„ and an refer to the noise impulse and the ex-
pansion factor applicable to the nth half cycle. 

This expression may be written more compactly as 

j= 

vn2 = E ui2 ,„ 
1=0 .fri+, (22) 

where the initial condition is represented by the special 
convention no' = UO2. 

Computation is facilitated by using an expression 
equivalent to ( 21) which has the form 

rn2 = ant'n-12 14,2. 

The net change between v„2 and vn_12 is 

dr„' 
= ( 1 — u„2. 

dn 

(23) 

(24) 

Because this equation is not readily integrated in its 
general form, a typical numerical example will be used. 
Assume that the initial conditions are the sanie as those 
in Fig. 6 and that the noise and negative conductance 
both increase (almost) linearly with time so that ten 
full cycles are required to carry out the transition which 
is achieved stepwise by switching in Fig. 5. 

Consistent with the above, 

and 

By definition, 

n 
21.2 = 0.05UO2(1 

± —20 
(25) 

fin = 0.95 ± n/200. (26) 

vo2 = Uo'. (27) 

Therefore, iterative use of (23), (25) and (26) permits 
evaluation of v„' for any desired value of n. The results 
obtained by this method are plotted as curve (B) in 
Fig. 6. It is noted that the slope of curve (B) at the end 
of ten cycles is the same as that of curve (A) for the same 
ordinate, and barring further changes in u and fi, the 
two are simply displaced in time for all larger ampli-
tudes. 

E. Generalizations on Build-up 

Each of the foregoing analyses has led to a Gaussian 
distribution for the separate sine and cosine components 
of voltage. Hence, we conclude that for all oscillators of 
this type and at all times during the build-up interval, 
the distribution of the separate components is Gaussian 
and the distribution of the total amplitude is Rayleigh. 
This result, which follows from the fact that successive 
impulses are statistically independent, is quite general, 
and is later used to determine a distribution function 
which describes the jitter in the starting time of an en-
semble of oscillators. 
An additional feature of oscillation build-up is worthy 

of mention. Prior to turn-on, the noise voltage of a given 



1Y60 Edson: Noise in Oscillators 1459 

oscillator remains small and changes randomly through-
out a range comparable with its greatest magnitude. 
Likewise, the phase is subject to large random excur-
sions. After turn-on, the level increases in a generally 
exponential manner to a relatively large value. Because 
the perturbing effects of noise remain nearly constant, 
as growth occurs it becomes increasingly less probable 
that the phase will be greatly shifted or that an oscil-
lator which started with a smaller-than-normal ampli-
tude will be able to advance into a larger-than-normal 
amplitude class. Explicitly, in terms of Fig. 6, increase 
of time makes it less and less likely that a given oscillator 
can move from one group to another. The situation 
might be paraphrased as " the social strata become more 
firmly fixed as their general level rises." 
To obtain a numerical measure of this decreasing 

mobility of level, a digression is in order to introduce the 
autocorrelation function, which is a widely used measure 
of predictability. The formal definition for the auto-
correlation of a stationary statistical function for the 
time interval r is 

1 r 

R(r) = lim - J r(t)r(1 r)dt. (28) 
T o 

For steady-state noise in a passive (rectangular) nar-
row band circuit, ( 156) of Bennett, [ lb may be con-
verted to the form 

2 UGQ wor 
R(r) —   sin — cos We. (29) 

COOT 2Q 

For the present purpose, it is convenient to consider the 
period of one full cycle and to introduce as the auto-
correlation per cycle, 

= (U2GQ/7)(sin r/Q). (30) 

This is recognized as the product of a (sine x)/x function 
and the mean-square power in the circuit. Interest 
centers in the extent to which the (sine x)/x function 
differs from unity. Eliminating Q with the use of ( 11) 
and ( 15), this expression can be converted to 

U4G u2 
R1=   sin — • 

u2 U2 
(31) 

Specifically, this is the predictability during the period 
of one cycle of a function having a Rayleigh distribution 
with mean-square magnitude U2 and perturbed by noise 
impulses of magnitude u2. 

Returning to a consideration of the build-up process 
in an active circuit, it is seen that here, too, are found a 
Rayleigh amplitude distribution, a mean square ampli-
tude which changes relatively little during any one 
cycle, and noise impulses measured by u2. Therefore, it 
is concluded that (31) also represents the autocorrela-• 
tion per cycle of an expanding wave, provided U2 is in-
terpreted as the mean-square amplitude of the total 
wave over the cycle in question, and u2 represents the 

mean-square value of the impulses received during that 
cycle. 
The result just derived does not distinguish between 

amplitude and phase perturbations, nor is it particularly 
easy to interpret. Fortunately, relevant statistics for 
both amplitude and phase distributions have been 
worked out and are tabulated. The essential fact is that, 
during any one cycle, a sinusoidal oscillation represent-
able as a unique phasor is modified by the addition of 
another phasor which is randomly distributed. The 
situation is illustrated by Fig. 8, which shows in an exag-
gerated form the effect produced upon the oscillation 
phasor by noise impulses received during a single cycle. 
The extensive curves published by K. A. Norton, 
et al., [9] [10], in another connection are directly appli-
cable to the present problem. 

• — 

Real 

Fig. 8—Cosine wave plus random noise impulse. 

F. Jitter in Starting Time 

The starting time of an oscillator may be defined as 
the time after turn-on required for the voltage to build 
up to some preassigned reference value Vr which is 
below saturation but large compared to the level of 
noise. The starting time of a given oscillator for any 
single turn-on is a perfectly definite and exact quantity. 
However, this time varies in a statistical manner if the 
same oscillator is repeatedly tested, or if an ensemble of 
many oscillators is tested once. 
To determine this distribution, it is noted that in the 

region of interest the level of a given oscillator increases 
exponentially with time. Therefore, the concern here is 
with amplitude distributions expressed in terms of a 
logarithmic (neper) scale rather than a linear scale. 
The situation is illustrated by Fig. 9, which shows the 

growth of voltage toward the reference level. Like Fig. 6, 
it is plotted to semilog scales. However, several lines 
representing the cumulative probability distribution re-
place the single mean-square line of build-up. The super-
imposed curve at the left, representing the cumulative 
probability distribution, is replotted from Fig. 2. The 
shape of this curve is markedly altered by the change 
from a linear to a logarithmic abscissa. However, no 
mathematical subtleties are involved in this transfor-
mation of variable. 
The construction of Fig. 9 makes clear the fact that 

the cumulative probability distribution of starting times 
(the upper superimposed curve) has the same shape as 
that for the logarithm of the voltages. Therefore, the 
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Fig. 9—Jitter in starting time caused by Rayleigh 
amplitude distribution. 

cumulative Rayleigh distribution plotted against a suit-
able logarithmic abscissa represents the universal dis-
tribution of jitter in starting time. This curve is plotted 
upright and on a general basis as curve ( B) of Fig. 10. 
The derivative of this curve, which represents the rela-
tive probability density distribution, is plotted as 
curve (A). 
The reversal of the time and voltage scales of Fig. 10 

arises from the fact that oscillators with relatively large 
amplitudes have shorter starting times than those with 
smaller amplitudes. Moreover, the effect of the log-
arithmic voltage scale is to inhibit short build-up times 
and to increase the number of long build-ups. 
The numerical factor between the two abscissa scales 

of Fig. 10 derives from the exponential build-up equa-
tion. Setting3 

In (v/z.,.) = nô/2 = 1, 

r = n/2F, = nr/wo 

Time r or %mbar of Cycles . a 

Percestage of population with 
amplitude larger or agonies time 
molter that, the valoe indicated. 

Relative Voltage 

and 

a = — FS, (34) 

one sees that a voltage ratio of one neper corresponds 
to a time interval 

Ar = 1/a. (35) 

Because the density distribution curve (A) of Fig. 10 is 
skewed, it is necessary to treat it with some caution. 
Exploring the steepest portion of curve ( B), we see that 
50 per cent of the total population ( 15 per cent to 65 
per cent) is included in a voltage ratio of 2.09 corre-
sponding to 0.741 neper. The associated time jitter, 
which is the principal result of this section is 

(32) T.; = 0.741/a seconds. 

(33) 

Fig. 10—Distribution of starting time jitter. (A) Relative 
probability density. ( B) Cumulative probability. 

3 The symbol a which would normally be used in (34) has already 
been used for the standard derivation and is therefore replaced by a. 

(36) 

Ignoring the question of skew distribution, this value 
is twice the probable error of an observed starting time. 
The important conclusion is that the amount of jitter 

in the starting time of an oscillator varies inversely with 
the expansion coefficient a and is independent of all other 
influences. In particular, reduction of the noise level of 
the oscillator affords no relief at all. Except for a slight 
numerical refinement, this result is in agreement with 
one previously derived, [6], by a much less rigorous 
argument. 

In certain situations the magnitude of the starting 
transient produced by switching on an oscillator is com-
parable to the noise level. Under these conditions, the 
amount of jitter and the randomness of starting phase 
are reduced. It is clear that the foregoing methods, to-
gether with the results of Norton, et al., [9], [ 10], are 
sufficient to calculate the behavior which will occur 
under such circumstances. 

Finally, for the sake of emphasis, it is repeated that 
none of the foregoing results predict the behavior of a 
particular oscillator when turned on once; they cor-
rectly represent the statistical behavior of a given oscil-
lator subjected to many repetitive tests or to the be-
havior of a great many identical oscillators tested simul-
taneously. The behavior of a given oscillator is thor-
oughly random and disorderly in the interval preceding 
and immediately following turn-on. However, as build-
up occurs, the noise disturbances become relatively less 
significant, and the growth is more and more accurately 
exponential. The growth period comes to an end when 
saturation sets in and brings about the equilibrium con-
dition commonly referred to as sustained oscillation 
which is treated in the following section. The essential 
new fact is that nonlinearity now couples the sine and 
cosine components so that they are no longer statisti-
cally independent. Fortunately, amplitude and phase 
components of an envelope function are independent, 
even in a nonlinear system. The results obtained in the 
following section are based upon this fact. 
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II . SUSTAINED OSCILLATION 

A. Amplitude Perturbation 

In the absence of noise, an oscillator would generate 
a succession of nearly sinusoidal cycles identical in 
amplitude, period and shape. The presence of noise per-
turbs this situation slightly, making both period and 
amplitude vary randomly about the previous undis-
turbed value. To evaluate the magnitude of this dis-
turbance, it should be noted that the amplitude of any 
oscillator changes slightly when a locking or synchroniz-
ing signal is injected. If the injected signal is small and 
has exactly the same frequency and phase as that of the 
spontaneous oscillation, then the amplitude change is 
directly proportioned to the input amplitude. This con-
dition is representable by 

sG = I/V (37) 

where AV is the increase in amplitude which results 
from injection of a synchronizing current I. Here G is 
the normal circuit conductance and s is a dimensionless 
parameter which depends upon the degree of limiting 
or saturation and is of the order of ten in typical oscil-
lators. The product sG represents an equivalent con-
ductance closely related to one of the compliance co-
efficients of Huntoon and Weiss, [8]. Additional in-
sight into the situation is gained by noting that if it is 
increased or decreased slightly from its normal value, 
the amplitude of a free-running oscillator relaxes ex-
ponentially toward its normal value at a rate corre-
sponding to the time constant C/sG where C is as usual 
the capacitance of the oscillatory circuit. The introduc-
tion of the parameter s represents one form of the proc-
ess of equivalent linearization. Because this step is basic 
to what follows, it is well to examine its validity. Ex-
perience shows that within a narrow range of amplitude, 
the deviation is accurately proportional to the perturb-
ing influence and that the deviations of interest are very 
small. Therefore, the procedure is valid. The value of s 
depends upon the passive components of the system, 
the characteristics of the tube or other nonlinear ele-
ments, and the magnitude of the applied voltages. Thus, 
while a unique value of s exists for each condition of os-
cillation, it may be hard to evaluate in practical 
situations. 
The treatment is directly applicable to conventional 

self-limiting oscillators. Oscillators employing auto-
matic output control or other sophisticated forms of 
limiting will relax toward the normal level of oscillation 
in a somewhat more complicated manner. Therefore, the 
amplitude perturbations calculated by the following 
method are only approximate for unconventional forms 
of oscillators. 

Let us now assume that a noise-free system is in the 
condition of sustained oscillation described by 

y = A cos wt, (38) 

and that starting at time t =0, noise consisting of a series 
of impulses is introduced. Consistent with the methods 
developed in Section I on the Initiation of Oscilla-
tion, consider first only those impulses occurring at odd 
quarter-cycles and generating cosine-phase voltages. 

In view of the foregoing discussion, it can be seen that 
the result of the noise is the addition to the original 
voltage wave of another which has the statistical proper-
ties associated with the given noise impulses operating 
on a passive equivalent circuit consisting of L, C, and 
sG. That is, the cosine-phase noise impulses act to 
amplitude-modulate the original wave. 

Consistent with ( 11), the mean-square value of the 
envelope deviation reached in the steady state is 

U2 -= 2t2/s6, (39) 

where 1/2 and & have the values given in (16) and ( 15), 
respectively. 

Elimination of undesired ternis yields, as the mean-
square voltage deviation of the oscillation envelope 
from the unperturbed value, 

V' = kT/sC (40) 

where T is the effective temperature including all noise 
sources, and s is the limiting or saturation factor. It is 
seen that this expression differs from ( 12) only by the 
factor s. 
The derivation of (40) shows that the situation is 

exactly the same as if noise currents produced by a con-
ductance G at temperature T acted upon an antireso-
nant circuit consisting of L, C and a conductance sG. 
Therefore, the resulting spectrum is lower and broader 
by a factor s than that associated with the correspond-
ing passive circuit. Taking this factor into account, to-
gether with the quantity 2 arising from the fact that 
only the cosine component is involved, an equation from 
Pierce, [12], can be modified to read 

2kTG 
1712(w) =  effective volt s2 per cycle. (41) 

s2G2-1- 4C2(w — WO) 2 

This equation is regarded as one of the principal results 
of the present paper, and, as will be proven later, is 
quite general. The present simple derivation gives cor-
rect results because amplitude and phase disturbances 
are independent, even though the system is nonlinear. 
The spectral distribution of the envelope function is 

often of interest. Because the upper and lower sidebands 
are coherent and add directly, voltage must be super-
imposed rather than power. The desired expression is 

8kTG 
V.' =   effective volts2 per cycle, (42) 

s2G2 4(0,2c2 

where we = (co—(oo) is the envelope angular frequency. 
In anticipation of future use, consider the autocorre-

lation function corresponding to the envelope distribu-
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tion of (42). The needed partial autocorrelation function 
is given by the definition. 

1 
Ri(r) = — f v2(w) cos (c.or)dco. 

2ir o 
(43) 

Eq. (42), with special consideration of the origin, results 
in 

A' 4 f  kTG 
-F Ri(r) = —  —   

2 o s'G' 4(0,2C2 
cos (wer)dwe (44) 

A' 4kT r  cos (wer)dwe 
= 
2 7r52G Jo 1 ± 4we2C2/s2G2 

Using Peirce, [1 1], formula 490, letting 

x = 2coeC/sG, 

and normalizing to A2/2 yields 

(45) 

(46) 

2kT 
Ri(r) = 1 +  e—(aGT/2C) . (47) 

A2sC 

In all typical situations the first term, specifying the 
nominal power output, is very large compared with the 
second term which describes amplitude fluctuations. 

B. Phase Perturbation 

To evaluate the phase perturbations of the oscillator 
output we consider the sine-phase noise produced by 
impulses occurring in even-numbered quarter cycles. 
The situation is best visualized in terms of Fig. 8 show-
ing a phasor, which, in a noise-free system, would have 
constant length and a constant angular velocity. Length 
perturbations are counteracted by the inherent limiting 
action, and produce the random amplitude modulation 
described in the previous section. 

In contrast, no mechanism exists to counteract phase 
perturbations. The situation corresponds to a well-
regulated clock; if once set forward it continues to read 
fast until it is reset. The sine-phase noise impulses con-
situte a series of random clock-settings, which produce 
much the same effect as a random deviation of rate. 

Using ( 16) we obtain, as the standard deviation or rms 
value of the phase error accumulated in the period of n 
half-cycles, the value 

= N/Tzu/ A = -VIrltkTG/w0C2A2 rms radians. (48) 

It is clear that this result is valid for small values of n 
because u«.4 and the angle 4, is closely equal to its 
tangent. For large values of n the accumulated phase 
error also becomes large, and it might be thought that 
the method would fail. Actually (48) is valid for all 
values of n. The situation is saved by the fact that noise 

impulses continually and naturally resolve themselves 
parallel and perpendicular to the instantaneous direc-
tion of the phasor. This corresponds to the small and 
gradual readjustment of the sampling interval men-
tioned in Section I-A. 
To obtain a basis for converting (48) to other more 

useful forms we note that the total generated power is 
given by 

P = A2G/2. (49) 

Eqs. ( 14) and (33) may be used with (49) to convert 
(48) to the convenient form 

<6. = N/TncookT/2PQ2 = N/coo'kTr/2PQ2 rms radians. (50) 

Consistent with ( 7), the standard deviation of the cumu-
lative phase error increases with the square root of the 
number of cycles (or half-cycles) which elapse. Thus, 
while the probable phase error increases without limit, 
the probable frequency error approaches zero over a long 
period of time because it varies in the manner 

In an interval of n half-cycles, the total average phase 
will advance by er radians. Thus, the standard devia-
tion or rms value of the fractional phase or frequency 
in an interval r is 

44/4)= N/cookT/2n7PQ2 = VkTfirle. (51) 

It is significant and perhaps surprising that coo does not 
appear in this expression; (51) is important because it 
represents the ultimate limit of the accuracy with which 
the frequency of an oscillator may be observed in a 
given period r. 
A useful measure of frequency indeterminacy may be 

defined as the period of coherence. This is the time inter-
val re required for the standard deviation of the phase 
to increase to a full radian. Setting (50) equal to one 
radian, the period of coherence may be stated 

ro = 2PQ2/k7142. (52) 

This period, which is quite long for typical oscillators, 
is the interval during which the rms phase deviation be-
tween an actual and an ideal oscillator would reach one 
radian, and represents approximately the longest period 
over which a useful measurement may be made by the 
zero-beat method. 
The autocorrelation is established as the most mean-

ingful measure of coherence. Referring only to phase 
perturbations, 

A 
R2(r) = — cos { coot + } 

2 

2 

coslcoo[t r] 0(1+ r)1 (53) 

where the bar indicates averaging over the ensemble for 
the time interval r. This expression is equivalent to 
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A' 

2 

A 2 
= — 
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cos 4:)(t) cos Por 0(1 r)] — sin et) sin 

cos + 4)(1 + - 401 

cos wor cos [c6(/ — 

It has already been shown that [0(t -Fr) —0(t)] is a 
random variable with a standard deviation given by 

(50). Since the  argument has a symmetrical distribu-
tion, the term sin [0(t-Fr)—(1)(t)] is equal to zero, and 
the desired autocorrelation simplifies to 

A' 
R2(r) = — cos (wor) • cos [0(1 — OWL (57) 

2 

To evaluate the last term, a cosine weighting function is 
applied to the Gaussian phase distribution. The prob-
ability distribution of the phase deviation 4) accumu-
lated in a time interval r may be written in the form 

p = be-a2o2, (58) 

where, from (50) and the definition of the normal dis-

tribution, 

and 

Thus, 

b = Pencou'rkT (59) 

a2 = Pecoo'rkT. 

[we + + r)], 

sin wor sin [ct)(i — 
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(54) 

(55) 

(56) 

This formidable expression is evaluated by the use of 
(7), section 262 of Bierens de Haan, [3], which gives 

fi. 
e_ cos cos (qx) cos (rx)dx 

where 

r = co, 

p2 q 2 ± r2 

[P2 (q r) 2 1 [P 2 + (q r)2]' (66) 

= coo and p = wo2kT / 4 PQ2. 

In typical situations p is very small compared to g and 
r. Moreover, since the interest here is in the narrow-band 
situation, w may be replaced by coo except where the dif-
ference occurs. With these simplifications (66) reduces 
to 

p.42 
7.22(w) =   (67) 

[p2 (q r)21 

(60) By substituting and using ( 14) and (49), 

cos [4,(t r) — 001] =- b f e'202 cos 04. (61) 

Use of B. O. Peirce, [ 11], formula 508 reduces this ex-

pression to 

-Or 
cos [4e(t r) — cl)(/)] = b   e- (I/4a'). (62) 

a 

As a result, the autocorrelation with respect to phase 

fluctuations is 

A2 
RAT) = — cos (wor)e-.02,kri41,Q2 

• 2 
(63) 

To obtain the corresponding spectral distribution, the 

following identity is used: 

v2(co) = 4 f R(r) cos (wr)dr. 
o 

Substitution of (63) in this expression yields 

v22(co) = 2A 2 fo cos (wor) cos (wr)e-werkTI4PQ2dr. 

(64) 

2kTG 
2,22(w) =   

(wo'CkT/2PQ2)2 4C2(coo — co)2 

effective volts' per cycle. (68) 

From this expression, by doubling the denominator 

term, the full noise bandwidth4 is obtained: 

ôw = wo2kT/2PQ2 (radians per second), (69) 

which is the reciprocal of the period of coherence re 
given by (52). 

Finally, the fractional bandwidth of phase noise is 

8w/coo = cookT/2PQ2. (70) 

These three equations constitute the principal result 
of the present section. Because the numerators and sec-
ond denominator terms of (41) and (68) are identical, it 

follows that, at frequencies remote from the carrier, the 
disturbances caused by amplitude and phase fluctua-
tions are equal. 

' This result is exactly half as large as that given as ( 15.21) in 
1151, which was derived in a much simpler manner. The discrepancy is 

(65) attributed to the fact that the earlier treatment included equally the 
effects of amplitude and phase fluctuations. 
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C. Complete Spectrum 

The product of (47) and (63) gives the following equa-
tion as the autocorrelation function for the complete 
wave. 

A' 
R(r) = — cos (wor)e-((02,krrapQ2) 

2 

kT 
e-(aGTI2C+wo2rkTI4PQ2). 

SC 
(71) 

As noted previously, in all practical situations the co-
efficient of the first term is extremely large compared 
with the coefficient of the second term. Likewise, the 
first term of the exponent in the second term is large 
compared with its associated quantity. In the light of 
these statements, the operation indicated by ( 71) for de-
termining the complete spectrum simply leads to the 
sum of (41) and (68). Therefore, it is concluded that the 
total spectrum of an oscillator represents the sum of two 
expressions already derived. These are similar in form 
but have very different proportions. The amplitude 
spectrum which is very weak is also extremely broad, 
whereas the phase perturbed spectrum contains nearly 
all the energy of the wave in a very narrow spectrum. 
Because the derivation of the phase-perturbed spectrum 
does not involve nonlinearity, the results are applicable 
to all kinds of oscillators, including those using auto-
matic output control. 

III. HARMFUL EFFECTS OF NOISE 

A. General Discussion 

The superheterodyne method is used in nearly all 
kinds of receivers to simplify the problem of obtaining 
the needed amplification and selectivity. 

In typical situations, the local oscillator supplies a 
voltage large compared with that to be received, and 
the desired difference frequency is produced in some 
sort of nonlinear element, usually a rectifier. Such non-
linear elements preserve phase relationships, so that any 
irregularity in the phase of the local oscillator appears 
at the output, indistinguishable from phase irregulari-
ties in the input signal. That is, phase noise of the local 
oscillator is fully preserved. 

Receivers for frequency-modulated waves usually em-
ploy clipping in the intermediate-frequency amplifier. 
Such a clipper removes amplitude fluctuations of all 
kinds, whether caused by the local oscillator or other-
wise. In view of these facts, it is concluded that for 
receivers of frequency modulated signals, the amplitude 
fluctuations of the local oscillator have no significance and 
any noise contributed to the output is caused by phase 
perturbation and is calculable by use of (50). 

Just the opposite situation exists in receivers for 
amplitude modulated signals. To show this, assume that 
no signal is present and note that for small variations 

of the local oscillator level the rectified output varies in 
a linear manner with changes of the oscillator level. 
Stated in a different way, amplitude perturbations in 
the output of the local oscillator are indistinguishable 
from the desired signal. Phase perturbations have sub-
stantially no effect because the rectification process (in 
the absence of a signal) is insensitive to phase. Thus, 
the threshold sensitivity of a receiver for amplitude 
modulated signals is affected only by amplitude pertur-
bations described by (42). In particular, it is noted that 
knowledge of the complete noise spectrum is neither 
necessary nor desirable for the calculation of local oscil-
lator noise. The reason is that correlation exists between 
noise components in the upper and lower sidebands, 
both of which are ordinarily applied to the nonlinear 
element. Therefore, the net result differs from what 
would be anticipated on the basis of simple spectrum 
considerations. 

B. Numerical Examples 

To appraise the implications of the foregoing analysis, 
some numerical values should be obtained. As two rather 
extreme examples, consider a K-band reflex klystron of 
the variety commonly used for local oscillators and a 
low-frequency precision oscillator using a very excellent 
quartz crystal resonator. Numerical values typical of 

such oscillators are given in Table I. The very low value 
of power attributed to the low-frequency oscillator is 
identified with the fact that precision crystals are ad-
versely affected by higher powers. The capacitance 
value is an equivalent value appropriate for the present 
purposes. 

Substitution in various formulas yields the results pre-
sented in Table II. 

Suppose that a radar receiver uses a simple super-
heterodyne arrangement, and that the first mixer may 
be taken as an ideal noise-free diode. Thus, assume that 

in the absence of a received signal the noise voltage de-
livered to the input of the IF amplifier is simply the en-
velope of the wave developed by the local oscillator. 
Substituting in (42) the values given in Table I for the 
klystron and choosing a nominal intermediate frequency 
of 30 mc, 

3 X 10-'6 volts' per cycle. (72) 

This value changes relatively slowly in the region of 30 
mc. Therefore, in a 5-mc band centered on 30, 

= 1.4 X 10-9 volts' or i = 3.8 X 10-5 volts. ( 73) 

Because in typical cases the level of oscillation is about 
five times higher than that applied to the mixing rec-
tifier, 6 X10-6 volts may be taken as approximating the 
threshold of sensitivity of the receiver. Assuming that 
the impedance level of the signal source is 100 ohms, 
the limiting power sensitivity is 4 X 10-" watts or — 94 
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TABLE I 

OSCILLATOR PARAMETERS 

Klystron Crystal 

T degrees K 

C farads 

2 X104 4X102 

2 X10-72 4X10-6 

G mhos 2 X10-4 

5 

wo radians per second 10" 

2 X 10-4 

5 

107 

103 2 X108 

I' watts 5X10-2 10 -3 

TABLE II 

OSCILLATOR NOISE CHARACTERISTICS 

Bandwidth envelope noise, radians per 
second 

Bandwidth phase noise, radians per 
second 

Envelope deviation, rms volts 

Standard deviation of frequency per 
second 

Period of coherence, seconds 

Fractional phase noise bandwidth 

Klystron Quartz 

5 X 108 25 

2.76X10-2 6.9 X10-76 

1.66X10-4 5.25X10-8 

1.66X10-72 8.3 X10-76 

36.2 1.45 X1074 

2.76 X 10-73 6.9 X10-22 

dbm, a plausible figure. The sensitivity of a practical 
receiver using such a local oscillator will be inferior to 
this figure because of signal loss and noise in the con-
verter. Conversely, as is well known, nearly all the 
noise caused by the local oscillator may be eliminated by 
use of a balanced mixer. Therefore, other factors limit 
the sensitivity of typical practical radar receivers. 

IV. EFFECT OF AN AUXILIARY FILTER 

It is clear that any kind of imperfect spectrum can be 
improved by passage through a sufficiently narrow 
filter. This is true because the energy storage of the 
filter elements tends to remove existing perturbations 
in both amplitude and phase. Because the primary spec-
trum of practical oscillators is very narrow, one might 
think that no substantial improvement could be ob-
tained with filters of conventional selectivity. This pes-
simism is unjustified because the most troublesome 
effects come from perturbations which occur in rela-
tively short time intervals and therefore correspond to 
relatively broad spectra. 
To explore this situation, refer to Fig. 11 which differs 

from Fig. 3 by the addition of the load circuit (L'C', G'), 
which is tuned to coo and presumed to have such a high 
impedance that the noise characteristics of the voltage 
Vare unaffected. Interest centers in the spectral purity 

of I' as compared with that of V. Evidently, an im-
portant parameter is the selectivity of the tuned load 
circuit in relationship to that of the basic oscillator. It 
is readily seen that rapid variations of amplitude or 
phase are smoothed out by the tuned load circuit but 
that slow changes are little affected. Stated another 
way, the added filtering removes remote spectral com-
ponents but transmits nearby ones. 

C 

 (G00-0075-\-'  

' 

Fig. 11—Effect of tuned load circuit. 

The foregoing analysis has shown that at frequencies 
far from the nominal frequency of oscillation, the spec-
trum of an oscillator is correctly represented by calculat-
ing the filtering effect of the resonator upon the smooth 
noise spectrum of the driving current I. This idea is 
readily extended to cover the present situation. The 
relative suppression of noise in I' with respect to that 
in V is obtained directly from the selectivity of the 
added elements. 
The use of auxiliary filtering in low-frequency oscil-

lators is rarely necessary. However, at microwave fre-
quencies it is considerably more attractive. This is true 
for two principal reasons. Microwave oscillators such as 
magnetrons and reflex klystrons are inherently quite 
noisy, and mechanical construction problems often pre-
clude the attainment of a large value of Q in the basic 
resonator. Under these circumstances, it is often possi-
ble to obtain substantial benefits from the addition of an 
auxiliary high-Q resonator. Ordinarily, the added cavity 
is tightly coupled to the other so that a single resonance 
results. In effect, large values of inductive and capaci-
tive susceptance are added to the basic circuit without 
appreciably affecting the inherent impedance level. 
This arrangement increases the long-term stability of 
the system to the extent that the added susceptances 
are more stable than those of the original internal reso-
nator. However, superior performance as a local oscil-
lator is to be expected if the auxiliary cavity is loosely 
coupled. This is true because the attenuation of remote 
spectral components produced by the two resonators is 
compounded in nepers or db in this situation, whereas 
the tightly coupled arrangement produces a fixed addi-
tive figure which is only 6 db if the effect of the added 
resonator is to double the working Q. Thus, the choice of 
loose vs tight coupling depends upon whether in-
terest centers in slow or fast perturbations of the output 
amplitude and phase. 
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APPENDIX 15 

Let 1(1) represent the typical member of the noise 
current generator ensemble and g(t) the impulse re-
sponse for /(t) applied at time t =0 is given by 

V(t) = f v(x)g(t — x)dx. 

The ensemble average of the squared voltage at fixed 
time t is then 

av V2(mr / col) 
kT 
____(1 ._. e-2.1%) 

kT 
= — (1 — a n) where ft = 

This checks ( 10), except that the text sets col coo, which 
is valid when a'«l/LC but represents an unnecessary 
restriction. 
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Background Noise in Nonlinear Oscillators* 

JAMES A. MULLENt, SENIOR MEMBER, IRE 

Summary—For a general black box model of a resistive one 
terminal-pair nonlinear oscillator, it is shown that the noise output 

from noise bands around the oscillatory frequency is composed of an 
additive noise of the shape of the oscillator resonant circuit and a very 
small FM broadening of the oscillator line. A noise generator across 
the oscillator terminals will produce the same amount of additive 
noise in the load as if the nonlinearity were absent, but the upper and 
lower sidebands are fully correlated, not independent as in the linear 
case. The noise bandwidth of the additive noise can be determined 
by the passive elements and the change in oscillator output power 
with changing load conductance at the operating load conductance. 
When the load conductance is adjusted for maximum oscillator out-
put power, the noise bandwidth is the same as if the value of load 
conductance gave maximum power from a linear circuit. 

I. INTRODUCTION 

p
ROBLEMS connected with noise in nonlinear net-
works contain all the usual difficulties associated 
with nonlinear circuits, so that not nearly so much 

is known as for the corresponding problems involving 
linear circuits. 
One of the new features introduced by nonlinearity is 

the possibility of frequency changing, so that one can-
not expect, in general, that noise components of the out-
put have arisen from input components of the saine fre-
quency. However, in this paper, effects obviously of this 
type, e.g., low-frequency noise which modulates the os-
cillator output, are not considered. The problem to be 
treated is one which is as close to the typical linear prob-
lem as possible, namely the effects on self-excited oscil-
lators of broad-band noise at or near the oscillator fre-
quency, such as shot or thermal noise. 
The case of lumped constant oscillators with van der 

Pol nonlinearity has been solved, with many interesting 
applications, in an intuitive fashion by Blaquiere [ 1, 2]. 
Rytov [3], extending Berstein's [4] work, has exploited 
van der Pol's technique of expressing the oscillator out-
put as an angle and amplitude modulated sine wave 
[3, 4], combined with Boguliubov's technique of intro-
ducing "slow time" as the device for obtaining the per-
turbation expansion. Rytov's method is quite general, 
but he has not obtained results in terms of readily ob-
servable quantities. 

Edson has used the model of a stable feedback ampli-
fier as a guide to the oscillatory case. An alternative 
method has been proposed which separates the output 
noise into linear and nonlinear parts but has been un-
able to calculate the correlation between them [7]. van 

* Original manuscript received by the IRE, June 11, 1959; re-
vised manuscript received, February 24, 1960. 

t Research Division, Raytheon Mfg. Co., Waltham, Mass. 

der Ziel has reported on an analysis which represents 
the noise voltage as a sine wave [6]. Earlier analyses are 
then applicable; however, a single sine wave is not an 
appropriate model because, in the noise case, the con-
tinually fluctuating amplitude and phase give effects 
which are, of necessity, neglected entirely in the sine 
wave picture. In fact, the noise bandwidth is twice as 
large as is predicted by the single sine wave model. 

Results of reasonable generality and utility appear to 
be most readily and reliably obtained by the use of 
Rytov's method; here, however, "slow time" is not used. 
This paper extends the earlier work by including general 
forms of resistive nonlinearity in such a way that all the 
quantities which appear are measurable on a " black 
box" oscillator, at the desired operating point, and by 
obtaining the spectrum of the instantaneous output of 
the oscillator in the general case. 

II. DERIVATION OF EQUATIONS 

In the neighborhood of the main oscillating frequency 
the oscillator can be represented as a linear resonant cir-
cuit shunted by a nonlinear element and a load con-
ductance. In addition, the resonant circuit is shunted 
by a noise current generator. This representation is suf-
ficiently detailed to obtain useful results on noise band-
width; for a determination of the noise level of the out-
put, the detailed nature of the internal circuitry of the 
oscillator must be taken into account. The representa-
tion of the actual noise generators in terms of a single 
one connected directly across the output appears too 
simple to be true in general; furthermore, even if it be 
true, a calculation of the strength of the equivalent 
generator in terms of the actual generators and cir-
cuitry is a distinctly nontrivial problem. Nevertheless, 
a single generator will suffice for several points of inter-
est, and is certainly appropriate for a black box theory. 
The equation for the current between the nodes is 

dV 1 
C — (G GL)V — f Vd1 O(V) = i(i), ( 1) 

dl 

where 0( V) is the current through the nonlinear ele-
ment. This can be expressed as 

d2V wo dV 1 do 1 di„ 
, 02 V 4_ = 

dl2 Q dl C di C dt 
(2) 

The essential idea of the method of analysis is that 
the solution for V should be an oscillatory function with 
a slowly varying amplitude and phase. 
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If we then substitute V= R cos (coot — 0) in (2), we get 

— 2caoR' sin (coot — + 2cooR0' cos (coot — 0) 

Wo 1 

— WO R sin (coot — 0) —c fl)'(R cos (coot — 0)) 

+ {(2R'0' ± RO") sin (coot — 0) 

▪ (R" — R0'2) cos (cool — 0) 

W" 1 
• — (R' cos (wet — 0) ± RO' sin (coot — 0))} =  in —c (1), (3) 

where the primes stand for differentiation with respect 
to time and the expression in braces is of order coo—' 
compared to the remainder of the left-hand side. 

This substitution is only approximately correct, since 
in general it must be expected that harmonic terms will 
occur. However, the harmonic parts are at least an or-
der smaller than the main oscillation, so that back-
coupling to the fundamental frequency does not appear 
in the equation giving the major oscillation, ( 7) and (8) 
below. In the next approximation, (13) and ( 14), har-
monic components may appear as extra forcing terms 
which give a correction to the steady oscillatory terms 
but do not affect the noise in any way. Since the object 
of this paper is to discuss the noise properties of the 
system for which the harmonics are irrelevant, the har-

monic terms have been assumed to be absent. 
The presence of the rapidly oscillating terms can be 

eliminated by multiplying (3) by sin (coot — Et) and inte-
grating over one period of coot, with similar use of 
cos (coot — 0). During this time, R and O and their deriva-
tives will be nearly constant so that the method of sta-
tionary phase can be applied [8]. The resulting equa-

tions are 

1 
R' R — — (0,(R cos (coot — 0)) sin (coot — 0)) 

co0C 

7010 { 1 2Q coo 0.• 
= 

1 n, 
R' 0' +— RO" + R ' 

2 coot: 

1 
RO' — (eR cos (coot — 0)) cos (coot — 0)) 

WoC 

1 — RO" + coo = 

2 2Q I woc 

(4) 

(5) 

where, for convenience we use 

ne = (in' (t) sin (coot — 0)) 

ne = (i„'(1) cos (cool — 0)). 

The next step is to represent the envelope and phase 
as a series in powers of coo—'. 

1 
R(t) = Ro(I) — Ri(t) ± • • • 

Wo 

0(1) = MI) - 01(1) +... . (6) 
Wo 

The nonlinear term is certainly of first order since the 
oscillator will not operate without it. The noise, on the 
other hand, should be taken as a second order quantity, 
since it is known experimentally to be small compared 

to the steady oscillation. 
Then the first order equations are 

WO 1 
Ro' — Ro — — 

2Q cooC 

• (e(R cos (toot — Of)) sin (coot — 0o)) 1R0 = (7) 

1 
R000' ± — 

We 

• (0' (R cos (coot — Or)) cos (coot — Bo)) IR0 -- 0. (8) 

The amplitude of the steady oscillation should be 
constant, so that ( 7) with Ro' = 0, is an implicit equa-
tion for the amplitude of the steady oscillation. 

Eq. (8) gives the first order correction to the fre-
quency of oscillation, which in this paper will be re-
quired to be zero. The correction represents a change in 
frequency from the "cold" resonant circuit, i.e., with 
the nonlinear element removed, to the "hot" oscillating 
frequency. Any thorough theory of noise in oscillators 
must include this shift, since it cannot be neglected in 
practical microwave oscillators. However, its inclusion 
complicates and deepens the analytical apparatus re-
quired sufficiently that inclusion of the frequency shift 
is best postponed to a later date. Accordingly, through-
out the remainder of this paper, the second term of (8) 
will be set equal to zero. 
As an example, if the nonlinearity is of the van der 

Pol type, i.e., purely resistive and containing a cubic 

term, 
ct,(V) = C(— al" 7P) (9) 

with a and 7 both positive, then 

cos (coot — 0)) sin (cool — 0)) 

Ca 
= -(coo — 0') R (1 — — R2), (10) 
2 4a 

(4'(R cos (coot — 0)) cos (coot — 0)) 

Ca 
= — — R' 1 — — R2). (11) 

( 2 4a 

For the van der Pol nonlinearity, the first order solutions 

are 
Oo = 0, 

4 WO) 

R02 = — la — — . 
37 Q 

(12) 
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I I I. TILE SECOND ORDER EQUATIONS 

The second order equations are in general (for 

= Oo' O) [9 [ 

Wo 1 a 

± 2Q R1 — (.00c OR 

• (4> (R cos (cod — 0)) sin (coot — 6))1 R0Ri 

(13) 

Now the correlation function of the over-all wave, in 
terms of the correlation functions of envelope and phase 
(for gaussian noise), is [ 11] 

Rv(i) = exp f —Ro(0) Ro(t) j RR(t) cos coot. (22) 

Since the envelope and phase arise from independent 
linear operations on independent gaussian processes, 
they are independent. The correlation function of the 
envelope is 

RR(t) = R02(1 + ne-wouw), 

(14) and of the phase 

Simplification of ( 13) proceeds as follows. The output 
power in the load is Pout = R02GL, so that 

aP„„, 1 aR0 

aG, 
  = Ro, + Roc, (15) 

2 aG, 

Nov, from 
coo/Q= (GL±G)/C, 

(7), with Ro' = 0, (00/ Q = G Li C, and 

1 GL +G aR„ 1 a 

2C 2(  aG,. co0C OR 

• (01(R cos (cool — 0)) sin (coot — 0)) 

COO 1 

2Q — co0C 

aR0 

aGL 
= 0, ( 16) 

a 
—OR (e(R cos (coot — 0) sin (coo/ - 0)> IR, wo 

Ro 

2C aR,, 

1 

aG,, 

The equations are then 

coo 
(17) 

G,. aP,„„ Q' 

Pout ac, 

C8/0 //. 

=    

Q' woC 

ROO;„' — • 
co0C' 

(18) 

(19) 

V. THE OSCILLATOR OCTPCT SPECTRUNI 

The spectra of the right-hand sides are evaluated in 
Appendix I, and found to be W0/C2, where Wo is the 
spectral density of the noise current. 
The spectra of envelope and phase components are 

then found by Fourier transform techniques, whose ap-
plicability to random processes have been previously 
established [ lot The results are 

Ri(f) = 

11.0,(f) = 

Wo 

(2,2 

Wo 1 

R02C2 

(20) 

R0(0) — Ro(1) = n 
C001 

Q' 

(23) 

(24) 

where n = 1170Q'/4w0C2R02. 
Eq. (24) gives in ( 22) a shape of the same form as the 

envelope noise. However, the width of the phase noise 
is the envelope width reduced by the same quantity (to 
first order) as the ratio of coefficients of ternis in ( 23), 
which we can interpret as the noise-to-carrier ratio. 
As estimates of the order of these quantities, let us 

suppose the carrier-to-noise ratio to be one million, 
which is neither a high nor low value for oscillators. 
Then, since Q' is of the same size as a passive Q, for a 
3-kinc oscillator the envelope noise should be a few 
megacycles wide and the phase noise a few cycles wide 
[12]. In superheterodyne systems with incoherent de-
tection the phase noise can usually be neglected since 
the system usually is insensitive to phase. This is the 
type of system for which the theory of noise in linear 
networks was primarily constructed. 

lowever, in coherent detection systems or FM sys-
tems, the phase noise must be considered. 

If the phase noise can be neglected, the oscillator case 
bears a close resemblance to the amplifier one; in fact, 
the spectrum of the oscillator output is 

11V) AM only. 

= R.2[ ef — fn) + 

The complete spectrum is 

W[ U') = R02  . 

Wo 

n - 
Q' 

Wo 

li — 

Q' 
2 

(co — w0) 2 — 
(y2 

coo-
n2 ± (co — coo) 2 

coo 
n(1 n) - 

Q' 

(21) (1 + n)2 —coo- (co — co0) 2 

(25a) 
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WO 

— 

WO2 
n2 — (CO — COO) 2 

n - 
Q, 

(ei WO) 2 

Wo2  • 

5i2 

(25b) 

Since the noise is so much the weaker, its spreading 
effect can be neglected in the second term. On the other 
hand, the spreading of what was the carrier line by the 
FM noise cannot be neglected, since its contribution is 
of the same size as the AM term. Although the band-
width of the first term, as measured by the half-power 
points, is extremely small, the initial amplitude is so 
large (as befits an approximate S-f unction) that the tails 
of its spectrum are of the same size as the second term. 

V. DISCUSSION OF THE OUTPUT SPECTRUM 

The output spectrum, as observed by an RF spectrum 
analyzer, will appear to have a single peak rising to a 
maximum at the center frequency [ 13]. Even without 
any frequency pushing to cause an additional FM out-
put, the background noise spreads the carrier line 
enough to obscure the shape of the AM noise. At the 
half-power point of the AM noise spectrum, the FM 
noise spectrum is twice as large; and closer to the cen-
ter frequency the 1::\ I noise is even larger. On the tail of 
the spectrum (more than an octave past the half-power 
point of the AM noise), the contributions of AM noise 
and FM noise are equal. 
The effect of the noise output will differ depending 

upon the type of system the oscillator finds use in. The 
closest analog to amplifier behavior ocurs in an AM 
system. If the oscillator output is fed to an AM re-
ceiver, which does not respond to FM, the receiver out-
put will have a dc output corresponding to the carrier 
line plus the AIM noise shifted down to base band. Thus 
the additive behavior of signal plus noise in amplifiers is 
preserved. 
The level of AM noise in the oscillator is the same as 

the noise level in the corresponding amplifier, given the 
same noise generator in the two cases. However, the 
strength of the noise generator will ordinarily depend 
on the nonlinearity and, therefore, will not be the same 
as in the linear case, nor can it be neatly expressed in 
general. Also, the character of the noise is different. 

In the amplifier case, each small frequency band con-
tributes to the output spectrum independently, so that 
the upper and lower sidebands are independent of each 
other. The instantaneous value of the noise sidebands 
has a gaussian probability density, which implies that 
the phase of the noise then has a uniform distribution, 
and the envelope of signal plus noise, a generalized 

Rayleigh distribution [ 12]. In the oscillator case, the 
upper and lower sidebands are the result of amplitude 
and frequency modulation of the steady oscillation. 
The noise sidebands have each a gaussian probability 
density, but are now statistically dependent in such a 
way that the phase density of the carrier and noise is 
either a S-function (neglecting the small FM broaden-
ing) or a gaussian distribution, and the envelope has 
again a gaussian distribution (with nonzero mean 
value). 

This result is made the more plausible if one thinks 
of the oscillator with sidebands as a parametric ampli-
fier in which the main oscillation plays the role of a 
pump signal. For instance, for a van der Pol non-
linearity, the apparent conductance in the circuit, i.e., 
the coefficient of V in the circuit equation, varies as 
I GI (1+2 cos 2w01). This change of the damping term 
at twice the frequency of oscillation appears to be char-
acteristic of near-sinusoidal oscillators. This variation 
in conductance will look like a pump signal in a linear 
varying parameter circuit to the sidebands. If we are to 
get steady state output at a "signal frequency," there 
must also be an output at the "idling frequency." The 
signal and idler frequency are such that their sum is the 
pump frequency, that is, the signal and idler are upper 
and lower sidebands of the main oscillating frequency. 
The noise generator can be considered as having 

equal power in phase and in quadrature with a sinus-
oidal signal. Eqs. (4) and (5) show that one phase acts 
to produce AM and the other acts to produce FM. Since 
only the AM adds to the output power, half the strength 
of the current generator is wasted. On the other hand, 
the effective half gives two sidebands so the end result is 
the production of just as much noise as in the linear 
case. The FM contribution to the power, far from the 
main oscillation, is equal to that of the AM noise, but 
the FM part represents a redistribution of main oscilla-
tion power, not an added source of noise. 

In fact, it should be possible to derive the output 
spectrum by this method. However, the difficulties in-
volved in properly including general forms of non-
linearity and properly showing that the only significant 
interactions are those between noise components equi-
distant above and below the main oscillation are for-
midable. The method of passing to equations for enve-
lope and phase appears to be both simplest and safest. 
The output of the oscillator is not completely de-

scribed by its spectrum, as is the case with an amplifier, 
precisely because the amplifier output is gaussian, and 
the oscillator output is not. As measured by an AM re-
ceiver, the oscillator would appear to have a carrier line, 
and additive noise sidebands of width wo/QL'. As meas-
ured by an FM receiver tuned to the main oscillation, 
the noise output would be white. These various appear-
ances simply mean that here one cannot rely on the 
spectrum alone, and that a complete parallelism between 
the amplifier and oscillator cases is not to be obtained. 
The fact that the AM oscillator output is so similar to 
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the corresponding amplifier output certainly leads one 
to hope that some results from one domain may be car-
ried into the other. In particular, one may hope for the 
future that the bounds on noise performance recently 
established for amplifiers can be extended to oscil-
lators [1s]. 
At present an equality between the noise bandwidths 

at maximum output power in the two cases can be 
found. In the oscillator case, the half-power half-band-
width of the AM noise term is 

fo fo 

Q' G L aP"uti 
Pout aGL 

(26) 

When the load conductance is adjusted for maximum 
power, the derivative is zero, and the noise bandwidth 
is fo/QL.,,,i • 

In a linear circuit, with the same linear elements, the 
bandwidth would be 

fo GL ± G 

2Q -17$-C 
(27) 

and, for maximum power G=GL, so that the band-
width is fo/QLopt 

VI . CONCLUDING REMARKS 

By combining the techniques of van der Pol for non-
linear oscillations and Langevin for noise in linear cir-
cuits, it has been possible to show, for a rather general 
representation of a self-excited oscillator which does 
not shift in frequency from "cold" to "hot," that the 

e AM noise output from noise sources nearly at the reso-
nant frequency has the shape of the oscillator resonant 
circuit and that the nonlinearity,does not alter the mag-

nitude of coupling of a noise generator across the out-
put to the load. Also, the AM noise bandwidth of the 
oscillator can be determined from measurements made 
with the nonlinear element disconnected, and from 
measurements of power output as a function of load 

conductance around the operating value of conduct-
ance, i.e., without direct measurement of the noise. The 
fact that the necessary measurements can be made 
around the operating point of the oscillator is a very 
useful point in practice, because, particularly for micro-
wave oscillators in early stages of development, tubes 

are both expensive and mysterious. One hesitates to 
run them under unusual operating conditions for fear 
that the tube will burn out or become permanently 
noisy, e.g., by eroding the cathode surface because of 
using excessive current density. The necessary informa-
tion should be gained from measurements which use 
only normal conditions, if possible; and the result of the 
derivation above makes it so. 

It has been the aim of this paper to develop the " black 
box" properties of noise in nonlinear oscillators as far as 
possible so that the results will be applicable in fair gen-

erality, in particular to microwave oscillators, as well 
as lumped constant ones [161. Neglect of the amplitude-
frequency dependence of the oscillator limits the scope 
severely; however, the similarities and differences be-
tween noise in oscillators and amplifiers is more evident 
without it. 

A black box point of view is insufficiently detailed for 
the purpose of obtaining low noise performance. For 
this, one must be able to know the internal configura-
tion of the oscillator with the physical noise sources in 
place. The problem is then to decide how much noise 
at the output will be produced by a noise generator 
across some internal pair of terminals. 

Another form of noise output, which is often quite 
troublesome in oscillators, comes from noise sources at 
other frequencies which modulate the oscillator output 

[20, 21]. This type of noise has not been treated here at 
all; it is what may be called an essentially nonlinear 
kind of noise since in linear circuits where no frequency 
changing occurs, such effects are not possible [22]. 
The noise sources with which this paper is concerned 

are precisely those which appear in linear networks, and 
thus the results of this analysis lend themselves to 
direct comparison with linear results. For instance, in a 
one-stage vacuum tube amplifier with a tuned load, 
the shot noise of the tube will cause a certain amount of 
noise in the output. If now the output is coupled back 
to the input to make the tube an oscillator, without 
altering the frequency of the resonant load, the shot 
noise will produce the same noise level at resonance in 
the output (assuming that the tube draws the same 

average current as an oscillator, otherwise the noise 
power should increase as the ratio of average currents) 
and the amount of noise power can then be found know-
ing the oscillator noise bandwidth. The upper and lower 
sidebands of the oscillator output are fully correlated, 
however. The effect of thermal noise in the input circuit 
resistance cannot be determined directly from the anal-
ysis of this paper because this noise source is not di-
rectly across the load. 

APPENDIX 

One can reason to the evaluation of the averages con-
taining the noise term from physical considerations. 
The object of multiplying by the cosine or sine of the 
oscillating frequency and averaging over a period is to 
transfer the origin of frequency from zero to the oscillat-
ing frequency and then find the inphase and quadrature 
components of the noise. Now for white noise, one ex-
pects the inphase and quadrature components to be 

equal, and equal to the original value. 
Also, the power spectrum of the derivative is the (cir-

cular) frequency squared times the original power spec-
trum. Thus the power spectrum of i„' referred to fo as 
the zero frequency, should be (co—coo) 2Wo, and, since co 

is always very small compared to coo ( high-Q approxi-
mation), this is nearly equal to co021F0 over the pass 
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band of the resonant circuit. The inphase and quadra-
ture components should equal this, so that the spectrum 
of the noise term [see (4), or (29) below] should be 

Wo/ 
A careful evaluation of the noise term must take ac-

count of several more or less delicate considerations. 
0 and i„ are output and input, respectively, and there-
fore not statistically independent. The derivative of a 
white noise process is very badly behaved, so that the 
operations in which it is involved must be justified. 

These difficulties can be avoided by using the fact 
that the first order approximation to 0, which in no way 
depends out the noise term, is constant, and the higher 
orders of 0 are both small and slowly varying and can 
therefore be neglected. The part of the phase which is 
correlated with the input noise can thus be removed 
before any statistical considerations enter. Further-
more, the noise terms can be carried through as though 
they belonged to a differentiable random process; and 
then, in the final answer, a flat spectrum, which belongs 
to a discontinuous process but is convenient, can be 
substituted. The point is that one could use a spectrum 
belonging to a differentiable process, in particular, for 
instance, the quantum thermal noise spectrum, whose 
process is infinitely differentiable. However, at the fre-
quencies with which we are concerned, the quantum 
formula reduces to a flat spectrum, so that we may use 
a white noise spectrum in the final formula. 
The evaluation of the noise term cannot be made on 

the slowly varying assumption because the derivative 
of thermal noise is emphatically not slowly varying. 
However, Oi is constant and higher order O's are both 
slowly varying and small. Thus 

n, 1 
—  = — (i„' cos (coot — 0)) 
co0C woC 

1 
= — (i„' [cos (coot — 00) cos (0 — On) 

co0C 

± sin (coot — 00) sin (0 — 00)]) 

1 
A — (i„ ' cos (COot — 

CO0C 

(28) 

The next term will be third order and therefore can be 
neglected. Now the correlation function of the noise 

term can be found. 

1 
R(t) =   (((i,,i(to r) cos Po(to r) — 00[ 

coo2C2 

ini(10 + I u) cos [wo(io u) — (29) 

The noise is independent of the trigonometric part, 
so that the to average can be done separately on noise 

and cosine term. 

1 
R(I) =   ((1?„'(1 — r) cos coo° ci—r)),,)r. (30) 

wo2C2 

The term containing the sine average will give this 
same value of correlation function. The power spec-
trum is given by 

W(f ) — 

IV(f) = 2 f R(t)e-le'dt 

+ fo) 
1002C2 

whereupon the two averages split, and 

(31) 

— fo)[)„)„ (32) 

sin ir 
4.10 (40 

= — f =  (33) 
21r  

—  
4)0 

The spectrum of the derivative of a random process is 
co2 times the spectrum of the process itself; and, if the 
noise has a flat spectrum of level Wo, the spectrum can 
be taken outside the braces, so that 

1 
147(f) =   

2coo2C2 

TIT(f) = 
r 

C2 

sin2 ir — 
coo 

)2 

( co7 —wo 

sin ir — 
coo 

ir — 
coo 

2 

[(co + coo)2 — coo)21 Wo• 

(34) 

11'0( 2 1 -I- —.)• 
wo2 

(35) 

Now f is measured from the resonant frequency, and 
therefore is no larger than a few fractional bandwidths, 
fo/ Q. Thus co/coo is very small, so that 

W(f) ±14 0 e 

C 2 

where the neglected terms are of higher order. 

Ill 

(36) 
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Monochromaticity and Noise in a Regenerative 

Electrical Oscillator* 
MARCEL J. E. GOLAYt, FELLOW, IRE 

Summary—The regenerative oscillator is postulated to be equiv-
alent to an RLC circuit in which a negative resistance — RR, placed 
parallel with R, has a value which is a slowly varying function of the 
mean-square voltage across it. Expressions are derived for the de-
parture from monochromaticity of the regenerative oscillator so 
represented, as well as for the intensity and bandwidth of the thermal 
noise generated in the oscillator by the resistance R. 

I NTRODUCTION 

HE PROBLEM of noise in oscillators has re-
ceived relatively little attention from communica-
tion engineers. Indeed, the most pertinent work 

in this area was published in 1954 and 1955, on the occa-
sion of a theoretical treatment of the maser." In these 
publications the authors, in effect, liken the maser to a 
regenerative oscillator in which a negative resistance is 
carefully adjusted so that it nearly cancels the damping 
action of a positive resistance in an oscillating circuit, 
so that the Johnson noise generated by that positive 
resistance is amplified to the point at which the power 
delivered to the positive resistance by the negative one 

* Received by the IRE, September 25, 1959; revised manuscript 
received, February 2, 1960. 
j. The Perkin-Elmer Corp., Norwalk, Conn. 
' J. Gordon, H. J. Zeiger, and C. H. Townes, " Molecular micro-

wave oscillator and new hyperfine structure in the microwave spec-
trum of NH3," Phys. Rev., vol. 95, p. 282; 1954. 

2 J. P. Gordon, H. J. Zeiger, and C. H. Townes, "The maser—new 
type of microwave amplifier, frequency standard and spectrometer," 
Phys. Rev., vol. 99, p. 1264; 1955. 

equals a pre-assigned value. Thus, the output of the 
oscillator so treated theoretically is seen to be similar 
to a narrow optical line, and to contain no coherent 
component. 

Since a regenerative oscillator is characterized by its 
coherent output, it is evident that the existence of this 
coherent output should be taken into account in any 
theoretical treatment of this oscillator purporting to 
discuss quantitatively the departure of the oscillator 
output from an ideal line frequency. Continuing this 
line of reasoning, it is also evident that there is a physi-
cal interest in determining the effect of this departure 
from perfect monochromaticity on the measurement 
of the oscillator frequency. Since the most accurate fre-
quency measurements are made by observing the time 
elapsed during a given number of zero crossings of the 
oscillator output voltage, it is again evident that any 
amplitude modulation of this output voltage clue to 
noise, while causing this output to have a noise energy 
spectrum of a given spectral width, will not, at least in 
the first order, cause any error in the observation of 
these zero crossings. Thus, it is finally evident that any 
inquiry into the departure from monochromaticity of 
an oscillator cannot be fully satisfied merely by acquir-
ing knowledge about the spectral distribution of the 
oscillator output, but should bear instead on the causes 
of irregularities in these zero crossings, which are the 
noise components of this output in quadrature with the 
coherent output. 
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THE "IRREGULARITY" OF A REGENERATIVE 
OSCILLATOR CAUSED BY JOHNSON NOISE 

Fig. 1 illustrates the prototype of a regenerative os-
cillator.' When the oscillator voltage V is low, the posi-
tive resistance R is more than balanced by the negative 
resistance —RB, which is then smaller than R. The cir-
cuit has poles in the right half of the complex frequency 
plane and any oscillation present will grow in amplitude. 
Meanwhile, the squared voltage output is passed by an 
RC filter with a time constant T1, and actuates a servo 
which increases RB in accordance with the relation 

= —1 1 a 172 1702 . 
RB R V 02 

(1) 

The time delay T1 is presupposed to be much larger 
than the oscillating period, so that the servo remains 
unaware of the individual waves of the oscillator output. 
The time delay T1 is also presupposed to be somewhat 
shorter than an upper bound, which is defined later. 

It is clear that in the absence of Johnson noise, the 
oscillating voltage will build up until V equals Vo, at 
which point RB equals R and the oscillations are just 
maintained at a constant level. 
When Johnson noise is generated by R, the end of the 

rotating voltage vector representing the oscillator out-
put will have erratic excursions with respect to the 
ideal noise-free rotating vector which represents a pure 
line frequency. The excursions parallel to the vector it-
self will cause no change in the zero crossings, but the 
excursions normal to the vector will displace these zero 
crossings so as to cause irregularities in the frequency 
measurements. 

In order to study the effect of noise components nor-
mal to the coherent voltage vector, the circuit of Fig. 1 
is replaced by the twin low-pass circuits of Fig. 2, in 
which the two voltages V1 and V2 represent the two 
components of the oscillating voltage of the circuit of 
Fig. 1 which are, respectively, parallel and perpendicular 
to the voltage vector with the components cos 2rvBt and 
sin 27rvBt. 
The replacement of the band-pass circuit of Fig. 1 by 

twin low-pass circuits of Fig. 2 is based on the so-called 
narrow-band approximation, which is permitted when-
ever the admittance of the reactive components of the 
first circuit may be written with sufficient accuracy, 

1 
+   4ri(v — ve)CB, (2) 

brivLB 

where 

(2ry 13) 2 LBC 1. 

3 A. Blaquiere has attacked this problem by assuming a non-
linear regenerative element and has reached conclusions which have 
many points of agreement with the conclusions of this study. His 
two most important publications are: " Effect of background noise on 
frequency of tube oscillators. Ultimate accuracy of electronics 
clocks," Ann. Radinelec.. vol. 8, pp. 36-80, January, 1953; and "Power 
spectrum of non-linear oscillator perturbed by noise," Ann. Radio-
elec., vol. 8, pp. 153-179, April, 1953. 

Fig. 1—Oscillating circuit with regenerative servo loop. 

v I v12 

R 

1  

C B `••:., 

V2 I V22 

2 2 2 
V . Vi -f-V2 

SERVO 

Fig. 2—Twin low-pass equivalents of the regenerative 
oscillator of Fig. 1. 

As in Fig. 1, the squared voltage V2= V12± V.2, which 
corresponds to the square of the voltage vector in the 
circuit of Fig. 1, serves to control the action of the servo 
which actuates simultaneously the two negative re-
sistances —R11. 
Assume first that, instead of being bounded, T1 is 

indefinitely large. RB will eventually adjust itself to 
the value at which the noise voltages 1/1 and 17 2 will 
cause no further change in RB. The Johnson noise gen-
erated by R in both circuits will be equal to 

dVi2 = d V22 — 
4kTRdv 

(1 — ±1 ) 2 (2111,RCB) 2 

RB 

4kTRdv 

(a V2 — 1/02)2 
(2rvRCB)2 

V02 

(3) 

and it will be assumed, with no loss of generality, that 
—RB is noiseless. 

Integration of (3) gives 

4rkTR I/2  V' = dVi" dV22 = 

a  2rRCB 
V02 

where 

a 
V' — V02 2kT 2kT 

V02 V2C/3 1702CB 

(4) 

(5) 
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Equating the two parts of the denominator of the 
right-hand side of ( 3) when Sy is substituted for y gives 
the low-pass bandwidth of the noise, which is one-half 
the band-pass bandwidth of the noise in the circuit of 
Fig. 1, where T1 has also been made indefinitely large: 

(3v = a 
V2 — V 02 2kT kT( 1 \ 2 R 

1102 27r-RCB2V2 _ Ir k RCB) V02 

271-RC a 

A,B2 
= zirkT  

In 

where 

27rRCB,Civti 2irRBCBAvii = 1, 

(6) 

(7) 

and where PR= V02/1? designates the power delivered by 
—RB to the system and dissipated in R. The bandwidth 
given by (6) is seen to be identical with that given by 
(34) of Gordon, et al.2 
The rigorous treatment of the circuits of Figs. 1 and 

2 when T1 is finite appears to offer considerable mathe-
matical difficulty. Fortunately, the assumption that T1 
is bounded, as will be defined shortly, permits a consid-
erably simplified treatment of Fig. 2. This treatment is 
based on the device of first opening the switch S, and 
subsequently correcting the effect of this artificiality. 

Opening S causes the lower low-pass circuit to be 
alone in the servo loop, so that it builds up to a dc volt-
age 172P_-2 Vo, while the upper circuit contains noise only. 
The lower circuit also contains noise, but since this noise 
is in phase with the dc voltage corresponding to coherent 
oscillations, the zero crossings of cos brvBt are not af-
fected by the noise in the lower circuit. 
The noise in the upper low-pass circuit constitutes a 

source of irregularity in the zero crossings of the ac volt-
age, but since this noise has no dc component when S is 
open, the deviations of these zero crossings from those of 
cos 27rv iit will average zero. This is, of course, a result of 
S being left open indefinitely. 

If, instead, S is open at the time t = 0, at which time 
the noise voltage V1 will be assumed to be zero, and 
then closed at the time t = Ti, i.e., after a time of the 
order of that required for V12+ V22 to pass the low-pass 
filter of the servo loop and reach the servo, the com-
bination of the V2'..= Vo voltage in the lower circuit and 
of the noise voltage which has built up during the time 
T1 in the upper circuit represents a voltage with zero 
crossings shifted by some phase angle àiirth from those of 
cos bryBt. Assume now that the corresponding voltage 
vector is decomposed in a new system of coordinates 
which forms the angle .3icbi with respect to the first. Two 
low-pass circuits can again be associated with the band-
pass circuit in accordance with the decomposition of the 
voltage vector in the new system of coordinates. The 
low-pass circuit which carries the full value of this volt-
age vector may then be, as formerly, the low-pass 
circuit within the servo loop, while the other low-

pass circuit, which carries zero voltage at the instant 
of the new decomposition, corresponds to the upper 
low-pass circuit of Fig. 2. Now again, the switch is 
opened and a voltage generated by R builds up within 
this low-pass circuit. But since the decomposition of the 
voltage vector at time t= Ti is equivalent to resetting 
the low-pass circuit at V1 = 0, the new VI noise voltage 
will build up independent of the last, and the successive 
VI voltages which build up every time S is opened will 
cause the end of the coherent voltage vector to execute 
a random walk, which can be immediately associated 
with any error made when measuring the oscillator fre-
quency by observing zero crossings. 

An expression for the Aci) increments is obtained as 
follows. Consider first the circuit formed by R mid Cn 
with —RB disconnected. When R is open-circuited, it 
generates a mean-square voltage 4kTR per unit band-
width and integration of the squared voltage generated 
across CR gives the well-known result, 

kT 
v = 

CB 

If the noise voltage is noted as the time t= 0 and is al-
lowed to decay for the time t, the noise voltage ob-
served at the end of the t interval will be composed of the 
voltage decayed from the origin of time plus a voltage 
built up on the capacitor by R. But statistically we 
should have 

VN2 = V. exp 
RCB ( ) + AVN2. 

Since the two voltages of the right-hand side are inde-
pendent we have 

72 = VV2 exp 21 ) 
RCB 

Hence, for the noise voltage AV built up in the time t, 

\ 21_ 
Al = VA-2(1 — exp   VA-2 (8) 

RCB RCB 

where the approximation will be considered tentatively 
to be valid only when 21/ RCH is small. 
When RB is connected in parallel with R, the mean-

square noise voltage per bandwidth dv generated across 
R, taking ( 1) and (5) into account, is 

4kTdv 
dV2   = 2 1702RCBdv. 

1 1 
_ 

R RR 

The time constant of the R, — R8, CB circuit, again 
taking ( 1) and (5) into account, is 

RR BC It RC 132 V02 

RB - R 2kT 
(9) 
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and the noise voltage across CB at time t after discharge 
will be 

[ 
kT 1 exp( 21(RB — R) 

AV' -  
C 

CB(1 -  BRRB_:;) 

1 41kT 
— v [1 - exp 
2 Vo2CB2R 

2kT t kt 
—  — = 47 ,B1 • 
CB CBR CB 

(10) 

The approximation for the right-hand side of ( 1) requires 
that the exponent in the second expression given fors V2 
in ( 10) be somewhat smaller than unity, 

Vo2CB2R 1 
t <   (11) 

4kT 47rSv 

Eqs. ( 10) and ( 11) indicate that as long as the servo 
loop time constant T1 is appreciably smaller than 
Sv-i, the successive phase increments of the ac voltage 
vector which are acquired randomly at intervals T1 will 
build up, in time t, the random number of cycles 

AV 1 211ef 
An   

21rVo 21r Vo V CB2R 
(12) 

The frequency error caused by the random rotations 
of the ac voltage vector will be given by 

An 1 2k T i/Fif 

27 V V 02C B2RI P81 

= APB 
./2kT 

V ER 
(13) 

where ED= PBI designates the energy contributed by 
-R8 to the oscillating circuit during the time of meas-
urement t. 

Eq. (13) represents, therefore, the departure from 
monochromaticity of a Johnson noise perturbed oscil-
lator in which the regenerative element, -.1RB, is as-
sumed noise- free. 

While Av is the quantity of pertinent interest in an 
oscillator, the questions of the actual amount and spec-
tral distribution of the oscillator noise remains of some 
interest, and an attempt at obtaining quantitative ex-
pressions for these will be described next. 

SPECTRAL DISTRIBUTION OF NOISE IN A 
REGENERATIVE OSCILLATOR 

The noise in a regenerative oscillator of the type 
illustrated by Fig. 1 contains two basically different 
components: the noise components normal to the co-
herent ac voltage vector, and those parallel to it. 

Let 4) be the instantaneous phase of the ac voltage 
vector with respect to cos 27rv ilt. The two instantaneous 

components of the ac voltage vector are Vo cos 0 and 
Vo sin 0, plus the noise components. The noise com-
ponents parallel to this vector will be assumed to be zero 
at this instant. The noise perpendicular to the ac volt-
age vector is obtained by making the Fourier analyses 
of the random walk components of this vector of com-
ponents Vo cos and Vo sin 4,, and a very rough measure 
of the bandwidth of this noise, Avn, can be given by 

1/24, where to designates the time interval at the ex-
treme ends of which there is substantial loss of correla-
tion between the two values of cos 0 or sin 4). This may 
be regarded as the time interval during which the ac 
voltage vector will probably make a quarter turn, and 
which is obtained by making An - 1 in ( 12). This gives 
for 1/2to, 

kT 

— 21 P,, PB 
(14) 

a figure in close agreement with that obtained in (6) for 
Sv. The squared noise voltage is given simply by 

A Vn2 = Vo2, (15) 

since this noise is due to the random rotation of a volt-
age vector of length Vo. 
An expression for the noise parallel to the ac vector is 

much more complicated to obtain, and the calculations 
made to obtain it will be sketched below. These calcula-
tions will be based on the model of Fig. 2 with S open, 
i.e., the fluctuations of V2 alone will be considered now 
since the fluctuations of V1 are connected with the 
noise components perpendicular to the coherent voltage 
vector. 
The basic procedure will consist of replacing the low-

pass filter of the servo loop by a time delay network 
whereby the voltage V2 is sampled at intervals T1, and 
the value found at any sampling epoch controls the 
value of -RB during the following T1 interval. 

Consider first the noiseless case, and assume that, at 
the first sampling epoch for which t= 0, V2 has the value 

V2 = Vo AVO. 

This value determines the value of 1/R8 for the next 
T1 interval 

1 1 V2' - V021 I àVo 
— = —[1 a  [1 — 2a H. (16) 
RB R V02 R V o 

Eq. ( 16) gives for the combined admittance of 1/R and 
-1/RB the value 

1 1 2.2à.Vo 
G — 

R R8 RV o 
(1 7) 

and we obtain for the time constant To of the lower low-
pass circuit 

GB VO 
TO =  RCB. 

G 2aàV 
(18) 
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3 

After the time interval Th which is assumed to be 
smaller than To, V2 decays from the value Vo+à V to 

V2' (Vo àV)(1 — —r1) 
To 

2aLIT T1\ 
= (Vo ,C,V) (1 

Vo RC,) 

\ 
Vo+ Ir(1 2a—RCe) (19) 

It will be noted that everything occurs as if any depar-
ture of V2 from Vo decays with the time constant 

RCB 
T. 

2a 
(20) 

Consider now the noisy case. We start again with the 
voltage 12 given by ( 15) and allow the departure of V2 
from Vo to decay, but meanwhile permitting a noise 
voltage generated by R to build up for a time T1 in ac-
cordance with the expression given for à 172 in ( 10): 

AV„2  kT [1 exp 2TI(RB — R) 
CHRR8 

C B(1 —  R 
RB 

2TdeT 

CR'R 

When added randomly to the decayed voltage 

à V, — 2a r1 
RC'? 

(21) 

the noise voltage given by (21) should reproduce itself, 
on an average. The random addition of these two volt-
ages is made by adding the squares, and we obtain the 
relation 

giving 

T1)2 2TikT 
2(1 — 2a —  = AV p2, (22) 

RcB  CB2R 

AV, = kT 
2aCB 

(23) 

and the squared noise voltage is given by 

kT 
=   (26) 

2aCB 

CONCLUSION 

When the regeneration of an oscillating circuit is con-
trolled by the servo loop of Fig. 1 and by the servo 
equation of (1), the following are true: • 

1) When the time constant T1 of the servo loop is 
nearly infinite, the voltage output is incoherent, and 
the half bandwidth of this essentially noisy output is 
given by 

A V 
4Ü T--, 

where AvB=1/2rRCB designates the half bandwidth 
which the oscillating circuit would have if the regenera-
tive resistance —1/RR were taken out, and where Pg 
designates the power delivered to the circuit by this re-
generative resistance. 

2) When the time constant T1 is appreciably smaller 
than Sv-', and appreciably greater than the oscillation 
period, the voltage output is coherent, and it becomes 
necessary to distinguish between departure from mono-
chromaticity or irregularity of oscillations and band-
width of the noise in the output. 
The departure from monochromaticity is given by the 

frequency error 

V2kT 
= AvB 

EB 

where El; designates the energy delivered to the circuit 
by the regenerative resistance during the time of meas-
urement. 
The bandwidth of the noise normal to the coherent 

output vector is given by 

kT 
= 16APR 2 - 

PR 

and the voltage square of this noise is 

à V„' = Vo'. 

Combining ( 17) and (23) gives the admittance of the The bandwidth of the noise parallel with the coherent 
low-pass circuit output vector is 

1 2akT 
G = —   (24) 

R CBV02 

The bandwidth of the low-pass circuit is given by 

G V2alif 
 - AYR 

21-CR CRV02 

1/41rakT 
= (àvR)3/2 - , (25) 

PR 

àvi, — ( ivB)"2 V4rakT 
PR 

where a is the servo constant of (1). The voltage square 
of this noise is 

1V„2 — 
kT 

2aCB 



1478 PROCEEDINGS OF THE IRE August 

Correspondence  

A Note on Tunnel Emission* 

I would like to call attention to several 
errors in my recent communication.' In ( 1), 
the quantity between Jo and the exponential 
should be squared, and there should be a 2 in 
the denominator of the expression for Eo. 
Also in the last equation for the figure of 
merit M, the Eo in the numerator should be 
deleted and the E in the denominator should 
be changed to Eo. 

It should be noted that these equations 
are very similar to those for ordinary field 
emission from the surface of a metal into a 
vacuum. However. the mechanism involved 
is somewhat different in principle. In the 
field emission case, electrons are confined by 
a region of classically forbidden energy, and 
are permitted to penetrate this region by 
virtue of their quantum mechanical proper-
ties. In contrast, the "forbidden" region con-
sidered in tunnel emission (or Zeiler break-
down) is itself a consequence of the wave na-
ture of the electrons and the periodicity of 
the lattice. Because the amplitude of the 
wave function is attenuated similarly in both 
cases, the voltage-current expression for 
tunnel emission is essentially identical to the 
well-known Fowler-Nordheim expression for 
ordinary field emission when appropriate 
correction is made for the effective mass of 
the electron. 

C. A. NIEAD 
California Inst. of Technology 

Pasadena, Calif. 

* Received by the IRE, May 23, 1960. 
C. A. Mead, "The tunnel emission amplifier," 

PROC. IRE, vol. 48, P. 359: May, 1960. 

Noise Performance of Tunnel-Di-

ode Amplifiers* 

The tunnel diode, first reported by 
Esaki,1 is being considered for possible use 
as a low-noise amplifier" as well as for other 
applications.' 6 For comparison of this ampli-

* Received by the IRE. January 15, 1960. This 
work was supported in part by the U. S. Navy, under 
contract NObsr 77621. with Microwave Associates, 
Inc., Burlington, Mass. 
+ L. Esaki, "New phenomenon in narrow ger-

manium p-rr junctions," Phys. Rev.. vol. 109, pp. 603-
604; January, 1958. 

2 K. K. N. Chang, "Low-noise tunnel-diode ampli-
fier," Paoc. IRE, vol. 47, pp. 1268-1269; July, 1959. 

3 II. S. Sommers, Jr., K. K. N. Chang, H. Nelson, 
R. Steinhoff, and P. Schnitzler, "Tunnel diodes for 
low noise amplifications," 1959 WESCON CONVEN-
TION RECORD, pt. 3, pp. 3-8. 
+ II. S. Sommers, Jr., "Tunnel diodes as high-fre-

quency devices," PRO. IRE, vol. 47, pp. 1201-1206; 
July. 1959. 

° I. A. Lesk, N. Holonyak, Jr., U. S. Davidsohn, 
and M. W. Aarons, "Germanium and silicon tunnel 
diodes—design, operation, and application," 1959 
WESCON CONVENTION RECORD, pt. 3, pp. 9-31. 

fier with others, it is important to know the 
fundamental limit on noise performance. 
A general way of obtaining the funda-

mental limit of amplifier noise performance 
has been given by Haus and Adler,' and this 
was simplified somewhat for negative-re-
sistance amplifiers by this writer.' On this 
basis, we will calculate F, the lowest noise 
figure an amplifying system of high gain 
can have if it employs the tunnel diode and 
no other "better" amplifiers. 

The tunnel diode can amplify because its 
volt-ampere characteristic shows a negative 
slope at some points. A typical curve is 
shown in Fig. 1, showing the dc operating 
point, and the product of the de current /0 
and the magnitude of the negative resist-
ance R. 

Sommers' has proposed the small-signal 
high-frequency equivalent circuit of Fig. 2. 
The negative resistance is —R, so that R is 
a positive quantity; C is the barrier capaci-
tance; and R„ is the series resistance caused 
by lead resistance, bulk resistance of the 
semiconductor, and contact resistance. Fig. 
3 shows the equivalent circuit with two noise 
generators: one to account for shot noise 
associated with the tunnelling process, repre-
sented by the current generator with mean-
squared current 

i„I2= 2q10...11; (1) 

and the other to represent thermal noise of 
the series resistance, with mean-squared 
voltage 

e, I 2 = 4kT,,R„..àf (2) 

where Td is the diode temperature. 
The best noise figure F is given by the 

formula" 

Fig. 1. 

- R R, 

Fig. 2. 

- R 

Fig. 3. 

AnIll turpreta t ion of this formula is aided by 
consideration of some special cases. 

ZERO SERIES RESISTANCE LIMIT 

It t he limit as R,—>0, F becomes 

/oR 
1 — 

2kTo/q 

F = 1 exchangeable noise power of the tunnel diode 

The exchangeable noise power is calculated 
from Fig. 3 to be 

eol2-1 1,12 
R2 

(cuRC)2 

4   R„ 
[1 (coRC)2 ] 

(4) 

where co is the operating frequency; so the 
fundamental limiting noise figure is 

oR 
F = 1 + 

2kT 0/ q R — R,[1 (cuRC)2] 

Td R. 

To R 

1 ± (coRC)2 

H. A. Hans and R. B. Adler, " Circuit Theory of 
Linear Noisy Networks," Technology Press, Mass. 
Inst. Tech., Cambridge, Mass., and John Wiley and 
Sons, New York, N. Y.; 1959. 

7 P. Penfield, Jr., "Noise in negative-resistance 
amplifiers." IRE TRANS. ON CIRCUIT THEORY, vol. 
CT-7, pp. 166-170; June, 1960. 

R, 

(5) 

kToAf 

(6) 

(3) 

which can be determined from Fig. 1, if the 
high-frequency value of R is the same as the 
dc value. The product 10R is shown in Fig. 1, 
and F is merely one plus this value normal-
ized to 2kTo/ q = 50 mv. This model was used 
by Chang2 to interpret experimental noise 
figures, but his numbers are somewhat higher 
than the limit given here because he 1) was 
not always operating with high exchangeable 
gain, 2) had extra loss in the circuit, and 
3) included noise from the load. 

LOW-FREQUENCY LIMIT 

In the low-frequency limit the noise 
figure does not approach unity, but rather 

10R R Td R, 
1 ±  — ---- • (7) 

2kT 0/ q R — To R — R, 

Since low-noise amplifiers can be made at 
low frequencies, either with varactors or 
vacuum tubes, the tunnel diode will prob-
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ably not be competitive as a low-frequency 
amplifier, except on its ether merits. We are 
led, then, to look at the behavior at high fre-
quencies, i.e., in the microwave region. 

HIGH-FREQUENCY LIMIT 

The parasitic series resistance R5 dictates 
the high-frequency limit. By analogy to the 
varactor, we define the "cutoff frequency" 

(8) 

The tunnel diode can amplify only if it pre-
sents a negative-real impedance, so for gain 

Since 

R. <   
1 + (wRC)2 

1 
< 

1 + (wRC)2 2wC: 

(9) 

(10) 

there is gain only at frequencies less than 
one-half the cutoff frequency. At high fre-
quencies, a simple lower bound for the noise 
figure is 

/01? w,. Td  2w  
> 1+ -- (11) 
. 2kTo/q w„- + —2w To — 2w 

Thus, F gets large for frequencies an ap-
preciable fraction of the cutoff frequency. 

CONCLUSIONS 

The fundamental noise-performance limit 
of tunnel diode amplifiers has been derived 
under the assumption that the only signifi-
cant noise sources are: 1) shot noise of the dc 
tunnelling current, and 2) thermal noise of 
the series resistance. It is tempting to com-
pare the noise-performance limit with that 
of a varactor parametric amplifier," since 
each uses a semiconductor diode and since 
the series resistance of each is important in 
setting the noise limits. 

Although such a comparison is not of 
rigorous lasting value, since there is no 
fundamental way to compare the two cutoff 
frequencies, we can still compare them 
roughly, with some assurance that techno-
logical advances which prove useful in rais-
ing one cutoff frequency will probably also 
be useful in raising the other. Both cutoff 
frequencies are determined by the product 
of a series resistance and a capacitance; for 
the tunnel diode the resistance can probably 
be lower, but the capacitance is much higher 
than the minimum varactor capacitance. 
The design of the tunnel diode must be a 
compromise between achieving usable nega-
tive resistance and obtaining high cutoff fre-
quency, whereas the design of a varactor 
can be directed solely to high cutoff fre-
quency. In view of this, it seems reasonable 
to compare a given tunnel diode with a 
varactor whose cutoff frequency is three or 

H. A. Haus and P. Penfield, Jr., " Noise Perform-
ance of Parametric Amplifiers," Energy Conversion 
Group, Elec. Engrg. Dept., Mass. Inst. Tech., Cam-
bridge, Mass., unpublished internal memorandum 
No. 19. August II. 1959; submitted to the IRE. 

more times that of the tunnel diode. Under 
this comparison the varactor is capable of a 
lower noise figure' than the last term in ( 11) 
alone. 

Of course, low noise is not the only de-
sirable quality an amplifier can have. No 
high-frequency pump is required for the 
tunnel diode amplifier—a point in its favor. 
And, there are many applications for tunnel 
diodes other than as linear amplifiers. It is 
possible that tunnel-diode oscillators will be 
useful as pumps for varactor amplifiers. 

The author is indebted to Dr. A. Uhlir, 
Jr., for discussions of some of the points pre-
sented here. 

PAUL PENFIELD, JR. 

Elec. Engrg. Dept. 
Mass. Inst. Tech. 

Cambridge 39, Mass., 
and Microwave Associates, Inc. 

Burlington, Mass. 

High-Frequency Radar Echoes 
from the Sun* 

In the presence of a magnetic field, a 
radar wave incident on the sun is split into 
the ordinary and extraordinary magneto-
ionic components. These have different re-
flection levels. That for the ordinary wave' is 
at X=1, which is the same as the field-free 
reflecting level. The extraordinary compo-
nent is reflected at the level X=1— I , 
which is higher than the field-free level. The 
extraordinary wave has a shorter path, and 
may suffer less absorption, than the ordinary 
wave. 

Kerr,' Bass and Braude, and Hatanaka" 
have considered the field-free case, and have 
concluded that there will be no echo at high 
frequencies (hundreds of megacycles and 
higher) because the wave is all absorbed be-
fore it reaches the level X=1. Hatanaka,' for 
example, estimated that at 400 mc the opti-
cal depth (r) at the reflection level would be 
about 103. In Hatanaka's example, the reflec-
tion level is in the chromosphere, where the 
temperature is about 10 10 K. Because of the 
low temperature, most of the absorption 
takes place close to the level X = 1. If the 
magnetic field is strong enough, however, the 
reflecting level for the extraordinary wave 
will be lifted into the corona where the tem-
perature is 10"K. The absorption is propor-
tional to T-s", so the optical depth at the 

* Received by the IRE, April II, 1960. This work 
was partially supported by the Air Force Cambridge 
Research Center. 

J. A. Ratcliffe, "The Magneto- Ionic Theory and 
its Application to the Ionosphere." Cambridge Uni-
versity Press, Cambridge. Eng., ch. 6; 1959. 

O F. I. Kerr. "On the possibility of obtaining radar 
echoes from the sun and planets." Pitoc. IRE, vol. 40, 
pp. 660-666; June, 1952. 

F. G. Bass and S. la. Braude, "On the question of 
reflecting radar signals from the sun," Ukr. J. Phys., 
vol. 2. pp. 149-163; 1957. 

T. Hatanaka, " Reflection of Radio Waves from 
the Sun," School of Elec. Engrg., Cornell University, 
Ithaca, N. V., Res. Kept. EE450: October, 1959. 

extraordinary reflecting level is reduced by a 
factor of about 103, giving r,,s-1. 

We thus have the possibility that high-
frequency echoes will be obtained from re-
gions where strong magnetic fields exist in 
the corona. The reflection will occur where 
I 11ml, since X will be small. A magnetic 
field of about 140 gauss is required for re-
flection of a 400 mc wave. The direction of 
the field is immaterial. 

Coronal magnetic fields with' strengths 
on the order of 100 gauss have been sug-
gested on several different grounds. W'est-
fold' used the field to explain shock waves, 
Warwick,' to explain active prominences, 
and Akaba tie' and Gelfreich et al.," to explain 
radio eclipse observations. A number of 
people also have suggested that the polarized 
noise storms at meter wavelengths are to be 
explained by fields of about 100 gauss in 
large clouds very high in the corona (up to 
one solar radius.) 

We can make a rough estimate for the 
strength of the echo from a high magnetized 
cloud, the seat of a noise storm. Assume that 
the cloud is 6 minutes of arc, or 3 X10" km, 
in diameter;" then the echo is about 3 db 
greater than that from Venus when it is 
closest, assuming that the two bodies have 
similar reflectivities. The background noise 
will, however, be much higher for the solar 
cloud, because the solar thermal radiation 
will contribute 106-10"K to the antenna 
temperature. A radar would have to have a 
sensitivity 20 to 30 db greater than that of 
the Millstone radar," to detect the cloud 
marginally. 

The space radar suggested by Gordon" 
would, at 400 me, have a sensitivity about 
40 db above Millstone, so echoes from the 
cloud could easily be seen by it, provided the 
megnetic field were strong enough. The 
beamwidth of Gordon's radar would be 
about 10 minutes of arc, so that if a corona' 
object were on the limb, and high enough 
(5 X105 km or more), it could be seen with-
out the main lobe's being on the hot disk. 
This would increase the sensitivity by 
about 20 db, so that quite small, high, limb 
objects could be seen if they had sufficient 
field. 

M. H. COHEN 
Center for Radiophysics and Space Res. 

Cornell University 
Ithaca, N. Y. 
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10 R. Price, P. E. Green, Jr., T. J. Goblick, Jr., 
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1829; November, 1958. 



1480 PROCEEDINGS OF THE IRE August 

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 
to each other and have been maintained as 
constant as possible with respect to an im-
proved United States Frequency Standard 
(USFS) since December 1, 1957. 

The nominal broadcast frequencies 
should, for the purpose of highly accurate 
scientific measurements, or of establishing 
high uniformity among frequencies, or of 
removing unavoidable variations in the 
broadcast frequencies, be corrected to the 
value of the USES, as indicated in the table 
below. 

WWV FREQUENCY 

WITH RESPECT TO U. S. FREQUENCY 
STANDARD 

1960 
May 

1600 UT 
Parts in 1010* 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

-146 
-146 
-146 
-146 
-145 
-145 
-145 
-144 
-144 
-144 
-144 
-144 
-144 
-144 
-145 
-145 
-145 
-145 
-145 
-145 
-145 
-145 
-145 
-144 
-144 
-144 
-144 
-144 
-144 
-144 
-144 

• A minus sign indicates that the broadcast fre-
quency was low. 

The characteristics of the USES, and its 
relation to time scales such as ET and UT2, 
have been described in a previous issue,' 
to which the reader is referred for a complete 
discussion. 

The \VWV and WWVI-1 time signals are 
also kept in agreement wit h each other. Also, 
they are locked to the nominal frequency of 
the transmissions and consequently may de-
part continuously from UT2. Corrections 
are determined and published by the U. S. 
Naval Observatory. The broadcast signals 
are maintained in close agreement with UT2 
by properly offsetting the broadcast fre-
quency from the USES at the beginning of 
each year when necessary. This new system 
was commenced on January 1, 1960. The last 
time adjustment was a retardation adjust-
ment of 0.02 s on December 16, 1959. 

NATIONAL BUREAU OF STANDARDS 
Boulder, Colorado 

* Received by tile IRE, lune 27, 1960. 
"United States National Standards of Time and 

Frequency," PROC. IRE. vol. 48, pp. 105-106; Janu-
ary, 1960. 

The Significance of Transients and 
Steady-State Behavior in Nonlinear 

Systems* 

I believe Dr. Wolf' is in error in his use 
of the terms "steady state" and "transient" 
as applied to linear systems. 

It should be noted that since ge(x) =0 for 
all x < 0, then Wolf's "transient" term 

fk(r)ge(t — r)d = 0, (1) 

since gi(t—r) =0 for r>!. This last follows 
from the limits of the integral. Hence we 
have 

g2(t) = f k(r)ge(t — r)dr 
o 

fk(r)ge(t — r)dr, (2) 

and this is usually called the transient re-
sponse of the system K. 

'rhe terms "steady-state" response and 
"transient distortion," which I believe Wolf 
has in mind, hold only when ge(t) is a sud-
denly applied sine wave. Paraphrasing 
Carson,2 let 

Mt) = 0ltet O < t. (3) 

Then 

g2(0= f k(r)eS( 1-*)dr 
o 

= fk(r)ca"-T)dr 
o 

— f k(r)ei"-T>dr 

= c-j'°K(iw) — f k(r)ei'('-'")dr. (4) 

The first term on the right is called by 
Carson the "final steady state" and the 
second the "transient distortion, which ulti-
mately dies away for sufficiently large values 
of t i " 

STEPHEN DORA, JR. 

Bell Telephone Labs. 
Murray Hill, N. J, 

Author's Comment3 

The author would like to thank Mr. 
Doba for his comments on the note' concern-
ing transients in nonlinear systems. 

Let us carefully examine ( 1) of Doba's 
comments and the conclusion which fol-
lowed, namely (2). In ( 1) Doba shows that 
under the condition for t<r the kernel, 
namely g(t—r), vanishes. Hence, he right-
fully concludes that 

* Received by the IRE. January 5, 1960. 
A. A. Wolf, "The significance of transients and 

steady-state behavior in nonlinear systems," PROC. 
IRE, vol. 47, pp. 1785-1786; October 1959., 

R. Carson. " Electric Circuit Theory and the 
Operational Calculus," McGraw-Hill Book Co., Inc., 
New York, N. Y.; 1926. 

Received by the IRE, January 27, 1960. 
A. A. Wolf, "The significance of transients and 

steady-state behavior in nonlinear systems." PROC. 
IRE, vol. 47. pp. 1785-1786; October, 1959. 

g2r(l) = f k(r)..(t — r)dr = 0 (1) 

for all t < r. 
From this Doba derives ( 2) and implies 

in general that the total instantaneous re-
sponse 

k(r)ge(t — r)dr 

is identically equal to the result obtained by 
allowing tin the upper limit to approach in-
finity. If we consider the integrals of the 
right member of (2) to be Riemann integrals, 
then what Doba is really saying is that the 
area under the curve bounded by k(r)ge(t—r) 
and the r axis is the same no matter whether 
we integrate from 0 to t or from 0 to oc. This 
is obviously false in general for the class of 
functions considered.5-2 The only class of 
functions ge(t) satisfying (2) for all t is the 
trivial class belonging to the null set. What 
Doba neglected to consider was the case for 
t>r. In this case his ( 1) is in general not 
zero, that is, 

g2r(t) = f k(r)ge(t — r)dr 0 0 (2) 

for all t > T. 

Therefore, I cannot agree in general with 
Doba's conclusions concerning (4) of my 
original note given above as ( 1). 

With regard to Doba's remarks concern-
ing the use of my terminology, I should like 
to point out that these terms have been 
previously established in the literature.2-'" In 
the mathematical literature the correspond-
ing ternis are "particular integral" and 
"complementary solution. " 11,12 

In Carson's" work referred to in Doba's 
note, the definitions are a special case of the 
definitions given in my original note, namely, 

Transient Response: 

g27-(t) = f k(r)ge(t — r)dr. 

Steady-State Response: 

g2s(t) = f k(r)ge(t — r)dr. 
o 

Total Instantaneous Response: 

g2(1) = foik(r)e — r)dr. 

G. Doetsch, "Theorie und Anwendung der La-
place Transformation." Dover Publications. Inc.. 
New York. N. Y.; 1943. 
o D. V. Widder, "The Laplace Transform," Prince-

ton University Press, Princeton, N. J.; 1946. 
7 I. I. Hirschman and D. V. Widder, "The Convo-

lution Transform," Princeton University Press. 
Princeton, N. J.; 1955. 

M. F. Gardner and J. L. Barnes, "Transients in 
Linear Systems," John Wiley and Sons. Inc., New 
York, N. Y.; 1942. 

9 .1. s. Bendat, "Principles and Applications of 
Random Noise Theory," John Wiley and Sons, Inc., 
New York, N. Y.; 1958. 

I. Y. H. Ku, "Analysis and Control of Nonlinear 
Systems," Ronald Press. New York, N. V.; 1958. 

II E. L. Ince, "Ordinary Differential Equations." 
Dover Publications. Inc., New York, N. Y.; (reprint) 
1926. (First printing by Longmans, Green and Co., 
New York, N. Y.) 
I, F. I. Murray and K. S. Miller, " Existence 

Theorem::: New York University Press, New York, 
N. Y.; 1954. 

'7 J. R. Carson, " Electric Circuit Theory and the 
Operational Calculus." McGraw-Hill Book Co., Inc.. 
New York, N. V.; 1926. 
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The condition that gi(t) be periodic is not a 
necessary condition for (3), (4) and (5) to 
exist.".7.14 A weaker condition (more general) 
is that gi(1) be of exponential type, of ex-
ponential order one. Other conditions are 
given in references."."• 15 

Exam pie 

To check these concepts with our intui-
tive notions of transient, steady-state, and 
total response'' as given above let us con-
sider a simple example with a nonperiodic 
forcing function. Let 

a 
M at = ---

s + a 
(6) 

be the system transmission and let 

gi(1) -= 1. for all > 0. (7) 

Then utilizing ( 5) it is easy to show that 

g7(1) = 1 — e"‘" (8) 

noting that 

k(!) = (9) 

The Iirst term of the right member, namely, 
1 is the steady-state terni. The second terni, 
namely, e-°', is the transient terni. The dif-
ference in these two is the total instantane-
ous response. These are well known ideas.'-" 
\Ve see that these ternis can also be calcu-
lated with the aid of ( 3) and (4), that is. 

g27*(1) = 

= 

(10) 

(11) 

Inch is consistent with our in  no-

In order to perform calculations using 
(3) and (4) one must note that the integrals 
are improper because of the infinite upper 
limits. 15.1" Care must he exercised in evalu-
ating such integrals, especially when the in-
tegrands are of the convolution type contain-
ing a variable parameter taking on all pos-
sible values, that is, 

< < xt. (12) 

The cal(•ulation of g2s(1) is effected by its 
definition given in ( 13). 

*sq.) -= Jim g2(0. (13) 
t—. 

The calculation of 1;27(1) is most easily ac-
complished by subtracting the result of ( 13) 
from ( 5). Other methods of calculating (3) 
are described in the literature cited.'-'•". 15 Is 

These precautions are only necessary when 
the kernel containing the parameter "blows 
up- at infinity. Otherwise the calculation is 
generally straightforward. 

The subject of improper convolution in-
tegrals and sums with varying parameters 
taking on, among other things, the value at 

" E. C. Titchmarslt, " Introduction to the Theory 
of Fourier Integrals," Oxford University Press, Lon-
don; 1937. 

F. Riesz and B. S. Nagy, "Leçons D'Analyse 
Fonctionnelle," Akademiai Kiado, Budapest, Hun-
gary; 1953. 

.6 In Ku. op. cit., this is referred to as the character-
istic response. 
'7 E. T. Wittaker and G. N. Watson. "A Course in 

Modern Analysis," Cambridge Univ. Press, Cam-
bridge; 1927. 
'3 P. Franklin. "Methods of Advanced Calculus," 

McGraw-llill Book Co.. Inc.. New l'ork, N. V.; 1944. 

infinity, are considered somewhat else-
where.'-7 ."• 19-" 
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Direction-Finding Experience and 
the Performance of Transmitting 
Navigational Aids* 

When considering the factors affecting 
the performance of transmitting naviga-
tional aids which provide bearing indica-
tions directly, it is useful to remember the 
properties of th' direction-finding systems 
which are their receiving analogs. This is 
true at the design stage and also after in-
stallation. Theoretical analyses of the site-
error suppression properties ( il various types 
of direction tinders and site-error measure-
ments in the field are examples where di-
rection- finding experience is of value when 
considering transmitting systems. 

For theoretical studies of the effect of an 
interfering ray on the accuracy of the Dop-
pler °midrange described by Anderson and 
Flint,' the corresponding direction finder is 
the cyclical phase-measuring instrument' 

* Received by the IRE. November 27,1959. 
S. R. Anderson and R. B. Flint, 'The CAA Dop-

pler Omnirange," Pgoc. IRE, vol. 47, pp. 808-821; 
May, 1959. 

C. W. Earp and R. M. Godfrey, "Radio direction 
finding by the cyclical differential measurement of 
phase," J. IEE, vol. 94, pt. IIIA, pp. 705-721; April. 
1947. 

more recently designated as the commutated 
aerial direction linder;" the conventional 
narrow aperture VOR has its counterpart in 
the Adcock direction finder. That the trans-
mitting systems use horizontally polarized 
waves and the direction tinders referred to 
use vertical polarization is irrelevant when 
the error due to an interfering signal of 
specified strength relative to the direct sig-
nal is calculated. An account of the errors of 
these and other direction tinders under this 
condition was given some years ago.' It is 
not surprising to find that the course-scallop-
ing effects of a single interfering ray shown 
in ( 26 ) and Fig. 6 of the Anderson and Flint 
paper are identical with the site-errors al-
ready derived for the analogous direction 
finders. 

Anderson and Flint ( Fig. 7) use the ratio 
of the maximum course-scalloping occurring 
on the two omnirange systems, displayed as 
a function of azimuth, as a means of com-
paring the properties of the systems in re-
lation to siting errors. In the direction-find-
ing field it has been found useful to develop 
a figure of merit (site-error susceptibility) 
for each class of instrument, which takes ac-
count of the random distribution of ob-
stacles on the site. Instrument classes are 
then compared by means of their site-error 
susceptibilities; the sanie method is appli-
cable to transmitting navigational aids and 
the calculations already made for direction 
finders apply immediately. 

The site-error susceptibility is derived 
by letting the direction of the direct ray 
sweep through .360° in azimuth at a con-
stant angle of elevation, and then computing 
the error introduced into the system by a 
horizontally incident interfering ray of fixed 
azimuth. The amplitude of the interfering 
signal is set at 0.1 relative to the direct and 
its phase is adjusted as the azimuth of the 
direct ray varies, so that the bearing error 
produced is always the maximum value E„,. 
NOW e,,, is a function of the azimuth of the 
direct ray, and the root-mean-square value, 

of s„, obtained by integration over the 
full 360° of azimuth is a convenient measure 
of the site-error ((ir scalloping) susceptibility 
of the system at the chosen angle of eleva-
tion. Using the calculations for the corre-
sponding direction tinders,' at zero angle of 
elevation s is 4.05° for the normal otnni-
range system and 0.11° for the Doppler sys-
tem haying the dimensions described by 
Anderson and Flint. 

Since the purpose of this note is to urge 
that direction-Iinding experience, both theo-
retical and practical, is not lost sight of when 
considering transmitting navigational aids 
providing bearings, it may be appropriate to 
conclude by giving references to other direc-
tion finding papers' -7 which appear relevant. 

3 C. W. Earp and D. L. Cooper-Jones, "The prac-
tical evolution of the commutated aerial direction. 
finding system," Proc. ME, vol. 105, pt. B. Supple-
ment 9, pp. 317-325; March., 1958. 

II. G. Hopkins and F. Horner " Direction-finding 
site errors at very high frequencies," Proc. ¡FE, vol. 
96, pt. III, pp. 321 332; July, 1949. 

5 W. C. Bain, "The calculation of wave-interfer-
ence errors on a direction finder employing cyclical 
differential measurement of phase," ¡'roc. IEE, vol. 
100, pt. III, pp. 253-261; September. 1953. 

6 W. C. Bain, "The theoretical design of direc-
tion finding systems for high frequencies." Proc. 
IEE, vol. 103, pt. B, pp. 113 119; January, 1956. 

7 W. C. Bain, "Possible errors of a particular wide 
aperture direction finder," ¡'roc. IEE vol. 103, pt. 
C, pp. 313-324; March, 1956, 



1482 PROCEEDINGS OF THE IRE August 

This note is published by permission of 
the Director of Radio Research of the De-
partment of Scientific and Industrial Re-
search, England. 

H. G. HomNs 
Dept. of Sci. and Ind. Res. 

Radio Res. Station 
Ditton Park, Slough ( Bucks), England 

Printed Aluminum Capacitors* 

According to Guentherschulze and Betz 
it is practically impossible to apply metallic 
counter electrodes to oxidized Al sheets with-
out losing the insulating behavior of these 
oxide films.' By anodic forming of evapo-
rated aluminum films, however, and sub-
sequent application of evaporated aluminum 
counter electrodes, we have been able to 
obtain solid electrolytic capacitors with 
very good characteristics regarding capacity 
per unit area, dissipation factor, leakage 
current, breakdown strength, number of 
rejects, and temperature dependency of the 
capacity and the dissipation factor. 

Aluminum spectroscopically pure is 
evaporated onto a substrate, e.g., glass or 
pyrex slides, by the usual evaporation tech-
nique (pressure 10-5 mm Hg) and subse-
quently oxidized anodically ( 10 to 20 min-
utes at room temperature). After cleaning 
the oxidized films with distilled water, the 
counter electrodes (0.10 cm2) are applied by 
evaporation of aluminum (Fig. 1). 

FOR CONNECTION 

Fig. 1—Printed aluminum capacitor. 

L ORIDIZED 

FILm 
EVAPORATED 

COUNTER 
ELECTRODES 

The capacity of such an Al capacitor, 
formed, e.g., to 20 volts, is 0.31 pf/cm2 with 
a leakage current of 0.005 pa /cm' at ?, of the 
forming voltage and consequently a very 
small dissipation factor is obtained. In 
Table I data are given for the printed Al 

capacitors with different forming voltages. 
With lower forming voltages a larger scatter 
in the capacity values is obtained. The dissi-
pation factor increases with decreasing form-
ing voltage. Breakdown occurs usually at 
full forming voltage. 

According to these results, a working 
voltage of about 90 per cent of the forming 
voltage can be tentatively suggested. This 
high breakdown strength compensates for 
the comparatively low dielectric constant of 
the aluminum oxide, so that for the same 
working voltage a smaller forming voltage 
(i.e., a thinner oxide film) is permissible 
than for Ta. For printed Ta capacitors a 
working voltage of 50 per cent of the form-
ing voltage is suggested.' Consequently, with 
Al capacitors the same capacity/unit area 
can be obtained as with sputtered Ta capaci-
tors. It may be necessary to operate these Al 
capacitors at voltages somewhat lower than 
90 per cent of the forming voltage in those 
circuits in which extreme reliability is re-
quired, but at the 90 per cent level, the 
reliability is adequate for most purposes. 

In Fig. 2 the temperature dependency of 
the capacity is given in the temperature 
range from — 200 to +200°C for a 45-volt 
formed capacitor. The dissipation factor, 
measured at a frequency of 1 kc (Fig. 3), 
shows also a slight increase with tempera-
ture in this temperature range. The leakage 
current at room temperature is smaller than 
0.0001 pa/cm2 at 30 volts. 

200 
TEMPERA,. eeeeeee 

Fig. 2—Temperature dependence of the capacity 
of a printed aluminum capacitor, forming volt-
age 45 volts. 

TE.E.1,141E   
200 

Fig. 3—Temperature dependence of the dissipation 
factor of a printed aluminum capacitor, forming 
voltage 45 volts. 

This type of capacitor seems to be 
especially suitable for microminiaturized 
circuits. It is obvious that these Al capaci-
tors are simple to make, for Al can be easily 
evaporated and no sputtering is necessary; 
they differ in this respect from tantalum con-
densers. Also the times required for forming 

TABLE I 

Forming Voltage (V) Capacity uf/cm' Dissipation Factor 
Leakage Current at 
2/3 of Forming Volt-

age (5a/cm') 

20 
30 
45 

0.310 ± 8 per cent 
0.158 ± 6 per cent 
0.112 ± 3 per cent 

0.050+0.030 
0.043+0.013 
0.017+0.006 

0.005 
0 . 001 

<0.0001 

* Received by the IRE. December 23. 1959. 
A. Guentherschulze and H. Betz, " Elektrolyt-

Kondensatoren." Technischer Verlag Iferbert Cram. 
Berlin, Ger., 2nd ed., p. 101; 1952. 

2 R. W. Berry and D. J. Sloan, "Tantalum printed 
capacitors," PROC. IRE. vol. 47. Pp. 1070-1075; June. 
1959. 

are appreciably shorter than those re-
ported by Berry and Sloan' for Ta (4-5 
hours). 

Experiments on these Al capacitors are 
being continued, especially in respect to 
lifetests; they will be reported later in 
more detail. 

F. HUBER 
W. HAAS 

Philco Corp. 
Philadelphia, Pa. 

Capacitance and Charge Coefficients 

for Parametric Diode Devices* 

in this note, expressions are given for the 
capacitance and charge coefficients of para-
metric diode devices in terms of known and, 
in one important case, tabulated functions. 

For a back-biased diode, the capacitance 
can be expressed as 

C Coo(1 — v/A), (1) 

with 1 > >0, y the voltage, Cob -= C at y=0, 
and A a constant. With Vh the back-bias 
voltage, Vo the magnitude of the pump volt-
ate, 0 = cot (co is the pump radian frequency), 
and v= 14+ Vo cos 0,' (1) becomes 

C = Cd(1 — a cos O)-', (2) 

(3) 

with 

Cd = C00(1 — 6/ AY ', 

and 

« = Vo/(A — Vb). (4) 

Usually VI, <0 and Vo <A — VI„ to avoid for-
ward conduction; hence 1 >ot >0. Expansion 
of (2) yields 

C = Co + 2C2 cos 0 2C2 cos 20 + • • • (5) 

with  

9=  J(1— a cos 0)-' cos n0 de, n> O. (6) 
2T O 

Similarly for the charge with Q=J•Cdv, 
from (1) 

—ACOb 
Q— 1 — (1— v/AP-v, (7) 

y 

where the integration constant has been 
dropped. Similar substitutions as above yield 

Q = Qd(1 — a cos 0)" 

= Qs + 2Q2 cos 0 + 2Q2 cos 20 ± • • • (8) 

with 

CObA 
Qd = -- (1 — V b/ A) l—e (9) 

1 — v 

* Received by the IRE, November 30, 1959; re-
vised manuscript received, December 30, 1959. 

This assumption of a single frequency component 
across the capacitor is strictly valid only for a con-
stant voltage (low internal impedance) source. Also. 
it neglects the significant harmonic voltage which 
would appear across the capacitor in the case of a 
high-efficiency harmonic generator. 
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and 

Q„=Q—d f (1-a cos cos nO df 0, n >0. ( 10) 
2r J() 

Comparison of (2) and (8) as well as (6) and 
(10) shows that if 

C./Cd = f(a, n, 

then 

With 

(11a) 

Q„ /Q4 = .((a, n, s - 1). (11b) 

GENEKAL VALUES OF v 

2a 
k2 --- • (12) 

1 + a 

some changes in the integration variables 
allow (6) to be written 

cos 2n0 
C. - de. (13) 

(1 -Farr Jo (1 - k2sin2d)5 

Note that 1 >k >0 for 1 > a >O. Expansion 
of the denominator in ( 13) yields known in-
tegrals,2 and there results, after some ma-
nipulation, 

c„ = — E P(r,n)T(y, r)k2'. n > 0, ( 14) 

with 

[r(r ± 1) j2 
P(r, n) - , (15) 

r(r + 1 - n)I'(r + 1 + n) 

and 

r(v+r) r(r-I-1/2) I 
r)= , (16) 

1'(v) l'(1/2) [U(r+ 1)12 

where r(z) is the gamma function. Note that 
the summation in ( 14) starts with the r = n 
term since all prior terms are zero. Also, 
C, >0 for n >O. 

From ( 11) it is evident that 

= (2,10 + E P(r, n)1'(y - 1, r)k2r, 

n > O. (17) 

Here with Qd negative, Qo <0, and Q.>0 
for n > 1. 

Direct integration of (6) in terms of 
known functions is possible; with 

2/ 

1 + 12 

there results 

(18) 

r(n 
C. = (1 + t2)7I" — 

r(y)r(n -F 

•2F1(v, n v; n + 1; I2)Cd, n > 0, ( 19) 

where 2F1(a, b; c; z) is the hypergeometric 
function.3 Note I >1 >0 for 1 > a > 0. Since 

2Fi(v, n s; n 1; x) 

r(n + 1)F(F)r(1 - s) 1 d" 

(- (1, + n)r ( 1 - s + n) ( 1 - x)' 

• [( 1 — Xrn+I 2FI(PI s; 1 ; en (20) 

2 W. Magnus and F. Oberhettinger, "Formulas and 
Theorems for the Special Functions of Mathematical 
Physics," Chelsea Publishing Co., New York, N. V., 
p. 5; 1949. 

Ibid., p. II. 

C. can be obtained from Co with x=/2 in 
(20). Also, the use of 

(I -I- /)2"2Fi(P, 1; /2) = 1/2; I; k2) (21) 

in ( 19) and (20) establishes the equivalence 
of C. given by ( 19) and ( 14). The expression 
for C. in terms of the hypergeometric func-
tion has, aside from its intrinsic interest, the 
advantage that various transformations, re-
cursion formulas, and identities are avail-
able. For example, with /e2 near 1, ( 14) is 
slowly convergent, but the equivalence of 
(14) and ( 19) enables a highly convergent 
series in 1 -k2 to be obtained easily.' Also 
from ( 19) and (20) and other hypergeometric 
function relationships, it can be shown that 

(n + y) 
C5+2 — 

(n + 2) 

(1 + 12) (n + 1) 
--- (22) 
I (n - + 2) 

The hypergeometric function involved in 
Co can be expressed as a fractional-order 
Legendre function; thus' 

(v, v; 1; tanh2 ï) 

= (eosh2 2 )(F'_,.(cosh u), (23) 

where / = tanh u/2, but no useful tables of 
these functions seem to be available. 

From ( 11) and ( 19) it is clear that 

1'(n — 1) 
Q„ = ( 1 + P)'-IP. 

r(y - (n + 1) 

- 1, n - 1; n + 1; 12)Qd, 
n ≥ 0, (24) 

and that the relationships noted in (20)-(23) 
relating to C. apply equally well to Q. with 
the substitution indicated in ( 11). 

THE CASE OF v = 4 

In this important special case, evaluation 
results in terms of the tabulated complete 
elliptic integrals from (21)6 or from ( 13).7 
Thus, 

2Cd 
Co = K, (25) 

(I + a) 1/27r 

4Cd 
Ci = Co - IE - ( 1 - k2)10, (26) 

(1 ± a) 1/271-k2 

etc. K and E are the complete elliptic in-
tegrals of the first and second kind, respec-
tively, with modulus k. 

Similarly8 

Qo =— (1 + a) 112E, (27) 

4Qd 
(21 = — vo — — (1 + a )i2 

3342 

• [( 1 - 2k2)E + K(k2 - 1)1, (28) 

etc. 
The transmission phase shift in a para-

metric amplifier can be dependent on Co. 
The influence of the amplitude of the pump 

ibid., p. 9. 
Ibid., p. 56. 

6 Ibid., p. to. 
7 P. F. Byrd and M. F. Friedman, "Handbook of 

Elliptic Integrals for Engineers and Physicists," 
Springer-Verlag, Berlin, Germany, pp. 192-193; 1954. 

Ibid., p. 194. The integrals involved here can be 
obtained by differentiating with respect to k. 

voltage, Vo, on this parameter as derived 
from (25) is given by 

co r 1  
avo — 2v. Li 1 — a Id • '29' 

After completion of the above analysis 
and preparation of this note, it was brought 
to our attention that related work had al-
ready appeared in the document literature.' 
However, appearance of the independent 
work reported here still seems worthwhile. 
It not only calls more widespread and de-
served attention to the prior work but also 
points out the unified and generalized re-
sults which accrue from the fact, apparently 
not previously noted, that the capacitance 
and charge coefficients can be expressed in 
terms of the hypergeometric function. 

S. SENSIPER 
R. D. WEGLEIN 

Res. Labs. 
Hughes Aircraft Co. 
Culver City, Calif. 

, D. I. Breitzer, R. Gardner, J. C. Greene, P. P. 
Lombardo, B. Salzberg, E. W. Sard, and K. Siegel. 
"Quarterly Progress Reports, Application of Semi-
conductor Diodes to Low-Noise Amplifiers, Harmonic 
Generators, and Fast-Acting TR Switches," Airborne 
Instruments Lab., Huntington. Long Island, N. V., 
Rept. 4589-M- I, Appendix IV, September, 1958; 
Rept. 4589-1-4, Appendix E, June 1959; Contract 
AF 30(602)-1854. 

Space-Charge Capacitors for Para-
metric Amplifiers* 

In parametric amplifiers, which depend 
upon the voltage-sensitive nonlinearity of a 
reactive element for their action, it is de-
sirable that such nonlinearity be as large as 
possible over the voltage range of interest. 
In addition, low-noise and high-frequency 
response require minimum in-phase (re-
sistive) losses in the reactive element.' In 
view of the great current interest in para-
metric amplifiers, a short summary of some 
of the work on space-charge capacitors perti-
nent to their use as varactors is presented 
below. 

Some time ago, the author investigated 
in detail the capacitance behavior of certain 
semiconductor space-charge regions near 
blocking electrodes" and pointed out° that 
such systems should be useful for parametric 

* Received by the IRE. January 29, 1960. 
W. E. Danielson, "Low noise in solid state para-

metric amplifiers at microwave frequencies," J. App!. 
Phys., vol. 30, pp. 8-15; January. 1959. 

6J. R. Macdonald and M. K. Brachman, "Exact 
solution of the Debye-Hiickel equations for a polar-
ized electrode," J. Chem. Phys., vol. 22. pp. 1314- 
1316; August, 1954. 

3J. R. Macdonald, "Static space-charge effects in 
the diffuse double layer." J. Chem. Phys., vol. 22, 
pp. 1317-1322; August. 1954. 
6 J. R. Macdonald, "Theory of the differential 

capacitance of the double layer in unadsorbed electro-
lytes," J. Chem. Phys.. vol. 22, pp. 1857-1866; No-
vember, 1954. 
6 J. R. Macdonald. "Static space charge and ca-

pacitance for a single blocking electrode," J. Chem. 
Phys., vol. 29, pp. 1346-1358; December, 1958. 
6 J. R. Macdonald. "Static space charge and ca-

pacitance for two blocking electrodes," J. Chem. 
Phys., vol. 30, pp. 806-816; March. 1959. 
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amplifiers since they may yield exponential 
dependence of capacitance on applied volt-
age as well as low resistance losses. In the 
earlier work, 2-4 the situation was considered 
where mobile charge of both signs is blocked 
(no transfer of charge carriers between the 
charge-containing material and the metallic 
electrodes) at one or two electrodes, and an 
essentially exponentially increasing depend-
ence of differential capacitance on applied 
bias voltage was obtained. Here, charges of 
both signs are mobile, and the capacitance 
increases for either sign of the applied volt-
age because for either sign an accumulation 
layer of excess charge (space-charge) forms 
in the region of the blocking electrode(s). 
This situation applies to the case of intrinsic 
semiconduction in a solid or to a completely 
dissociated univalent electrolyte. 

Later, the case was considered where 
charge of only one sign is mobile; the charge 
carriers are blocked at ones or two" electrodes; 
and mobile charge can recombine to any de-
gree with fixed charge of opposite sign arising 
from the dissociation or ionization of neutral 
centers distributed uniformly throughout 
the material. This situation corresponds to 
photoconduction in insulators (e.g., F-cen-
tered alkali-halide crystals) or to extrinsic 
seiniconduction in materials sufficiently 
doped or with a large enough bandgap that 
the effects of mobile minority charge car-
riers may be neglected. In the case of com-
plete dissociation, where the recombination 
parameter R is zero, the situation is essen-
tially that treated by Schottky' and Spenke" 
in their theory of rectification. This theory 
was applied to such systems as copper-
oxide and selenium rectifiers which show par-
tial (noninfinite barrier height) blocking at 
a metallic electrode. 

The capacitance behavior of a system 
with only negative charges mobile, but 
blocked at one electrode,' is shown in Fig. 1 
for different degrees of recombination R. 
Here Cd is the differential capacitance, and 
Co is its value in the limit of zero potential 
difference across the space-charge region. 
For a positive potential difference across the 
space-charge region, essentially exponen-
tially increasing capacitance is obtained no 
matter what the value of R since a negative 
space-charge accumulation layer is set up at 
the blocking electrode. On the other hand, a 
negative potential difference yields a charge 
depletion layer for R=O whose capacitance 
eventually decreases as the inverse square 
root of the bias voltage. For large R, how-
ever, recombination essentially mobilizes the 
immobile charge, and again an exponentially 
increasing capacitance can occur for a 
limited voltage range. 

Because it is not easy and is sometimes 
impossible to produce an electrode-solid in-
terface which approximates well to ideal 
blocking behavior over an appreciable ap-
plied voltage range, the effect of an artificial 
blocking layer was also considered in detail 
in the earlier work.' 6 Here, the charge-con-
taining material is abutted by an essentially 
charge-free region between it and a metallic 

7 W. Schottky, «Vereinfachte und erweiterte 
Theorie der Randschichtgleichrichter," Zeits. für 
Phys., vol. 118, pp. 539-592; September-October, 
1041. 
o E. Spenke, "Zur Randschichttheorie del Trock-

engleichrichter," Zeits. für Phys., vol. 126, pp. 67-83; 
January-February, 1949. 
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Fig. I—Relative space-charge differential capacitance versus normalized potential (47.--e11,02T) across the space-
charge region for various values of the recombination parameter R. 
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Fig. 2—Dependence on normalized potential of relative space-charge differential capacitance of a system 
comprising a voltage-independent capacitance C„, in series with a voltage-dependent space-charge capaci-
tance Cd for various values of the ratio CalC,„ and R = 10,. 

electrode. Such a region can be produced by 
an oxide layer on the material or by the in-
terposition of a thin insulating layer of such 
material as mica or tnylar. If this charge-free 
region is sufficiently thin, its capacitance, 
which is essentially in series with any space-
charge capacitance, may be much larger ini-
tially than the latter, and a considerable 
range of exponential over-all capacitance in-
crease may still be possible. Fig. 2 shows the 
calculated behavior for different values of the 
ratio c,-/C, where C. is the capacitance of 
the charge-free layer and C. is the combined 
capacitance of Cd and Cr,. Note especially 
that the value of Cr/C,, determines the po-
tential range over which the effect of the 
space-charge capacitance is important. Be-
cause the potential across the charge-free 
region and that across the space-charge re-

gion are inversely proportional to their re-
spective capacitances, and the space-charge 
capacitance is a nonlinear function of the po-
tential across it, a transcendental equation 
must be solved to obtain the final depend-
ence of Cr on over-all applied potential.' The 
solution of such an equation can be avoided, 
however, if the potential across the space-
charge layer is taken as the main variable 
and the over-all applied potential derived 
from it. This situation has not been well 

7 On using the condition that the charge in the 
initial layer is equal to that in the space-charge region 
(i.e., no discontinuity in the normal component of 
dielectric displacement at the interface between the 
regions), one sees that the static (not differential) 
capacitance of the space-charge region must be used 
in this equation. Note that the potential variable in 
Figs. I and 2 includes in it the contribution of any 
built-in" or barrier potential. do, 
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appreciated in the past, but was discussed as 
early as 1954 in the case of charges of both 
signs mobile.' 
A capacitor made up of a plate of n-type 

silicon with an oxide layer covered by a me-
tallic contact on one side and either the saine 
situation or an ohmic contact on the other 
side may possibly be a good realization of the 
state of affairs discussed above. Such a ca-
pacitor has been tinder investigation in a 
number of laboratories for some time. Be-
cause an oxide or other intermediate layer 
may be made essentially charge-free with 
consequent very low conduction, the re-
sistive losses of the over-all device may, in 
principle, be considerably lower than those 
of a p-n diode, especially in regions where ex-
ponential capacitance variation may be ob-
tained. Tennant" has, in fact, found a change 
in over-all capacitance as high as 10:1 for a 
two-volt bias change. This change seems to 
be largely an exhaustion decrease rather 
than an accumulation increase in capaci-
tance, but Dewald" has apparently ob-
served such an increase for zinc oxide in con-
tact with an electrolyte, a blocking-electrode 
situation. Wallmark" has suggested the use 
of an oxide layer device to yield improved 
gate control of a field effect transistor. Re-
cently, Pfann and Garrett have also discussed 
the properties of such systems in a quali-
tative way and have pointed out some of the 
frequency-response characteristics of these 
space-charge devices.'3 

J. Ross MAcrioNfitto 
Central Res. Labs. 
Texas I nstru meats 

Dallas, Texas 

" L. Terman, "Silicon Oxide Capacitors," Solid-
State Electronics Lab., Stanford University, Stan-
ford, Calif., Consolidated Quarterly Status Rept. 
No. 4, pp. 20-27; July I to September 30, 1959. See 
also J. L. Moll, "Variable capacitance with large ca-
pacity change," 1959 IRE WESCON CONVENTION 
RECORD. pt. 3, pp. 32-36. 

11 .1. F. Dewald, "The charge and potential distri-
butions at the zinc oxide electrode," Bell Sys. Tech. J.; 
to be published. 

"J. T. Wallmark, U. S. Patent No. 2900531, 
August 18, 1959. 

13 W . G. Pfann and C. G. B. Garrett, "Semiconduc-
tor varactors using surface space-charge layers," 
PROC. IRE, vol. 47, pp. 2011-2012; November, 1959. 

An Electrostatically Focused Elec-
tron Beam Parametric Amplifier* 

Electron beam parametric amplifiers em-
ploying magnetic focusing have been de-
scribed.' ,2 In one of these devices,' gain is 
achieved by pumping the fast space charge 
wave. In the other device,' gain is achieved 
by pumping the fast cyclotron wave. Thus, 
in the latter device, the magnetic field plays 
a vital role in addition to that of focusing the 
beam. The electron beam parametric ampli-
fier which is proposed here employs electro-

* Received by the IRE. January 28, 1960. 
A. Ashkin, "Parametric amplification of space 

charge waves," Ape Phys., vol. 29, pp. 1646-1651; 
December, 1958. 

2 R. Adler, G. Hrbek. and G. Wade, "The quad-
rupole amplifier, a low-noise parametric device," 
PROC. IRE, vol. 47, pp. 1713-1723: October, 1959. 

static focusing of an electron sheet beam and 
achieves gain by pumping the fast wave of 
the natural resonant electron frequency as-
sociated with the electrostatic focusing 
fields. 

Consider a sheet beam which passes be-
tween a series of pairs of identical planar 
plates at alternate dc voltages VI and V2 
(see Fig. 1). The voltage difference between 
adjacent pairs of plates forms an electro-
static field which acts to focus the beam by 
creating a time average restoring force, ac-
celerating the electrons towards the plane 
midway between the plates.3 The electrons 
in such a focusing system have a natural 
transverse resonant frequency f, first de-
scribed by Adler.3 A more exact expression 
for!, is' 

= 0.187 X 106 (-ae-) V7I0 

E 1  ]1/2 
7.... COSh2 (mid/2a) 

where 

Vo= the space average beam voltage 

-v'+ v2 

2 

V2— VI 

2 Vo 

(1) 

a = the periodicity of the focusing plates 
(Fig. 1), and 

d = the separation between opposing 
plate pairs (Fig. 1). 

In both ( 1) and (2), all terms are expressed 
in mks units. 
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Fig. I—A simplified drawing of an electrostatically 
focused parametric amplifier. 

The means by which pai.ametric amplifi-
cation is achieved in this electrostatically 
focused system can be most simply described 
by dividing the plates into three groups with 
respect to RF: the input coupler, the pump, 
and the output coupler (Fig. 1). The plates 
of the input coupler are connected so that 
they form the capacitance of a tank circuit, 
wherein all of the plates on each side of the 
beam are at the sanie RF potential. The 
tank circuit should be designed to resonate 
at approximately the frequency of the signal 
to be amplified, f„. The output coupler is 
identical to the input coupler. The leads for 
the input and output signals are tapped off 

R. Adler, O. M. Kromhout, and P. A. Clavier, 
"Resonant behavior of electron beams in periodically 
focused tubes for transverse signal fields," PROC. IRE. 
vol. 43, pp. 339-341; March, 1955. 

W . E. Waters, " Periodic focusing of thin electron 
sheet beams," DOFL Tech. Rev., vol. 2, pp. 1-25; 
July, 1959. 

the RF coils ( Fig. 1) to effect a transformer 
action which reduces the mismatch between 
the resistive loading of the coupler' and the 
characteristic impedance of the transmission 
line. Balanced input and output arrange-
ments are shown; however, an unbalanced 
system could also be used. 

The theory of Cuccia applies to the input 
and output couplers. Thus, if f„r-zl- e, and if 
the Cuccia equation1 is satisfied, all of the 
energy introduced across the plates of the 
input coupler will be transferred to the sheet 
beam traveling through the coupler plates in 
the form of a transverse oscillatory motion 
of the beam. Simultaneously, the inherent 
noise will be stripped off the beam. The out-
put coupler performs the inverse function of 
the input coupler; i.e., it acts to convert the 
transverse motion of the sheet beam enter-
ing the coupler into an RF signal in the load 
connected to the output coupler. 

Gain is achieved by increasing the ampli-
tude of the transverse oscillation of the elec-
tron sheet beam as it travels from the input 
coupler to the output coupler. This increase 
is accomplished in the pumping section by 
superimposing a frequency of approximately 
twice the electron resonant frequency on 
both voltages VI and V2 in a push-pull man-
ner, as shown in Fig. I. It may also be possi-
ble to achieve satisfactory pumping by 
modulating only one of these two voltages 
and keeping the other one constant. The 
modulation of the focusing voltages varies 
the restoring force acting on the electron 
beam. The increase of amplitude of the 
transverse oscillation of the electron beam is 
achieved in a manner analogous to the build-
ing up of the amplitude of oscillation of a 
pendulum by varying either the restoring 
force or the length of the pendulum at 
exactly twice its natural resonant frequency.' 
In direct comparison with this pendulum 
model, and assuming the pumping signal is 
properly synchronized with respect to !,, the 
gain will vary as ee'L, where °IL is given by 

tiàf„ 
aL = L 

and where 

(2) 

L = the length of the pump, 
,Ctf,=- the peak variation of f, due to pump-

ing, 
u„ = the average beam velocity. 

If f„e",--: f, but f„ Of,, an idler frequency equal 
to the difference between the pump and sig-
nal frequencies will also be present on the 
beam as it leaves the pumping section. Un-
der this condition,' the gain of the signal fre-
quency will vary as cosh' «L, and the gain of 
the idler frequency will vary as sinh' aL. The 
value of Af, corresponding to the peak values 
of the applied pumping voltages may be de-
termined from ( 1). There is a limit to the 
amplitude of the pumping signal that may be 
applied to the electrostatically focused para-
metric amplifier. The applied pumping volt-
ages must be limited to that range over 

C. L. Cuccia, "The electron coupler—a develop-
mental tube for amplitude modulation and power 
control at ultra-high frequencies," RCA Rev., vol. 10, 
p. 278 ( 18); June, 1949. 

G. %Vade and R. Adler, "A new method for pump-
ing a fast space-charge wave," PROC. IRE, vol. 47, 
pp. 79-80; January, 1959. 
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which a high percentage of beam transmis-
sion is maintained through the pumping 
section. 

The isolating sections shown in Fig. 1 are 
included for the purpose of preventing cou-
pling between the input and output couplers. 
This coupling could occur if asymmetries 
were present in the couplers. 

Estimates can be made of some practical 
dimensions and voltages of an electrostati-
cally focused parametric amplifier designed 
to have a gain of 20 db at 500 mc: a = 0.050 
inch, d=0.012 inch, w=0.5 inch, 1=0.5 inch, 
L=4.5 inches, V1=70 volts, and 177=130 
volts. However, these values do not purport 
to represent an optimum design. All of these 
symbols, except /a, are explained in Fig. 1. 
The 7.t, represents the width of the focusing 
plates, the dimension perpendicular to the 
plane of Fig. I. The length of the pumping 
section, L, was determined from (2) based 
on the assumption that the value of .1f, is 
10 per cent of f,. This value of .1f, appears to 
be conservative from the standpoint of the 
range of f over which constant beam trans-
mission may be obtained in dc tests. It is 
expected that the beam current will be some-
what less than that given by the theoretical 
equilibrium perveance (minimum beam rip-
pling) for this structure. Assuming beam di-
mensions of 0.400 inch by 0.003 inch, the 
current corresponding to the equilibrium 
perveance would be about 2.25 ma. The 
total length of the structure, including an 
electron gun which generates a well-colli-
mated sheet beam, a collector, and 112 pairs 
of focusing plates, would be about 6.6 
inches. It should be noted that a technique 
for constructing tubes employing planar 
periodic electrostatic focusing of a sheet 
beam has been developed, in which both 
excellent mechanical alignment and rugged-
ness may be achieved.' 

Two means by which the frequency of 
operation of the electrostatically focused 
parametric amplifier may be shifted will now 
be considered: 1) if the dc and pumping 
voltages are kept constant and all of the 
tube and electron beam dimensions are 
scaled, the frequency will vary inversely as 
the dimensional scaling factor; 2) if the tube 
dimensions are kept constant and both dc 
and pumping voltages are scaled, the fre-
quency will vary directly as the square root 
of the voltage scaling factor. In both of these 
scaling processes, the tube gain and the 
beam perveance through the focusing struc-
ture will remain unchanged. 

If the same beam current is maintained 
through each of these scaling processes, the 
Cuccia equation& will continue to be satis-
fied. If the same beam current is not main-
tained, for example because of limitations of 
the electron gun in the dimensional scaling, 
then one or more parameters must be ad-
justed to satisfy the Cuccia equation. 

The practical limit to which the dimen-
sions a and d of the structure discussed previ-
ously for operation at 500 mc could be scaled 
down would probably be a factor of two. By 
also increasing the voltages by a factor of 
four, it should be possible to achieve 2000-mc 

Udelson and M. R. Bradley, "A Method of 
Constructing Tubes Employing Planar Periodic Elec-
trostatic Focusing of Sheet Beams," presented at the 
Conference on Electron Devices, %Vashington, D. C.; 
October .30, 1959. 

operation. The limit to which the operating 
frequency could be raised by increasing the 
beam voltage would probably be determined 
by the amount of pumping power that could 
be tolerated plus the voltage difference that 
could be withstood between adjacent focus-
ing plates. 

BURTON J. UDELSON 
Diamond Ordnance Fuze Labs. 

Washington, D. C. 

A Non-Return to Zero (NRZ) Mode 
of Operation for a Magnetostric-
tive Delay Line* 

In conventional operation of a magneto-
strictive delay line, a digital "one" is ob-
tained by generating in the transmitter coil 
a current pulse whose width is equal to the 
time of propagation, r, through identical 
transducers.' A digital "zero" is indicated 
by the absence of a current pulse. The mini-
mum digit spacing for maximum resolution 
is 2r. 

This note describes a non-return to zero 
(NRZ) mode of operation for a magneto-
strictive delay line in which a digital "one" 
is generated by a change in current level in 
the transmitter coil from zero to maximum 
or vice versa. A digital "zero" is indicated 
by no change in current level. The minimum 
NRZ spacing for maximum resolution is T. 

Therefore, the maximum digital clock rate 
of any given magnetostrictive delay line 
can be doubled by this NRZ technique. 

The theory of NRZ operation may be 
illustrated by transmitting along a magneto-
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The flip-flop output is the shape of the cur-
rent waveform in the transmitter coil of 
the delay line. 

The idealized voltage output from the 
receiver coil will appear as in Fig. 1(c), after 
a time delay of nr. This waveform is a 
linear addition of the voltage doublets 
generated by the rising and falling edges 
of the current waveform in the transmitter 
coil.' The rising wavefront at to, Fig. 1(d), 
produces the doublet at Fig. 1(e). The falling 
wavefront at II, Fig. 1(f), generates the 
doublet at Fig. 1(g). The rising wavefront 
at la Fig. 1(h), produces the doublet at 
Fig. 1(i). 

The receiver voltage waveform is ampli-
fied to clipping levels and is processed 
through the transistor circuitry shown in 
Fig. 2 to decode the original digital message. 

tai 

to t. t: t3 t0 t, 

ri  

t.., t,., t.s 
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! te) 

Fig. I— Ideal transducer waveforms for NRZ 
operation. 
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Fig. 2—Block diagram of receiver circuitry for NRZ operation. 

strictive delay line a digital message, 1101, 
of the form and spacing shown in Fig. 1(a). 
Each digital period is equal to r, the time 
of propagation through identical trans-
ducers. A digital "one" is indicated by a 
pulse at the beginning of a digital period. A 
digital "zero" is indicated by no pulse. This 
waveform is fed to a counting flip-flop at 
whose output it appears as in Fig. 1(b). 

* Received by the IRE, December 16, 1959. 
L. Rosenberg and A. Rothbart, " Electrical de-

sign of the transducer networks of a magnetostrictive 
delay line," 1958 IRE NATIONAL CONVENTION 
RECORD, pt. 2, pp. 92-101. 
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The idealized voltage waveforms at the 
various lettered points (a, b, c, etc.) in Fig. 
2 are shown in Fig. 3 with corresponding 
titles. 

The processed receiver waveforms shown 
in Fig. 3(b) and 3(c) are complementary 
waveforms which have a relative time dis-
placement of r. The positive portion of each 
waveform is removed by clipping to obtain 
Fig. 3(d) and 3(e), which are AND gated 
to produce the resultant waveform at Fig. 
3(h). Likewise the negative portions of the 
processed receiver waveforms are clipped to 
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r-- (4) 

Fig. 3—Waveforms for NEZ circuitry. 

obtain Fig. 3(1) and 3(g) which are AND 
gated to produce the waveform at Fig. 3(i). 
This output waveform is inverted and com-
bined with Fig. 3(h) to provide the com-
posite waveform at Fig. 3(j) which is 
strobed by the clock pulses, Fig. 3(k), to 
obtain the original input message 1101. 

A. ROTHBART 
ITT Laboratories 

Nutley, N. J. 

Calculation of the Rise and Fall 
Times of an Alloy Junction Transis-
tor Switch* 

The rise and fall times of a junction 
transistor switch were first calculated by 
J. L. Moll.' These calculations were based on 

* Received by the IRE. January 7, 1960. 
1 J. L. Moll, "Large signal transient response of 

junction transistors," Paoc. IRE, vol. 42, pp. 1773-
E784; December, 1954. 

a linear equivalent circuit model of the 
grossly nonlinear transistor. The purpose of 
this note is to show a method of calculating 
the rise and fall times of a current-driven 
saturating alloy junction transistor switch 
from a base charge analysis.2 

In order to turn the transistor ON (or 
OFF) a certain amount of charge must be 
supplied to the base lead of the transistor. 
This charge must be supplied to 1) change 
the active charge distribution in the base so 
that the collector current may change, 2) 
charge the collector depletion layer capaci-
(alim and 3) "replenish" that charge lost 
through bulk recombination of minority 
carriers in the active base region. 

Hence, for the common-emitter connec-
tion for the total charge supplied to the base 
lead of the transistor during the transition 
time, one may write 

f '1 8d1' = I cfiéde f de 
o J 

i, 4. di kRi,c7n•  
4,TIB f di= f - --±.. — - + 

NA;6 + Vcc 
1 — --- 

rid* rip 

fo l,„ di, 

(1 — ( 1 — j±--)1/ (k+ Vcc 

 2' (5) 

where 1, is the rise time and is defined as the 
time interval after initiation of IB until i„ 
reaches its saturated value, Ics=Ver/RL. 
Integrating each term in (5) and setting 
11.7.)T=i10 ( the low-frequency common-emitter 
current gain), we obtain the rise time as 

TR 4/00 — — 1 Oc 

(kW, 
f CTC dl', (1) where 
o 

where 

IB denotes the constant base current, 
denotes the time variable, 

q is the total active charge in the base, 
r denotes the minority carrier lifetime 

in the base region, and 
ve, is the collector to base voltage. 

In ( 1) it has been assumed that no charge 
is stored in regions external to the active 
base region. The charge that must be sup-
plied to the emitter-base depletion layer 
capacitance (cr/e) has not been neglected but 
is accounted for in the term for the active 
charge. 

By differentiating ( 1) with respect to I, where /1,0 is the 
one obtains /cs//B(OFF). 

+ In 00 
[--1 

1 — 

dq q dvd, 
In = — — (vc• -- • (2) 

d/ r dt 

In order to solve (2) for the rise (or fall) 
q and 1,,q, must be related to i, the col-

lector current. For the analysis here, the 
approximation will be used that i„ is directly 
proportional to the total active charge in the 
base: 

= Wrq, (3) 

where &Jr is defined as the average current-
gain bandwidth product over the change of 
and re,. 
The variation of cre with vdà for alloy 

junction transistors is taken as 

LTC 
— 

The rise time calculated on the basis of a 
where e is the equilibrium barrier potential linear circuit model is 
and k is a constant. 

Substituting (3) and (4) into ( 2), letting 
re,=2',„ and writing the resulting equation 
in integral form yields 

(4) 

and 

TR = 130/C-JT, 

21(CurRI,  
— 

+ Fee 

/es 
tic -- ( turn-on circuit beta). 

I B 

(6) 

This equation is shown in Fig. I. The fall 
time is obtained front (6) by replacing 

1 
— — with 1 + 

/3. — — 
00 

TURN-OFF circuit beta, 

Fig. I. 

2 R. Beaufoy and J. j. Sparkes, "The junction 
transistor as a charge controlled device," ATE J., 
vol. 13. April, 1957. 

1 — — 
Os 

(7) 

Eq. 7 indicates that the collector current re-
sponse is exponential, while (6) shows that 
this is not true. 
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Fig. 2. 

The results obtained front the more 
fundamental approach employed herein 
agree very closely with the modified Ebers 
and Moll equation. For ,(1,/eo <0.5 and 
b<5, (6) and ( 7) agree closely as shown by 
FOth1.0, 6) in Fig. 2. F(e,/iso. (5) is the ratio 
of (6) to ( 7). As 0,1th approach zero, (6) 
and ( 7) both approach il,/fe,,(1 +45). 

J. A. EKISS 
C. D. SIMMONS 

Lansdale Tube Co. 
Lansdale, l'a. 

Experimental Comparison of Equal-
Gain and Maximal-Ratio Diversity 
Combiners* 

When two or more relatively independ-
ent paths are used for diversity reception of 
a fading radio wave, the problem arises of 
combining the signals from these channels 
in some manner that will yield an output 
that is optimum or nearly so. The earliest 
technique was what is usually called selec-
tion diversity, which does not involve com-
bining the signals, but only selects the best 
of the channels and completely suppresses 
the other. It has been shown, however, that 
other schemes will yield better results, and 
for several years there has been considerable 
interest in maximal-ratio diversity com-
biners." In fact, several "engineer-years-
have been spent in the design and develop-
ment of equipment that would yield an out-

* Received by the IRE, January 12, 1960. The 
work reported in this paper was performed at Lincoln 
Laboratory, a center for research operated by Massa-
chusetts Institute of Technology with the joint sup-
port of the U. S. Army, Navy, and Air Force. 

) L. R. Kahn, "Ratio squarer," PROC. IRE, vol. 
42, p. 1704; November, 1954. 

= D. G. Brennan, "On the maximum signal-to-
noise ratio realizable from several noise signals." 
PROC. IRE, vol. 43, p. 1530; October, 1955. 

F. J. Altman and W . Sichak, "A simplified di-
versity communication system for beyond- the- horizon 
links," IRE TRANS. ON COMMUNICATIONS SYSTEMS, 
vol. CS-4, pp. 50-55; March. 1956. 

H. Staras, "The statistics of combiner diversity," 
PR()C. IRE, vol. 44, pp. 1057-1058; August, 1956. 

J. N. Pierce, " Diversity Improvement in Fre-
quency- Shift Keying for Rayleigh Fading Condi-
tions," Air Force Cambridge Research Center, Tech. 
Kept. 56-117; September, 1050. 

° J. N. Pierce and S. Stein. " Multiple diversity 
with nonindependent fading," Pitoc. IRE, to be pub-
lished. 

put SNR that was indeed maximal. The 
problems arise in the derivation of a weight-
ing factor to be applied to each signal as re-
quired by the maximal-ratio system. This 
factor must be obtained by a continuous 
measurement of the SNR of the output of 
each receiver !see Fig. 1(a)]. The boxes 
labeled " noise amplifier and detector- are 
used to generate de voltages which are ap-
plied as bias to the combiner tubes. These 
bias voltages in conjunction with the char-
acteristics of the combiner tubes form the 
weighting factors. This system assumes that 
the AGC circuit holds the signal constant so 
that the SN R for the receiver is a function 
of the measurement of the noise. The opera-
tional difficulties are those involved in meas-
uring the noise and making the gain of the 
several units track together over a wide 
range of input SNR. 

'D  
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Fig. 1—Basic maximal-ratio iind equal-gain 
combining systems. 

Recently, it has been shown that a type 
of combining known as equal-gain combining 
would closely approach the performance of 
maximal-ratio systems." The equal-gain 
combining system does not require the meas-
urement of the SNR of the receivers, as no 
weighting factors are necessary, but requires 
only that the gains of the receivers be equal 
at all tintes. This is done by using a common 
AGC circuit for all receivers. Referring to 
Fig. 1(b), note the relative simplicity of the 
equipment configuration. The ground sym-
bols on the combiner tubes indicate that no 
variable bias is used, for they operate as 
mixing tubes only. 

To determine experimentally the rela-
tive effectiveness of the two systems in prac-
tice, measurements were made recently using 
the Lincoln Laboratory tropospheric scatter 
circuit front Millstone I lill, Mass., to Saura-
town Mountain, N. C.' The system normally 
employs fourth-order space diversity and 
uses maximal-ratio combining of the SSB 

D. G. Brennan, "Linear diversity combining 
techniques," PROC. IRE. vol. 47. pp. 1075-1102; 
June. 1959. 

g B. E. Nichols, "The AN/FRC 47-(XD-1) Mock-
up System Performance Results." Lincoln Lab.. 
Lexington, Mass.. TR-203, pp. 3-5; April 23, 1959. 

signals. Fig. 2 shows the over-all system lay-
out. The fading distribution on any one path 
is normally very close to Rayleigh. For the 
comparison test, two receivers were modified 
for equal-gain combining while the remain-
ing pair operated normally. Fig. 1 shows the 
equipment configuration including the meas-
uring apparatus. This system uses a trans-
mitted pilot for AGC and demodulation 
purposes. Since this pilot disappears after 
detection. it was necessary to transmit an-
other signal for equal-gain AGC. À 1-ke tone 
put into channel 7 of the multiplex was used. 
This translates to a 37-kc signal at baseband. 
A futur-stage tuned amplifier and a detector 
were used to extract the pilot and convert it 
to ( lc to be fed to the IF AGC busses. A pair 
of receivers were used that had closely 
matching gain vs AGC voltage curves. This 
eliminated . the need for separate dc ampli-
fiers whose gains could be adjusted to com-
pensate for different receiver gain character-
istics. The maximal-ratio receivers were 
operated in conventional manner with their 
combiners adjusted for as near optimum as 
is possible in normal practice. 

MULTI, • • 

Fig. 2 --1.111,..SS13 long-range communication system. 

To determine the demodulated SNR for 
each pair of receivers, a 580-cps tone was 
transmitted on multiplex channel 3. This 
translates to 16,580 cps at baseband, which 
is roughly halfway between the two pilots 
used in this test. The combined outputs of 
each receiver pair were sent to separate 
multiplex demodulators. The 580-cps sig-
nals were then examined by two SN R meas-
uring devices, the dc outputs of which fed 
two level distribution analyzers calibrated 
from 0 to 27 db SN R. 
A total of 66 half-hour distributions were 

taken. Since the differences expected were 
small, the sets of measuring equipment 
were interchanged between runs in an effort 
to balance out calibration errors. The distri-
butions were averaged per-cent-time-wise in 
pairs, then plotted and the pointwise dl) 
values tabulated and averaged. Fig. 3 shows 
the final average distributions adjusted to 
zero db signal-to-noise at the maximal-ratio 
median. The maximal-ratio curve shows a 
N•ery small improvement in realized signal-
to-noise. Fig. 4 shows the difference between 
the curves in larger scale. To give an idea of 
the spread of the data, the ranges within 
which 50 and 90 per cent of the differences 
fell are indicated by the vertical bars. Note 
that the difference is quite small; less than 
one (lb over most of the range. The dotted 
line shows the theoretical difference." Note 
the close agreement between the theoretical 
and experimental curves. This is quite 
promising, considering that essentially no 
design was done for the equal-gain combiner 
used in this test. Since the combining was 
postdetection, all that was necessary was to 
provide an AGC circuit. This was improvised 
in the field in a few hours. 
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Fig. 3 --Average SNR distributions for 
the two systems. 
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Fig. 4—Difference of distributions in Fig. 3 
compared with theoretical. 

A predetection equal-gain combining-
scheme has been used for at least one operat-
ing FM tropo scatter link,' but to the 
author's knowledge has never been imple-
mented for a long-haul SSB circuit. If this 
was done using some fraction of the design 
time that has been spent on maximal-ratio 
combiners, a predetection equal-gain sys-
tem might be developed for SSB that could 
outperform the postdetection maximal-ratio 
type in practice. As shown by Adams and 
hlindes, the savings in system complexity 
are quite impressive.'0 Even with the neces-
sary phase control, the stability and ease of 
adjustment are such that equal-gain system 
shows great promise and should be con-
sidered for inclusion in present and future 
communication systems. 
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The Solutions for Nonuniform 

Transmission Line Problems* 

There have been a great number of pa-
pers'-2 on nonuniform transmission line 
problems. The practical application of the 
nonuniform transmission line has been pre-
dominantly in tapered matching sections. 
Other fields of electronics such as wave-
guides and traveling-wave tubes also utilize 
nonuniform transmission lines. But the ex-
act solution has not been obtained for a 
general nonuniform transmission line. This 
correspondence presents exact solutions for 
three special cases, starting from the as-
sumed forms of solution of the problem. 

'I'he differential equations describing 
propagating voltage V(x) and current 1(x) 
for a general nonuniform transmission line 
are: 

V' = - zw/ 

I' = - }-(x)17 

(1) 

(2) 

where Z(x) and F(x) are series impedance 
and shunt admittance per unit length along 
x, respectively, and they are arbitrary func-
tions of x. Primes denote derivatives with 
respect to x throughout this correspondence. 

The differentiation of ( 1) and (2) results in 

Z' 
V" — — I" — = 0 

Y' 
I" — — I' — YZI = O. 

Y 

(3) 

(4) 

Because (3) and (4) are linear, a few tech-
niques of integral transforms appear power-
ful; yet, in general, integral transform meth-
ods are useful for constant coefficient linear 
differential equations. 

The previous research by many workers 
used the reflection coefficient defined by: 

where 

V — I K(x) 

V ± 1K(x) 

2—(71 
K(x) /-F(7)- • (3) 

Combination of ( 1), ( 2), and (5) yields a 
generalized Riccati's differential equation, 

where 

r' PI(x)r Qi(x)r2 = Qi(x) (6) 

P1(x) = - 2,/r7i-e-75 
K'(x) 

Qi(x) = — • 
2K(x) 

* Received by the IRE. December 28, 1959; re-
vised manuscript received. January 8, 1960. 

II. Kaufman. " Bibliography of nonuniform 
transmission lines," IRE TRANS. ON ANTENNAS AND 
PROPAGATION, vol. AP-3, pp. 218-220; October, 1955. 

O G. G. Kazansky, "Outline of a theory of non-uni-
form transmission line." Proc. I EE, vol. 105, pt. C, 
pp. 126-138; March, 1958. 

E. L. Ince, "Ordinary Differential Equations," 
Dover Publ cations, Inc., New York, N. Y., pp. 23-25; 
1956. 

Eq. (6) can be reduced to a linear form 
by two available transforms,' but the re-
sultant linearized differential equation is of 
variable coefficient second order. Clearly, 
(5) makes no contribution for the solution of 
(1) and (2). In order to make any contribu-
tion, many workers in the past used ap-
proximations of various kinds, such as neg-
lecting the square of the reflection coef-
ficient. This correspondence follows a rather 
unconventional method; i.e., the solution 
of the problem is assumed and the interrela-
tion among parameters is sought. 

The interrelation between arbitrary 
functions P(x) and Q(x) such that 

n2 = nP(x) cot (nx b) Q(x) (7) 

and 

y(x) = A sin (nx b), (8) 

where A, n, b are constants, is compatible 
with a linear second-order homogeneous dif-
ferential equation ;5 

y" P(x)y' 42(x)Y = 0. (9) 

Eq. (7) itself presents a special nonuniform 
transmission line so that Y(x) is defined by 

n2Z(x) 

= — nZ'(x) cot (nx b) — V(x)Z2(x) (10) 

where Z(x) is an arbitrary function of x. The 
extension of ( 8) is 

yl.r)= Ae-"(') sin (nx w(x) b) (11) 

where A and b are constants and u(x) and 
w(x) are to be determined in ternis of line 
parameters Z(x) and Y(x). 

When ( 11) is substituted into (9), the re-
sult is 

Q — Pa' u'2 — u" — (n + 0 2 ((P — 211') 

• (n ± + w") cot (nx w b) = 0. ( 12) 

Only two special eases of interest are dis-
cussed separately below. 

Case I: u is Constant ( Constant Amplitude) 

Eq. ( 12) becomes 

Q — (n (P(n + w") 

• cot (nx w b) = 0. (13) 

If Q (n +te' 

w(x) = ± f ‘/Qdx — nx CI (14) 

where G is the constant of integration. 
This yields 

Z' = , 
Z 1' 

(15) 

and for arbitrary constant A and C, 

l'(x)=A sin ( f Y(x)Z(x)dx C). (16) 

1. Sugai, " Riccati's nonlinear differential equa-
tion," Amer. Math. Monthly, vol. 67. pp. 134-139; 
February, 1960. 

5 II. T. H. Piaggio, "An Elementary Treatise on 
Differential Equations and Their Applications," 
G. Bell and Sons. Ltd., London, Eng., p. 190; 1920. 
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Case 2: ur is ConsPint ( Constant Phase) 

Eq. ( 12) is reduced to 

Q — Pu' ± 11'2 — u" — n2 

n(P — 2u') cot (us w b) = 0. ( 17) 

If u' =P/2, n must be obtained from 

4Q(x) — 2P'(x) — P2(x) = 4n2 (18) 

where n is constant. If the left side of ( 18) is 
negative, hyperbolic sine functions appear in 
place of trigonometric sine functions. The 
connecting equation between Y(x) and Z(s) 
is 

4I'Z' = CV + 2Z"Z — 3Z'2 (19) 

where Cis any nonzero constant, and Z(x) is 
arbitrary. 

The above analysis is an extention of (8). 
Other forms of the solution can be assumed; 
yet, this method lacks generality in the sense 
that Y(s) must be related to Z(x), while the 
original equations, ( 1) and (2), claim two 
independent arbitrary functions Z(x) and 
Y(s). 
A few nonlinear differential equations 

other than Riccati's equation are linearized 
and solved exactly. For instance, 

(L )' = 
(20) 

where r(x) and p(s) are arbitrary functions 
of s. 

The exact solution of ( 20) is 

where 

y(x) = De (21) 

q(x) =   (22) 

f(r — p)ds C 

and two arbitrary constants C and D arise 
from integrations. 

Eq. (20) seems of interest, as it has two 
independent arbitrary functions r(s) and 
p(s) for parameters of nonuniform trans-
mission lines. The remaining unsolved prob-
lem is to relate ( 1) and (2) to (20). The possi-
ble undetected solution may lie in using a 
"quasi"-reflection coefficient [a form similar 
to (5) but more complicated] to obtain a 
nonlinear equation other than Riccati's 
equation, such as (20), and to solve this 
nonlinear equation by an ingenious trans-
formation. 

The prevailing idea is that the power 
series expansion method will solve any prob-
lem. This should be employed with due 
consideration. Eqs. (3) and (4) may have a 
solution for which the famous method of 
Frobenius fails if the solutions are of the 
form e-2.6 When all analytical approaches 
fail to obtain the exact solution, approxi-
mate methods by numerical analysis, using 
analog and digital computers, are left avail-
able. 

WAO SUGAI 
Electron Tube Lab. 
ITT Laboratories 

Nutley, N. J. 

Ibid., p. 110. 

An IF Power Comparator with 

Large Dynamic Range* 

The results of recent studies of FM 
stronger-signal capture" suggested the ap-
plication of the same principles to the de-
velopment of a power comparator that com-
pares two signals at adjacent frequencies and 
determines which is the stronger. FM 
stronger-signal capture may be said to occur 
when an FM discriminator follows faith-
fully the stronger of two input signals and 
ignores the weaker of the two. Baghdady2 
has shown that it is difficult to provide a dis-
criminator that will give effective capture 
when the two input signals are of almost 
equal amplitude. The linear range of the dis-
criminator and the bandwidths of its tuned 
circuits must be exceedingly large. In order 
to obtain capture of a stronger signal that 
has only a small advantage in amplitude, it 
is necessary to increase its amplitude ad-
vantage before it arrives at the discrimina-
tor. Studies by Granhind' indicated that 
this could be accomplished by successive 
operations of limiting and filtering. 

The problem of designing a power com-
parator differs from that of FM receiver de-
sign in that the approximate frequencies of 
both signals are known in advance. A sum-
mary that shows the application of FM 
stronger-signal capture theory to the design 
of a wide-range power comparator appears 
elsewhere.' It is shown that the amplitude 
ratio ( taken as the ratio of the smaller signal 
to the larger signal) is reduced by a limiter 
followed by a filter passing only the fre-
quency components at the two original fre-
quencies. Fig. 1 shows the output amplitude 
ratio of n cascaded ideal limiter- filter stages 
as a function of the input amplitude ratio. 
The curves are based on Granlund's' tables. 

Fig. 2 is a block diagram of the power 
comparator that has been built and tested. 
Input signal frequencies of 19 and 21 turps 
are used. Input signals that occur at a differ-
ent frequency, or frequencies, may be con-
verted to 19 and 21 mcps. The input signals 
are added and the resulting signal is fed into 
ten cascaded stages, each consisting of a 
limiter and a filter. The filters are slightly 
over-coupled double-tuned circuits having 
equal peaks at 19 and 21 mcps. The last live 
limiter- filter stages limit internal noise. 
Input signals stronger than internal noise 
cause earlier stages to limit. Stages that are 
not limiting act only as signal amplifiers. It 
is essential that they amplify signals at 19 

* Received by the IRE. October 29, 1959; revised, 
January IS. 1960. The work reported in this paper was 
performed by Lincoln Laboratory, a center for re-
search operated by Massachusetts Institute of Tech-
nology with the joint support of the U. S. Army, 
Navy, and Air Force. 

1J. Granlund, " Interference in Frequency-Modu-
lation Reception," Res. Lab. of Electronics, Mass. 
Inst. Tech., Cambridge. Mass.. Tech, kept. No. 42. 
pp. 39 and 49; January 20. 1949. 

3 E. J. Baghdady, "Theory of Low-Distortion 
Transmission of FM Signals Through Linear Sys-
tents," Res. Lab. of Electronics, Mass. Inst. Tech., 
Cambridge, Mass., Tech, kept. No. 332, p. 29; July 
20, 1957. 

3 E. J. Baghdady, "Theory of stronger-signal cap-
ture in FM reception," Paoc. IRE. vol. 46, pp. 728-
738; April, 1958. 

G. R. Curry and M. Axelbank. "An IF Power 
Comparator with Large Dynamic Range," Lincoln 
Lab., Mass. Inst. Tech., Lexington, Mass., Group 
Rept. 47.26; May 12. 1959. 
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Fig. 1—Output amplitude ratio as a function of input 
amplitude ratio for it cascaded ideal limiter-filter 
stages. 
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Fig. 2 -- Block diagram of power comparator. 

and 21 mcps equally to avoid altering the 
relative amplitudes of the input signals. The 
output of the last filter stage goes to a dis-
criminator centered at 20 mcps. The dis-
criminator meets Baghdady's criteria for 
following variations of instantaneous fre-
quency over a 3-mcps range.' The polarity of 
the discriminator output indicates which of 
the two input signals is the stronger. 

The power comparator was tested with 
19 and 21 mcps CW signals produced by two 
signal generators with calibrated attenua-
tors. The signal generator outputs were 
added and fed into the comparator. The dis-
criminator output was displayed on an oscil-
loscope. A dc voltage midway between the 
voltages corresponding to 19 and 21 mcps 
was chosen as a reference level. Tests were 
made to evaluate the system in terms of the 
following parameters. 

Swacum; RANGE 

The discriminator output consists of a 
dc component corresponding to the average 
value of the instantaneous frequency of the 
discriminator input, and an ac waveform 
that results from the variations of the in-
stantaneous frequency of the discriminator 
input. The switching range is defined as the 
change in the ratio of input amplitudes re-
quired to cause the discriminator output 
waveform to switch from a condition where 
it is entirely on one side of the reference 
level to a condition where it is entirely on the 
other side of the reference level. For input 
signals with amplitudes differing by half the 
switching range, the discriminator output 
waveform is entirely on the side of the ref-
erence level corresponding to the stronger 
signal. 

The switching range was measured as a 
function of input signal level, measured in 
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decibels below 11 mw. The accuracy of the 
measurements is estimated to be ± 0.1 db 
for values below 1 db. The switching range 
remains near 0.1 db for inputs larger than 
—60 db, and increases for smaller inputs. 
This increase at low levels is cause(' by the 
increasing influence of internal noise on the 
discriminator output waveform at low signal 
levels. The switching range is less than 2 db 
for all input signais larger than —90 db. This 
indicates that, for all input signals above 
—90 db, a difference in amplitude of 1 db is 
sufficient to maintain a two-state device, 
connecte(' to the discriminator output, in 
one of its two states. 

TRACKING Efotok 

The dc component of the discriminator 
output is equal to the reference voltage for a 
particular ratio of input signal levels. In an 
ideal power comparator this ratio would be 
the same at all input signal levels. The track-
ing error is the variation of this ratio with 
input signal level. Tracking error results 
from differences in the gains of limiter-liber 
stages at 19 and 21 mcps. It is dependent 
upon the alignment of the limiter- filter 
stages. 

The tracking error is plotted as a func-
tion of input level in Fig. 3. The accuracy of 
the measurements is estimated to be + 0.2 
db. Curve a shows the tracking error when 
all tuning coils in the double-tuned circuits 
are peaked at 21.3 mcps. The tracking error 
is less than + 1.0 db for the range of input 
signals between — 17 and —97 db. The line-
arity of the tracking error with signal level 
for levels below — 30 db results from each 
stage having slightly higher gain at 21 mcps 
than at 19 mcps. The departure from this 
linear variation at input signal levels above 
—20 db is caused by the first limiter stage 
which, at higher input signal levels, is limit-
ing more heavily than the other stages. The 
dynamic range may be extended to include 
larger signals if precautions are taken to 
avoid overloading the input stage. 

E o 
1 

123 

INPUT LEVEL (Ob beé» 

Fig. 3—Tracking errot as a function of input signal 
level for two alignment methods. Curve a .-all 
mils peaked at 21.3 mcps; Curve b-- each stage 
aligned for equal response at 19 and 21 mcps with 
the aid of a swept- frequency signal generator. 

The tracking error may be reduced as 
much as desired by accurate alignment. 
Curve b in Fig. 3 shows the tracking error 
that occurs when each lifter stage is aligned 
for equal response at 19 and 21 mcps with 
the aid of a swept-frequency signal genera-
tor. The error is nearly zero except at high 
input levels where the first stage overloads. 

CAPTURE RANGE 

Capture range is defined as the change in 
the ratio of the amplitudes of the input sig-

nais required to cause the do component of 
the discriminator output to move from 10 to 
90 per cent of the way from the voltage cor-
responding to one input signal to the voltage 
corresponding to the other. Input signals 
differing by half the capture range produce a 
dc component at the 10 or at the 90 per cent 
voltage. The capture range may be used to 
compare the actual system performance with 
the theoretical performance predicted for 
ideal limiters and libers. 

Measurements of capture range were 
taken with the first live limiter- filter stages 
bypassed. When more than five limiter- filter 
stages are used, internal noise seriously de-
teriorates the capture range for small input 
signals. Fig. 4 shows the experimentally ob-
served capture range as a function of input 
signal level. The numbered points on the 
curve indicate where the various stages 
saturate. At point 5, for example, the fifth 
stage is limiting strongly. At point 1 all five 
stages are limiting. At point 0 the input 
overloads. 

o 00 70 SO SO 40 30 20 00 

INPUT LEVEL I db bel. 0.12 mw.) 

Fig. 4--Capture range as a function of input signal 
level; solid curve represents experimental data, 
dashed curve represente theoretical piediction. 

According to the theory,2 it should be 
sufficient to present to the experimental dis-
criminator an amplitude ratio of less than 
0.2 in order that the discriminator output be 
within 10 per cent of the value corresponding 
to the frequency of the stronger signal. From 
Fig. 1 it is found that, with two ideal limiter-
lifter stages limiting, an input amplitude 
ratio of 0.63 should be sufficient. With three 
stages limiting the input amplitude ratio 
may be as large as 0.86. With four stages 
limiting it may be 0.97. The corresponding 
capture ranges are 9, 2.6, and 0.6 db. These 
values are indicated in Fig. 4 as points on a 
dashed curve. 

The discrepancy between the theoretical 
and experimental curves is considerable. It 
may be ascribed to the non-ideal nature of 
the experimental limiters and filters. I ni-
proving the limiters and liners should give 
closer agreement with the theory. A more at-
tractive expedient, insofar as producing a 
useful power comparator is concerned, is to 
cascade more limiter- filter stages. Very satis-
factory capture performance is indeed ob-
tained by providing five stages that limit at 
all times. 

G. R. CURRY 
M. AXELBANK 
Lincoln Lab. 

Mass. Inst. Tech. 
Lexington, Mass. 

The Possibility of Obtaining In-
dependent Samples from Stationary 

Gaussian Signals* 

When autocorrelation analyses of ran-
dom signals are made, it is often considered 
advantageous to use digital rather than ana-
log techniques in order to obtain increased 
accuracy and signal handling facility. I n the 
mathematical analysis of such systems it is 
assumed that the successive samples taken 
from the signal being analyzed are statisti-
cally independent. ln practice, the couda-
fion between samples usually decreases as 
the time interval separating them increases, 
since the autocorrelation function must be 
integrable. Thus, the degree of dependence 
between samples can be reduced to any de-
sired level by increasing the separation be-
tween samples. llowever, the conditions 
that the signals must meet to obtain strict 
mathematical independence of the samples 
are thought to be of interest. It is shown be-
low that any random signal from which sta-
tistically independent samples can be drawn 
has a power spectrum satisfying a certain 
integral equation. Examples are given to 
show that the existence of statistically inde-
pendent samples in a random signal is 
neither required nor insured by its having a 
power spectrum which is identically zero 
outside a finite frequency band. 

The finite-time autocorrelation function 
of a stationary Gaussian signal z(t) can be 
given by 

Rr(r) = f T(t) r(t r)dx (1) 
T o • • 

where r is the delay time and T is the corre-
lotion time. When a sampling correlator is 
used, the correlation function is calculated 
as 

1 N  

Rx(r) E x(kAt).r(k.li r) (2) 

where At is the sampling interval and N is 
the number of samples used. For equal cor-
relation intervals, so that T= Nit, this is an 
approximation to Rr(r) and in some cases 
may be equal to it. The sample products 
x(k.it)x(kAt -Fr) are statistically independ-
ent only if the autocorrelation function of 
x(t), R(r), has periodic zeros at the sampling 
intervals, i.e., 

R(k.àI) = 0, k = 1, 2, 3, • • • . (3) 

For a Gaussian process, the condition 
that its autocorrelation function, R(r), has 
periodic zeros can be converted into a con-
dition on its power spectrum G(w), as fol-
lows. By use of the Wiener-Khinchin rela-
tionship 

R(r) = f G(w) cos cordw (4) 
o 

and ( 3) becomes 

f'G(w) cos kModco -= 0, k = 1, 2, • • • . (5) 

* Received by the IRE. January 18, 1960. The 
research in this paper was sponsored by Rome Air 
Dey. Ctr., Air Res. and Dey. Command, Griffiss Air 
Force Base, Rome, N. V., under Contract AF 30 
(602)-1655). 
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This infinite set of conditions on G(w) can be 
reduced to a single condition by defining a 
new function 

F(w) = E ak cos katko (6) 

where the at are any finite constants, real or 
complex. Then (5) can be written as 

C. 
Jo  

The G(w) demanded by the restriction of 
periodic zeros on R(r) is thus defined as the 
solution of an integral equation. The nature 
of the functions G(co) that satisfy ( 7) has not 
been determined. However, the following 
examples will show that the restrictions on 
G(w) are not likely to be simple. 

The first example will be the bandlimit-
ing condition usually stated: G(w) limited to 
the interval 0 to W cps, and constant over 
this interval. This latter condition is essential 
as will be seen below. Then if 

(7) 

1 
Gt(w) = W < let < 20' 
2 — 

= 0 2W < wI (8) 

the corresponding autocorrelation function 
is given by 

sin Wr 
Ri(r) = --- • 

II r 
(9) 

Then, choosing At = r/W, 

Ri(k.11) = (k = 0, k = 1,2, • • • . ( 10) 

Thus statistically independent samples can 
be chosen. 

On the other hand a random process with 
a bandlimited power spectrum of the form 

G2(w) = a cos au, 

= 0 

(11) 

has an autocorrelation function given by 

1 7rT 

(r)   cos — • ( 12) 
i_L\2 2a 

a 

Since it is not possible to find a At such that 
R5(kt) is zero for all k > 1, statistically inde-
pendent samples cannot be drawn from a 
function having this power spectrum. 
A random process having a nonbandlim-

ited power spectrum of the form 

2 
G3(w) = co-0 

has an autocorrelation function 

(13) 

R3(r) = (14) 

which has no zeros for finite values of delay 
time, r. Therefore statistically independent 
samples do not exist. 

As another example consider a random 
process having a nonbandlimited power 
spectrum of the form 

a 
G4(co) = 

71-

= 
227r 

≤ w ≤— 

ir  27r 
—< wi ≤ — 
a a 

a (n — nr 
< „, . 

n2r a a 
• • 

This has an autocorrelation function 

[ . cos (2n — 1) 1 sin 7  
2a 2a 

R4(r) = E — --- • 06) 
n2 IrT 

2a 

If At is chosen equal to 2a, R4(k...11) is zero 
for all k> 1. Thus statistically independent 
samples can be chosen from a function hav-
ing this power spectrum even though it is not 
bandlimited. 

MATTHEW FRANKFORT 
New York University 

New York, N. Y. 

Transient and Steady-State Be-
havior in Linear and Nonlinear Sys-
tems* 

The author of a recent communication 
concerning the nature of transient and 
steady-state behavior in linear and nonlinear 
systems,' I feel, has made several conceptual 
errors. In analyzing the linear system de-
picted in Fig. 1, the statement is made that 
the total response, i.e., transient plus steady 
state, is given by the convolution integral 

g2(t) = f k(t — r)e(r)dr 
o 

= fk(r)e(t — r)dr, (1) 
o 

where gi(1) and g2(1) are the forcing and re-
sponse functions, respectively, and k(t) is the 
impulse response of the system. 

gi(t) k(t) 
o  

g2(t) 

Fig. 1.—A linear lumped parameter system. 

The statement is not quite accurate for 
it does not take into account the effect of 
initial conditions, i.e., the values of 

g2(0 +) lim g2(0) 

* Received by the IRE. November 12, 1959. 

and 

dkg2(1) k 1, 2, • • • , n — 1; (n 

de' 11_0+ is the order of the system.) 

The situation may be analyzed by con-
sidering the differential equation of the sys-
tem of Fig. 1, i.e., the differential equation 

(15) relating input and output. It is given by 

g 
L,,g2(I) = a.-1(1) --—2 • • • 

dg2 
▪ at(i) — ao(0g2 

di 

= = 14,(1) b„,_1(t) dii  

de 
▪ b,(I) 71T -I- bo(t)e. (2) 

This is the general expression relating 
Mt) and g2(t) for any linear lumped parame-
ter system. For a restricted ( though quite 
important) class of systems, the coefficients, 
a„ b, are constants. If the coefficients are 
nonconstant, we assume that they are 
reasonably well behaved. Note that the La-
place transform of the right side of ( 2) gives 
the zeros of the transfer function 

G2(s) 
K(s) = 

Gm(s) 

and, of course, the left hand side yields the 
poles. 

Considering the homogeneous or "force-
free" differential equation, 

d"g2 d"-le 
a,.(1) an-1(i) • • • 

dg2 
at(i) — 4- ao(i)g2(i) = 0, (3) 

we know that it will have a nontrivial solu-
tion, i.e., a solution not identically zero, only 
if at least one of the initial conditions is not 
zero. These initial conditions indicate the 
initial state or motion (or energy) of the 
system and give rise to the transient or force-
free response of the system. Only if all 
initial conditions are zero will there be no 
transient. When considering initial condi-
tions we must account for discontinuities 
(occurring at 1=0) in the forcing function 
gi(1) and its derivatives. 

By a fundamental set of solutions, Ict.„(01, 
we mean n linearly independent solutions of 
(3). Any linear combination of the 1441 is 
again a solution of (3). Thus 

= cgfri(t) +c2o2(1) + • • • + c,,o,,(t) 

is a solution of (3) and is by definition the 
transient response of the system. The 

(i= 1, 2, • • • , n) are arbitrary constants 
and reflect the initial conditions. If all 
initial conditions vanish, then the et all be-
come zero and, again, we see that 

The total response of the system is given 
by the complete solution of ( 2), which is 

82(1) = E ciçbm + f H(1; r)L,,,,e(r)dr 
o 

= E c11 (t) + f k(i; r)gi (r)dr. (4) 
o 

H(t; r) is the Green's function (or im-
pulse response) associated with the operator 
L,, of ( 2), and L,,, is the right-side operator of 
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(2). In the general case, i.e., nonconstant co-
efficients, we cannot write k(t; r)ffl k(1 — r), 
since the differential equation is not in-
variant to a shift in time origin. 

The term containing the integral on the 
right in ( 4) is the particular integral, i.e., the 
solution for a particular Mt). II is the steady-
stale response. In general, we can say that the 
initial conditions of the steady-state response 
are nil. The advantage of defining steady-
state and transient responses in this manner 
is that this method of definition logically 
follows from the Laplace transform method 
of solving the differential equation. Actually, 
however, this definition of steady-state is 
somewhat arbitrary, since it specifies that 
this response and its derivatives be zero at 
t = 0. 

It is concluded, therefore, that the total 
response of the linear system is given by (4) 
not ( 1), since ( 1) does not consider arbitrary 
initial conditions. Eq. ( I) simply gives the 
steady-state response. 

The error is compounded somewhat when 
the integral ( 1) is split into two parts, one 
being called the transient and the other the 
steady-state solution. Thus 

fk(r)gt(t — r)dr = f k(r)gi(I — r)dr 
o o 

— f k(r)gi(1 — r)dr. (5) 

The author' identifies the first integral on 
the right as the steady-state response, while 
the second integral is considered to be the 
transient. This is incorrect (or at least in-
complete) because the first integral reduces 
to the left side of the equation in view of the 
fact that gi(t —r) --0 when r >t, and the sec-
ond integral is identically zero for precisely 
this same reason. 

Before leaving the analysis of linear sys-
tems, it is of interest to note that the im-
pulse response is quite closely related to the 
transient response—the only question being 
that of total initial conditions. If the initial 
conditions arise solely from the discontinui-
ties of the forcing function and its deriva-
tives, i.e., the system is at rest at 1=0 —, 
then the transient and impulse responses are 
identical ( this is, perhaps, the main ad-
vantage to introducing the concept of im-
pulse and singular functions). 

We may again define the transient re-
sponse for nonlinear systems as the force-
free response arising as a result of a "state of 
unrest. - Thus, as in the linear case, the tran-
sient response serves to carry the arbitrary 
constants which reflect the initial conditions. 
For example, when we analyze a triode feed-
back oscillator using van der Pol's equation, 
we see that a perfectly good self-sustained 
transient occurs due to "shock excitation," 
i.e., as a result of an initial tube current 
arising from electron excitation. The steady-
state response is, of course, the response to 
the forcing function. The term "complete 
solution is essentially meaningless since the 
sum of the two responses is not a solution of 
the differential equation. As usual, discon-
tinuities in the forcing function and its de-
rivatives occurring at 1=0 must be reflected 
as initial conditions. 

A. A. Wolf, "The significance of transients and 
steady-state behavior in nonlinear systems," PRoc. 
IRE. vol. 47. pp. 1785-1786; October, September, 
1959. 

It is misleading to partition the response 
of a nonlinear system into two (or more) 
parts and associate one with the steady-
state and another with the transient re-
sponse. Determining each response is a 
problem of its own, and the sum of the two 
need not be a solution. If, as the author 
states, the total instantaneous response of 
any nonlinear system is: 

total instantaneous response = steady-
state response — transient response cross-
product response, 

then one has the ( nontrivial) problem of at-
tempting to identify these parts from a 
known solution remaining consistent with 
definitions. 

Perhaps the most general method of at-
tacking nonlinear equations is via the per-
turbation and Poincaré-Bendixson theories 
making use of metric topology.2 

HAROLD A. SABBAGIL Lt. (jg), U.S.N. 
Science Dept. 

U. S. Naval Acad. 
Annapolis, Md. 

2 E. A. Coddington and N. Levinson, "Theory of 
Ordinary Differential Equations," McGraw-Hill 
Book Co., Inc., New York, N. Y.; 1955. 

The Behavior of Nonlinear Oscil-
lating Systems in the Presence of 

Noise* 

In view of the recent interest in the be-
havior of nonlinear oscillating systems in the 
presence of noise,' I should like to call atten-
tion to the paper by Rytov2 on this subject. 
While several methods are available for 
analyzing the behavior of oscillators in the 
presence of noise, it seems that the symbolic 
differential equation method of Rytov is 
straightforward and of considerable gener-
ality; furthermore, the solution so obtained 
may be systematically improved to any de-
gree of accuracy. In the present note, this 
methuiewill be outlined and used to derive 
some simple results for oscillators with a 
single tuned circuit. 

The general form of the equation of mo-
tion for a weakly nonlinear oscillating sys-
tem with one degree of freedom and with a 
small random driving force is the following: 

—d2x x = dxp (x,-- , t. Is) ± ii2F(1), (1) 
dt2 f at 

where the free oscillation frequency of the 
system has been normalized to 1; s is a small 
parameter:fix, dx/dl, 1, µ) contains, in gen-
eral, nonlinear terms; and F(1) is the noise 
term. The essential idea in the method is the 
introduction of a second independent time 
variable 7' (slow time) 

r = ist (2) 

and, hence, in the (1, r) coordinates 

d a a 

—d1 = —Ôl + ---ar • 
(3) 

* Received by the IRE. January 19, 1960. 
' J. A. Mullen, " Background noise in nonlinear 

oscillators," PROC. I RE, to be published. 
s. M. Rytov. "Fluctuations in oscillating sys-

tems of the Thomson type I and II," Soviet Phys., 
vol. 2, pp. 217-235; March, 1956; J. Exper. Theoret. 
Phys. (USSR), vol. 29. pp. 304-333; September. 1955. 

In terms of t and 7'' the form of the solution 
of ( 1) is judiciously chosen as 

x R cos (1 —)+/ADP. cos n(1 — (1)) 
et 

Q,‘ sin n(1 — 0)1 (4) 

where R, P„, Q„, and are functions of r and 
µ only. Eq. (4) implies: 1) that x is approxi-
mately the solution of a conservative oscilla-
tor since R and qt. are slowly varying in time; 
2) that, using ( 3), the derivatives of any 
function in the (t, r) coordinates are of the 
same order of magnitude, and hence, an 
iterative procedure ( in the small parameter 
µ) can be used directly on ( 1); 3) that the 
zeroth-order solution of ( 1) is a simple har-
monic oscillation of frequency 1, the first-
order solution is the van der Pol solution' of 
a nonlinear oscillator in the absence of noise, 
and the second-order solution is the Berstein 
solution' of an oscillating system in the pres-
ence of fluctuation. Since these solutions 
have been independently established (with 
much less economy of effort), the validity 
and utility of the idea is reasonably assured. 

With (3) and (4), solution of ( 1) pro-
ceeds by expanding all functions of t in a 
Fourier series of terms of cos n(1-0) and 
sin n(1-0) and all functions of µ in a power 
series of u. By equating coefficients of like 
powers of µ of the corresponding Fourier co-
efficients, the various orders of differential 
equations of R and in r and their fluctuat-
ing driving terms can be obtained. These 
equations will be linear and have constant 
coefficients; therefore, they can be solved 
without much trouble. Two results follow 
immediately from this procedure, insofar as 
the fundamental component of the oscillator 
output is concerned: 1) F(t) can be written 
in the form 

F(t) = F11(r) cos (t — — FL(r) sin (1 — ci)), (5) 

where Fi(r), and Fi(r), and er) are func-
tions of slow time, or, in terms of the spec-
trum of the noise F(t), only input noise (i.e., 
directly from the impressed noise voltage 
generator) with its frequency in the neigh-
borhood of the oscillator fundamental fre-
quency can produce FM or AM noise in the 
oscillator output; 2) however, low-frequency 
noise can affect the oscillator output only 
through its effect on the Fourier coefficients 
of ftx, dx/dt, t, pl, or, in other words, 
through parametric excitation (or gain fluc-
tuation). These statements hold also in the 
case of oscillating systems with more than 
one degree of freedom such as the klystron.° 

The present note results from a friendly 
discussion with Dr. J. A. Mullen while the 
author was at the Research Division, Ray-
theon Company. 

C. L. TANG 
John Parker Traveling Fellow 

of Harvard University 
Institut für Theoretische Physik der T. H. 

Aachen, Germany 

See for example, .1. J. Stoker, "Nonlinear Vibra-
tions in Mechanical and Electrical Systems," New 
York University. New York, N. Y.; 1950. 

I. Berstein, "On fluctuations in the neighbor-
hood of periodic motions of an auto-oscillating sys-
tem," Comp!. Rend. ( Doklady) Acad. Sci. URSS, vol. 
20, pp. 11-16; 1938. 

C. L. Tang, "A Study of Ion Oscillations and 
Noise in Klystrons," Res. Div., Raytheon Co., 
Waltham, Mass.. Tech. Rept. No. R-51; November, 
1959. 
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Frequency - Temperature - Angle 
Characteristics of AT- and BT-Type 
Quartz Oscillators in an Extended 

Temperature Range* 

The frequency-temperature-angle char-
acteristics of an ..‘T- or BT-cut quartz oscil-
lator operating in the temperature range 
-50° to 80°C are usually described by a 
power series of the third order in the tem-
perature. For special applications, low tem-
peratures, e.g., that of liquid nitrogen 
(-196°C) and high temperatures up to 
300°C are required. In an extended tempera-
ture range, - 200° to 250°C, consideration 
has to be given to whether the third order 
approxi nation is satisfactory or higher order 
terms in the power series have to be con-
sidered. Frequency measurements for AT-
cut quartz oscillators in the temperature 
range front - 215° to 250°C have recently 
become available.' Fig. 1 (solid line) shows 
the measured temperatures T, (1.4 = min, 
max) of zero temperature coefficient of fre-
queiwy vs orientation angle 0 for AT-type 
oscilla tors made front nat u ra I quartz taken 
from Phelps.' 

• C 

300 
... ,..--.-

200 
Tr,,,o, 

100 

0 
 CALCULATED  CALCULATED 

EXPERIMENT 

100 

Toneg 

200 N-
--

273 14.. 

35 3e 37" 38• 39 40" 41• flri 
.. 

Fig. 1- Observed and calculated temperature of zero 
temperature coefficient of frequency vs orientation 
angle O for AT-cut. 

When f is the frequency at an arbitrary 
temperature and fo, that of the temperature 
To (see Bechmann2), 

ao(0) = — —) 1 ( af 
fo aT 

1 (ay 
co(8) = 

are the temperature coefficients of the first, 
second, and third order related to the tem-
perature To and to the orientation angle 00, 

bo(0) = — 7 • 
1 ( 821) 

21 a7 2 e 

(1) 

* Received by the IRE. January 28, 1960. 
I F. P. Phelps. "Stability of quartz resonators at 

very low temperatures." Proc. Eleventh Annual Symp. 
on Frequency Control. Fort Monmouth, N. J., pp. 256-
276; May, 1957. 

Also, F. P. Phelps, R. D. Goodwin, and A. H. 
Morgan. 'Investigation of Stability of Quartz Reso-
nators at Low Temperatures," National Bureau of 
Standards, Boulder, Colo., Second Quarterly Rept., 
U. S. Army Signal Corps Contract No. R-56-0034-
SC-91; July 1 to September 30, 1956. 

2 R. Bechmann. "Frequency-temperature- angle 
characteristics of AT-type resonators made of natural 
and synthetic quartz," Puoc. IRE, vol. 44. PD. 
1600-1607; November, 1956. 

the maximum and minimum frequencies, 
using the third-order equation, occurs at 
temperatures 

T, - To = —13ro (- bo ± .002- 3aoco).3 (2) 

The corresponding frequency deviations are 
given by 

+ 210 - 9a0boco 

27co2 
(3) 

The measured values shown in Fig. I 
have been used to determine a new set of the 
three temperature coefficients of frequency 
and their derivatives with respect to the 
orientation angle Os. The new values are: 

AT-cut, a, = 35°15', To = 20°C. 

ao = 0, 

aao 
-à- = - 5.15.10-6/°c,°e, 

b. = 0.39.10-2/ (°C)2, 

ab, 
= - 4.7.10-2/(°C)2,00, 

co = 109.5.10-12A°C)3, 

ace 
— = - 2.0.10-./(°c)3,00, 
ae 

(4) 

and are in good agreement with those given 
in Bechmann. 2 The values T,, calculated 
from (2) and using the values in (4) for the 
temperature coefficients, are also plotted in 
Fig. 1 (dotted line) and a very satisfactory 
agreement in the temperature range from 
-200° to 250°C is obtained. 

At the temperatures 

af _ = o 
f aT 

and, in the vicinity of these values, the power 
series reduces to 

where 

1 al 
— =b„(T - To),' (5) 

f al; 

b„ = ,/b2- 3ac. 

The value b, as function of the orientation 
angle O calculated with the values in (4) is 
shown in Fig. 2. With increasing the orienta-
tion angle O the range of a given frequency 
deviation decreases. 

It can be seen that the third order ex-
pression for the frequency-temperature-
angle characteristic satisfactorily describes 
the behavior of an AT-cut within the limits 
of - 200° to 250°C. Beyond this range higher 
order terms must be considered. 

Similarly, frequency measurements of 
BT-quartz oscillators in an extended tem-
perature range lead to the temperature co-
efficients: 

In the reference to Bechmann, ibid.. in (5), the 

root should read: N'b.,2-3aorn instead of N'be-1-3aen. 

10 

a o 

4( 

2 

35' 38° 37* 38• 

e 

Fig. 2 —Calculated values of the parabola constant 
bµ as function of the orientation angle O correspond-
ing to the zero temperature coefficient curve of 
Fig. 1. 

39• 40' 41* 

BT-cut, 00 = - 49°12', 7'0 = 25°C. 

ao = 0, 

800 

ae 

1.8 10-6/°C, °0, 

- 40•10-9/(°C)°, 

2.0.10-2/(°C)2,°0, 

- 128.10-'2/(°C)3, 

10.10-12/(°C)3,°0, 

(6) 

The value °co/OB=38.10-'2 for the BT-cut 
previously given2 is too high. 

R. BECHMANN 
U. S. Army Signal Res. and Dey. Lab. 

Fort Monmouth, N. J. 

Electromagnetic Theory from a 
Mathematical Viewpoint* 

The introduction of Maxwell's equations 
to students is always a fascinating subject. 
This little note gives a possibly not novel but 
certainly seldom used alternate. It started 
with the author wondering about physics 
and physical laws in general. Why sh.ould 
certain equations like Nlaxwell's equations 
be so successful and so unshakable that they 
have withstood nearly a century of tre-
mendous revolutions in physics? One is told 
that they are based on a few experimental 
facts, the few experimental facts available at 
the time of their conception. Such general 

* Received by the IRE, February 1, 1960, 
•.• 
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understanding of the physical world with so 
few basic facts to start from seems to be 
bordering on the unlikely. Is it possible that 
the universality of such theories is not due 
to their author's genial feelings for the physi-
cal world but to a. mathematical necessity 
which makes those theories nearly the only 
ones logically available? Is it possible to dis-
regard completely the experimental world 
and still come out with only few alternatives 
in the laws of nature? In this case one may 
only truly wonder at the docility of the ex-
perimental world to human logic. Of course, 
logically necessary but as yet unrevealed re-
lations may be found through the gifted 
perusal of experimental facts. It should how-
ever be the hard way, the way which de-
mands genius and luck. 

In this frame of mind, the author tried 
to derive Maxwell's equations from analyti-
cal geometry only. To his amazement, wh ch 
may be due to a lack of knowledge, he was 
successful. 

To introduce Maxwell's equations one 
starts with coordinates and entities repre-
sented by functions of the coordinates. When 
the coordinate system is projective, the 
reality of the physical entities is determined 
by their invariance to transformations of 
coordinates. If we do not introduce tensors, 
the only invariants are scalars and vectors. 
A physical law is represented by a mathe-

matical relation between the function repre-
senting the physical entities. It may be as-
sumed that before trying very complex rela-
tions, one wishes to try the very simple ones. 
Thus, one may restrict oneself to linear rela-
tions and use more complex ones only if the 
experimental world makes it necessary. The 
use of only linear relations permits one to use 
only first order operators. One can always 
introduce as many new physical entities as 
necessary to replace linear equations con-
taining higher order operators by sets of 
equal ions containing only first order opera-
tors. To equate the results of an operation 
on a scalar or vector to a scalar or vector, the 
result of the operation must be a scalar or 
vector. There are only two first-order opera-
tors in analytical geometry which have this 
property: the gradient of a scalar and the 
divergence of a vector. There is an exception 
if and only if the number of coordinates is 
three. Then the curl of a vector, which is in 
general a tensor of the second order, reduces 
into a vector. After having exhausted the 
relations possible with functions of coordi-
nates only, one can introduce new variables 
which do not transform in a projective man-
ner. In analytical geometry they are param-
eters. The only first-order operator involving 
a parameter is the first-order partial deriva-
tive in that parameter. We are now ready to 
investigate all different possibilities pro-
vided we also assume that two entities or 
more which only and always appear in the 
same linear sum form only one entity repre-
sented by that linear sum. 

The scheme now is to assume ever in-
creasing numbers of scalars and numbers of 
vectors and to write the different relations 
possible between them. With two scalars and 
no parameters, for instance, the only relation 
is that a linear sum of their gradients must 
vanish which reduces the assumptions to 
one gradient free scalar. Two vectors, no 
parameter, and a number of coordinates dif-

ferent from three reduces to one divergence-
free vector. The first interesting case is made 
of one scalar and one vector, in this case 
either: 

aE+ bVU = 0 (1) 

or 

aV• E + bU = 0 (2) 

with E a vector, U a scalar, a, b universal 
constants. The first one is trivial and relates 
a potential to a field. The second one how-
ever is Newton's field equation with E the 
field due to gravity and II the mass density. 
With two vectors and three coordinates, we 
get two divergence free vectors which can be 
related by two linearly independent relations 
of the form: 

aV X E bV X II + cE+ dll = O. (3) 

E and Hare the vectors. The constants a, b, 
c, d are universal constants. If c and d are 
assumed dimensionless, then a and b are uni-
versal lengths. If universal lengths are not 
assumed possible, then (3) yields curl-free 
vectors. If, in this case, one introduces the 
parameter time, the vectors are still diver-
gence free but (3) becomes: 

aVXE+11ÇXH+cE+dll+eÉ+fil=0 (4) 

(the dot for time derivative). Assuming e 
and f dimensionless, c and d are universal 
frequencies and a and b are universal veloci-
ties. If one restricts ( 4) to one universal con-
stant and chooses a universal velocity one 
obtains the set of homogeneous Maxwell's 
equations in free space. 

The next step is to introduce different 
media. Each medium is separated from its 
neighbor by a surface or boundary. The 
form of the homogeneous set of Maxwell's 
equations is such that, if one assumes the 
same laws with the same vectors E and H in 
all media, one can deduce from the equations 
themselves that E and II will be continuous 
at each boundary and that the solution will 
not recognize that the media exist. To intro-
duce media we must thus assume one or more 
entities which are in some way different from 
medium to medium. We can, for instance, 
assume that the free space E is continued in 
a different medium in two different ways as 
follows. 

If Sis zero in free space and one within a 
given medium, one can write two vectors: 

E E(1— S) + ES (5) 

and another vector: 

D = E(1— S) + DS. (6) 

One can, of course, do or not do the same for 
H. If one now introduces the new vectors in 
(7) and still assumes only one universal ve-
locity, one obtains the homogeneous set of 
Maxwell's equations for current and space 
charge free media. It should be noted that 
boundary conditions do not have to be 
stated separately and are included auto-
matically through the differentiation of S. 

The introduction of a scalar in the pre-
ceding vector world can only arise through 
the modification of a divergence equation. 
Thus one can, for instance, introduce p by: 

•D = p. (7) 

This introduction forces a modification of 
one of the curl equations and, in order to 

keep within first-order operators, also the 
introduction of a vector i defined by: 

V• i = O. (8) 

Along the way we have made very simple 
choices and discarded other simple possibili-
ties. One may wonder if those simple possi-
bilities should not be investigated and possi-
bly used to explain some new phenomena. 

PHILIPPE CLAVIER 
Aeronutronic Div. 

Ford Motor Co. 
Newport Beach, Calif. 

Poisson, Shannon, and the Radio 

Amateur* 

The article by Dr. Costas' concerning the 
relative merits of DSB and SSB present 
a rather bleak picture of the capabilities of 
the armed forces in planning and controlling 
their usage of the frequency spectrum. While 
the radio amateur may shift frequency to 
avoid interference at will, it is certainly not 
true that military operators have the same 
privileges. Mere contemplation of such an 
undisciplined system would turn the hair of 
a Division Signal Officer gray instantly. 

Actually, Army radio operators are 
trained to work through interference and 
jamming, and in no case to stop trying to 
work the circuit or to be led off the assigned 
frequency. Frequency changes are made 
only on order of the net control station 
(NCS), and are authorized by the appropri-
ate frequency allocation board or officer. 
Military radio nets not strictly controlled in 
frequency and procedure are, of course, easy 
prey for enemy electronic warfare. Consider-
ing tactical radio nets, the picture is further 
improved by noting that distance ranges are 
inversely proportional to the amount of 
radio equipment used. Thus, while there are 
an extremely large number of Radio Sets 
AN/PRC-62 in the infantry division, their 
range is only about 1-3 miles. 

The author compares the circuit capacity 
for narrow-band and broad-band systems 
and notes that when the average transmit-
ting duty cycle factor is low, 10 per cent or 
less in his example, the broad-band system 
becomes superior. In the military situation, 
a low duty cycle factor occurs in a static 
situation, during buildup prior to offensive 
operation, or otherwise, when radio opera-
tion is required to be a minimum. In these 
cases, the commander does not particularly 
care what his channel capacity is, since the 
majority of his traffic is handled by wire and 
messenger. However, when he really needs 
the capacity, as in an offensive or break-out 
operation, the commander demands (and 
had better get) maximum capacity. Thus the 
military system should not be designed like 

* Received by the IRE, December 28, 1959. 
J. P. Costas. "Poisson, Shannon. and the radio 

amateur," PROC. IRE, vol. 47, pp. 2058-2068; De-
cember, 1959. 

2 FM "Handy-Talkie" radio set, 47 to 55.4 me in 
43 channels spaced 200 kc apart. 
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the civilian telephone system, which will 
break down at a certain overload point, but 
must handle the most severe traffic condi-
tions. 

In connection with jamming, it is true 
that narrow-band systems are more easily 
jammed. Since our own and other armies will 
use the same portions of the spectrum for 
similar types of operation, it then becomes 
necessary for the enemy to employ a large 
number of spot jannners, rather than use 
barrage jamming, if he is not to disrupt his 
own communications. If he is willing to do 
this at all, he will not be hesitant about 
raising his power level enough to jam what-
ever DSB systems we may have. Jamming 
will not be nearly as effective against a well-
disciplined military radio net as it would be, 
for example, against radio amateurs. 

In the strategic-type military communi-
cations systems, such as ACAN (Arm' Com-
mand and Administrative Network), fre-
quency control is even more rigid, since con-
sideration must be given to possible effects 
on systems of our and other armed services 
and other governments. The total available 
bandwidth is limited by propagation char-
acteristics, and high-capacity, high-traffic 
reliable channels are desired. Here again, 
narrow-band techniques would seem to be 
preferable. 

CHARLES D. EARLY, JR. 
8701 Belleville Road 

Belleville. Nlich. 

Author's Comment3 

I find that there are two main difficulties 
involved in answering Mr. Early's letter. 
First, it is quite obvious that his knowledge 
of Army communications is much more de-
tailed than mine. The second difficulty I face 
is of an historical nature. In past conflicts 
we have found ourselves to be the predomi-
nant users of frequency spectrum due to our 
superiority in either technical know-how or 
mass-production capability, or both, with 
respect to our opponents. Thus, seldom in 
the past have we been seriously bothered by 
massive amounts of either unintentional 
enemy interference or jamming. It is not sur-
prising, then, that self-generated interfer-
ence has turned out to be a most serious 
communications problem and that opera-
tional methods, such as net operation under 
strict frequency discipline mentioned by 
Early, were developed to alleviate the diffi-
culty. But times change and so do the prob-
lems which confront us. No longer can we 
expect to achieve an overwhelming techno-
logical superiority over possible opponents, 
and with regard to the frequency spectrum, 
we could well find ourselves to be an equal or 
even less than equal partner in its future 
usage. One must also consider the distinct 
future possibility of a sizeable opponent 
capability with respect to jamming. Thus 
the situation changes and our problems and 
their solutions change accordingly. This his-
torical situation presents a problem to me 

3 Received by the IRE. January 22. 1960; revised 
manuscript received. February 1, 1960. 

since it is understandably difficult to excite 
any large-scale interest in problems which 
have not yet been experienced but which 
have only a certain probability of existing in 
the future. It seems only normal that we 
tend to concentrate on solutions to old prob-
lems in the belief, I suppose, that the domi-
nant problems of the past will also be the 
dominant problems of the future. 
With regard to Early's first paragraph, we 

can certainly agree that our armed forces are 
capable of planning and controlling their 
usage of the frequency spectrum. It should 
be kept in mind, however, that their usage of 
the spectrum is all that they can plan and 
control, since the spectrum itself is not the 
exclusive property of either side. In a mili-
tary environment the only spectrum usage 
you will get is that which you can take, not 
that which is given to you. This seems 
simple enough, yet acceptance of this 
premise dictates, in my opinion, a radical 
departure from prior art techniques in mili-
tar). communications systems planning. 

Turning now to Early's second para-
graph, we must admit that if Army radio 
operators are trained to work through inter-
ference and jamming, then there is no prob-
lem. Perhaps a more accurate statement 
would be that training certainly helps but 
only to a degree. Since Early admits 
that narrow-band systems (systems which 
have a low ratio of transmission bandwidth 
to data rate) are ea'My jammed, he must also 
concede that narrow-band circuits or nets 
could he disabled by enemy countermeasures 
in spite of operator skill. It then becomes in-
conceivable to me that the net members 
would remain on the useless frequency mak-
ing persistent but futile attempts to clear 
traffic. I would suspect, rather, that an alter-
nate frequency would be available and 
known to all net members and that a trans-
fer would be made to that frequency by the 
net. When the jammer catches up with them, 
the net again must move to a second alter-
nate frequency, and so forth. Note that in 
the above example (if accurate) narrow-
band systems are used, but in order to ob-
tain some degree of military capability these 
systems are employed in such a way as to 
cause more spectrum space to be used than is 
"absolutely necessary." ( In this case we have 
a rather primitive form of frequency jump-
ing.) This process of initially designing 
equipment to occupy the narrowest possible 
bandwidth and then using the equipment 
operationally in such a manner as to spread 
the signal spectrum occurs quite often and 
has always puzzled me. Many people of my 
acquaintance are horrified at the idea of 
buying any system which uses, say, twice the 
bandwidth of system X, yet when con-
fronted with the problem of jamming they 
cheerfully point out that system X can 
switch sidebands or jump to another chan-
nel. I have always wondered why, if the 
other sideband or the other channels are 
available, there is concern over bandwidth in 
the first place? Or, if system X must be used, 
per circuit, on many different frequencies in 
order to survive in the expected environ-
ment, how can a bandwidth saving be 
claimed for this system? 

Early, in paragraphs 2 and 5, seems to 
relate frequency rigidity with operational 
reliability. I do not understand this, for it 

seems to me that mobility is the key to sur-
vival for communications circuits as well as 
for military. units in modern combat opera-
tions. This " mobility" of communications 
circuits can be obtained in many different 
ways, some better than others, but this vital 
ingredient of survival can never be possessed 
by a system which stays in one channel and 
which has a low ratio of transmission band-
width to data rate (i.e., a bandwidth-con-
serving system). 

In paragraph 3, Early brings up a truly 
serious problem. Since I have shown in my 
paper that the average per-circuit capacity 
varies inversely as band loading, this means 
that commanders on both sides will have 
maximum per-circuit capacity when they 
need it least (during periods of relative mili-
tary inactivity) and minimum per-circuit 
capacity when they need it most (during a 
breakout and its containment, for example). 
I admit that I have not come up with pleas-
ant results but maybe the man who said 
"war is hell" was right. I have tried to point 
out in the paper that capacities will be 
limited and that commanders must be aware 
of this and plan their procedures accordingly. 
I have further tried to show that narrow-
band systetns may at first appear to give 
high traffic capacities, and their use may be 
entirely satisfactory in exercises conducted 
under carefully controlled conditions. This 
may be quite deceptive, however, and I 
think it only wise to try to estimate as ac-
curately as possible the capacities which will 
actually be available in practice. The results 
in the paper for the average per-circuit ca-
pacity during periods of high communica-
tions activity may be discouragingly low, 
but I think this gives a more accurate picture 
of the true situation than may be obtained 
from reading the data-rate specification on 
the name plate of a piece of narrow-band 
communications equipment. 

The comparison drawn by Early. be-
tween military systems and civilian tele-
phone systems is somewhat unfortunate 
since there is contained the implication in 
his statement that the telephone systems 
break down under overload due to some 
shortcoming in design while the military 
systems keep working by virtue of superior 
planning. This certainly is not the case and 
I am sure Early intended no such compari-
son. The point is simply that there is a cer-
tain total practical capacity available in the 
frequency spectrum which, like it or not, 
must be shared by all users. One can demand 
more capacity for one's own use but getting 
it is another matter. 

In raising the question of the relative 
jamming immunity of SSB and DSB Sys-
tems, Early points out that an enemy would 
no doubt be willing to expend the extra ef-
fort required to spot-jam whatever DSB cir-
cuits we may have. This is certainly true, but 
such an argument ignores the fundamentals 
of the problem. To begin with there is no 
such thing as a system which is absolutely 
immune to jamming. If an enemy has un-
limited resources and is determined, he can 
jam any system. The trick then is to design 
the communications system in such a way 
that an unreasonably large effort is required 
on the part of the jammer. This is really a 
battle of resources; one attempts to make the 
ratio of jammer cost to communications 
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equipment cost so high as to discourage the 
potential jammer. The basic DSB system 
shows some anti-jam advantage over SSB 
but there is no dramatic difference in the two 
systems. After all, how can there be any 
great difference since DSB uses only twice 
the bandwidth of SSB? In a hostile environ-
ment bandwidth is power; conserve one and 
you must expend more of the other. DSB as 
a modulation technique represents only a 
first step in the right direction. By using 
DSB in place of SSB you cut your cost and 
you raise the jammer's cost. Now, as a next 
step, couple the DSB modulation technique 
with certain baseband processing tricks so 
that really wide transmission bandwidths (in 
relation to data rate) result, and then you 
get anti-jam capabilities of real significance. 

In spite of what has just been said, I do 
not wish to minimize the advantage gained 
by even a two-to-one increase in transmis-
sion bandwidth. In a recent series of on-the-
air tests, DSB showed a significant and con-
sistent advantage over SSB for voice trans-
mission over an HF path. Part of this ad-
vantage is derived from speech clipping 
(which raises average power for a fixed peak 
power limitation) and speech pre-emphasis 
—techniques that can easily be applied to 
DSB but are not as directly acceptable in 
SSB. Another important D513 advantage be-
came evident when unintentional interfer-
ence appeared on the channel. The word 
scores in DSB remained high because the 
DSB receiver could meet band conditions by 
choosing one of three modes of reception: 
upper, lower, or double-sideband. This sanie 
interference, during many runs, caused an 
almost complete drop-out when SSB was 
used, due to the fact that the transmissions 
were "blind" with no communications avail-
able from the receiver back to the transmit-
ter. Except for the fact that these test results 
were not reported, they represented at least 
a partial vindication of my position that 
DSB is superior to SSB for general-purpose 
military use. This is a battle that I have ap-
parently lost and I do not mean to bore 
Early by bringing up dead issues. I only wish 
to point out that even a two-to-one increase 
in transmission bandwidth, if properly exe-
cuted, can yield very handsome operational 
rewards. 

The subject of world-wide strategic net-
works such as . CAN is a topic on which I 
am not qualified to speak. All I know about 
these systems is what I read in the trade 
press and there have been so many proposals 
and so many alpha-numeric designations for 
different systems that I have long since given 
up trying to keep track. I can say this much 
about such systems in general: If they are of 
the "high-capacity" variety, meaning that 
the ratio of transmission bandwidth in cycles 
per second to the data rate in bits per second 
is low (say near one or two), then these sys-
tems must have in the order of a + 10- to 
+20-db signztl-to-interference ratio in order 
to operate. lithe signal- to-interference ratio 
gets down to, say, the neighborhood of 0 db, 
these systems simply die. Thus, "high-ca-
pacity" systems need a controlled. nonmili-
Ley type of environment in which to oper-
ate. I would not dass such systems as mili-
tary systems but I would say, rather, that 
they are basically commercial systems in use 
by the Military. For such strategic applica-

tions Early says narrow-band techniques are 
preferable. I can only agree that their use is 
convenient because of the diplomatic situa-
tion involved with frequency allocation. On 
the other hand, if one must request a clear 
channel in order to obtain proper operation 
for a particular system, then that system is 
not a military system in the true sense. 

JOHN P. COSTAS 
General Electric Co. 

Syracuse, N. Y. 

Letter from Mr. Early' 

In reply to Dr. Costas, I believe the 
Army is very much aware of the problem of 
jamming. Current doctrines requires all 
radio operators to "observe radio discipline 
at all times—when jammed, keep calm, keep 
trying, keep operating" among other AJ 
techniques. We can safely assume that at 
least the friendly radio system will be well-
disciplined, and we have quite a few AJ 
tricks available. Why, then, buy a broad-
band technique which will be swamped by 
our own use during peak traffic periods, 
without any help from the enemy? 

CHARLES D. EARLY, JR. 

I Received by the IRE. January 21, 1960. 
Department of the Army, "Defense Against 

Electronic Jamming." EM -151; June, 1955. 

Three-Port Ring Circulators* 

A compact three-port ring circulator 
using a total nonreciprocal phase shift of 
180 degrees has been developed. Circulators 
that use a transmission line in the form of a 
ring do not require hybrids, can be synthe-
sized in three ways, are easily analyzed, and 
can be built in waveguide, coaxial line, or 
any other type of transmission line in which 
nonreciprocal devices can be constructed. 
Vartanian' has proposed a symmetrical ring 
circulator using three nonreciprocal 180-de-
gree phase shifters. A similar device is de-
scribed by Kock.2 

The phase-shift parameters for the ring 
circulator are easily determined by referring 
to Fig. 1; the circulator ports are numbered 
from I to 3. \Ve define 8 as the phase shift 
between the adjacent ports that are indi-
cated by the subscript. Direction of power 
flow is indicated by the sequence of numbers 
in the subscript—that is, 027 is the phase 
shift of a signal traveling by the most direct 
path fin this case, counteplockwise) from 
port 2 to port 3. 

* Received by the IRE. January 29, 1960. 
P. N. Vartanian, "Theory and Applications of 

Ferrites at Microwave Frequencies," Sylvania Elec-
triune Defense Lab., Mountain View, Calif., kept. 
EIS, pp. 119-126; April, 1956. Obtainable from 
ASTIA as kept. No. AD 1(11858. 

W. E. Kock, "Signal Routing Apparatus," U. S. 
Patent No. 2,794,172; May, 1957. 

e31 

PORT 1 

PORT 3 

e 23 

PORT 2 

Eig. 1--Three-port ring circulator. 

Assuming excitation of the circulator at 
port 1: 

a) to transmit to port 2, 012=01,1+032 
+2MT; 

b) to isolate port 3, 
(2n+1)7r; 

where in and n =0, + 1, + 2, • • • . 

Similar expressions are written for excita-
tion at ports 2 and 3. The circulator is as-
sumed I There are three solutions for 
in= 0. 

On =012 +023+ 

1. THREE NONREC1PROCAL 
PHASE SHIFTERS 

This is the symmetrical case, that is, all 
clockwise, and counterclockwise, phase shifts 
are equal. Thus, 012 =023=031 and 017=032 
=021. The solution isf9,.= (2n + 1)7/3 for the 
clockwise phase shift between ports, and 
8= (2n + 1)2r/3 for the counterclockwise 
phase shift between ports. Thus, for n = 0, 
8=60 degrees and 0,„„. =120 degrees (see 
Fig. 2(a)]. The circulator becomes more fre-
quency sensitive as n increases, since the 
line lengths increase, and the circulator ac-
tion depends upon phase addition and can-
cellation for its operation. On the other 
hand, a lower limit is placed upon n, since 
the ferrite phase shifter, which has a non-
reciprocal phase shift requires 
a finite line length for physical realization. 

(a) (b) (c) 

Fig. 2—Phase shifts required to synthesize three types 
of ring circulators. (a) Type I circulator, symmetri-
cal structure requiring three nonreciprocal phase 
shifters. (h) Type II circulator, requiring two non-
reciprocal phase shifters. (c) Type III circulator, re-
quiring one nomeciprocal phase shifter. 

II. Two NONREC1PROCAL 
PHASE SHIFTEtts 

I.et 012 =021. 01:i = 0!2, and 02:1 = 031. The solu-
tion is 012 = 0Li = (2n + 1)r/ 2, 00 =032= (2n 
+1)7r/4, and 023=871 = (2n-1- 1)37r/4. Solution 
for n =0 results in two nonreciprocal phase 
shifters of ..à0 = 90 degrees each [see Fig 2(b)(. 
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Ill. ONE NONRECIPROCAL 
PHASE SHIFTER 

Here, the solution is 012=021=013=031 
= (2n +1)T /2, 032= nit., and 023= (2n + 1)7r. 
The solution for n =0 results in one non-
reciprocal phase shifter of .10=180 degrees 
[see Fig. 2(c)[. 

In all three cases, the total nonreciprocal 
phase shift is 180 degrees. This is in agree-
ment with Carlin's conclusion3 that the mini-
mum number of gyrators necessary for circu-
lator action is equal to half the rank of the 
circulator impedance matrix. For a three-
port circulator, the rank is 2. Therefore, we 
dre using the minimum nonreciprocal phase 
t required for physical realization. 
Fig. 3 shows a symmetrical ring circula-

tor of Type I that has been constructed for 
operation at .V-band. The unit uses 100-ohm 
strip transmission line matched into Type N 
coaxial connectors. Dielectric phase-shifters 
(not shown) are used to optimize the recipro-
cal phase-shift. The nonreciprocal phase 
shifters use rectangular General Ceramics 
R-1 ferrite bars, in Rexolite mounting 
brackets, located adjacent to the center-con-
ductor of the strip transmission line (see 
Fig. 4). Nonreciprocity is obtained by the 
\ I-mode-distorting mechanism described 

in Duncan, et 01.1 To obtain high nonre-
ciprocity at X-band, no additional dielectric, 
besides that provided by the ferrite itself, 
was required. 

Test results at 9300 inc for the Type I 
ring circulator shown in Fig. 3 were: a for-
ward loss of 0.4 db, an isolation of 23 db, a 
SW R of 1.16, and a bandwidth of 50 mc. It 

Fie. 3 Ring circulator' to ground plane removed>. 

Fig. 4—Configuration of nonreciprocal phase shifter. 

s J. J. Carlin. "Principles of Gyrator Networks," 
Proc. Symposium Modern Advances in Microwave 
Techniques, Polytechnic Institute of Brooklyn. 
Brooklyn, N. V., pp. 175-204; November. 1954. 

B. J. Duncan. L. Swern, K. Tomiyasti. and .1. 
Ilamwacker, "Design Considerations for Broad- Band 
Ferrite Coaxial Line Isolators." PROC. IRE, vol. 45, 
pp. 483 - 489: April. 1957. 

is believed that performance can be im-
proved with additional effort. 

The realizability of the three-port ring 
circulator has been checked using network 
analysis. The characteristic impedance of 
the ring required for matched inputs was 
computed. It was found to equal the charac-
teristic impedance of the input lines, since 
power does not flow in the portion of the 
ring containing the isolated port. One can 
cascade three-port circulators into a ring as 
proposed by Auld.° Using the Type Ill cir-
culator shown in Fig. 2, it is possible to con-
struct an n-port cascaded-ring circulator 
similar to Fig. 11 in Auld, but using a com-
mon ferrite ring or post (see Fig. 5). 

13031,1 

.1•13 3 

Fig. 5 —Four-port cascaded- ring circulator. 

The authors wish to thank S. Okwit and 
W. D. White of AIL for valuable discus-
sions. 

M. GRACE 
F. R. ARAMS 

Airborne Instruments Lab. 
Melville, L. I., N. Y. 

s B. A. Auld. "Synthesis of Symmetrical Wave. 
guide Circulators," IRE TRANS. ON M ICROWAVE 
THEORY AND TECHNIQUES. vol. MTT-7, pp. 238-246; 
April, 1959. 

Models of the Atmospheric Radio 
Refractive Index* 

In the above article, Bean and Thayer 
studied the correlation between the gradient 
of the refractive index and the refractive 
index at ground level. By using a large num-
ber of readings of U. S. origin, the authors 
showed that a good representation of the 
variations of the refractive index with alti-
tude is obtained with an expression of the 
form 

N(h) = No exp ah (with the usual notation), 

the value of the coefficient a varying with 
the climate. 

* Received by the IRE. November 16, 1959. 
B. R. Bean and C. D. Thayer, "Models of the 

atmospheric radio refractive index," Pgoc. IRE, 
vol. 47, pp. 740 755; May, 1959. 

It is well known that for radio communi-
cation beyond the horizon, the variations of 
the gradient of the refractive index are corre-
lated with the variations of electric field. It 
is tempting, when the gradient of the index 
is unknown, to use the value No as a radio-
climatic parameter. This has led one of the 
authors to write several articles on the sub-
ject. Unfortunately, this method is not one 
which can be generalized and it can only be 
used for a limited part of the world. This can 
easily be shown. 

If s is the specific humidity (measured in 
grams of water-vapor per kilogram of air), 
we can write, using the usual units, 

N = 77.6--(1+ 7.7 L.). 
7' 

For an average value, the quantity PIT 
varies exponentially with altitude irrespec-
tive of the climatic zone chosen; the chief 
reason for the generalization of this law is 
that the relative changes in T are small. 
Hence, 

N = + 7.7 —) exp K2h, 

K1 and K, being constants. 
n order to be able to write N= No exp ah, 

we must have one of the following two con-
ditions fulfilled: 

1 + 7.7 — = constant (1) 

1+7.7 — = K,exp K2h. (2) 
7' 

and either one suffices. We will now look at 
each separately. 

Condition ( 1) can be satisfied in two dif-
lerent ways: 

a) 7.7s/T<<1 which gives s < 10 g/kg approx. 

This condition for s mans the temperature 
is a maximum and therefore, for an average 
value, the altitude is a minimum. In order to 
satisfy this condition from sea level upwards, 
the ground temperature must be less than 
14°C and this condition suffices. Figs. 1 and 
2 show the zones for which this hypothesis is 
admissible. 

17) s/T = e'. 

For the first few kilometers above ground-
level, T decreases by about 10 per cent for an 
average value. ( For higher altitudes s <10 
g/kg, and we have case a).1 s then must de-
crease by about 10 per cent. This decrease is 
very small compared with the possible 
changes in s. Hence, we can say that s is 
virtually constant. ln any case, measure-
ment accuracy is of the order of 10 per cent 
for this parameter. 

This almost constant value does not exist 
outside zones subject to strong atmospheric 
turbulence between ground level and the re-
gion where s = 10 g/kg. Such conditions only 
exist during daytime above overheated 
territories such as the Sahara, the Arizona 
desert, etc. 

Condition (2) is never rigorously satis-
fied, because regions where 7.7 s/T>>1 sim-
ply do not exist. However, in order to 
satisfy the requirements of experimental 
physics, we can consider an exponential de-
crease of s/T as being sufficient. This elimi-
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Fig. 1—January ESS N(h) exponential, day and night. 
.V(h ) exponential, daytime. 
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Fig. 2--July ISS9 N(h) exponential, day and night. 
N(h) exponential, daytime. 

nates all the zones in which the diffusion of 
water vapor is prevented by a stratum of 
subsidence at almost constant altitude, by a 
region subject to systematic nocturnal 
cooling, by the existence of a monsoon cli-
mate, etc. In fact, only certain temperate 
regions can be considered as being in this 
category. 

To sum up, apart from the cases shown 
in Figs. 1 and 2, there may be accidental 
correlations between No and AN, but they 
cannot be generalized. Hence, the exceptions 
cited by Bean and Thayer, namely Cali-
fornia and the Dakar region, are not special 
cases but simply examples from regions 
where their theory is not applicable, and 
many similar cases can be found in Australia.2 
One of the results of the geographical limita-
tion of the exponential law for N is that it 
makes impossible the "transfer to sea level 
of NS" for a large part of the earth's surface.' 

P. MISNIE 
Centre National d'Etudes des 

Télécommunications 
Paris, France 

Authors' Comment' 

As we interpret Misme's letter, he 
reaches the following conclusions concerning 
three separate problems: 

1) Only in those regions where the ex-
ponential distribution is likely may 
the refractive index gradient be ob-
tained from the surface value of the 
index, N. 

W. S. Ainent, "Airborne radiometeorological 
research," PROC. IRE, vol. 47, pp. 756-761; May, 
1959. 

See " Influences radioclimatiques sur les liasons 
transhorizon," Onde Elect., vol. 399, pp. 116-123; 
January, 1960. 

Received by the IRE, February 1,1960. 
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Fig. 1—Typical variation with height of the air den-
sity and water vapor components of the refractive 
index for a warm and humid climate ( Brownsville, 
Texas; August). 

2) As a consequence of 1) he expects the 
%-ariations of beyond-the-horizon ra-
dio fields to be correlated with N only 
for the regions of exponential profiles. 

3) He would also expect these regions of 
"exponentiality" to delineate prop-
erly the regions wherein one may re-
duce the surface value of the index to 
a sea-level value. 

We agree that our model atmospheres 
will fit more precisely in regions of uniform 
low atmospheric water vapor content. We 
also agree that even on the average the at-
mosphere is never exactly an exponential 
function of height We do not believe 
Misme's conclusions as to the regions of 
"nonexponentiality" to be justified since, to 
arrive at these conclusions, he must appar-
rently assume: 

1) the air is always saturated with water 
vapor; 

2) the essentially arbitrary value of 
10 gm/kg for the specific humidity at 
the earth's surface separates regions 
where the refractive index does and 
does not decrease exponentially; 

3) the water vapor component of the 
refractive index must decrease with 
height according to certain precon-
ceived principles. 

Since Misme's criterion depends solely 
upon the surface value of the specific hu-
midity, it is not necessarily a relevant meas-
ure of the height dependence of N. Misme 
has overlooked the fact that we have ex-
amined in detail the actual height variation 
of the refractive index and that our model 
atmospheres are based upon the world's 
largest and most extensive collection of re-
fractive index profiles. Indeed, to agree with 
Misme's regions of "nonexponentiality" 
would require us to abandon the data. 

We can, however, test both Misme's 
hypothesis and our model by comparison 
with independent data front regions outside 
of our original data sample and inside 
Misme's regions of s> 10 g/kg where he pre-
sumes the atmosphere is not exponential. 
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Fig. 2—Typical variation with height of the air den-
sity and water vapor components of the refractive 
index for a cold and dry climate ( Bismarck, N. D.; 
February). 

These data are presented in terms of his 
three conclusions given above. 

REFRACTIVE INDEX HEIGHT STRUCTURE 

What we are really concerned with is not 
Misme's surface conditions but rather the 
height variation of Nand, more particularly, 
as Misme has pointed out, the two height 
variations of the water vapor and air density 
components of the refractive index. 

One may write 

N = (n — 1)106 = D W (1) 

where with the usual units 

3.73 X 102e 
D = 77.6 — and II' — 

T T2 

Examples of the average variation of N, D, 
and W with height are given for warm, 
humid conditions on Fig. 1 and for cold, dry 
conditions on Fig. 2. It is seen immediately 
that D decreases very nearly exponentially 
with height from the surface to the tropo-
pause. Above the tropopause the refractive 
index decreases more rapidly due to the iso-
thermal nature of the stratosphere, but still 
in an exponential fashion. The water vapor 
component, IV, is observed to be always less 
than D and to decrease much more rapidly 
with height. It appears from an examination 
of these figures, and many similar charts for 
other locations in the U. S., that, whenever 
it is large, W also tends to decrease expo-
nentially with height. Assuming this to be 
the case we may use as our model 

N(h) Do exp — —a + W 0 exp — 

exp — h 

where a>b>c. A rough estimate of the 
average values of a, b and c yields a'-29 km, 
c'=--'3 km and ir=-1 km. Misme concludes that 
an exponential decrease of both the air 
density and the water vapor components is a 
sufficient condition for an exponential de-
crease of N with height; the data of Figs. 1 
and 2 indicate that this sufficient condition 

(2) 
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is satisfied in nature. We have determined 
the constant b in (2) as a function of IS, by 
fitting this model to the data only over the 
first kilometer and, in this way, have ob-
tained a good fit to the data over the first 
few kilometers. It should be recalled in this 
connection that most of the influence of re-
fractive index structure upon radio wave 
propagation occurs in these first few kilome-
ters. 

The general trend of the data of Figs. 1 
and 2 is towards that of an exponential dis-
tribution with height. The (lata for the 
winter months, Fig. 2, are in agreement with 
Misme's hypothesis that we expect an ex-
ponential height distribution for that time. 
However, the data for Brownsville, where 
s = 18.2 gm/kg, also appear to be essentially 
an exponential function of height in the im-
portant lower atmosphere. Gerson's" mean 
refractive index profiles for tropical mari-
time air and monsoon air masses of india 
also tend toward an exponential height 
distribution even though they represent re-
gions and meteorological conditions for 
which Misme concludes an exponential de-
crease of N with height would not exist. 

Independent data have recently become 
available which allow a comparison of our 
model with N profiles from regions much 
different than the U. S. These consist of 5 
years of individual radiosonde observations. 
Figs. 3 and 4 show mean profiles prepared 
from data for Canton Island and Isachsen, 
N. \V. T., Canada. These two stations repre-
sent tropical and arctic conditions, respec-
tively, and should represent a good test of 
our U. S. derived atmospheres. 

Canton Island, in the South Pacific 
Ocean, practically on the equator (02° 
46"S, 171°42"W), has a year-round value of 
s,,,20 gin/kg and thus does not meet 
Mistne's criteria for a climate with an ex-
ponential N atmosphere. Even in this ex-
treme case N tends to decrease exponentially 
with height and our model exponential at-
mosphere predicted solely from N, lies 
within one standard deviation of the mean 
N profile to an altitude of 4.5 kilometers in-
dicating essential agreement over the critical 
lower portion of the atmosphere. Similar 
agreement was obtained for Isachsen, 
N. W. T., which represents the extreme op-
posite of climatic conditions from Canton 
Island, and despite the intense radiation in-
version characteristic of the long arctic 
night, the model lies within one standard 
deviation of the average N value from the 
surface to 3 kilometers. 

Although our nt(xlel was developed using 
data only from the continental United 
States we have subsequently not found any 
regions where it has not proved to be a 
reasonable representation of the actual N 
structure in the first few kilometers. For 
example, summer time data from Florida 
and the states adjoining the Gulf of Mexico 
are fully comparable with that of Canton 
Island while the northern prairies in winter 
yield N profiles similar to that of Isachsen. 
Work is of course continuing on the develop-
ment of better model atmospheres. These 
future models will probably be developed 

N. C. Gerson, "Variations in the index of refrac-
tion of the atmosphere," Geofis. pura r App).. vol. 
13, pp. 88-101; March- April, 1948. 
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Fig. 3—Five year mean N profiles for Canton Island 
compared with the exponential reference atmos-
phere predicted from N, alone. 
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N. W. T., compared with the exponential refer-
ence atmosphere predicted from N, alone. 
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along the lines of the bi-exponential repre-
sentation of N as mentioned above. 

CORRELATION OF RADIO FIELD 
STRENGTHS AND N„ 

Misme's hypothesis that s < 10 g/kg is a 
necessary condition for a good correlation 
between N, and beyond-the-horizon radio 
fields appears to be contradicted by a grow-
ing body of reported correlations to the con-
trary for regions where s>10 g/km. Corre-
lations of the order of 0.7 to 0.9 between the 
annual cycles of 1%1, and electric field 
strengths have been reported for areas that 
lie within the region of s > 10 g/km for at 
least part of the year. Such correlations have 
been reported for the east coast of the 

1952 

United States,' for the Gulf region of Texas, 
for the Florida-Caribbean area," for Argen-
tina to Uruguay,' for several paths in the 
Mediterranean Sea," and from Tokyo to 

G. W. Pickard and H. T. Stetson, "Comparison 
of tropospheric reception at 44.1 mc with 92.1 mc over 
the 167-mile path of Alpine, New Jersey, to Needham, 
Massachusetts," PROC. IRE, vol. 38, p. 1450; De-
cember, 1950. 

7 B. R. Bean, "Some meteorological effects on 
scattered radio waves," IRE TRANS. ON COMMUNICA-
TIONS SYSTEMS, vol. CS-4. pp. 32-38; March. 1956. 
g R. E. Gray, "The refractive index of the atmos-

phere as a factor in tropospheric propagation far 
beyond the horizon," 1957 IRE NATIONAL CONVEN-
TION RECORD, pt. 1, pp. 3-11. 

L. Bonavoglia, "Correlazione fra fenomeni 
meteorologic° e propagazione oltre l'orizzonte nul 
Mediterraneo," Alla Frequenza. vol. 27, pp. 815-824; 
December, 1958. 
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TABLE I 

DEVIATION OF ESTIMATED 8-VEAS NIEANS OF N, (CALCULATED FROM CONTOUR CHARTS) FROM ACTUAL 
8-YEAR MEANS FOR 20 RANDoMLY DISTRIBUTED U. S. WEATHER BUREAU STATIONS 

Test Station 

August 0200 

Height 
Actual S-yr 
mean value 

of 

Sacramento. Calif. 
Portland, Ore. 
San Diego, Calif. 
Mobile, Ala. 
Fresno, Calif. 

Boston, Mass. 
Grand Rapids. Mich. 
Columbia, Mo. 
Minneapolis. Minn. 
Cincinnati, Ohio 

Des Moines. Iowa 
Pendleton, Ore. 
Billings. Mont. 
Burns, Ore. 
Salt Lake City. Utah 

Reno, Nev. 
Pocatello, Idaho 
Denver, Colo. 
Colorado Springs, Colo. 
Flagstaff, Ariz. 

Root-mean-square deviation 

Meters 
7 
8 
11 
66 
86 

89 
210 
239 
255 
271 

294 
455 
1088 
1262 
1288 

1340 
1355 
1625 
1882 
2131 

N units 
329.6 
337.7 
348.1 
376.0 
326.2 

347.5 
340.5 
348.7 
338.5 
344.1 

343.1 
30(1.9 
285.6 
271.3 
279.5 

277.6 
269.7 
276.6 
272.4 
261.4 

Deviation* 

N. map No map 

N units 
1.0 

19.7 
16.1 
6.0 
5.2 

- 7.5 
- 1.5 
- 2.3 
- 0.5 
- 2.9 

- 1.9 
2.9 
5.6 

-15.7 
8.5 

-29.4 
- 3.3 
- 1.4 
- 6.6 
-36.6 

13.0 

N units 
-1.8 
6.0 
3.5 
0.6 
4.2 

-0.4 
0.1 

-2.5 
2.7 

-2.8 

-0.1 
-3.1 
1.2 

-4.4 
4.4 

1.6 
0.0 
0.3 
1.1 

-2.2 

2.7 

* Deviation equals the actual long-term mean minus the value obtained from map contours. 

Osaka in Japan."' It is unfortunate that data 
on the variation of radio fields are not 
available to compare with du Castel and 
Misme's published meteorological data for 
the Dakir region." A long-terni radio-
meteorological experiment in the Dakar re-
gion would certainly yield valuable informa-
tion as to coastal modification of tropical air 
and the effect of these modifications upon 
radio fields. 
A further critical test of Misme's hy-

11, M. Onoe, M. Hirai, and S. Niwa, " Results of ex-
periment of long-distance overland propagation of 
ultra-short waves," J. Radio Res. Labs. (Japan), 
vol. 5, pp. 79-94; April, 1958. 

11 F. du Castel and P. Misme, "Elements de radio 
climatologie," Onde Elec., vol. 37, pp. 1049-1052; 
November. 1957 

pothesis was made by comparing the annual 
cycle of radio fields recorded along the 
Southern California coast with the annual 
cycles of both N„ and a variety of N gradi-
ents. M'e note from Fig. 5 that the annual 
cycle of transmission loss in this region fol-
lows the same general pattern as those 
recorded in other parts of the United States. 
This is quite remarkable considering the 
great differences in climate represented by 
these four examples. It is even more remark-
able (see Fig. 6) that N. yields as good a 
correlation for this path as any of the usual 
measures of N gradient. The fact that this 
conclusion is the same for all four radio paths 
despite their dissimilar climatic zones is also 
significant. 

MAPPING OF SEA-LEVEL 

VALUES OF N FROM N, 

This problem is quite different from the 
preceding ones. The basic argument here is 
whether more accurate estimates of N, can 
be obtained from maps in which the system-
atic dependence of N„ on station elevation 
has been removed than can be obtained from 
simple maps of the surface value N,. This 
elevation dependence of M was removed in 
the past" by assuming that the fictitious 
sea-level value, No, is related to the station 
value by 

No = N, exp (ah,) 

where h„ is the altitude of the weather sta-
tion above sea level. This exponential form 
is a natural consequence of the equation for 
the molecular refractivity of air." The prac-
tical consequences of the use of No is that the 
fascinating departures of N front average 
values, due to climatic differences and 
weather storm systems, are emphasized. 12.14 '15 
A further critical test of Misme's hypoth-

esis was carried out by preparing charts of 
No and N, for summer nights in the U. S. 
when s>10 g/kg. These charts were pre-
pared from only 42 of the 62 U. S. Weather 
Bureau stations for which 8-year means of 
N„ are available. The remaining 20 stations, 
selected by Nlisme during the course of our 
CCIR work, were used as a test sample by 
estimating their 8-vear mean values of N. 
front separate No and N, contours. The indi-
vidual deviations of the values obtained 
from the two contour maps are listed in 
Table I. By comparing the root-mean-
square (mus) deviations of 13.0 N units ob-
tained by estimating N, from the N, con-
tours with the 2.7 N-unit rms obtained by 
estimating N„ front No contours, one con-
cludes that it is 5 times more accurate to 
estimate N„ from contours of No than from 
those of N, itself. We must also conclude 
that it is not only possible to map No but 
that it is quite profitable to do so. 

In conclusion, the above experimental 
evidence indicates that it is reasonable to 
assume an exponential model for practical 
applications. It is gratifying that our simple 
exponential model works as well as it does, 
especially in such apparently anomalous 
regions as Southern California, the Arctic, 
and the equatorial zone. Extensive tables of 
refraction effects for the CRPI. Exponential 
Reference Atmosphere profiles are now 
available." 

B. R. BEAN 
G. D. '["RAYER 

Radio Meteorology Sec. 
Central Radio Propagation Lab. 

Natl. Bur. of Standards 
Boulder, Colo. 
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Effects of Resistance in Avalanche 
Transistor Pulse Circuits* 

In using avalanche transistors to gener-
ate fast-rising high-current pulses,' one gen-
erally encounters a degradation of per-
formance due to the presence of resistance in 
the circuit. A typical pulse circuit is shown 
in Fig. 1, where the resistance R includes the 
device lead and contact resistance, the bulk 
resistance of the semiconductor material, 
and any resistance inserted for the purpose 
of sampling the current. The purpose of this 
note is to obtain a quantitative estimate of 
the effects of R. Intuitively one expects that 
the resistance will cause a degradation of 
both peak current and 10 to 90 per cent rise 
time. The analysis confirms the intuitive 
expectation: for the case considered, the 
presence of 50 ohms resistance caused a re-
duction in peak current of about 30 per cent 
and an increase in 10 to 90 per cent rise time 
of about 20 per cent. 

+220 - Z20 

.2ZOK ZZOK 

TRI4.-r c- 100 wr 

R 5011 

Fig. 1—Typical avalanche transistor pulse circuit. 

It is to be emphasized that the goal of the 
analysis is to obtain an estimate of the effects 
of R. In the course of the analysis it will be 
convenient to borrow heavily from the re-
sults for the case for which R =0.2 For that 
case, the circuit model and the device model, 
with charge variables, are shown in Figs. 2 
and 3. The assumptions, approximations, 
and results are given in Tables I and II. We 
shall make use of an additional important 
result: for a fixed base width, the peak cur-
rent always occurs at the same voltage, VP, 
and the stored charge at that voltage is 
linearly distributed, regardless of the con-
figuration of the external circuit. Qualita-
tively, the effect of R is to decrease the 
amount of charge stored as the current rises 
to its peak, thus decreasing the value of the 
peak current. 

For the charge model of the transistor, 
shown in Fig. 3, it is clear that the incre-
mental stored charge is given by 

dQ, = (1 — 1/31)dQ (1) 

regardless of the external circuit configura-
tion. When the external circuit consists of a 

*Received by the IRE. February 5, 1960. This 
work was performed at Stanford Electronics Labora-
tories under Office of Naval Research Contract Nonr 
225(24), NR 373 360. 

G. B. B. Chaplin, "A method of designing tran-
sistor avalanche circuits with application to a sensi-
tive transistor oscilloscope," presented at the IRE-
A IEE Transistor and Solid-State Circuits Conference, 
Philadelphia, Pa.; February 20-21, 1958. 

2 D. J. Hamilton, J. Gibbons, and W. Shockley, 
"Physical principles of avalanche transistor pulse 
circuits," PROC. IRE, vol. 47, pp. 1102-1109; June, 
1959. 

dQ 

Fig. 2—Model for the avalanche 
transistor pulse circuit. 
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es 
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emitter base 

dg 

roller tor 

Fig. 3—Charge model for the avalanche transistor. 

peak current occurs at the same voltage, VP, 
for R=0 and for R 00, (4) may be integrated 
as V goes from Vo to V„; i.e., as j goes from 
0 to /pie, where 1,5 is the peak current for 
R00. The result is 

Qsrr = Qsr — RCI ',WV 0/ V s)" 

where Qs/rt. is the stored charge at peak cur-
rent for R00. Since the stored charge is 
linearly distributed at peak current. /,, 
=Qsrer/r. Taking the ratio /pR//„, one ob-
tains 

(/„R/I„) 1/[1 (RC/r)(Vu/VR)q. (5) 

To obtain the effects of R on the rise 
time, the approximation is made that the 
actual 10 to 90 per cent rise times for the 
two cases hear the same ratio as their esti-
mated maximum rise times The correlation 
between calculated and experimental results 

TABLE I 
APPROXIMATIONS AND ASSUMPTIONS FOR THE CASE R =0 

1) Bias currents are negligible in comparison to pulse currents, so that the circuit model for the circuit of Fig. I 
is as shown in Fig. 2. 

2) During the pulse, the emitter junction voltage is zero. 
3) The emitter efficiency is unity. 
4) C))C, (the collector capacitance), and C, is thus neglected. 
5) No recombination occurs in the base region. 
6) Avalanche multiplication occurs instantaneously at the metallurgical collector junction. The multiplication 

factor s given by M=1 ill -( V/VB)") where V is the collector- to-emitter voltage, and Vu is the breakdown 
voltage. 

7) The nondepleted base width remains fixed. 

TABLE II 
IMPORTANT RESULTS FOR THE CASE R =0 

1) The stored charge at peak current is 

QSP = f P CO - 1 andli 

where Vo is the initial voltage and 17,, is the voltage at peak rin rent. 
2) Because the stored charge is linearly distributed, the peak current is Ip=0SP/T where 7 = crz/2Derr; cv is the 

nondepleted base width, and Dg.ff is the effective diffusion constant for minority carriers in the base region. 
3) The estimated maximum 10 to 90 per cent rise time of the current pulse is Tr est. max. = 1.6C(Vo-lin)/fp. 

series RC as in Fig. 2, the collector-to-emitter 
voltage V is given by 

= V0-1- iR (1/C) f dQ. (2) 

Designating the incremental stored charge 
for this case to be dQsR and solving (2) for 
dQ and substituting in ( 1), one obtains 

dQsR = Cdr(1 — 1/3/) — RCdi(1 — 1/M). (3) 

A gross approximation is now made to 
facilitate the analysis: the voltages across 
the resistor and the capacitor are assumed 
small enough so that the multiplication re-
mains essentially at its initial value until 
peak current is reached. This approximation 
is valid only for small values of R and initial 
values of .1/ near unity. The approximation 
permits the use of 

1 — 1/I/ = ( Villre). 

in (3), which then becomes 

dQsR = CdV(1 — 1/31) — RCdi(Vo/VB)". 

It will be noted that the first term of the 
right member of (4) is the incremental stored 
charge for the case R=0; (4) demonstrates 
that R reduces the stored charge. Since the 

indicates that this is a reasonable approxi-
mation. Denoting by T5 the 10 to 90 per 
cent rise time for the case R 00, one obtains 

TR actual TR est. max. = 
Tc actual Tc est. max. 

_ 1. 
L vo — vp/J (6) 

Table III shows calculated and measured 
results for a 2N416 transistor with R =50 
ohms and C=100 mar. 

TABLE III 
EXPERIMENTAL AND CALCO-LATEO RESULTS FOR A 

2N416 TRANSISTOR W ITH R =50 OHMS 
AND C =100 opF 

Calculated 
Experimental 

Peak current 
ratio, ',Rif, 

0.62 
0.69 

10 to 90 per cent 
rise-time ratio, 

Tu/Te 

1.18 
1.18 

DOUGLAS J. HAMILTON 
Applied Research Lab. 
University of Arizona 

Tucson, Ariz. 
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Isolator Effect on Cascaded Reflex 
Klystron Amplifiers* 

INTRODUCTION 

It has been known that a reflex klystron 
2K25 can be used as a regenerative ampli-
fier." The gain and sensitivity of a receiving 
system can be increased if two or more re-
flex klystron amplifiers are cascaded. One of 
the simplest ways is cascading the amplifiers 
with ferrite isolators: however, the isolation 
of most practical isolators is imperfect. Most 
practical isolators have some reflections. 
These slight reflections and leakage powers 
have strong influence upon the over-all per-
formance of cascaded reflex klystron am-
plifiers. 

PRINCIPLE OF ISOLATOR APPLICATION 

When the reflex klystron amplifiers are 
cascaded by a coupling circuit which con-
tains a ferrite isolator, the amplifier per-
formance is influenced by the degree of isola-
tion. If the isolation is perfect, then no feed-
back is possible. The amplifier will be stable, 
but high gain due to feedback cannot be 
expected. If the isolation is poor, then the 
feedback between stages will be too great 
and the amplifier system will tend to oscil-
late and become unstable. Because, as shown 
in Fig. 1, the reflex klystron 2K25 amplifier 
used in this experiment is a one-port ampli-
fier, a considerable portion of the amplified 
power reflects back to the input waveguide. 
Therefore, the degree of isolation must be 
chosen so that the amplifier system can have 
stable, high-gain operation. Several isolators 
must be cascaded in order to increase the 
isolation. 

First , lase ompl fe, 

2K.'5 

Sess ,d stogewspi4ler 

2525 

Fig. 1—Schematic diagram of cascaded 2K25 
reflex klystron amplifier. 

When several isolators are cascaded, the 
isolation is increased but, at the same time, 
the phase shift of the over-all isolator system 
will be changed. Thus it is desirable to use 
the isolators together with a variable phase 
shifter to obtain proper phase shift. If the 
isolator is used with a variable phase 
shifter, the position of the isolator in the 
coupling circuit makes a difference in the 
amplifier performance. When the isolator is 

* Received by the IRE. January 21, 1960; revised 
manuscript received. February 4, 1950. A part of this 
work was performed while the author was at the Dept. 
of E. E., Univ. of Wisconsin, Madison. 

K. Ishii, " X-band receiving amplifier," Electron-
ics, vol. 28, pp. 202-210; April, 1955. 

2 K. Ishii, "One-way circuit by the use of a hybrid 
T for the reflex klystron amplifier," PROC. IRE, vol. 
45, p. 687; May, 1957. 

3 K. Ishii, " Noise Figure of Internal Cavity Reflex 
Klystron Amplifier," Master's thesis. University of 
‘Visconsin. Madison; 1957. 

arranged as shown in Fig. 2(a), the first-
stage amplifier is directly influenced by re-
sidual reflections from the phase shifter. In 
this arrangement, the second stage is not 
strongly influenced by the residual reflec-
tions from the phase shifter since the 
source side impedance of the second stage is 
kept almost constant by the isolator. On the 
other hand, changing the setting of the phase 
shifter changes the load impedance of the 
first stage. 

On the contrary, when the isolator is as 
shown in Fig., 2(b), the first-stage amplifier 
is protected against the spurious reflections 
from the variable phase shifter. The first-
stage amplifier must amplify small input 
signals and, at times, the magnitude of the 

1st stage 
amp. 

(a) 

1st stage 
amp.' 

Variable 
phase 2nd stage 
shifter Isolators amp. 

Variable 2nd stage 
isolators phase shifters 1amp. 

4> ° 

Variable 
phase Isolator 2^d stage 

1st stage  amp. shifter ter amp. 

Isolator I 

e 
(c) 

Fig. 2—Various kinds of cascaded reflex klystron am-
plifiers. (a) Phase shifter-isolator coupling. (b) Iso-
lator-phase shifter coupling. (c) Isolator-phase 
shifter- isolator coupling. 

spurious reflections would be comparable to 
the input signals. Therefore, it is important 
to protect the first stage by the isolator. In 
this arrangement, however, the second stage 
is not protected against the spurious reflec-
tions. 

It is therefore necessary to arrange two 
isolators as shown in Fig. 2(c), in order to 
protect both stages. 

Hence, an isolator serves two functions 
when used in the coupling network: 1) to ob-
tain proper isolation, and 2) to obtain the 
proper impedance for stable high-gain am-
plification. 

EXPERIMENTAL RESULTS 

Various kinds of cascading methods were 
investigated to study the isolator effects on 
the cascaded 2K25 reflex klystron amplifier 
performance. 

The input vs output characteristics of 
various kinds of isolator coupled amplifiers 
are shown in Fig. 3. For reference, the char-
acteristics of a direct-coupled amplifier are 
also shown in Fig. 3. When only one isolator 
was used, the gain and linearity improve-
ments were not significant in comparison 

with the direct-coupled amplifier. When two 
isolators were used, the increased isolation 
made the system stable and made the ad-
justment of the individual amplifier for high 
gain easier. 

When the isolators were used together 
with a phase shifter, similar effects were ob-
served. The experimental results are shown 
in Fig. 4. These experiments were done in a 
frequency range of 9359-9365 inc. 

Phase characteristics of cascaded reflex 
klystron amplifiers are shown in Fig. 5. lo 
these various kinds of coupling arrange-
ments, the coupling sequences of individual 
components varied, but one thing common 
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Fig. 3— Input vs output characteristics of 
isolator-coupled amplifiers. 
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in these three kinds of arrangements was 
that one phase shifter and two isolators were 
employed in the coupling circuit. 

When the isolators were used after the 
phase shifter, the first-stage amplifier, which 
had to amplify small input signals, was not 
protected against spurious reflections. The 
gain was relatively low and there were wide 
oscillation regions in phase shifter setting 
(see curve I). On the other hand, when the 
isolators were used in front of the phase 
shifter, the amplifier performance was im-
proved as shown by curve II in Fig. 3. 
Finally, when the isolators were used in both 
sides of the phase shifter, the circuit adjust-
ment of the amplifiers for high gain was 
easier. Thus, high gain and smooth phase 
characteristics were obtained as shown by 
curve III. The isolators showed very strong 
influence on the directivity of the amplifier. 
The directivity was defined as a ratio of the 
forward to the backward power from the 
amplifier. The directivity depends on the 
gains of the individual stages, the impedance 
ratio of the input and output circuit of each 
stage, and the transmission characteristics of 
the cascading circuit. 

The employment of the isolators showed 
some effect on stability of the cascaded re-
flex klystron amplifier. In this case, the sta-
bility was expressed in terms of average-gain 
fluctuation over a 10-minute period after 
several hours of long-time stability test. 

When the two reflex klystron amplifiers 
were coupled toget her directly without using 
the isolators, the gain fluctuation was 0.08 
db over a 10-minute period. But when one 
isolator was used for coupling, the gain 
fluctuation became 0.066 db/10 minutes and 
finally, when two isolators were used for 
coupling, the gain fluctuation was decreased 
to 0.025 db/I0 minutes. 

An examination was made of the effects 
of the isolators upon the frequency band-
width and repeller voltage margin; how-
ever, no significant effect was observed. 

CONCLUSIONS 

The employment of the isolators in the 
coupling circuit of the cascaded reflex klys-
tron amplifiers made the amplifier system 
stable, and gave it high gain, high sensi-
tivity, wide dynamic range and high direc-
tivity. These effects were significant when 
two isolators instead of one were used in the 
coupling circuit. It was necessary to put the 
isolator immediately after the first-stage 
amplifier to obtain good amplifier per-
formance. 
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The Compatibility Problem in Sin-
gle-Sideband Transmission* 

K. H. Powers has written an interesting 
paper' discussing the compatibility problem 
in single-sideband transmission. I am pleased 
to have the opportunity to comment on his 
paper and this problem in general. 

The C.C.I.R. has accepted a proposal by 
the U. S. to study our compatible single-
sideband technique, and in doing so, the 
following definition was adopted in the 
Ninth Plenary Assembly at Los Angeles in 
1959: 

"A Single-Sideband transmission is con-
sidered to be compatible if it can be re-
ceived on the existing conventional 
double-sideband receivers without any 
modifications whatsoever and with sat-
isfactory quality of reception." 

This definition highlights the obvious 
fact that the term compatibility means 
compatible with existing AM receivers. In 
his paper, Powers fails to emphasize the 
tremendous importance of compatibility. 
The problem is to make new systems com-
patible with equipment now in widespread 
use and the question of compatibility with 
nonexistent equipment is of secondary in-
terest. 

It would appear that Powers' system 
fails to solve the compatibility problem for 
several reasons. 

First, if negligible distortion is to be 
achieved, square law demodulation is re-
quired. 

Second, since he proposes a controlled 
carrier system which has a variable average 
amplitude, normal AGC equipment would 
fail. 

Finally, because of the variable average 
amplitude required, conventional AM trans-
mitters would need considerable alteration 
such as the installation of a direct-coupled 
modulator. Therefore, his system does not 
appear to be compatible—neither with AM 
transmitters nor with existing AM receivers. 

The Compatible Single-Sideband (CSSB) 
system has proven to be compatible by 
both careful laboratory measurements and 
numerous listening tests. Sideband rejection 
figures of over 30 db have been reported in a 
number of published papers. Confirming re-
ports were also made to the FCC by stations 
performing experiments on this system. 
Thus, there appears to be little question as 
to the practicability of producing a CSSB 
wave. 

It is interesting to note that the Soviets 
have spent considerable time and effort pro-
ducing what they call "optimum modula-
tion" which is an attempt at producing a 
compatible single-sideband wave. Their re-
ports show undesired sideband radiation in 
the order of 18 db, which is some 12 to 14 db 

* Received by the IRE. July 6, 1960. 
I K. H. Powers, "The compatibility problem in 

single-sideband transmission," this issue, p. 1431. 

worse than what has been accomplished in 
this country. The Russians point out that 
this technique thickens the spectrum energy 
concentration in the desired sideband and 
that the over-all spectrum is approximately 
one-half the spectrum of conventional 
double-sideband. They also point out that 
use of such a system has been shown to im-
prove the intelligence of words by 30 per 
cent, and phrases by 35 per cent, when the 
circuit was contaminated by impulse noise. 

\I r. Powers devotes an appreciable por-
tion of his paper to the description of a 
wide-band time-delay phase-shift network. 
The material is presented as one would pre-
sent completely new material without any 
references to prior art. It is not common to 
reference old patents, but certainly his 
paper should at least have been brought 
up-to-date and have referenced a recent 
excellent paper by G. G. Gouriet and G. F. 
Newell entitled "A Quadrature Network 
for Generating Vestigial-Sideband Signals" 
in Proc. of the IEE, Part B, dated May, 1960. 

Mention is made by Dr. E. L. C. White, 
ill the saine issue of The Proceedings of the 
IEE, that such networks are very old and 
he cites a 1931 patent which describes the 
general time-delay filter technique. Inci-
dentally, practical use of such a network for 
sharp selectivity required in SSB operation 
is quite questionable at the present time 
because of the very large delay problem 
(in the millisecond range). 

In conclusion, I would like to say that I 
feel that Mr. Powers' proposal does not solve 
the basic and important compatibility 
problem. Many of his general comments are 
correct but, of course, the CSSB system does 
not violate basic concepts. His hasty con-
clusions demonstrate the danger of insuffi-
cient care in the use of information theory 
techniques to prove that some new systems 
are impossible. A statement implying that 
something is impossible must always be 
made with the greatest of care. 

By the way, I would like to point out 
that we have proposed two basic single-
sideband systems. One is the CSSB system 
above discussed. The second is a much older 
technique which has found extensive com-
mercial high-power use during the past 
seven years. This is the envelope elimination 
and restoration system. for amplifying con-
ventional SSB waves with high-efficiency 
class-C modulated amplifiers. The SSB wave 
thus produced may be received on any con-
ventional AFC or suppressed-carrier SSB 
receiver. The extensive discussions pub-
lished in PROCEEDINGS OF THE IRE have 
obscured the fact that there are two com-
plete separate and distinct techniques. 
I hope to offer a paper for publication in 

the next few months describing in some de-
tail the basic concepts of compatible single-
sideband system. 

LEONARD R. KAHN 
Kahn Res. Labs., Inc. 
Freeport, L. I., N. Y. 

• 



1960 PROCEEDINGS OF THE IRE 1505 

• 

L. V. BERKNER 

Contributors  

A. Aharoni was born on August 5, 1929 
in Safad, Israel. Ile received the M.S. and 
Ph.D. degrees in physics in 1953 and 1957. 

respect ively, both 
from the Hebrew 
University, Jerusa-
lem, Israel 

Ile has been with 
the Department of 
Electronics. Weiz-
mann Institute of 
Science, Rehovoth, 
Israel, since 1953, 
with the exception 
of one year, 1959, 
which was spent as 
a research associate 

in the Department of Electrical Engineering, 
University of Illinois, t rbana. 

Dr. Aharoni is a member of the Israeli 
Physical Society and the American Physical 
Society. 

A. AHARom 

Lloyd V. Berkner (A'26-M'34-S:\ 1'43-
F'47) %vas born in Milwaukee, \Vis., on 
February 1, 1905. Ile received the B.S. 

degree in electrical 
engineering in 1927 
from the University 
of Minnesota, which 
honored him with the 
Distinguished Alum-
ni Award in 1952, 
and studied physics 
for two years, 1933-
1935, at George 
Washington Univer-
sity. He has been 
awarded honorary 
Doctorate degrees by 

Brooklyn Polytechnic Institute, 1955; Upp-
sala University, Sweden, 1956; University 
of Calcutta, India, 1957; Dartmouth Col-
lege, 1958; University of Notre Dame, 1958; 
University of Edinburgh, Scotland, 1959; 
Columbia University, 1959; University of 
Rochester, 1960. 

While still an undergraduate, he was 
engineer-in-charge at radio station \VLB-
WGMS, Minneapolis. For one year after 
graduation, he worked as an electrical engi-
neer for the Airway Division of the U. S. 
Bureau of Lighthouses. He was an engineer 
with the first Byrd Expedition to the Ant-
arctic in 19284930, and was awarded the 
U. S. Special Congressional Gold Medal, the 
Silver Medal of the Aeronautical Institute, 
and the Gold Medal of the City of New 
York for his services. For three years there-
after, he was on the staff of the National 
Bureau of Standards. From 1933 to 1941, he 
was a physicist with the Department of 
Terrestrial Magnetism of Carnegie Insti-
tution of Washington, and during 1940-1941, 
he was a consultant to the National De-
fense Research Committee. 

An aviator in the Naval Reserve since 
1926, Dr. Berkner was called to active duty 
as head of the Radar Section, Bureau of 
Aeronautics in 1941. He directed the Bu-
reau's Electronics Materiel Branch from 
1943-1945, and served on the I T.S.S. 
Enterprise in 1945. He has held the rank of 
Rear Admiral, USN R, since 1955. 

During 1946-1947, he was Executive 
Secretary of the Research and Development 
Board and remained a consultant to the 
Board until 1951. He was head of the Section 
on Exploratory Geophysics of the Atmos-
phere, Department of Terrestrial Magnet-
ism, Carnegie Institution from 1947 to 1951. 
Since 1951, he has been President of Associ-
ated Universities, Inc., New York, N. Y., 
an educational institution which operates 
such research facilities as Brookhaven 
National Laboratory under contract with 
the Atomic Energy Commission and the 
National Radio Astronomy Observatory 
under contract with the National Science 
Foundation. 

Dr. Berkner has held various offices in 
government, industry, and education. In 
the State Department, he served as Special 
Assistant to the Secretary of State and 
Director of the Foreign Military Assistance 
Program in 1949, and Chairman of the In-
ternational Science Steering Committee 
and author of the document "Science and 
Foreign Relations, - in 1949-1950. Fle was 
a consultant on special projects at M. 1.1'. 
during 1950-1952, and a consultant to the 
National Security Resources Board during 
1952-1953. At present, he is on the Board 
of Directors of the Long Island Biological 
Association and of Texas Instruments, Inc., 
is charman of the Committee on Rockefeller 
Public Service Awards, and is a consultant 
to the President's Science Advisory Com-
mittee. 

He received the Science Award of the 
Washington Academy of Sciences in 1941; 
Commendation Ribbon, Secretary of the 
Navy, in 1944; Honorary Officer, Order of 
the British Empire in 1945; U. S. Legion of 
Merit, in 1946; and Alumni Recognition 
Award of Acacia Fraternity, in 1954. 

Dr. Berkner is Treasurer of the National 
Academy of Sciences and Chairman of its 
Space Science Board, Vice- President of the 
Special Committee on the IGY, and an 
ex-officio member of the Executive Com-
mittee of the U. S. National Committee for 
the IGY. 

He is also President of URSI, Past 
President of the International Council of 
Scientific Unions, and a former member of 
the Executive Committee of the Inter-
national Union of Geodesy and Geophysics. 

He is President of the American Geo-
physical Union, and a Fellow of the Ameri-
can Academy of Arts and Sciences, AI EE, 
the American Physical Society, the Arc-
tic Institute of North America, and the 
New York Academy of Sciences. He is a 
member of the AAA'S, the American Philo-
sophical Society, the Council on Foreign 
Relations, the Philosophical Society of 
\Vashington, the Washington Academy of 

J. W. Bai MER 

Sciences, Acacia, Eta Kappa Nu, Plumb 
Bob, Scabbard and Blade, Theta Tau, the 
Cosmos Club, Explorers Club, and Century 
Association. 

Abroad, he holds membership in the 
Royal Swedish Academy of Sciences, the 
Swedish Academy of Arts and Sciences, the 
PhysiCal Society of India, the New Zealand 
Electronics Institute, and the Royal Society 
of Arts ( England). 

John W. Bremer was born in Schenec-
tady, N. Y., on September 30, 1932. Ile re-
ceived the B.S.E.E. and M.S.E.E. degrees 

in 1955, both from 
the Massachusetts 
Institute of Technol-
ogy, Cambridge. His 
thesis topic was con-
cerned with multiple 
nonlinearities in con-
trol systems. 

He joined the 
General Electric Com-
pany in 1955, where 
he was first engaged 
in control systems 
analysis, including 

supervision of an analog computer facility; 
and then, in 1956 he became project engi-
neer for Crvotron Development, located 
at the G.E. Research Laboratory. He is now 
holding the same position at the G.E. Com-
puter Laboratory in Palo Alto, Calif. 

Mr. Bremner is a member of the AIEE, 
Sigma Ni, and Eta Kappa Nu. 

\V. A. Edson ( M'41-Sl\l'43-1.-57) was 
born in Burchard, Neb., on October 30, 1912. 
Ile received the B.S.E.E. and M.S.E.E. de-

grees in 1934 and 
1935, respectively, 
from the University 
of Kansas, Lawrence. 
The following two 
years were spent at 
Harvard University 
on a fellowship. Upon 
receiving the D.Sc. 
degree in conlniuni-
cation engineering in 
1937, he joined the 

\V. A. EosoN systems development 
department of Bell 

Telephone Laboratories. 
In 1941, he joined Illinois Institute of 

Technology, Chicago, as assistant professor 
of electrical engineering. Ile became profes-
sor of physics at the Georgia Institute of 
Technology, Atlanta, in 1945, professor of 
electrical engineering in 1946, and was direc-
tor of the School of Electrical Engineering 
from 1951 to 1952. 
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In 1952, he joined Stanford University as 
a research associate in the Electronics Lab-
oratory and acting professor of electrical 
engineering. In 1954 he joined the newly-
founded General Electric Microwave Lab-
oratory at Stanford, where he is now man-
ager of the Klystron Subsection. 

Dr. Edson is a member of the American 
Physical Society, the AAAS, and the A I EE. 

Harold H. Edwards (M'59) was born in 
Delhi, N. Y., on July 14, 1932. He received 
the Bachelor of Engineering Physics degree 

from Cornell Uni-
versity, I thaca, N. Y., 
in 1955. 

After graduation, 
he joined the General 
Electric Company's 
Advanced Engineer-
ing Program, com-
pleting the three-year 
course in 1958. He 
then joined the GE 
Light Military Elec-
tronics Department's 
advanced engineer-

ing group in Ithaca, N. Y. He has been 
temporarily assigned to the GE Research 
Laboratory to develop thin-film supercon-
ductive devices for computer circuits. 

H. H. EDWARDS 

E. II. Frei ( M'58) was born in Vienna, 
Austria, on March 2, 1912. He received the 
Ph.l ). degree from the University of Vienna, 

Austria, in 1936. 
I le has been with 

the Department of 
Electronics, \Veiz-
maim Institute of Sci-
ence, Rehovot, Israel, 
since 1948, with the 
exception of two 
years ( 1950-1952) 
which were spent 
with the Computer 
Project of the Insti-
tute for Advanced 
Study, Princeton, 

N. J. In 1958 he was made acting head of the 
Department of Electronics. At present, he is 
spending his sabbatical leave at the Stanford 
Research I nst it ute, Menlo Park, Calif. 

Dr. Frei is a member of the Israeli Phys-
ical Society and the American Physical 
Society. 

Marcel J. E. Golay (SM'51-F'60) was 
born in Neuchatel, Switzerland, on May 3, 
1902. Ile attended the Gymnase Scientifique 
of Neuchatel where he received the B.S. de-
gree in 1920, and the Federal Institute of 
Technology in Zurich where he received the 
License in Electrical Engineering in 1924. 
He attended the University of Chicago, 
where he obtained the Ph.D. degree in 
physics in 1931. 

From 1924 until 1928, he was at the 
Bell Telephone Laboratories. After a short 

N. MOWN VAl, J R. 

M. J. E. GOLAY 

association with the Automatic Electric 
Company, Chicago, Ill., he entered the civil 
service, and was a member of the Signal 

Corps Engineering 
Laboratories at Fort 
Monmouth, N. J., 
until 1955. He is now 
serving as consultant 
to the Philco Cor-
poration, Philadel-
phia, Pa., and to the 
Perkin-Elmer Cor-
poration, Norwalk, 
Conn. 

Dr. Golay is a 
member of the Amer-
ican Physical Soci-

ety, the Optical Society of America, the 
American Rocket Society, and the Society 
for Applied Spectroscopy. 

Nick Holonyak, Jr. (S'51-A'55-M '59) 
was born on November 3, 1928 in Zeigler, 
Ill. Ile received the B.S. degree in electrical 

engineering in 1950, 
the M.S. degree in 
1951, and the Ph.D. 
degree in 1954 from 
the University of Il-
linois, Urbanzi. While 
a graduate student at 
the University of Il-
linois, Ile was a teach-
ing assistant, a re-
search assistant in 
microwave tubes and 
semiconductor elec-
tronics, and held the 

Texas Instruments Fellowship in transistor 
physics. He joined the transistor develop-
ment department of Bell Telephone Labora-
tories in 1954 and worked on diffused- im-
purity silicon devices. He was inducted into 
the U. S. Army in 1955 and served with the 
Signal Corps at Fort Monmouth, N. J. and 
in Japan. In 1957 he joined the Advanced 
Semiconductor Laboratory of the General 
Electric Company and has been involved in 
studies of power and signal p-n-p-n devices 
and tunnel diodes. 

Dr. Holonyak is a member of the Ameri-
can Physical Society, the Mathematical 
Association of America, Sigma Xi, Eta 
Kappa Nu, Tau Beta Pi, Pi Mu Epsilon, 
and Phi Kappa Phi. 

Jess J. Josephs was born in New York. 
N. Y. on January 4, 1917. He obtained his 
B.A. and M.S. degrees and the Ph.D. degree 

in physical chemistry 
at New York Univer-
sity, New York. After 
serving in the U. S. 
Navy as a chief engi-
neer on an LST in 
World War II, he 
successively taught 
at Northwestern Uni-
versity, the Univer-
sity of Chicago, and 
Boston University. 

J. J. JosEPHs From 1950 to 1952 he 
was Assistant Direc-

tor of the Upper Atmosphere Research 
Laboratories at Boston University. He is 

A. K. RAMAL 

now at Smith College in Northampton, 
Mass, where he is Associate Professor of 
Physics and Chairman of the Department of 
Physics. He was a member of the summer 
staff at the Massachusetts Institute of Tech-
nology, Lincoln Laboratory, Lexington, 
Mass., in 1956, also 1957 and 1959. This past 
summer he was also with the Mitre Corpora-
tion, Bedford, Mass., where he is currently a 
consultant. 

His research and studies have carried him 
into the fields of infrared spectroscopy, reac-
tion kinetics, electroluminescence and ferro-
electricity. 

Dr. Josephs is a member of the American 
Physical Society, American Association of 
Physics Teachers, American Chemical So-
ciety, Sigma Xi, and Phi Lambda Upsilon. 

Aditya K. Ramal (M'57) was born on 
July 5, 1927, in Kairana, India. He received 
the B.Sc. degree from Benares Hindu Uni-

versity, Benares, In-
dia, in 1946, the 
M.Sc. degree from 
Allahabad Univer-
sity, India, in 1948, 
the D.I.I.Sc. diploma 
from the Indian In-
stitute of Science, 
India, in 1951, and 
the Doctor of Engi-
neering degree from 
Paris University, 
Paris, France, in 
1957 

From 1952 to 1954 he was employed as 
a staff engineer with the Marconi Wireless 
Telegraph Co., Ltd., Chelmsford, England. 
in their VHF development group. In 1954 
he joined the Compagnie Generale de Tele-
graphic sans Fil, Paris, France, in the de-
partment of Applications of Radar. In 1957 
he went to India to take the position of 
senior scientific officer and became the head 
of the Special Circuit Division at the Elec-
tronics Engineering Research Institute, Pi-
lani, India. In 1959, after spending three 
months with Ligne Télégraphique et Télé-
phonique, Paris, France, as a senior en-
gineer in the area of millimeter wave diode 
research, he came to the U. S. Since then 
he has been an assistant professor in the 
School of Electrical Engineering, Purdue 
University, Lafayette, Ind., where he di-
rects the Millimeter Wave Research Lab-
oratories. 

Harold B. Law (SM'46-F'52) was born 
at Douds, Iowa, on September 7, 1911. Ile 
received the B.S. degree in liberal arts and 

the B.S. degree in 
education, both in 
1934, front Kent 
State University, in 
Kent, Ohio. He re-
ceived the M.S. and 
Ph.1). degrees in 
physics from the Ohio 
State University, Co-
lumbus, in 1936 and 
1941, respectively. 

Dr. Law taught 
H. B. LAW elementary mathe- s. 
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I. ARNOLD LES!: 

matics at schools in Maple Heights, Ohio, 
and in Toledo, Ohio, in 1935 and 1937-
1938, respectively. In 1941, he joined the 
Radio Corporation of America, Camden, 
N. J., and in 1942 transferred to the David 
Sarnoff Research Center in Princeton, N. J. 
He has engaged in research OD pickup tubes 
and, more recently, on color kinescopes. 

Dr. Law is a member of the American 
Physical Society and of Sigma Xi. 

I. Arnold Lesk ( S'47-A'52-M'56-SM'59) 
was born in Regina, Sask., Canada, on Jan-
uary 26, 1927. Ile received the B.Sc. degree 

in engineering physics 
from the University 
of Alberta, Edmon-
ton. in 1948 and the 
Ph.D. degree in elec-
trical engineering from 
the University of Illi-
nois, t rbana, in 1951. 
At the University of 
Alberta he won sev-
eral awards, includ-
ing a gold medal in 
engineering. He held 
a Galvin Fellowship 

for one 'ear and a half-time teaching assist-
antship for two years at the t niversity of 
Illinois. His thest2s topics there were con-
cerned with thyratrons and oxide semicon-
ductors. 

In November, 1951, he joined the Elec-
tronics Laboratory of General Electric 
Company, Syracuse, N. Y., where he has 
worked on semiconductor devices and ma-
terials. In 1957 he was named consultant, 
semiconductor devices and techniques, in 
the Advanced Semiconductor Laboratory of 
the Semiconductor Products Department. 

Dr. Lest: is a member of the American 
Physical Society, the Electrochemical So-
ciety, Sigma Xi, Eta Kappa Xtt, Phi Kappa 
Phi atol Pi Mu Epsilon. 

Jantes A. Mullen ( S'50-A'55-SNI'57) was 
born on May 28, 1928 in Malden, Mass. He 
received the B.S. degree in physics in 1950 

from Providence Col-
lege, Rhode Island, 
after two year's serv-
ice in the U. S. Army. 
I le attended Harvard 
University, Cam-
bridge, Mass., and 
received the M.S. de-
gree in 1951 and the 
Ph.D. degree in 1955 
in the field of random 
processes. 

Since the spring 
of 1955 he has been 

employed by the Research Division of Ray-
theon Co., Waltham, Mass., where he has 
been concerned with noise in electron tubes 
and communication systems. 

Dr. Mullen is a member of Sigma Xi, the 
Society for Industrial and Applied Mathe-
matics, and the Operations Research Society 

• 
of America. 

J. A. MULLEN 

V. L. NownotsE 

Vernon L. Newhouse ( M'55) was born 
in Mannheim, Germany, on January 30, 
1928. He received the B.S. degree in 1949, 

and the l'h.1). degree 
in 1952, both from 
the University of 
Leeds in England. 

From 1951 to 
1954, he was em-
ployed by Ferranti 
in Manchester, Eng-
land, where he de-
vehped one of the 
earliest magnetic core 
memories, afterwards 
used in the Ferranti 
Mark I I computer. 

From 1954 to 1956, he worked with RCA in 
Camden, N. J., where he headed the group 
responsible for the circuits of the Bizmac 
Computer System. After the completion of 
Bizmac, he developed a ferrite plate memory 
and participated in the discovery of the do-
main wall viscosity effect. Since 1957, he has 
been employed by the General Electric Re-
search Laboratory, Schenectday, X. Y.. 
where he is working on the physics and com-
puter applications of superconductive films. 

Dr. Newhouse is a member of the Ameri-
can Physical Society. 

Kerns H. Powers (S'48-A'52-M'57-
S1W59) was born on April 15, 1925 in \Vaco, 
Texas. After serving in the U. S. Navy from 

1942 to 1946, he en-
tered the University 
of Texas, Austin, 
where he received the 
B.S. and M.S. de-
grees in electrical en-
gineering in 1951. In 
that year, he joined 
the research staff of 
RCA Laboratories, 
Princeton, N. J., 
where he was en-

K. H. Powtss gaged in research on 
color television and 

high resolution radar. In 1953, he was 
awarded an Industrial Fellowship in Elec-
tronics for graduate study at Massachusetts 
Institute of Technology, Cambridge, where 
he received the Sc.D. degree in 1956. 

Ile then returned to RCA Laboratories, 
where he is now engaged in analytical 
studies in communication theory. He is also 
an Adjunct Professor of Electrical Engineer-
ing at Newark College of Engineering. 

Dr. Powers is a member of Tau Beta Pi. 
Eta Kappa Nu, and Sigma Xi. 

Edward G. Ramberg ( M'53-SM'53-
F'55) was born in Florence, Italy, on June 
14, 1907. Having entered Reed College, 
Portland, Ore., in 1922, he transferred two 
years later to Cornell University, Ithaca, 
N. Y., from which he received the B.A. de-
gree in 1928. Continuing his study at Cor-
nell, he became Heckscher Research Assist-
ant in the physics department there until 

J. J. TtomANN 

E. G. RANutoso 

1930. He then went to the Univorsitv of 
Iunich, Germany, ru ait which he received 

the Ph.D. degree in 1932. 
Dr. Ramberg's 

undergraduate work 
at Cornell was inter-
rupted by a two-year 
employment as a sci-
entific aide in optical 
computation with 
Bausch and Lomb 
Optical Company, 
Rochester, X. Y. A-I.-
ter returning from 
Munich, in 1932, he 
went back to Cornell 
as a resoarch assist-

ant atol worked on the theory of X-ray 
satellites and line widths, until 1933. Ile then 
joined the Electronic Research Laboratt try of 
RCA 1\ lanufacturing Company, Camden, 
N. J., as a junior coincer. In 1912, he was 
transferred as research physicist to the RCA 
Laboratories at the David Sarnoff Research 
Center in Princeton, N. J. From 1943 to 
1945, Dr. Ramberg worked in Civilian Pub-
lic Service. Some of this time he was engaged 
in work on electronic aids for the blind, un-
der the Office of Scientific Research and 
Development, at tlaskins Laboratory, New 
York, N. Y. Having returned to the RCA 
Laboratories in Princeton, in 1946, he has 
worked in the fields of electron microscopy, 
electron optics and optics related to tele-
vision, theory of thermoelectric refrigera-
tion, and other problems in electron physics. 
In 1949, he interrupted this work to serve as 
visiting professor at the University of 
M unich. 

Dr. Ramberg is a Fellow of the American 
Physical Society. He is also a member of the 
Electron Microscope Society of America, the 
American Association of Physics Teachers, 
the American Association for the Advance-
ment of Science, and of Sigma Xi and Phi 
Beta Kappa. 

Jerome J. Tientann ( M'59) was born on 
February 21, 1932, in Yonkers, N. Y. He re-
ceived the B.Sc. degree in physics from the 

Massachusetts Insti-
tute oh Technology, 
Cambridge, in 1953 
and the Ph.I ). degree 
front Stanford Uni-
versity, Stanford, 

— Calif., in 1960. His 
dissertation was con-
cerned with high en-
ergy nuclear physics. 

In 1957 he as-
sumed his present 
position in the semi-
conductors studies 

section of the General Physics Research De-
partment at the General Electric Research 
Laboratory, Schenectady, N. Y. His fields 
of interest include fundamental research in 
physics, the physics and electrical properties 
of devices, device development, and circuit 
applications. Since 1958, most of his work 
has been connected with the tunnel diode. 

Dr. Tiemann is a member of the Ameri-
can Physical Society and Sigma Xi. 
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Books  

The Other Side of the Moon, issued by the 
USSR Academy of Sciences, translated by 
J. B. Sykes 

Published ( 1960) by Pergamon Press, 122 E. 55 St., 
N. Y. 22, N. Y. 36 pages. 8 Illus. 81 X101. $2.50. 

The book contains a short, nontechnical 
description of the third Soviet Space Rocket 
launched on October 4, 1959. It also contains 
printed halftone reproductions of the photo-
graphs made in the Space Rocket of the 
"other side" of the moon. 

The apparatus, techniques and the orbi-
tal path of the rocket are described qualita-
tively, but in some detail. The photographic 
apparatus and the radio transmission capa-
bilities are presented. The point at which roll 
was eliminated and photo stabilization was 
achieved for proper photography is given. 

Although 35 mm film was used and lens 
diameters of 14 inches and 2 inches are given 
indirect ly, and the radio transmission capa-
bility of 1000 lines per frame is claimed, the 
resolution is much poorer than would be ex-
pected tinder these conditions. This poor 
resolution is not explained. 

C. H. HOEPPNER 
Radiation, Inc. 
Melbourne, Fla. 

Electrons and Phonons, by J. M. Ziman 

Published ( 1960) by Oxford University Press, 417 
Fifth Ave., N. Y. 16. N. Y. 523 pages +30 index 
pages +xiv pages. 166 figures. 61 X94., $ 13.45. 

Graduate students and others interested 
in gaining a rather deeper view of solid state 
physics will ‘velcome this book. From a 
pedagogical standpoint, it is one of the clear-
est and most literate textbooks on the sub-
ject that has yet appeared. Its subject mat-
ter, as its title implies, is concerned with 
those properties of solids which are deter-
mined by electrons and lattice vibrations 
(phonons). 

The book is developed in a logical and 
detailed manner, the emphasis being placed 
on physical interpretation rather than 
mathematical rigor. It begins by presenting 
the ideas and formal apparatus necessary for 
understanding the behavior of lattice vibra-
tions. A corresponding discussion for elec-
trons along the lines of traditional single 
particle theory and a brief review of band 
theory is followed by a comprehensive treat-
ment of phonon-phonon, electron-electron, 
and electron-phonon interactions as well as 
a discussion of interactions with various im-
perfections in the solid, such as point imper-
fections, dislocations, and stacking faults. 
These are necessary ingredients for the 
"Theory of Transport Phenomena in Solids," 
that is, of those aspects of solid state theory 
dealing essentially with electric and thermal 
conduction, the central theme and the an-
nounced subtitle of the book. The formal 
transport theory built around the Boltzmann 
equation is presented from the usual heu-
ristic viewpoint with relatively little atten-
tion paid to the foundations. A thorough 
discussion of variational methods in trans-
port theory, tying these methods to well-

known thermodynamic principles, will be 
found useful, since such techniques are be-
coming increasingly important. In the area 
of applications of the theory, the chapters 
on lattice thermal conduction in insulators 
and metals and electronic conduction in 
metals are to be highly recommended. In 
contrast, the discussion of semiconductors is 
much more cursory, many important theo-
retical contributions in this area being com-
pletely omitted. Indeed, those expecting a 
treatise covering all important aspects 
should take note of the statement made in 
the chapter on mobility in semiconductors: 
"From the point of view of the electronics 
industry what we have to say is largely of 
academic interest." 

It is also to be regretted that several im-
portant theoretical advances of the last five 
years are essent ally neglected. There is an 
all too brief mention of galvanomagnetic 
effects in high fields, and quantum mechani-
cal transport theory in general. Also, the 
theory of superconductivity which falls 
within the purview announced by the book's 
title is completely omitted. Understanding 
of these more difficult areas would un-
doubtedly have been considerably furthered 
if the author had chosen to deal with them, 
since his ability for presenting lucid exposi-
tions of frequently abstract subject matter 
is quite considerable. 

H. Ell8ENREICH 
General Electric Research Lab. 

Schenectady, N. Y. 

Introduction to Electrical Engineering, by 
Robert P. Ward 

Published ( 1960) by Prentice-Hall, Inc., Engle-
wood Cliffs, N. .1. 362 pages +6 index pages +2 ap-
pendix pages +x pages. Illus. 61 X91. S8.50. 

Professor Ward intended this book as an 
introductory text to "electrical science in 
engineering." It includes the subject ma-
terial normally contained in an early elec-
trical engineering course. However, greater 
emphasis is placed on the electric circuit and 
magnetic concepts. 

An introductory chapter precedes funda-
mental electrical concepts and laws of the 
electric circuit. This is followed by electrical 
networks limited to linear resistances and 
de sources only, since capacitance and in-
ductance are taken up in a later phase of the 
book. This is a good chapter, but could stand 
some expansion in the early part on net-
work graphs. Construction of indicating in-
struments is discussed before getting into 
the uses of ammeters, voltmeters, and 
bridges. Characteristics of metallic conduc-
tors are given consideration. 

The next five chapters are concerned 
with magnetic concepts, ferromagnetic ma-
terials, the magnetic circuit, electromagnetic 
forces and induction, and motional electro-
motive force. This area was particularly well 
organized and is one of the strong points of 
the book. 

Electric field concepts are covered well 
in the next chapter. Here his approach to 

capacitance through the electric field is 
straightforward. Capacitance is followed by 
two chapters, one on conduction in liquids 
and gases and the final one on transient re-
sponse of simple circuits. 

The author covered a considerable 
amount of material in a matter of some three 
hundred and fifty pages. Since he intended 
this as an introduction to elect rical engineer-
ing, the short space was adequate for this 
type of coverage. 

On the whole, he did an excellent job of 
organizing his material and presenting it in 
an "easy to read" manner. He was generally 
brief and to the point. 

Throughout the book are very good 
selections of problems, frequently preceded 
by example problems worked out in detail. 
At the end of each of twelve of the fourteen 
chapters is a group of study questions. The 
example problems, the problems scattered 
throughout the book and the study problems 
enhance the value of the book for classroom 
work. 

JosEett J. GE ttseoN 
Del,ry Technical Institute 

Chicago, Ill. 

Experiments in Electronics, by W. H. Evans 

Published ( 1959) by Prentice- Hall, Inc.. 70 Fifth 
Ave., New York 11, N. Y. 334 pages +38 appendix 
pages +ix pages. Illus. 4 X61. $6.95. 

A representative and substantial sam-
pling of the material encountered in an in-
troductory course is to be found in the one 
hundred laboratory exercises ( two experi-
ments devoted to each of fifty different sub-
jects) which comprise the present work. 
Emphasis is upon the uses of electron de-
vices in circuits, with secondary attention 
paid to the physics of the devices them-
selves. 

The general pattern of presentation of 
each experiment is this: Purpose (a sentence 
or two), Information ( from one or two to 
sometimes several paragraphs of general 
comments, but not included in all experi-
ments), Preliminary (questions or problems 
to direct thought to pertinent aspects of the 
subject matter), Performance (the actual 
instructions as to what to do), Calculations 
and Conclusions, References, and Materials 
Required ( in a few cases citing manufacturer 
and type number). It is evident that this 
work is intended for use in conjunction with 
a textbook and other reference works, and 
that the laboratory exercises are intended to 
supplement classroom lectures and problems. 

The selection of material is sufficiently 
broad to afford a year or so of laboratory ex-
periments with good variety. Included are 
experiments which afford familiarization 
with commonly encountered electronic in-
struments, and with the fundamental prop-
erties of tubes, transistors, and solid state 
rectifiers and their important applications in 
amplifier, oscillator, wave-shaping, light 
sensing and power-supply circuitry. 

Included is a good selection of transistor 
experiments—thirteen of the fifty pairs— 
and proper emphasis is placed upon biasing. 
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The transistor inverter power supply circuit 
might well be added. The semiconductor 
junction diode receives less than its fair 
share of attention; and with recent interest 
and effort centered upon parametric ampli-
fier circuits and tunnel diodes, these topics 
must surely be included in another edition 
of this work. Too, the categorical exclusion 
of microwave experiments on the grounds, 
expressed in the Preface, of "diversity of 
available equipment" hardly seems justified. 

In general, the presentations are terse 
and to the point. Not all the details are 
spelled out, leaving room for the exercise of 
judgment by the student. This is commend-
able, for it is perhaps more important, even 
at this level, that the student be able to de-
cide what is worth doing than it is that he 
be able to do it when instructions are laid 
before him. Included in the book is a good 
assortment of graphical data on vacuum 
tubes, transistors, thyratrons and photo-
tubes. The value of this volume is obvious, 
especially to the student left to work out 
laboratory exercises with a minimum of help 
and to the instructor organizing a new 
laboratory. 

CARL R. V1/4-ISCHMETER 
Rice University 
Houston 1, Tex. 

Nuclear Fusion, Dr. William P. Allis, Ed. 

Published ( 1960) by D. Van Nostrand Co., Inc., 
120 Alexander St., Princeton. N. J. 471 pages + 12 
index pages +5 appendix pages +viii pages. Illus. 
61 X91. $12.50. 

One of the major milestones in progress 
on the control of hydrogen fusion for produc-
tion of nuclear power was the Second Inter-
national Conference on Peaceful Uses of 
Atomic Energy, held in Geneva in Septem-
ber, 1958. Some months later, the United 
Nations published a complete Proceedings, 
in 33 volumes, of which volumes 31 and 32 
were devoted to the Ill papers on controlled 
fusion The present Van Nostrand book is 
one of a 3-volume condensation, under the 
title, "Second Geneva Series on the Peace-
ful Uses of Atomic Energy," and under the 
general editorship of Dr. J. G. Beckerley. 
This volume is edited by Professor Allis, of 
the Massachusetts Institute of Technology, 
a well-known research leader in plasma 
physics. In the book, Professor Allis has 
carefully selected 28 of the Ill papers on 
controlled fusion; he has edited and/or con-
densed these papers, divided them among 
11 chapter headings and written a very 
short critical discussion for each chapter, in 
which many of the omitted papers are 
mentioned (by number). 

It is well known that this Conference saw 
the first public release of the vast amount of 
U.S.A. research on controlled fusion, and 
that the U.S.A. contributed about 60 per 
cent of the papers on the subject. The papers 
which Professor Allis has selected comprise 
16 from the U.S.A., 8 from the U.S.S.R., and 
4 from the U.K., a fair representation of the 
major contributions. A few of the more im-
portant U.S.A. papers were omitted on the 
grounds that they. have received wide circu-
lation in technical journak Unfortunately, 
no detailed reference is given to such journal 
publication, so the reader will find it a chore 
to locate an omitted paper. Even more 

strange, this reviewer could find no mention 
anywhere in the book of the official Proceed-
ings, in which all the papers were published 
in full. An Appendix lists these papers but 
gives no indication of how a reader can ob-
tain them. In connection with references, 
each chapter has a long list, many of which 
refer to U. S. Atomic Energy Commission 
reports, conference reports, etc. These are 
important original references, but are not 
normally available in an average technical 
library. 

The editor deemed it desirable for brev-
ity and clarity to make changes and omis-
sions in the original texts, thus giving the 
present book a somewhat more unified 
presentation, and probably easier to read 
than the originals, in many cases. On the 
other hand, the omissions from original texts 
make for strange reading in a few instances, 
as for example, the survey paper by Tuck on 
Los Alamos work. In the original, the im-
portant Scylla experiment was fully de-
scribed; in Professor Allis' book, the word 
Scylla is used repeatedly in the condensation 
of Tuck in Chapter I, but there is no indi-
cation whatever of the nature of this piece 
of apparatus, or the details of the experi-
ment. There is also no reference to where 
this material can be found. A knowledgeable 
reader will find, through some effort, that 
Scylla is described in Chapter VII, whose 
title is Ring Discharges. An omission in the 
book is the paper by Trubnikov and Kud-
ryavtsev, which was the most exciting of the 
Conference, since it predicted that electron 
cyclotron radiation might prevent any suc-
cessful deuterium reaction, in a magnetic 
field. Later calculations by others have 
shown that, although the numerical results 
exaggerated the effect, the phenomena may 
be of major importance. 

To summarize this reviewer's comments, 
the book is not a substitute either for a sur-
vey paper, or for Volumes 31 and 32 of the 
complete Proceedings. However, it is a very 
convenient summary of a group of important 
papers. The editing and references represent 
a great deal of work by the editor, helpful in 
many instances, and a hindrance in others. 

E. W. HEROLD 
Varian Associates 
Palo Alto. Calif. 

Solid State Physics in Electronics and Tele-
communications, Vol. I, Semiconductors, 
Part 1, M. Diserant and J. L. Michiels, Eds. 

Published ( 1960) by Academic Press Inc.. lit Fifth 
Ave.. N. V. 3, N. V. 638 pages +xxiii pages. Illus. 
6: X10. $16.00. 

This book represents the first of two 
volumes recording the proceedings on semi-
conductors of an international conference on 
solid state physics in electronics and tele-
communications sponsored by the Inter-
national Union of Pure and Applied Physics 
in Brussels during June, 1958. The papers 
are divided into six categories: Preparations 
of semiconductors and allied problems; 
Properties of semiconductors; Solid state 
theory; Effects of intense electric fields in 
semiconductors; Noise in semiconductors; 
and Surface phenomena. Authors from all 
over the world are represented, and a read-
ing knowledge of French and German is de-

sirable since, of a total of about 61 papers, 
14 are in French and 7 are in German. 
A review of the papers indicates them to 

be of uniformly high quality and to cover 
a wide range of topics which are virtually 
required reading for workers in the growing 
field of semiconductor circuits. The quality 
of the printing and illustrations is good. 
The majority of the papers are well an-
notated with biographical references. 

R. P. BURR 
Circuit Research Co. 

Glen Cove. L. I.. N. V. 

RECENT BOOKS 

Bell, D. A., Electrical Noise, Fundamentals 
and Physical Mechanism. D. Van Nostrand 
Co., Inc., 257 Fourth Ave., N. Y. 10, N. Y. 
$9.75. A unified reference and source book 
on electrical noise, concerned primarily 
with the mechanism of noise in physical 
devices which are of interest to physicists 
and electrical engineers. 

Chapman, Alan J., Heat Transfer. The 
Macmillan Co., 60 Fifth Ave., N. Y. 11, 
N. Y. 89.00. A teachable textbook in the 
field of heat transfer, presenting the 
fundamental approach in a vigorous man-
ner. Presupposes a knowledge of mathe-
matics and the fundamental principles of 
thermodynamics and fluid dynamics. 
Written for use in an introductory course 
in heat transfer taught to senior or first-
year graduate students. 

Gaynor, Frank, Aerospace Dictionary. Philo-
sophical Library Inc., 15 East 40 St., 
N. Y. 16, N. Y. $6.00. An up-to-date ref-
erence work of essential terminology in 
space exploration. Includes every abbre-
viation in use, together with abbreviations 
of missiles and vehicles and their desig-
nations. 

Halliday, David and Resnick, Robert, 
Physics for Students of Science and Engi-
neering. John Wiley and Sons, Inc., 440 
Fourth Ave., N. V. 16, N. Y. $6.00. A 
beautifully illustrated and highly readable 
textbook for a general physics course for 
engineers and scientists. Parts I and II 
are available in separate editions, and in a 
combined edition as well. For a more de-
tailed description of the general features 
of this set, see the review of Part I ( F. 
Hernian, Paoc. IRE, July, 1960). 

Neal, J. P., Electrical Engineering Funda-
mentals. McGraw-Hill Book Co., Inc., 330 
\V. 42 St., N. Y. 36, N. Y. $8.50. 

Oldlield, R. L., Radio- Television and Basic 
Electronics, Second Edition, American 
Technical Society, 848 East Fifty-Eighth 
St., Chicago 37-, Ill. $4.95. A learner-
oriented method is used throughout the 
book. Electrical principles, electronic 
phenomena, functioning of electronic 
equipment, differences between Mono-
phonic and Stereophonic High Fidelity 
Systems are among the subjects discussed. 

Shiere, Alexander, Ed., Low- Frequency A m-
plifier Systems. John F. Rider Publisher, 
Inc., 116 \V. 14 St., N. Y. 11, N. Y. $ 1.80. 
Deals with the subject matter by keeping 
the mathematical treatment to a mini-
mum without simplifying the material to 
a point which might mislead the reader. 
Review questions at the end of each 
chapter. 
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Scanning the Transactions 

Tunnel diodes, with their extremely high frequency limit, 
are finding important use in high-speed computer logic cir-
cuits. Unlike transistor switching circuits, tunnel diode cir-
cuits are essentially bilateral and require special circuit ar-
rangements to obtain a unilateral characteristic for the trans-
mission and amplification of digital signals. This is the same 
situation which was encountered by the inventors of the pa-
rametron. These same workers, and their colleagues in Japan, 
have applied the principles of the parametron circuits to the 
tunnel diode case, and have developed experimental logic cir-
cuits with clock rates of 30 mc. Their work shows that with 
presently available germanium tunnel diodes, a clock rate of 
100 mc should be possible, and with the future development of 
improved tunnel diodes, a 1000-mc rate may become feasible. 
(E. Goto, et al., " Esaki diode high-speed logical circuits," IRE 
TRANS, ON ELECTRONIC COMPUTERS, March, 1960.) 

The first known wave-type amplifier apparently pre-dates 
the traveling-wave amplifier by more than a half century. A 
recently published book makes reference to a lecturer who in 
1890 described an acoustic amplifier which made use of grow-
ing waves similar in some respects to those encountered in 
traveling-wave tubes, double-stream amplifiers and other pres-
ent-day electron beam devices. The amplifier was attributed 
to Chichester Bell, cousin of Alexander Graham Bell. In this 
amplifier, a thin jet of water was directed against a small rub-
ber diaphragm which was coupled to a horn. Any wave on the 
stream of water would cause the diaphragm to vibrate, pro-
ducing a sound from the horn. When a tuning fork or music 
box was pressed to the water nozzle, growing waves were set 
up in the stream of water which produced a volume of sound 
from the horn sufficient to be heard through a lecture hall. 
(J. R. Pierce, "An interesting wave amplifier," IRE TRANS. 
ON ELECTRON DEVICES, April, 1960.) 

Radar spelled backwards is radar. There is no way of tell-
ing how many times this word has been inadvertently spelled 
in reverse by careless authors, editors and typesetters. It is 
doubtful that anyone makes this mistake deliberately. Some 
words, however, have been spelled backwards on purpose, and 
have achieved some measure of fame as a result—Serutan, for 
example. In the world of electronics, the mho has become a 
widely known, frequently used, and valuable upside-down 
companion to the ohm. Some have gone so far as to propose 
the term yrneh as the inverted counterpart of the upright 
henry. It was perhaps inevitable, therefore, that we should 
eventually find ourselves using a HTI MS chart. As the name 
implies, a HTI MS chart is an inverted Smith chart. It is used 
for plotting impedances that have negative resistance com-
ponents. In one form, the two types of charts are placed back 
to back to form a "double SMITH-HTIMS chart." Although 
this gives a most common name a most uncommon appear-
ance, it also provides the engineer with a valuable addition to 
his bag of tools. ( R. L. Kyhl, " Plotting impedances with nega-
tive resistance components," IRE TRANS. ON MICROWAVE 
THEORY AND TECHNIQUES, May, 1960.) 

What is a matched filter? A filter that is made to be respon-
sive to a particular signal waveform by designing its impulse 
response to be the time reverse of the waveform is said to be 
matched to the waveform. The use of such filters in detecting 
signals is substantially equivalent to the operation of cross-
correlation detection, and it has been known for 15 years that 
these procedures were desirable for extracting a simple wave-
form from noise. However, it seems that in a wide variety of 
more complicated cases, matched filters continue to play a 
role as part of the optimum form of signal processing equip-
ment. Some examples of these more complicated situations are 
rnultipath communication channels, radar detection or estima-
tion in the presence of noise, clutter, or uncertainties in target 
parameters, and others. A special issue of the INFORMATION 
THEORY TRANSACTIONS is devoted to experimental and 
theoretical work on matched filter communication and detec-
tion. A tutorial survey of the field is followed by eight con-
tributed papers on various pieces of current work. Among 
these papers are to be found a number of discussions of equip-
ment and systems that have been built according to the guide-
lines for optimality laid down by the theoretical studies. 
(Special Issue on Matched Filters, IRE TRANS. ON INFORMA-
TION THEORY, June, 1960.) 

Eight U. S. computer experts, recently returned from 
Russia, have compiled a comprehensive 49-page report on 
Soviet computer technology. Their visit, which followed a 
similar visit by a Russian delegation to the U. S., was ar-
ranged by the U.S.S.R. Academy of Sciences and the U. S. 
National Joint Computer Committee. The latter organization 
represents the three computer societies of the United States, 
namely, the IRE, ALEE, and Association for Computing 
Machinery. This unusual document covers the history of the 
delegation, itinerary, Russian organizations, machines, ap-
plications, circuits, components, education, and even Chinese 
developments. Edited by the chairman of PGEC, who was 
one of the delegates, the report has now been published by the 
PGEC in their March TRANSACTIONS. (H. \V. \Vare, et al., 
"Soviet computer technology-1959," IRE TRANS. ON ELEC-
TRONIC COMPUTERS, March, 1960.) 

Monograph on radar detection theory. Occasionally im-
portant papers appear that are just too long for most technical 
journals, and yet are not of interest to commercial publishers. 
The Professional Group on Information Theory plans to make 
an occasional such paper available to its members in the form 
of Monographs—extra issues in the TRANSACTIONS series. The 
first Monograph is a reprint of the classic series of papers by 
J. I. Marcum and P. Swerling on signal detectability in radars. 
These studies came out as a series of RAND reports beginning 
in 1947, and have been in continuing demand. A particularly 
valuable part of the volume is the extensive series of tables 
and graphs of functions that are always cropping up in problems 
of detecting and integrating sinewave signals in noise. (J. I. 
Marcum and P. Swerling, "Studies of target detection by 
pulsed radar," IRE TRANS. ON INFORMATION THEORY, April, 
1960.) 
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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 79th 
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. 

Group IRE Non-
Sponsoring Group Publication Members Members Members* 

Antennas and Propa-

gation AP-8, No. 3 
Electron Devices ED-7, No. 2 

Electronic Computers EC-9, No. 1 

Human Factors in 

Electronics HFE-1, No. 1 
Information Theory IT-6, No. 2 

Information Theory IT-6, No. 3 

Microwave Theory and 

Technique MTT-8, No. 3 

Reliability and Quality 

Control R QC-9 (Follows 

FGRQC-16) 

$2.30 $3.45 $6.90 

.85 1.30 2.55 

1.80 2.70 5.40 

2.15 3.30 6.45 

2.25 3.40 6.75 

3.00 4.50 9.00 

1.95 2.95 5.85 

2.35 3.50 7.05 

* Libraries and colleges may purchase copies at IRE member rates. 

Antennas and Propagation 

Vol_ AP-8, 3, NIA , 196() 

Editorial Comment ( p. 234) 
Propagation at 36,000 MC at Near-Vertical 

Incidence-W. L. Flock and W. D. Hersh-
berger ( p. 235) 

Fading characteristics at 36 kmc over a line-
of-sight path in the Los Angeles basin have 
been shown to be closely correlated with 
meteorological conditions, particularly with 
the relatively persistent, low-level temperature 
inversion of the area. No positive evidence of 
the influence of atmospheric pollutants has 
been found, but it has been shown that suitably 
located microwave paths can be of value for 
locating and monitoring temperature inver-
sions when they are accompanied by sufficient 
variation in water-vapor content. The relation 
of diurnal variations in propagation charac-
teristics to diurnal variations in the tempera-
ture inversion and in atmospheric turbulence 
indicate that the refraction mechanism is the 
predominant one in causing the observed large 
fading amplitudes. The view is further stength-
ened by the relatively noncritical relation of 
fading to the proximity of the inversion layer. 

Two Statistical Models for Radar Terrain 
Returns-I.. M. Spetner and I. Katz ( p. 242) 

A statistical approach to radar backscat-
tering from terrain is taken in this paper. The 
normalized radar cross section, cro, has been 
computed for two different terrain models. The 
value of fro is obtained for both models as a 
function of grazing angle, I?, and radiation 
wavelength, X. The first model is a distribution 
of isolated independent scatterers such as corner 
reflectors. For such surfaces, a wavelength de-
pendence for ao is obtained, and, depending 
upon the density of scatterers and their average 
size, the theoretical results indicate that the 
local dependence of ao on X can be as X-6, X-1 or 
X-2. For such surfaces, cro is independent of O. 

Where reflection occurs from specularly re-
flecting facets on the surface and where the 
distribution of surface slopes is Gaussian, the 
O dependence turns out to be of the form 

ck cot' b. 

where so is the standard deviation of the sur-

face-slope distribution. The precise form of go 
depends upon the space spectrum of the slopes. 
Two cases are worked out, one where such a 
spectrum is flat out to some cutoff, and the 
other where the space spectrum has a single peak 
at a particular wave number. In either case, for 
small enough X, cro varies as X-2. As the wave-
length becomes large compared to the facet size, 
the facet no longer behaves as a specular re-
flector and instead becomes more like an iso-
tropic scatterer. 

For any particular wavelength one may ex-
pect that the radar return be the result of the 
addition of two types of backscattering. The 
large facets will behave as specular-type re-
flectors, while tile smaller facets will act as the 
isotropic scatterers discussed in the first model. 

Radar Terrain Measured Return at Near-
Vertical Incidence-A. R. Edison, R. K. Moore, 
and B. D. Warner ( p. 246) 

An experimental program to investigate the 
reradiation properties of terrain at near-vertical 
incidence was carried out. Data were obtained 
at 415 and 3800 mc, using narrow-pulse type 
radar at altitudes of 2000 to 12,000 feet over 
many different target areas. 

At frequencies over 400 mc, most terrain 
acts as a scatterer of energy even at near-
vertical incidence with a backscattering " radi-
ation pattern" that drops off rapidly as the 
angle of incidence is increased. An exception 
occurs for heavily wooded areas which appear 
as nearly isotropic scatterers. 

At 415 mc, the radar cross section per unit 
area at vertical incidence ranges between values 
of 0.7 for woods to approximately 4 for city 
targets, while at 3800 mc, the variation ranges 
between values of 0.8 for woods to about 18 
for some city targets. If the ground were a 
lossless isotropic scatterer, the radar cross sec-
tion per ttnit area would be 2 at vertical inci-
dence. 

For a wide beam antenna, the fading range 
between the level exceeded by 95 per cent of 
the return pulses and the level exceeded by 
only 5 per cent of the return pulses is generally 
between 12 and 17 db, except for a few very 
smooth areas which give considerable specular 
(nonfading) type of return and have a smaller 
fading range. 

A New Mathematical Approach for 1. inear 

Array Analysis - D. K. Chang and M. T. Ma 
(p. 255) 

It is well known that linear antenna arrays 
are representable mathematically by poly-
nomials. However, even for the simplest case 
of a uniform array, properties of its radiation 
pattern are conventionally analyzed by ex-
amining the transcendental form of the array 
factor and some of its important characteristics 
have been determined only approximately. For 
a more general array, a closed form of the as-
sociated polynomial is usually not obtained and 
the analysis becomes quite difficult. This paper 
proposes a new approach for linear array 
analysis. Basically, the current distribution in 
the discrete elements of a linear array is con-
sidered as the sampled values of a continuous 
function. Known relations in Z transforms de-
veloped for sampled-data systems can then be 
used to express the array polynomail in a closed 
form. Mathematical techniques for determining 
iinportant properties of the array pattern are 
developed. Typical examples illustrating the 
applications of this new approach are given. 

Log Periodic Dipole Arrays-D. E. Isbell 
(p. 260) 
A new class of coplanar dipole arrays is in-

troduced. The antennas described provide uni-
directional radiation patterns of constant 
beamwidth and nearly constant input imped-
ances over any desired bandwidth. The broad-
band properties are achieved by making use of 
the principles of log periodic antenna design. 
Models are discussed which are capable of 
providing 8- to 9-db directive gain with an 
associated input standing wave ratio of 1:2:1 
on a 75-ohm feeder, and this performance is 
independent of frequency. The free-space 
properties of several of these arrays have been 
measured and the results are presented. The 
antenna configuration is simple, permitting 
practical methods of fabrication, and the de-
sign should prove useful in many applications. 
It makes possible, for example, the construc-
tion of "all-wave" rotatable beams of very low 
cross section for use in the HE to UHF spec-
trum. 

Beam Pointing Errors of Long Line Sources 
-M. Leichter ( p. 268) 

The relation between the statistic's of the 
antenna beam pointing direction and the 
phase and amplitude errors at the source has 
been obtained to first order in the mean-
square errors, under certain restrictions, for 
long line sources. It is shown that when the 
desired phase at the source is a constant, the 
results are, to first order, independent of the 
amplitude errors. When the desired amplitude 
is also constant, there is a simple formula for 
computing the allowable rms-phase error at the 
source when the pointing direction is required 
to lie in a given angular range with a given 
probability. When the amplitude distribution 
corresponds to the Taylor-modified (sin x)/x 
pattern, the allowed rms-phase error is ob-
tained from the constant-amplitude case by a 
multiplicative factor which depends only on the 
one parameter characterizing the Taylor dis-
tribution. This function is plotted for the 
range corresponding to sidelobe ratios of 13.2 
to 40 (lb. At 40 di) the allowed rms-phase errors 
are about three fourths of the allowed rms-
phase errors at 13.2 dl) (constant amplitude) 
for the same uncertainty in the pointing direc-
tion. The results are applied to a hypothetical 
example and to an actual " Mills Cross" for 
illustrative purpose,. 

Mutual Impedance Effects in Large Beam 
Scanning Arrays --P. S. Carter, Jr. ( p. 276) 

An analysis is presented of the driving 
point impedance of the elements in a flat 
array of infinite vertical height but finite lion-
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zontal width. It is assumed that each of the 
elements is fed by a separate amplifier, having 
infinite internal impedance, and that the ampli-
fiers can be phased to direct the beam at various 
positions in space. The radiating elements con-
sidered are infinitely long wires spaced on half-
wavelength centers, each backed by a con-
ducting ground plane spaced one-quarter 
wavelength from the elements. Values of 
driving point impedance are computed for the 
61 elements in arrays 30 wavelengths wide. 
Values of the driving point impedance near the 
center of the array are found to agree closely 
with the values computed for infinitely wide 
arrays while the driving-point impedance of 
elements near the edge of the array are found 
to deviate considerably from the values at the 
center. 

Mutual Coupling Effects in Large Antenna 
Arrays: Part I—Slot Arrays—S. Edelberg and 
A. A. Oliner (p. 286) 

A periodic structure approach is presented 
for the analysis of the impedance properties of 
large antenna arrays. The method is applied to 
a two-dimensional array of slots, in which each 
slot is fed by a separate waveguide and the 
array radiates into a half-space. The slot spac-
ing and progressive phasing in the array may 
be arbitrary, however. The periodic structure 
approach permits a waveguide-type analysis of 
the half-space which automatically includes all 
mutual coupling effects. Both the susceptance 
and conductance of the slot are evaluated for 
arbitrary scan angle, and the effects associated 
with the appearance of higher order beams are 
considered. 

Spiral Antennas—Walter L. Curtis (p. 298) 
The radiation fields of the Archimedes 

spiral are derived by approximating the spiral 
with a series of semicircles. The calculated pat-
terns are shown to have excellent correlation 
with experimentally determined patterns. It is 
shown that the high-frequency limit is deter-
mined by the feed configuration and that the 
low-frequency limit occurs when the outside 
diameter is a little greater than a half wave-
length. 

Ground Constant Measurements Using a 
Section of Balanced Two-Wire Transmission 
Line—Erik J. Kirkscether (p. 307) 

When an open-circuited section of unshielded 
balanced two-wire transmission line is intro-
duced perpendicularly into earth (or some 
sample under test), the electrical characteristics 
of the latter may be found by simple input-
impedance measurements. By laboratory sam-
ple measurements the classical short- and open-
circuited method can be used. Some exact and 
approximate procedures are presented and 
their utility and practical limitations discussed. 
Some precautions as to how possible errors and 
inexactnesses in the measurements and follow-
ing calculations may be avoided are given. As 
an example, a typical earth sample is tested in 
a frequency range from 0.6 to 400 mc, with 
graphic representation of the most important 
electrical constants: conductivity, dielectric 
constant, attenuation, velocity of propagation, 
etc., which exhibit great variations in the fre-
quency range cited. The measurement method 
presented seems to be adequate to use in small 
mobile equipment, with which the ground in 
general can be tested in its original site and 
under natural conditions without the necessity 
of being removed. 

The Archimedian Two-Wire Spiral Antenna 
—Julius A. Kaiser (p. 312) 

A pair of equally excited but oppositely 
sensed Archimedean two-wire spirals situated 
close to one another in the same plane—a 
doublet—is used to generate a linearly polar-
ized field in which the direction of polarization 
and phase are controlled or varied independ-
ently of each other by rotation of the spiral 
radiators. An array of these doublets can be 
made to scan by rotation of the several spiral 
elements; an eight-doublet array which was 
made to scan over an 83° sector with small 
amplitude variation is discussed. A doublet fed 

from a ring network can be employed as a 
polarization diversity circuit. A virtual doublet 
is achieved by placing a single spiral in a right 
angle trough. A preliminary scanning array 
comprising four spirals in a trough was made 
to scan ± 36°. The possibility of using a para-
sitic spiral in conjunction with a driven spiral 
for obtaining linear polarization of variable 
direction and phase is indicated. Also, a 
brief, simplified analysis of the two-wire Archi-
medean spiral is presented, which leads to the 
concept of higher-order modes of radiation. 

Coupled Leaky Waveguides I: Two 
Parallel Slits in a Plane—S. Nishida (p. 323) 

Theoretical expressions are derived for the 
effects of mutual coupling between two parallel 
leaky wave antennas located in an infinite 
plane. The leaky wave antennas treated are 
slitted rectangular waveguides, the propaga-
tion constants of which are modified by the 
coupling. It is shown that the attenuation con-
stants are influenced significantly but that the 

phase constants are changed only slightly, so 
that the coupling is different from that between 
neighboring surface wave lines. The nature of 
the coupling effects are illustrated by numerical 
calculations. 

Experimental Study of Diffraction Reflector 
—J. H. Provencher ( p. 331) 

A microwave antenna has been designed and 
constructed on the principles of parageometric 
optics formulated by Toraldo di Francia and on 
principles similar to those of Fresnel rings and 
the diffraction grating. Its surfaces are all zones 
of cones and are simple to construct. 

The chosen design parameters were incor-
porated in two K-band (X=1.24 cm, X=1.22 
cm) models. Experimental results show good 
agreement with theory. Scanning characteris-
tics are superior to those of the paraboloidal 
or spherical reflector, and spherical aberration 
and coma are minimized, and the effects of 
astigmatism are minimized by using a "compro-
mise focus." 

Communications (p. 337) 
Announcement of the NBS Bibliography on 

Radio Propagation (p. 349) 
Contributors (p. 350) 

Electron Devices 

VOL. ED-7, No. 2, APRIL, 1960 

An Interesting Wave Amplifier—J. R. 
Pierce (p. 73) 

This paper concerns the theory and struc-
ture of an amplifier involving growing waves. 

High Average Power Dissipation in Helix 
Tubes—Arthur H. Iverson (p. 74) 

By precisely shrinking the glass envelope 
around the helix to a controlled depth, thus 
providing an exceptionally low thermal im-
pedance to the outside of the envelope, and 
passing a suitable coolant over the envelope, 
it has been found that the power dissipation 
capability of helix circuits can be extended by 
more than one order of magnitude. A quali-
tative analysis indicates that the heat transfer 
characteristics should be as good as the experi-
mental results indicate. 

Targets for Storage and Camera Tubes— 
H. R. Day, H. J. Hannan and P. Wargo (p. 
78) 

Several new information storage targets 
have been developed for use in storage tubes 
and camera tubes. One, a double-sided mosaic, 
is useful primarily in storage tubes. The others, 
based upon the use of thin self-supported films 
of magnesium oxide, can be used in many tubes. 
Having first found application in image orthi-
cons, they provide markedly improved per-
formance and longer life. 

Theoretical Power Output and Bandwidth 
of Traveling-Wave Amplifiers—H. Sobol and 
J. E. Rowe (p. 84) 

Expressions are developed to calculate the 
theoretical power output of traveling-wave 
amplifiers using any type of RF structure. 

Calculations are made for helix-type tubes and 
it is shown how to calculate the power output 
of tubes using more dispersive structures in 
terms of calculations made for helix tubes. 

The principal factors accounting for higher 
power output of dispersive structures are pre-
sented and discussed. The gain and band-
width of forward-wave helix amplifiers are de-
rived from the small-signal theory as functions 
of frequency and it is shown that the gain in 
db times the frequency bandwidth is a constant 
as a function of helix length for high yid and 
the gain times the bandwidth squared is a con-
stant for low -yDa'. 

Correction to "Thermally-Induced Cracking 
in the Fabrication of Semiconductor Devices"— 
T. C. Taylor (p. 94) 

Contributions to the Knowledge of Excess 
Noise—H, P. Louis (p. 95) 

This paper describes measurements on the 
noise behavior of a long, magnetically focused 
electron beam with a convergent Pierce-type 
electron gun having a shielded cathode. It is 
found that the excess noise phenomenon is 
initiated by a scallop-beam amplification and 
is essentially dependent on the nonlaminarity 
of electron flow in the beam. The beam reaches 
a state of high thermal equilibrium which may 
be caused by strong electron-electron interac-
tion. An estimation shows that this should be 
theoretically possible. 

High Performance Impedance Transfor-
mation with the EFP-60 Secondary-Emission 
Pentode—N, S. Nato-Ilan and E. J. Martin, 
Jr. (p. 99) 

The unique characteristics of the EFP-60 
secondary-emission pentode make it possible 
to utilize this tube in a novel cathode follower 
circuit in which the impedance transformation 
action is "enhanced" by connection of the sec-
ondary-emission dynode back to the cathode. 
An analysis of this circuit in two slightly dif-
ferent forms indicates the possibility of 
achieving cathode-follower action with virtu-
ally unity gain and consequently high input-
to-output impedance transformation ratio. 
The results of the analysis are verified by ex-
perimental data. Some aspects of the circuit as 
applied to millimicrosecond pulse work are 
discussed, and conclusions are reached with 
respect to optimization of tube characteristics 
for this particular type of application. 

Contributors (p. 105) 
Program of 1959 Electron Devices Meeting 

(p. 107) 

Electronic Computers 

VOL. EC-9, No. 1, MARCH, 1960 

A. A. Cohen, Chairman, 1960-1961 (p. 1) 
High Density Digital Magnetic Recording 

Techniques—A. S. Hoagland and G. C. Bacon 
(p. 2) 

The merit of any high density detection 
method is ultimately dependent on the "reso-
lution" characteristic of the niagnetic record-
ing components. Justification of remlback 
waveform synthesis through "single pulse" 
superposition is given. A comprehensive, yet 
general readback simulation program is de-
scribed which will automatically, for any 
characteristic pulse, simulate all possible read-
back signal patterns and test them for specified 
reading logic as a function of bit density. Ampli-
tude, phase, peak, etc., sensing are compared 
and the influence of parameter variation on 
performance indicated. Good correlation with 
experiment has been realized and has greatly 
reduced time at the bench. The significance of 
pulse waveform is clearly revealed and this 
study has provided a guide to head design 
(ring and probe), permitting the optimization 
of a total recording system for high-density 
storage. 

The Optimal Organization of Serial Mem-
ory Transfers—Arthur Gill (p. 12) 

This paper is concerned with the optimal 
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compilation of programs whose function is to 
transfer words of information from one location 
in a serial memory to another. The most im-
portant optimization tool is the "timing sched-
ule," which facilitates the analysis of various 
transfer schemes and the determination of the 
fastest one. The procedure described for opti-
mizing serial transfers is readily program-
mable for computer execution, and is directly 
applicable to a general class of transportation 
problems. 

The Design of Diode-Transistor NOR Cir-
cuits—Dale P. Masher (p. 15) 

Considerations leading to the adoption of 
diode-transistor NOR circuitry for a moder-
ately fast data-processing system are outlined. 
The design of the basic circuit is treated in de-
tail. Development of a unique set of compatible 
logic packages from the basic circuit is de-
scribed. This set is unique in the sense that a 
single type of diode-transistor circuit is used to 
provide the great majority of logic and storage 
functions required in the system. This single 
circuit type, which functions as a NOR circuit, 
is embodied in two package types. One pack-
age provides a single gate with a fan-in of five. 
The other package provides two gates, each 
with a fan-in of two. The latter type may be 
externally connected to provide a set-reset 
flip-flop. Only two other package types are 
used. The first is a passive transfer circuit which 
greatly simplifies shift register logic, and the 
second is a delay package which is closely re-
lated to the basic NOR circuit. 

Esaki Diode High-Speed Logical Circuits— 
E. Goto, K. Murata. K. Nakazawa, T. Moto-
Oka, V. Matsuoka, V. Ishibashi, H. Ishicia, T. 
Soma, and E. Wada (p. 25) 

Logical circuits using Esaki diodes, and 
which are based on a principle similar to pa-
rametron (subharmonic oscillator element) 
circuits, are described. Two diodes are used in 
series to form a basic element called a twin, and 
a binary digit is represented by the polarity of 
the potential induced at the middle point of the 
twin, which is controlled by the majority of 
input signals applied to the middle point. Uni-
lateral transmission of information in circuits 
consisting of cascaded twins is achieved by 
dividing the twins into three groups and by 
energizing each group one after another in a 
cyclic manner. 

Experimental results with the clock fre-
quency as high as 30 mc are reported. Also, a 
delay-line dynamic memory and a nonde-
structive memory in matrix form are discussed. 

Magnetic Analogs of Relay Contact Net-
works for Logic—D. B. Armstrong, T. H. 
Crowley, U. F. Gianola, and E. E. Newhall (p. 
30) 

Two techniques are described for designing 
multi-apertured magnetic structures capable of 
realizing any specific logic function. The struc-
tures are made from rectangular hysteresis loop 
material. The designs are derived from the 
corresponding relay contact network by re-
placing each current carrying conductor in the 
relay circuit with its analog in the magnetic 
circuit, a flux-carrying conductor, replacing the 
emf with a pulsed mmf; and replacing each 
back contact with a saturable portion of the 
magnetic circuit in the topological equivalent 
of the contact network. A flux reversal through 
a saturated portion may then be blocked by 
means of an inhibiting current applied to a 
suitable winding, the current representing a 
logical input variable. Thus flux may be 
"steered" through the magnetic circuit in a 
manner analogous to the steering of current 
through the contact network. For planar 
structures the first technique may be used to 
obtain the analog of series-parallel and bridge 
type circuits; the second technique is suitable 
only for the analogs of series-parallel circuits. 
It is pointed out that the analog of a relay tree 
can be used as a standard structure suitable for 
realizing any Boolean function. Representative 
examples of both designs are shown, and experi-
mental data are given. 

The Determination of Carry Propagation 
Length for Binary Addition—George W. Reit-
wiesner ( p. 35) 

It is well known that the expected maxi-
mum length of nonzero carry propagation in 
the addition of two uniformly distributed 
binary numbers of n-digits each is less than 
log2 n. The propagation of both zero and non-
zero carry is required in the employment of 
asynchronous self-timing addition. For the 
addition of two n-digit binary numbers which 
are uniformly distributed, a simple recursive 
algorithm is readily derived for the exact de-
termination of the expected maximum length 
of zero or nonzero carry propagation. 

Regular Expressions and State Graphs for 
Automata—R. McNaughton and H. Yamada 

(P. 39) 
Algorithms are presented for I) converting 

a state graph describing time behavior of an 
automaton to a regular expression describing 
the behavior of the same automaton (section 
2), and 2) for converting a regular expression 
into a state graph (sections 3 and 4). These 
algorithms are justified by theorems, and 
examples are given. The first section contains 
a brief introduction to state graphs and the 
regular-expression language. 

A Method for the Design of Pattern Recog-
nition Logic—Sam D. Stearns ( p. 48) 

The general problem of pattern recognition 
is regarded as a problem wherein the recog-
nition device is presented with a plane array of 
black-or-white elements and must decide to 
which general class (pattern) this array belongs. 

A method for reducing the necessary 
amount of logic is presented. It is basically a 
method for reducing Boolean equations in 
many variables which contain large numbers 
of redundant or "don't care" terms. 

The reduced logic is in the form of Boolean 
functions of the black-or-white elements. Some 
experimental results, in which this logic was 
mechanized with diodes, are discussed. 

Optimization of Reference Signals for 
Character Recognition System—I. Flores and 
L. Grey (p. 54) 

The role of signal structure in a signal dis-
crimination system is discussed. The opti-
mality criterion for reference signals for detec-
tion in the case of white Gaussian independent 
noise is defined. The need for normalization of 
the reference signals is demonstrated. A geo-
metric interpretation is presented. Optimum 
classes are obtained and several examples 
cited. A theoretical optimum class of signals 
is derived against which any set of signals devel-
oped within given constraints may be rated. 

Frequency-to-Period-to-Analog Computer 
for Flowrate Measurement—Ted W. Berwin 
(p. 62) 

The Frequency-to-Period-to-Analog Com-
puter is a special purpose nonlinear analog 
computer which accepts an ac voltage of vary-
ing frequency, acts upon the period of each 
cycle, computes the inverse of the time period, 
é= 1/T, and holds the information for the 
period of the next cycle. Thus, the output 
voltage is a level which is proportional to the 
input frequency f=- 1/T computed once for 
every cycle. The system is accurate to better 
than + 0.5 per cent of 2/3 full scale. Applica-
tion of the computer is described and results 
presented for fast readout and recording of gas 
and liquid turbine type flowmeters. Extensions 
of the circuits used can produce voltages pro-
portional to In I or 1/12, for time t greater than 
a small positive number. 

Soviet Computer Technology-1959—W. H. 
Ware, Editor; S. N. Alexander, P. Armer, 
M. M. Astrahan, L. Bers, H. H. Goode, H. D. 
Huskey, M. Rubinoff, W. H. Ware, Contribu-
tors (p. 72) 

The paper presents a factual account of the 
trip of the 1959 U. S. technical delegation in 
computers to the Soviet Union. It includes the 
itinerary, descriptions of specific Soviet com-
puters, descriptions of certain computing 
centers, a discussion of Soviet computer-

oriented education, and a description of cur-
rent circuit and component development. In 
appendices are given the instruction repertoire 
of the URAI.-I and the URAL-II machines 
and an analysis of some magnetic cores. The 
paper is extensively illustrated and contains a 
bibliography of relevant Soviet documents. 

Correspondence (p. 121) 
Reviews of Books and Papers in the Com-

puter Field ( p. 130) 
Abstracts of Current Computer Literature 

(p. 134) 
PGEC News and Notes (p. 152) 

Human Factors in Electronics 

VOL. HFE-1, No. 1, MARCH, 1960 

Frontispiece and Editorial—Curt is M. 
Jansky (p. 2) 

Man-Computer Symbiosis—J. C. R. Lick-
hider (p. 4) 

Man-computer symbiosis is an expected de-
velopment in cooperative interaction between 
men and electronic computers. It will involve 
very close coupling between the human and the 
electronic members of the partnership. The 
main aims are 1) to let computers facilitate 
formulative thinking as they now facilitate the 
solution of formulated problems, and 2) to 
enable men and computers to cooperate in 
making decisions and controlling complex situ-
ations without inflexible dependence on pre-
determined programs. In the anticipated sym-
biotic partnership, men will set the goals. 
formulate the hypotheses, determine the cri-
teria, and perform the evaluations. Computing 
machines will do the routinizable work that 
must be done to prepare the way for insights 
and decisions in technical and scientific think-
ing. Preliminary analyses indicate that the 
symbiotic partnership will perform intellectual 
operations much more effectively than man 
alone can perform them. Prerequisites for the 
achievement of the effective, cooperative as-
sociation include developments in computer 
time sharing, in memory components, in mem-
ory organization, in programming languages. 
and in input and output equipment. 

Pattern Recognition and Display Charac-
teristics—W. R. Bush. R. B. Kelly, and V. M. 
Donahue (p. 11) 

This paper reports experimental results of 
human operator performance in a visual recog-
nition task. The work began with a method 
of generating families of complex patterns to 
simulate certain characteristics of visual sensor 
displays, such as radar and infrared returns. 
The experimental effort was directed toward 
establishing criteria for predicting human 
operator performance in a map-matching task. 
The operators' task was to recognize which of 
four patterns presented simultaneously with a 
reference pattern belonged to the reference 
pattern family. The measure of performance 
was the time in seconds taken by the operator 
to make a selection. Response times were more 
rapid when the reference pattern was less 
complex than the comparison than when the 
reference pattern was the more complex. 
Analysis of the display characteristics led to 
the selection of four physical measures to be 
used in predicting operator performance. 
These measures—pattern length, pattern 
density, and two measures of pattern com-
plexity—correlated highly with response time, 
were not highly intercorrelated, and were ap-
plicable to natural sensor returns. The four 
measures were found to account for a high 
degree of the total variance. Regression equa-
tions were derived which predict performance 
from known values of the four measures. 

The Use of Quickening in One Coordinate 
of a Two-Dimensional Tracking System— 
J. W. Duey and R. Chernikoff (p. 21) 

In a previous study, it was found that 
tracking error in one coordinate of a two-
dimensional tracking system was affected by 
the dynamics used in the other coordinate. In 
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particular, tracking performance progressively 
deteriorated as the dynamics in the two co-
ordinates became more dissimilar. The present 
study seeks to extend these findings by deter-
mining how the introduction of quickening 
into one coordinate of a second-order, two-
coordinate tracking system would affect the 
performance in the unquickened coordinate. 
In the light of the previous study, it might be 
expected that quickening one coordinate would 
degrade the performance of the other. On the 
other hand, the simplification of the tracker's 
task induced by quickening might effect an 
improvement in performance. 

The findings suggest that a counterbalance 
of the above factors was achieved, since 
quickening one coordinate had no effect on 
performance in the other. 

Desirable Push-Button Characteristics— 
Richard L. Deininger (p. 24) 

This paper reports the results of studies in 
a series concerning the characteristics of push-
button keysets that people can operate quickly, 
accurately and conveniently. The studies in-
vestigated push-button arrangements, button 
top and lettering characteristics, and push-
button force-displacement characteristics. Con-
siderable latitude exists in the design of keysets 
if only keying performance is considered. The 
preference judgments were somewhat more 
selective, particularly for the force-displace-
ment characteristics of the button mechanism. 

The Relation of Electronic and Optical 
Gain to System Performance—S. Seidenstein 
and H. P. Birmingham (p. 30) 

An experiment was conducted to investi-
gate the effect of adjusting display gain upon 
man-machine system performance in a simple 
aided tracking system. Gain was varied in two 
ways: electrically by changing amplification, 
and optically by changing the distance from the 
scope to the eye. Manipulation of gain by each 
method produced similar changes in system 
performance. Over the ranges studied, system 
error decreased as display gain was increased. 
This result agrees with predictions based upon 
closed-loop control system theory and suggests 
the feasibility of including additional experi-
mental variables within the theory. 

Communications (p. 33) 
Reviews of Current Literature (p. 35) 

Information Theory 

VoL. IT-6, No. 2, APRIL, 1960 

Special Monograph—Issue Studies of Tar-
get Detection by Pulsed Radar—J. I. Marcum 
and I'. Swerling 

A Statistical Theory of Target Detection By 
Pulsed Radar (Rand Research Memo, RM-
754, December 1, 1947)—I. I. Marcum (p. 59) 

This reports presents data from which one 
may obtain the probability that a pulsed-type 
radar system will detect a given target at any 
range. This is in contrast to the usual method 
of obtaining radar range as a single number, 
which can be taken mathematically to imply 
that the probability of detection is zero at any 
range greater than this number, and certainty 
at any range less than this number. 

Three variables, which have so far received 
little quantitative attention in the subject of 
radar range, are introduced in the theory: 

1. The time taken to detect the target. 
2. The average time interval between false 

alarms (false indications of targets). 
3. The number of pulses integrated. 

It is shown briefly how the results for 
pulsed-type systems may be applied in the case 
of continuous-wave systems. 

Those concerned with systems analysis 
problems including radar performance may 
profitably use this work as one link in a chain 
involving several probabilities. For instance, 
the probability that a given aircraft will be de-
tected at least once while flying any given path 

through a specified model radar network may 
be calculated using the data presented here as 
a basis, provided that additional probability 
data on such things as outage time etc., are 
available. 

The theory developed here does not take 
account of interference such as clutter or man-
made static, but assumes only random noise 
at the receiver input. Also, an ideal type of 
electronic integrator and detector are assumed. 
Thus the results are the best that can be ob-
tained under ideal conditions. It is not too 
difficult, however, to make reasonable assump-
tions which will permit application of the re-
sults to the currently available types of radar. 

The first part of this report is a restatement 
of known radar fundamentals and supplies 
continuity and background for what follows. 

The mathematical part of the theory is not 
contained herein. but will be issued subse-
quently as a separate report.'n 

Mathematical Appendix (RM-753, July 1, 
1948) (p. 145) 

In a previous report (28) a statistical theory 
of radar detection was presented in outline 
form. The mathematical details were omitted. 
in order that the main ideas and results might 
be made available as soon as possible. 

This report contains the mathematics that 
led to the results presented in Ref. 28. 

In addition, several subjects are briefly 
discussed that were not covered in Ref. 28. 
These are collapsing loss, antenna beam shape 
loss, the effect of signal injection, limiting loss, 
and moving target indication. 

For references see page 264. 
Probability of Detection for Fluctuating 

Targets (R M-1217, March 14, 1954)—P. 
Swerling (p. 269) 

This report considers the probability of de-
tection of a target by a pulsed search radar, 
when the target has a fluctuating cross section. 

Formulas for detection probability are de-
rived, and curves of detection probability vs 
range are given, for four different target 
fluctuation models. 

The investigation shows that, for these 
fluctuation models, the probability of detec-
tion for a fluctuating target is less than that for 
a nonfluctuating target if the range is suffi-
ciently short, and is greater if the range is 
sufficiently long. 

The amount by which the fluctuating and 
nonfluctuating cases differ depends on the 
rapidity of fluctuation and on the statistical 
distribution of the fluctuations. Fig. 18, p. 307, 
shows a comparison between the nonfluctu-
ating case and the four fluctuating cases con-
sidered. 

Information Theory 

VOL. IT-6, No. 3, MAY, 1960 

Introduction—Paul E. Green, Jr. (p. 310) 
An Introduction to Matched Filters— 

George L. Turin ( p. 311) 
In a tutorial exposition, the following topics 

are discussed: definition of a matched filter; 
where matched filters arise; properties of 
matched filters; matched-filter synthesis and 
signal specification; some forms of matched 
filters. 

Joint Estimation of Delay, Doppler, and 
Doppler Rate—Phillip Bello (p. 330) 

The methods of inverse probability have 
been used by Woodward and others to obtain 
lower bounds on variances of radar parameter 
estimators. Previous results on the lower 
bounds of variances of delay and Doppler 
estimators have assumed that the reflecting 
object travels with a constant line of sight 
velocity and does not cause scintillation in the 
radar return. Using the inverse probability 
approach, this paper derives expressions for the 
minimum variances of estimators of the delay, 
Doppler, and Doppler rate of a radar return 
assumed to consist of a long train of pulses with 
independent scintillation from pulses to pulse. 

Processing Gains Against Reverberation 
(Clutter) Using Matched Filters—E. C. 
Westerfield, R. H. Prager, and J. L. Stewart 
(p. 342) 

The Woodward ambiguity function is dis-
cussed in connection with the output of a 
matched filter. A formula for the treatment of 
sonar reverberation or radar clutter is set up 
in terms of the ambiguity function. This for-
mula is applied to determine the effect of signal 
waveform on the output signal-to-reverberation 
power ratio of a matched filter for a simple 
distribution of randomized scatterers. 

On New Classes of Matched Filters and 
Generalizations of the Matched Filter Concept 
—David Middleton (p. 349) 

In this paper it is shown how the earlier 
concepts of the matched filter may be gener-
alized by recognizing explicitly the decision-
making character of most reception systems. 
Accordingly, when an approach making use of 
statistical decision theory is applied for both 
signal detection and extraction, a variety of 
new classes of matched filters ( Bayes matched 
filters) can be defined. These can be described 
specifically in the critical situation of threshold 
reception, where system optimality is at a 
premium. It is shown, for incoherent reception 
in some important special instances, that 
matched filters based on maximizing output 
signal-to-noise ratio (the S/N matched filters 
of the earlier theory) are also optimum from the 
broader, decision viewpoint. The required 
optimum filters are themselves time-varying 
and nonunique, and thus permit a measure of 
design freedom. In all instances, realizable 
filters are possible, and it is shown how their 
weighting functions may be determined. Both 
discrete and continuous filtering on a finite 
interval, (0, T), are considered. 

Correlation Detection of Signals Perturbed 
by a Random Channel—Thomas Kailath ( p. 
361) 

We show that the concept of correlation 
detection of deterministic signals in additive 
Gaussian noise can be extended in a natural 
manner to the detection of signals that are 
transmitted through a "Gaussian" random 
channel besides being corrupted by additive 
Gaussian noise. Such situations are typical in 
communication over scatter-multipath chan-
nels (with or without a specular component). 
In the deterministic case, the receiver essen-
tially crosscorrelates the received signal with 
the signal before the additive noise was intro-
duced. When a random channel is present, how-
ever, this latter signal, i.e., the output of the 
random channel, is not known at the receiver. 
However, knowing the statistics of the channel 
and the noise, the receiver can make an esti-
mate of it from the received signal on the 
hypothesis that a particular signal was trans-
mitted. The optimum receiver then cross-
correlates this estimate with the received signal 

A Matched Filter Communication System 
for Multipath Channels—Steven M. Sussman 
(p. 367) 
A matched filter communication system is 

described whose underlying principles are 
based on the Rake. The point-to-point synchro-
nous teletype system employs complex lumped 
parameter networks to generate and receive a 
pair of long-duration, broadband signals repre-
senting Mark and Space respectively. The re-
ceiver contains a pair of matched filters whose 
output is a narrow pulse when the matching 
waveform is applied. One advantage of the 
system, arising from the long duration of the 
signals, is an increase in energy per teletype 
baud when operating under a peak power 
limitation. Another is that multiple propaga-
tion paths due to ionospheric reflection are re-
solved by the broadband signals, resulting in 
the appearance of the multipath pattern at the 
output of the Mark or Space matched filter. 
Recombination of paths is achieved by means 
of a recirculating delay line tuned to the tele-
type baud rate in conjunction with parallel 
multiplier-integrators in the Mark and Space 
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channels. The combination acts as a self-
adjusting correlation detector for the mult loath 
pattern. 

A Matched Filter Detection System for 
Complicated Doppler Shifted Signals— 
Robert M. Lerner ( p. 373) 

A matched filter system is described which 
was designed to detect complicated signals 
subject to a wide range of possible Doppler 
shifts. A 100 tap band-pass delay line was used 
in conjunction with a resistor weighting matrix 
to synthesize signals and filter characteristics. 
The system could handle a signal with a dura-
tion-bandwidth product of 100 over a range of 
Doppler frequency shifts 17 times the recipro-
cal of the signal duration. A theoretical discus-
sion of the Doppler effect is given, making use 
of conjugate functions or Hilbert Transforms. 
Various engineering compromis2s which sim-
plify the construction of matched filters are 
suggested. The performance of the resulting 
signal detection system was within 5 db of that 
of an ideal theoretical model. 

Optical Data Processing and Filtering Sys-
tems—L. J. Cutrona, E. N. Leith, C. J. 
Palermo, and L. J. Procello ( p. 386) 

Optical systems, which inherently possess 
two degrees of freedom rather than the single 
degree of freedom available in a single electronic 
channel, appear to offer some advantages over 
their electronic counterparts for certain appli-
cations. Coherent optical systems have the 
added property that one may easily obtain 
many successive two-dimensional Fourier 
transforms of any given light amplitude dis-
tribution, or, by use of astigmatic optics. one-
dimensional transforms can be obtained. There-
fore, most linear operations of an integral 
transform nature are easily implemented. The 
optical implementation of integral transforms 
which are of importance to communication 
theory is discussed; the general problemas of 
optical filter synthesis and multichannel com-
putation and data processing are introduced, 
followed by a discussion of potential applica-
tions. Astigmatic systems, which permit multi-
channel operation in lieu of two-dimensional 
processing, are treated as a special case of 
general two-dimensional processors. Complex 
input functions are discussed with relation to 
their role in coherent optical systems. 

Quaternary Codes for Pulsed Radar— 
George R. WeIti ( p. 400) 
A class of quaternary codes is described, and 

an algorithm for generating the codes is given. 
The codes have properties that make them 
useful for radar applications: 1) their auto-
correlation consists of a single pulse, 2) their 
length can be any power of two, 3) each code 
can be paired with another code (its mate) of 
the same class in such a way that the cross-
correlation of mates is identically zero, 4) 
coded waveforms can be generated in a simple 
network the number of whose elements is pro-
portional to the base-2 logarithm of the code 
length, and 5) the same network can be readily 
converted to a matched filter for the coded 
waveform. 

Correspondence (p. 409) 
Contributors (p. 413) 
Abstracts Section (o. 416i 

Microwave Theory and Techniques 

VOL. MTT-8, No. 3, M AY, 1960 

Administrative Committee, 1959-1960 (p. 
272) 

An Analysis of Four-Frequency Nonlinear 
Reactance Circuits—David K. Adams (p. 274) 

•  Several advantages of multiple-frequency 
nonlinear reactance circuits are described in 
this paper. In particular, a circuit is considered 
in which a nonlinear reactance couples four 
basic frequencies: coo, cot, oh, and co3; these 
are so related that oh = w0i-coi and oh = 
Here, coo is taken to be the power source or 
pump. It is found to be desirable to allow for 
the possible presence of the pump harmonic, 

lo t), and individual cases are characterized by 
whether 2coo is present or not. The major re-
sults are as follows: 1) Unlimited amplification 
gain is theoretically possible at frequencies 
higher than the pump, by reflecting negative 
input resistance at co2, but without relying on 
any effects due to pump harmonics. 2) Un-
limited up- or down-conversion gains between 
col and co2 are theoretically possible in the addi-
tional presence of the first pump harmonic, but 
without reflecting negative input or output re-
sistance. 3) Unlimited amplification gain is 
theoretically possible at frequencies both lower 
and higher than the pump fundamental, with-
out reflecting negative input resistance. 

Some Properties of Three Coupled Waves— 
Laszlo Solymar ( p. 284) 

The paper deals with the problem of three 
waves, 1, 2, and 3, in which waves 2 and 3 are 
coupled to wave 1 but not to each other. The 
general solution for the amplitudes of the waves 
is given in closed form. It is shown that for 
certain values of the parameters growing waves 
can exist. Numerical solutions for the location 
of the boundaries of the growing wave regions 
are plotted. It is shown furthermore that under 
certain conditions the power can be completely 
transferred from wave 1 to waves 2 and 3. 

Examples on traveling-wave tubes, wave 
guide couplers, and backward-wave oscillators 
illustrate the applicability of the theory. 

Noise Figures of Reflex Klystron Amplifiers 
—Koryu Ishii ( p. 291) 

The noise figure of the 2K25 reflex klystron 
amplifier was investigated. The noise figure of 
the reflex klystron amplifier depends on oper-
ating frequency, electronic impedance, circuit 
impedance, and operating electronic mode. 
Experimental results show that a noise figure 
of 5 db is possible under particularly carefully 
adjusted conditions. In order to obtain the 
low-noise figure, careful electronic tuning and 
the impedance adjustments are particularly itn-
portant. Generally, relatively low noise figures 
were obtained when the electronic tuning was 
good. Noise figures of cascaded reflex klys-
tron amplifiers were also investigated experi-
mentally. Noise figures of the cascaded ampli-
fier were generally higher than that of the 
single stage amplifier, but still low enough to 
use this reflex klystron amplifier as a pre-
amplifier of a microwave receiver to increase 
the sensitivity of the receiving system. 

On Measurements of Microwave E and FI 
Field Distributions by Using Modulated 
Scattering Methods—Ming-Kuei ¡lu ( p. 295) 

The modulated scattering method of Jus-
tice, Ramsey, and Richmond for measuring 
field distribution is extended to the measure-
ment of /7 field distribution by using a loop 
scatterer formed by two diodes. This diode loop 
method has the particular advantage of elimi-
nating the large and undesirable effect pro-
duced by the associated T.: field when measuring 
the H field. 

A scattering analysis of the modulated diode 
loop is presented. It explains the principle of 
this new method and also supports the ad-
vantage mentioned above. A similar analysis 
for the modulated diode scatterer used in meas-
uring E is also presented. It is believed that 
the explanation based upon this analysis for 
the E measurement is more satisfactory than 
that given by Richmond which is based upon a 
qualitative description of the diode scatterer. 

Analysis of Certain Transmission-Line Net-
works in the Time Domain—W. J. Getsinger 
(p. 301) 

Many linear components in nondispersive 
transmission line are made up solely of com-
mensurate lengths of line of various character-
istic impedances. Such components have im-
pulse responses that are a series of equispaced 
impulses, and, as a result, their frequency re-
sponses can be written as a Fourier series. 
Given the period and coefficients of the Fourier 
series describing the frequency response, the 
time response of the circuit to any pulse can be 

written down immediately as a sum of replicas 
of the applied pulse, each replica having an 
amplitude given by the coefficient of a term in 
the series, and occurring at a time determined 
by the period of that term of the series. 

The pulse responses of stepped transmis-
sion-line transformers, backward-coupling hy-
brids, and branch-line hybrids are determined 
and, after assuming a simple applied-pulse 
shape, are plotted. 

Sets of Eigenvectors for Volumes of Revo-
lution—J. Van Bladel ( p. 309) 

The electric and magnetic eigenvectors of a 
voltune of revolution can be written in terms 
of two-dimensional scalar and vector functions. 
These functions are the eigenfunctions of cer-
tain linear transformations in the meridian 
plane. The form of the transformation is ex-
amined, and much attention is devoted to the 
orthogonality properties of their eigenfunct ions 
and the calculation of their eigenvalues from 
variational principles. 

A Printed Circuit Balun for Use with Spiral 
Antennas—R. Bawer and J. J. Wolfe ( p. 319) 

A novel printed circuit balun is described 
which is particularly well suited to applications 
where space is at a premium. The design 
utilizes unshielded strip transmission line, but 
is readily adaptable to all of the common 
printed circuit transmission line techniques. 
When the balun is housed within the cavity of 
a spiral antenna, boresight error is virtually 
eliminated, ellipticity ratios of less than 2 db 
are maintained over an azimuth angle greater 
than + 60°, and the input standing-wave ratio 
is less than 2:1 over an octave frequency range. 
Experimental results are given and additional 
applications are described. 

The P-I-N Modulator, an Electrically Con-
trolled Attenuator for MM and Sub-MM 
Waves-- F. C. De Ronde, H. J. G. Meyer, and 
O. W. Memelink (p. 325) 

The construction and performance of a 
millimeter %%live modulator are described. The 
main part of the modulator consists of a 
germanium structure inserted into a rectangular 
waveguide. A modulation depth of 11 db 
could be obtained at frequencies up to 5 kc, 
this modulation being caused for the greatest 
part by attenuation. 

Discontinuities in the Center Conductor of 
Symmetric Strip Transmission Line—H. M. 
Altschuler and A. A. °liner ( p. 328) 

A systematic measurements program has 
been carried out to check the validity of 
theoretical formulas for the equivalent circuit 
paraineters of a variety of discontinuities in the 
center conductor of symmetric strip transmis-
sion line. These theoretical formulas have been 
in part previously available and are in part 
new or modified. Results indicate that, in 
general, these formulas are adequate for most 
engineering purposes and that certain of the 
network parameters can be neglected. 

A Variational Integral for Propagation Con-
stant of Lossy Transmission Lines—Robert E. 
Collin ( p. 339) 

By assuming that the current on a lossy 
transmission line flows in the axial direction, 
only a variational integral for the propagation 
constant can be readily obtained. This vari-
ational integral shows that the usual power 
loss method of evaluating the attenuation con-
stant is valid for general transmission lines. 
This variational integral also shows that the 
perturbation of the loss-free phase constant is 
due to the increase in magnetic field energy 
caused by penetration of the field into the 
conductors. 

Measurement of Bandwidth of Microwave 
Resonator by Phase Shift of Signal Modulation 
—D. S. Lerner and H. A. Wheeler (p. 343) 

Bandwidth is measured by transmission of 
a signal with sine-wave modulation through a 
microwave resonator under test. The modula-
tion frequency is adjusted so that the envelope 
is delayed 45° with respect to the input, indi-
cating that the two sideband frequencies are 
separated by the half-power bandwidth. The 
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resonance ratio (Q) is then equal to the ratio 
of carrier frequency over twice the modulation 
frequency. This depends on observations of 
these frequencies and the modulation phase 
shift, but not on the amplitude. It is insensitive 
to detuning or incidental frequency variation 
of the resonator or the signal. In a resonant 
cavity tested, an observed bandwidth of 30 kc 
at 700 mc indicated that Q=23,300. 

A Y-Junction Strip-Line Circulator—U. 
Milano, J. H. Saunders, and L. Davis, Jr. (p. 
346) 

The theoretical approach to the three-port 
symmetrical circulator is reviewed and pre-
sented in a form valid for the most general 
waveguide case. 

A strip-line Y-junction circulator is de-
scribed and the performance of different units 
in the band 800-1600 mc is illustrated. 

The new type of device described offers, for 
the low-frequency region of the microwave 
spectrum, advantages of simple design, light 
weight. and great compactness with respect to 
the classical types. When operated with a 
permanent magnet it gives—in a bandwidth of 
about 4 per cent—isolation greater than 20 db, 
insertion loss < 0.4 (lb, and input VSWR < 1.20. 

A Wide-Band UHF Traveling-Wave Vari-
able Reactance Amplifier—R. C. Honey and 
E. J.I. T. Jones ( p. 351) 

The techniques developed for designing 
periodically loaded traveling-wave parametric 
amplifiers using variable-reactance diodes are 
described in detail. An amplifier was built and 
tested with two different sets of eight diodes. 
The performance of the amplifier with each set 
of diodes agrees substantially with the theoreti-
cal predictions, the measured noise figures 
being about 1.2 db higher than the theoretical 
values in each case. The gain of the second 
amplifier varies from a minimum of 6.7 (lb to 
more than 13 db over the band from 550 to 
930 mc, with a measured noise figure of 2.3 
db for wideband noise inputs in the middle of 
the band, corresponding to about 4.9 db for 
single-frequency inputs. 

On the Theory of Strongly Coupled Cavity 
Chains— M. A. Allen and G. S. Kino ( p. 362) 

A chain of identical cavity resonators 
coupled together through slots in their common 
walls forms a band-pass microwave filter. The 
pass band characteristics of such a system are 
determined by a combination of field theory 
and circuit theory. The fields in the cavities 
are expressed in terms of the normal modes of 
the uncoupled cavities. The fields in the neigh-
borhood of a slot are determined by represent-
ing the slot as a transmission line. Irrotational 
components of the field in the cavities account 
for direct slot-to-slot coupling. The method 
successfully predicts both the dispersion char-
acteristics and field distributions over large 
frequency ranges for many practical systems, 
such as slow-wave circuits for high-power 
traveling-wave tubes. 

Microphony in Waveguide—I. Goldstein 
and S. Soorsoorian (p 372) 

This paper describes the mechanism of 
phase modulation by waveguide in the presence 
of a high intensity acoustic field. X-band rec-
tangular was studied to determine: 

a) Resonant frequency in a transverse 
vibrational mode. 

b) Means of minimizing phase modulation. 
Correspondence (p. 376) 
Contributors (p. 378) 

Reliability and Quality Control 

VOL. RQC-9 (FOLLOWS PGRQC-16), 
APRIL, 1960 

Calculation of Average Failure-to-Failure 
Time of Equipment—M. A. Sinitsa (p. 1) 

On Reservation by Placement Method— 
M. A. Sinitsa (p. 6) 

Consideration of substitution techniques for 

reliable design is usually based upon statistical 
independence of failures of operating and spare 
components. 

A method of design of a reliable system, 
consisting of many operating and spare com-
ponents, for the case of statistical relation be-
tween failures of operating and spare com-
ponents is considered. In a number of cases 
more reliable operation of systems, can be 
achieved by providing substituting reserva-
tion, instead of permanent switching, to a 
spare (or "hot" reserve) component. Effective 
usage of a single spare component substituted 
for several operating components is considered. 

Some Results of Mathematical Reliability 
Theory— B. R. Levin (p. 14) 

Purchasing Ability—E. J. Breiding (p. 19) 
The contributing responsibility and a sys-

tem for controlling component reliability as 
part of the procurement function are dis-
cussed. The system, which is particularly ap-
plicable to large-scale procurement, consists of 
three major controls: 

1) Component Vendor Approval Procedure 
—a tool for obtaining and documenting 
bona fide sources capable of supplying 
components to specified time and quality 
requirements. 

2) Vendor Delivery Performance—a pur-
chasing control for maintaining and up-
grading performance from selected ven-
(lors. 

3) Vendor Quality Rating—a quality con-
trol tool to aid purchasing in maintaining 
and upgrading quality of products from 
selected vendors. 

Diagnosis of Equipment Failures—J. D. 
Bride, R. A. Johnson, and E J. Kletsky ( p. 23) 

This paper introduces several new concepts 
which are applicable to the problem of diag-
nosis of equipment failures. Following the 
definitions of an equipment, an element of the 
equipment, and the model of a test, a general 
diagram of a testing procedure is developed. 
The testing diagram is constructed in such a 
way that the various tests needed and the 
probability of failure of the elements are readily 
incorporated. While it is found that a com-
pletely general testing diagram becomes quite 
complicated even when the equipment under 
consideration is not intricate, a major simplifi-
cation is obtained by introducing a simplified 
diagram with suitably restricted tests. This 
simplified testing diagram may be used re-
peatedly in order to find all the faulty elements 
of the equipment. 

With reference to the testing diagram, it is 
possible to compute the minimum average cost 
of diagnosing the equipment. This appears to 
be the most useful measure of the efficiency of 
a test procedure. The order of magnitude of 
this optimization problem is discussed and 
solutions for two special cases are obtained by 
analogy with an optimum coding problem. 

An Information Theory Approach to Diag-
nosis—R. A. Johnson (p. 35) (Abstract) 

Reliability of Parallel Electronic Compo-
nents—H. Walter Price (p. 35) 

Electronic components are frequently con-
nected in parallel as a measure to increase re-
liability. Whether the result of such a parallel 
connection results in an increase or a decrease 
in reliability, and the amount of such increase 
or decrease, is a function of the open-circuit 
failure probability and the short-circuit failure 
probability. Equations are derived which per-
mit a determination of the increase or decrease 
of reliability when components are connected in 
parallel. Some curves are included to aid the 
circuit designer in this determination. 

Evaluation and Prediction of Circuit Per-
formance by Statistical Techniques—J. Marini 
and R. Williams (p. 40) 

A method is described for predicting circuit 
performance to the extent that it is dependent 
on part performance. The basis for the predict-
tion is the performance of parts as measured at 
test points fixed by the part specifications. Im-

plicit in this method is the assumption that the 
distribution of part performance at the test 
points can be predicted from consideration of 
the specifications. Such an assumption is neces-
sary to any attempted prediction of this nature. 

An empirical equation giving circuit per-
formance in terms of part performance as 
measured at the test points is assumed. The 
exact form of the equation is determined 
experimentally, by means of regression analysis 
of data consisting of sets of measurements of 
breadboard models of the circuit. The empirical 
equation is then used mathematically to cal-
culate the distribution of the circuit perform-
ance from the assumed distributions of part 
performance. 

The method has been applied successfully to 
predict the laboratory performance of an ac 
amplifier and a telemetering oscillator. In 
principle, the method can be extended to the 
prediction of equipment or system per-
formance. 

Reliability Using Redundancy Concepts— 
L. Depian and N. T. Grisamore (p. 53) 

This paper introduces a new method of 
using redundancy to obtain reliable operation 
of electronic circuits. Switching circuits are 
used as examples to illustrate the method. A 
comparison is made between the majority logic 
method and the averaging method proposed in 
this paper. The comparison shows that the 
averaging method should provide a greater cir-
cuit reliability than the majority method if the 
components of each circuit have the same re-
liability. 

How Can We Attain High Reliability of 
Complex Military Electronic Equipments?— 
Morris Halio ( p. 61) 

Each piece of military electronic equipment 
passes through various phases in its normal 
life cycle. These are planning, design and de-
velopment, pilot production, manufact ure, 
transportation, storage. operation and main-
tenance. Each of these stages is replete with 
opportunities for the introduction of unrelia-
bilities. This paper points out the pitfalls which 
may be encountered and makes specific recom-
mendations to avoid these so that the full 
amount of potential reliability may be realized 
in the final equipment. 

What Price Unreliability?—Dana A. Grig-
gin (p. 70) 

Criteria for Determining Optimum Re-
dundancy—R. E. Barlow and L. C. Hiinter 
(p. 73). 

Redundant circuits whose components may 
suffer either an open-circuit or a short-circuit 
type of failure are considered. A probabilistic 
model for such circuits is proposed. Two criteria 
for determining optimum redundancy are stud-
ied. A formula for obtaining the number of 
components which maximize reliability is 
derived for general failure distributions. A 
table for obtaining the number of components 
which maximize the expected life of the circuit 
is presented for the case of exponential failure. 

Interval Estimation of Product Reliability 
by Use of the Noncentral t Distribution—R. E. 
Schafer ( p. 77) 

Is There Anything New in Reliability?— 
W. D. McGuigan (p. 81) 

Contractual Aspects of Reliability—R. W. 
Smiley (p. 84) 

Reliability Predictions, A Cast History— 
R. A. Davis and W. Wahrhaftig (p. 87) 

Contractor Management Looks at Relia-
bility Program Activities—W. B. Laberge 
(p. 90) 

Design Information Interchange Among Co-
Contractors— Martin Barbe ( p. 93) 

Human Factors in the Attainment of Re-
liability—R. S. Lincoln ( p. 97) 

Estimation from Life Test Data—Benjamin 
Epstein ( p. 104) 

A Customer Looks at the Reliability Pro-
gram Activities— H. R. Powell (p. 108) 

Correction to "Module Prediction"—George 
Hauser (p. 112) 
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534.21-14 2208 
1528 Study of Acoustic Propagation in a Two-
1528 Layered Model—R. K. Eby, A. O. Williams, 
1528 Jr., R. P. Ryan and P. Tamarkin. (J. Acousi. 
1528 Soc. Am., vol. 32, pp. 88-99; January, 1960.) 
1529 Measurements have been made in the range 
1529 55-600 kc using a small probe in a water layer 
1530 0.5-2 cm deep, over a 2-inch slab of rubber of 
1531 greater density. 

The Index to the Abstracts and References published in the PROC. IRE from 
February, 1959 through January, 1960 is published by the PROC. IRE, June, 1960, 
Part II. It is also published by Electronic Technology (incorporating Wireless 
Engineer and Electronic and Radio Engineer) and included in the April, 1960 is-
sue of that Journal. Included with the Index is a selected list of journals scanned 
for abstracting with publishers' addresses. 

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 
(f) 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: 
Velocit y-control tubes, 

klystrons, etc.: 
Quality of received sig-

nal, propagation con-
ditions, etc.: 

Color television: 

551.507.362.2 
621.382 

621.385.6 

621.391.8 
621.397.132 

(PE 657) 
(PE 657) 

(PE 634) 

(PE 651) 
(PE 650) 

The " Extensions 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.1, England. 

ACOUSTICS AND AUDIO 
FREQUENCIES 

534.2-14: 534.88 2207 
Acoustic Intensity Fluctuations and Tem-

perature Microstructure in the Sea— F. H. 
Sugar. (J. Acousi. Soc. Am., vol. 32, pp. 112-
121; January, 1960.) Results of experiments 
designed to test the applicability of the Mintzer 
fluctuation formula (see, e.g., 2275 of 1954) 
are given. 

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. 

534.21-6-14 2209 
Guided Waves in a Fluid with Continuously 

Variable Velocity Overlying an Elastic Solid: 
Theory and Experiment— I. Tolstoy. (J. 
Acousi. Soc. .4m., vol. 32, pp. 81-87; January, 
1960.) Satisfactory agreement between theory 
and experiment has been secured for the propa-
gation of sound waves in the range 10-20 cps 
from a point source in a sedimentary layer 607 
meters thick, on a solid elastic base. 

534.22-14: 534.88 2210 
Formulas for the Computation of Sound 

Speed in Sea Water-- K. V. Mackenzie. 
(J. Aeons,. Soc. Am., vol. 32, pp. 100-104; 
January, 1960.) Equations, designed to agree 
with Kuwaliara's tables, are presented for the 
computation of sound speed. 

534.23 2211 
Acoustic Investigations on Boundary Sur-

faces Between Solid and Liquid Substances— 
R. Krause. (Z. ongew. Phys., vol. 11, pp. 149-
155; April, 1959.) Existing theory for sound 
transmission through layers of different media, 
assuming smooth boundary surfaces and no 
attenuation, is tested experimentally. Tests are 
also made for grooved boundary surfaces and a 
theory covering absorption losses is proposed. 

534.24-14 2212 
Reflection of Sound from Randomly Rough 

Surfaces—J. M. Proud, Jr., R. T. Beyer and 
P. Tamarkin. (J. Appi. Phys., vol. 31, pp. 
543-552; March, 1960.) An investigation of 
reflection of underwater sound from non-
periodic surfaces is reported. The dependence 
of the specular intensity upon various parame-
ters is discussed and a method of deducing the 
surface properties from the intensity distribu-
t ion is illustrated. 

534.26-14: 534.88 2213 
Measurements of the Backscattering of 

Underwater Sound from the Sea Surface— 
G. R. Garrison, S. R. Murphy and D. S. 
Potter. (J. Aeons!. Soc. .4m., vol. 32, pp. 104-
111; January, 1960.) Measurements were made 
at 60 kc in an effort to relate the strength of the 
scattered sound to the character of the surface 
of the sea. 

534.75 2214 
Interaural Noise Correlations: Examination 

of Variables— I. Pollack and W. Trittipoe. 
(J. Acoust. Soc. Am., vol. 31, pp. 1616-1618; 
December, 1959.) An extension of earlier work 
(1098 of 1960). 

534.782 2215 
Toward a Model for Speech Recognition— 

K. N. Stevens. (J. Acoust. Soc. Am., vol. 32, 
pp. 47-55; January, 1960.) An approach to the 
design of a machine for the recognition and 
synthesis of speech is proposed, with particu-
lar emphasis on problems of acoustic analysis. 

534.79 2216 
Sound Intensity, Relative Loudness and 

Summation Loudness— R. Feldtkeller, E. 
Zwicker and E. Port. (Frequenz, vol. 13, pp. 
108-117; April, 1959.) Various methods of 
measuring sound intensity and loudness are 
reviewed and the considerable discrepancies 
between the results are discussed. 

534.8-8 2217 
Very-High-Energy Ultrasonics—E. A. Nep-

piras. (Brit. J. Ape Phys., vol. II, pp. 143-
150; April, 1960.) Effects and applications are 
tabulated and the choice of transducer and the 
design of velocity transformers, are considered. 

534.88: 534.417 2218 
Standard Calibration Hydrophone—C. C. 

Sims, (J. Acozist. Soc. Am., vol. 31, pp. 1676-
1680; December, 1959.) The hydrophone de-
scribed has a piezoelectric element of lithium 
sulphate and operates in the range 5 cps-150 kc. 

534.88:621.396.677.3 2219 
Design of Directional Arrays—J. L. Brown, 

Jr. and R. O. Rowlands. (J. Acousi. Soc. Am., 
vol. 31, pp. 1638-1643; December, 1959.) The 
design of linear and nonlinear arrays for deter-
mining the direction of a radiating source is 
considered theoretically with reference to SNR, 
directivity and minimization of error. 

621.395.61.089.6 2220 
Calibration of Microphones at Low Fre-

quencies—G. Berry. (Engineering (London), 
vol. 188, p. 163; September 11,1959.) The de-
sign of a square-section acoustic duct of total 
length 35 ft is described. The duct is used for 
calibrating microphones in the range 30-320 
cps. A method of comparing the sensitivities 
of two microphones is outlined. 

621.395.625.3 2221 
Contribution on the Stabilization of Tape 

Tension in Magnetic-Tape Recorders—H. 
(Isiachrichlentech. Z., vol. 9, pp. 181-186; 
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April, 1959.) Various methods of maintaining 
constant tape tension are discussed and com-
pared in terms of the available controlling fac-
tors, such as tape weight, diameter of windings, 
and speed of spool rotation. 

621.395.92 2222 
On the Influence of the Diffraction of 

Sound Waves Around the Human Head on the 
Characteristics of Hearing Aids—C. Wans-
dronk. (J. Acoust. Soc. Am., vol. 31, pp. 1609-
1612; December, 1959.) A method is described 
for measuring the effect of sound diffraction on 
the performance of three types of hearing aid 
worn near the ear. Results show a large dif-
ference between hearing aids, probably depend-
ing on the sound entry hole and its distance 
from the skin, but no significant difference be-
tween persons. 

ANTENNAS AND TRANSMISSION LINES 

621.372.21:621.315.212 2223 
Synthesis of Strictly Coaxial Networks— 

O. Maggi and M. Soldi. (Alta Frequenza, vol. 
28, pp. 155-192; April, 1959.) The theory and 
procedure discussed are concerned with. uni-
form transmission-line networks of distributed 
parameters, and are related to the work of 
Richards ( 1882 of 1949) and Ozaki and Ishii 
(IRE TRANS. ON CIRCUIT THEORY, Vol. CT-2, 
pp. 325-336; December, 1955). 

621.372.22 2224 
A Note on the Optimum Design of Non-

uniform Transmission Lines--L. Solymar. 
(Proc. IRE, vol. 107, pp. 100-104; March, 1960.) 
A design method is given for minimizing the 
complexity of the characteristic-impedance 
function. Numerical examples show that it is 
possible to design tapers even shorter than the 
Tchebycheff type. 

621.372.829 2225 
Influence of the Magneto-Dielectric Me-

dium on Electromagnetic Wave Propagation in 
a Helix Waveguide Located in a Magneto-
Dielectric—B. M. Bulgakov and V. P. Shesto-
palov. (lzv. Akad. Nank S.S.S.R., 0.t.N.— 
Energetika i Avtomatika, pp. 166-176; 
July/August, 1959.) Mathematical analysis of 
the dispersion properties of a helix within a 
stratified isotropic and axially symmetric mag-
netic dielectric medium. Graphical-analytic 
solutions of the dispersion equations are ob-
tained and the impedance, wave modes and 
losses for different permittivity/permeability 
ratios are calculated. 

621.372.852.1 2226 
Waveguide Filters with Sharpened Cut-Off 

Characteristics—F. Kiinemund. (Frequenz, 
vol. 13, pp. 97-102; April, 1959.) Design exam-
ples are given for multistage rectangular-
waveguide filters with sharp cut-off for opera-
tion at about 4 kc. 

621.396.67 2227 
Communal Aerials—E. Düniss and K. E. 

Müller. (Nachrichtentech. Z., vol. 9, pp. 165-
173; April, 1959.) Review of design problems 
concerning the antenna system, the antenna 
amplifier and the distribution network for com-
munal installations covering long-, medium-, 

and short-wave, VHF and television reception. 

621.396.67:621.397.61 2228 
Tunable Diplexers of Constant Input Im-

pedance with Residual-Sideband Filters for 
Television Picture and Sound Transmitters— 
Holle. (See 2542 of 1960.) 

621.396.67: 624.074 2229 
Aerial Supporting Structures—P. J. Ward. 

(Point to Point Telecommun., vol. 4, pp. 24-44; 

February, 1960.) Basic considerations involved 
in the design, erection and maintenance of 
masts and towers are discussed. 

621.396.67.062.8 2230 
Aerial Exchanges at Admiralty W/T Station 

—(Engineer, London), vol. 209, pp. 258-259; 
February 12, 1960.) An installation is de-
scribed for connecting any one of several trans-
mitters to different antennas by means of 
motor-driven carriages running in a framework 
of horizontal and vertical guides. 

621.396.673 2231 
Earthed-Base Medium-Wave Radiators of 

Extended Bandwidth, and an Appropriate 
Matching Circuit— H. Scholz. (Rioulfrinkleck. 
Mitt., vol. 3, pp. 97-101; April, 1959.) The ad-
vantages are summarized of earthing the base 

of an antenna mast which supports television 
and VHF antennas at the top and also acts 
as medium-wave radiator. The feed and match-
ing arrangements of a 100-meter mast of this 
type are described and the characteristics of 
the medium-wave antenna system given. 

621.396.676: 629.19 2232 
A Broad-Band Spherical Satellite Antenna 

—H. B. Riblet. (Pgoc. IRE, vol. 48, pp. 631-

635; April, 1960.) Design and performance data 
are given for an equi-angular spiral slot antenna 
system surrounding the spherical surface of a 
TRANSIT satellite for frequencies 54, 108, 162 

and 216 mc. Peak-to-peak field intensity varia-
tions G 10 db are achieved. 

621.396.677: 621.396.96 2233 
Nonreciprocal Radar Antennas—R. L. 

Mattingly. ( Pgoc. IRE, vol. 48, pp. 795-796; 
April, 1960.) The side-lobe content of the an-
tenna pattern may be reduced by the use of 
auxiliary antennas. 

621.396.677.3:534.88 2234 
Design of Directional Arrays—Brown, Jr. 

and Rowlands. (See 2219 of 1960.) 

621.396.677.3.012: 681.142 2235 
An Analogue Computer for Investigating 

the Directivity Characteristics of Complex Ar-
rays of Unit Aerials—G. NI it cl iel I. (P.O. Elect. 
Engrg. J., vol. 52, pp. 246-250; January, 1960.) 
Motor-driven and magnetically operated linear 
and cosine potentiometers form the basis of the 
computer described, which is designed for cal-
culations on any array with 50-200 unit an-
tennas arranged along diametral rows inter-
secting at a common point, and with a maxi-
mum of fourteen antennas in any one row. The 
computer can also be used on a semi-automatic 
basis for dealing with larger or more complex 
arrays. 

621.396.677.32 2236 
Recent Developments in Very-Broad-Band 

Endfire Arrays—A. F. Wickersham, Jr. ( Pgoc. 
IRE, vol. 48, pp. 794 - 795; April, 1960.) A 
tapered Vagi antenna excited via a transmis-
sion line can be made to have wide-band 
matching characteristics. 

621.396.677.7 2237 
The Radiation of Circular-Cylinder Wave-

guides Obliquely Mounted in a Metallic 
Screen—L. Breitenhuber. (Z. Phys., vol. 155, 
pp. 441-452; July 16, 1959.) Waveguide radia-
tors terminating at an angle a in a metal screen 
of infinite extent are investigated. Radiation 
polar diagrams in the E and H planes are given 
for the TEtt mode for a = 0, 30 and 60° and 
waveguide diameter = 0.75X. 

621.396.677.73 2238 
X-Band Horn Antenna has Broad Beam-

Width—R. E. Metter. (Electronics, vol. 33, pp. 
50-53; March 4, 1960.) Description of an el-

liptically polarized antenna with 3-db and 6-db 
beam-widths of 140° for orthogonal planes of 
polarization. 

AUTOMATIC COMPUTERS 

681.142 2239 
An Eight-Digit Word Generator: Parts 1 & 

2—P. L. Owen and T. R. H. Sizer. (Electronic 
Engrg., vol. 32, pp. 134-139, 212-217; March 
/April, 1960.) The theory of operation and the 
design of a binary word generator using surface 
barrier transistors and a direct coupling tech-
nique are given. 

681.142 2240 
Solving Noise Problems in Digital Com-

puter Memories—A. H. Ashley and E. U. 
Colder. (Electronics, vol. 33, pp. 72-74; March 
25, 1960.) Details are given of a coincident-

current storage system in which strobe pulses 
are obtained directly from driven cores. 

681.142: 535 2241 
Optical Analogue Computers—B. J. 

Howell. (J. Opt. Soc. Amer., vol. 49, pp. 1012-
1021; October, 1959.) A general theory of 
optical analog computers based on charac-
teristics of the photographic process is de-
veloped, and applications of photosensitive 
materials and photocells for performing mathe-
matical operations are reviewed. 62 references. 

681.142: 621.318.4 2242 
Integrated Magnetic Circuits for Synchro-

nous Sequential Logic Machines—U. F. Gianola 
(Bell S ysi. Tech. J., vol. 39, pp. 295-332; March, 
1960.) Two approaches to the problems of 
storage, gain, and unidirectional transfer of a 
sequence of bits in a system with a minimum 
of nonmagnetic components are outlined. 
Examples are given of experimental synchro-
nous sequential circuits using commercially 
available multiaperture cores. 

681.142: 621.318.57: 621.382.3 2243 
Computer Switching with High-Power 

Transistors—J. S. Ronne. (Electronics, vol. 33, 
pp. 44-47; March 4, 1960.) A method for 
selecting the most suitable type of power 
transistor for particular switching applications 
is given. 

681.142:621.387 2244 
The Digitron: A Cold-Cathode Character 

Display Tube—McLoughlin, Reaney and 
Turner. (See 2576 of 1960.) 

681.142: 621.396.677.3.012 2245 
An Analogue Computer for Investigating 

the Directivity Characteristics of Complex 
Arrays of Unit Aerials—Mitchell. (See 2235 of 
1960.) 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.013.1:621-52 2246 
An Approximation to the Harmonic Re-

sponse of Saturating Devices—R. J. Kavanagh. 
(Proc. IEE, vol. 107, pp. 127-133; March, 
1960.) An exponential curve is used to approxi-
mate the system characteristics. 

621.315.5.011.2 2247 
Electrical and Thermal Relaxation Effects 

in Current-Carrying Metallic Conductors— 

H. GócIdecke. (Z. angew. Phys., vol. 11, pp. 
143-147; April, 1959.) The ac admittance of 
conductors carrying dc is calculated and a 
relation is found for determining the frequency-
dependent thermal conductivity. Results of 
measurements on lamp filaments confirm this 
relation. [See also 676 of 1956 (Burgess). 

621.319.42 2248 
Some Results on the Cross-Capacitances 

per Unit Length of Cylindrical Three-Terminal 
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Capacitors with Thin Dielectric Films on their 
Electrodes— I). G. Lampard and R. D. Cut-
koskv. (Proc. LEE, vol. 107, pp. 112-119; 
March, 1960.) 

621.372.4:621.3.016.2 2249 
The Concept of Power at Complex Fre-

quences—G. Schilling. (Frequenz, vol. 13, pp. 
70-74; March, 1959.) The significance of the 
term "negative resistance" is discussed with 
regard to two different aspects. One is the be-
havior of two-pole networks with sinusoidal os-
cillators and a negative-slope V// character-
istic, the other is the case of exponentially de-
caying oscillations where phase-shifts greater 
than 90° between current and voltage may 
arise. 

621.372.5 2250 
A Method of Synthesis of Linear Passive 

Networks for Transient Conditions—M. L. 
D'Atri. (Note Recensioni Notiz., vol. 8, pp. 155-
168; March/April, 1959.) A method of synthesis 
is described for networks with transient re-
sponse of unit-function or Dirac-function type. 

621.372.512.3 2251 
Frequency Jumps and Pulling Effects in 

Coupled Circuits—W. S. Ehrenberg. (Bull. 
schweiz. elektrotech. Ver., vol. 50, pp. 1009-1016; 
October 10, 1959.) The admittance equations 
for two-coupled tuned circuits are formulated 
and the conditions of oscillation established. 
The minimum width of the frequency jump is 
derived as a function of coupling and in relation 
to the " pulling" properties of the oscillator. 
The limiting conditions for freedom from fre-
quency jumps are given. 

621.372.54: 621.391 2252 
The Optimization of a Class of Nonlinear 

Filters—J. K. Lubbock. (Proc. IRE, pt. C, 
vol. 107, no. 11, pp. 60-74.) A mathematical 
treatment shows that use of the nonlinear filter 
gives a significant improvement in mean-square 
error even when signal and noise have the same 
spectral densities. Optimization is not unduly 
difficult. 

621.372.632: 621.382.2 2253 
The Influence of the Time-Dependent 

Series Resistance of a Capacitance Diode in a 
Mayar Up-Converter—P. Bobisch and C. 
Sondhauss. (J. Electronics Control, vol. 7, pp. 
344-366; October, 1959. In German.) An ampli-
fying frequency converter for conversion from 
70 to 4000 Inc is investigated theoretically. The 
variable reactance is a semiconductor diode of 
the type described by Uhlir (2905 of 1958). The 
effect of the loss resistance of this diode on con-
verter stability and bandwidth is evaluated. 

621.373.421.11 2254 
Dual-Frequency Oscillator Design—L. 

Klienberg. (Electronics, vol. 33, pp. 182-184; 
March 11, 1960.) Basic design details are given 
of circuits in which llartley and Colpitts oscil-
lators are combined. 

621.373.43 2255 
Simultaneous Oscillation at Three Natural 

Frequencies in Nonlinear Feedback Circuits— 
V. Met. (Arch. elekt. Übertragung, vol. 13, pp. 
161- 170; April, 1959.) The steady states of a 
nonlinear feedback loop with three degrees of 
freedom are investigated under the assumption 
of quasilinearity, with reference to the theory 
of multimode oscillators given in 3428 of 1957. 
Experimental results and practical applications 
of the effect are discussed. 

621.373.431.1:621.382.3: 621.318.57 2256 
Transfluxor Oscillator Gives Drift-Free 

Output—R. J. Sherin. (Electronics, vol. 33, pp. 
48-49; March 4, 1960.) A voltage-controlled 

transistor multivibrator circuit incorporating a 
transtluxor magnetic core is described; a feature 
of the arrangement is the stability of the output 
frequency after removal of the control signal. 

621.373.44: 621.382.3: 621.397 2257 
A Simple Pulse Generator and a Pulse Dis-

tribution Unit Using Transistors—H. Stierhof. 
(Rundfunktech. Mitt., vol. 3, pp. 81-90; April, 
1959.) Circuit and performance details are 
given of equipment for use in television studio 
installations. 

621.374.3: 621.387.4 2258 
Time to Pulse-Height Converter of Wide 

Range—J. Fischer and A. Lundby. (Rev. Sci. 
Instr., vol. 31, pp. 10-14; January, 1960.) The 
converter is designed to plug in to commercial 
oscilloscopes and can time several events per 
(linear) time scan relative to one starting 
event. Counting losses can be reduced by 
"negative-time scanning." The circuit diagram 
is given. 

621.374.3: 621.387.4 2259 
Fast Coincidence Circuit for Slow Pulses— 

J. E. Draper and A. A. Fleischer. (Rev. Sci. 
Instr., vol. 31, pp. 49-52; January, 1960.) For 
pulse timing, particularly in coincidence spec-
troscopy applications. 

621.374.4: 621.317.7.029.64 2260 
Practical Decimetre-Wavelength Harmonic 

Generator—U. Adelsberger. (Arch. elekt. Über-
tragung, vol. 13, pp. 152-156; April, 1959.) A 
frequency-stable coaxial-type harmonic genera-
tor is described whose design is based on the 
rod wavemeter (2494 of 1956). Four patterns 
are available covering different fundamental-
wavelength ranges; the highest usable harmonic 
frequency is about 4500 mc. 

621.374.4: 621.372.44 2261 
Harmonic Generation using Idling Circuits 

—I. Kaufman and D. Douthett. ( Paoc. IRE, 
vol. 48, pp. 790-791; April, 1960.) A theoretical 
examination of the conditions necessary for 
efficient harmonic generation using an element 
with a square-law characteristic. 

621.375.12: 621.382.23 2262 
Tunnel D ode as an Interstage Gain Device 

—L. A. LoSasso. ( Paoc. IRE, vol. 48, pp. 
793-794; Apr I, 1960.) Application of the tunnel 
diode as a coupling element, to provide imped-
ance transformation and power gain between 
each stage of an IF amplifier. 

621.375.127.018.78 2263 
Distortion in Class-AB Push-Pull Ampli-

fiers— I. S. Docherty and R. E. Aitchison. 
(Proc. IRE ( Australia), vol. 20, pp. 737-741; 
December, 1959.) Fourier coefficients of the 
current waveform for a single tube or transistor 
working under varying bias conditions are 
evaluated as a function of the angle of flow of 
the output current. From these results the har-
monic distortion is determined for a balanced 
push-pull system and it is shown that small 
degrees of unbalance can be responsible for 
large contributions to the over-all distortion, 
principally by the introduction of second 
harmonics. 

621.375.222 2264 
Compensation of Direct-Coupled Amplifiers 

Against Drift Caused by Heater Voltage 
Fluctuations—F. Gutmann. (Proc. IRE ( Aus-
tralia), vol. 20, pp. 692-694; November, 1959.) 
The output from a thermopile, heated from the 
source which supplies the tube heaters of an 
amplifier, is fed back either to the input or to 
the indicator to compensate for zero drifts. 
The drift is reduced by two-thirds without loss 
of amplifier sensitivity. 

621.375.227 2265 
Self-Balancing Push-Pull Circuits—D. R. 

Birt. (Wireless World, vol. 66, pp. 223-227, 
283-285; IMay/June, 1960.) Theoretical aspects 
of self-balancing circuits are discussed and a 
method is described for making a push-pull 
amplifier self-balancing by applying over-all 
push-push negative feedback: no close-toler-
ance components are needed. 

621.375.029.3 2266 
The New "Isodyne - Phase Splitter—E. F. 

Worthen. ( A udio, vol. 42, pp. 26-27; August, 
1958.) Details are given of an amplifier in 
which the phase splitter is directly coupled 
and the output to the final stage is taken from 
a cathode follower. Measured intermodulation 
distortion for the complete amplifier was less 
than 0.2 per cent for outputs up to 30 w with 
a frequency response level to within ± 0.5 db 
up to 10 kc. 

621.375.232 2267 
Unity-Gain Amplifier Offers High Stability 

—G. M. Davidson and R. F. Brady. (Elec-
tronics, vol. 33, pp. 66-67; February 26, 1960.) 
Design equations are given for a double-
triode output stage, the gain stability factor of 
which is the reciprocal of the products of the 
two gains. 

621.375.232.018.78 2268 
An Overmodulation Effect in Negative-

Feedback Valve Amplifiers—F. Fell and K. 
Lang. (Frequenz, vol. 13, pp. 65-70; March, 
1959.) If the final stage of a multistage RC-
coupled feedback amplifier is driven into grid 
current through overloading, there is a differ-
ence between the input levels at which grid 
current sets in and that at which it ceases. 
The distortion caused by this effect is investi-
gated; measures to eliminate it are discussed 
but are not considered worth undertaking for 
multichannel carrier systems. 

621.375.4 2269 
Temperature Stabilization of Transistors 

in Class-B Amplifiers— K. L. Webber. (Proc. 
IRE (Australia), vol. 20, pp. 726-733; Decem-
ber, 1959.) Factors affecting stability are dis-
cussed and a graphical method is described 
for estimating the maximum temperature for 
stable operation. Experimental results ob-
tained using a thermistor to improve stability 
are in good agreement with theory. 

621.375.4.012 2270 
Transistor Circuit Design Using Modified 

Hybrid Parameters—E. R. Aitchison. (Proc. 
IRE ( Australia), vol. 20, pp. 673 -679; Novem-
ber, 1959.) Methods are described for calcu-
lating modified hybrid parameters and approxi-
mate expressions applicable to the design of 
practical one- and two-stage amplifiers with 
feedback. 

621.375.9:[538.569.4 621.372.44 2271 
Masers or Parametric Amplifiers— D. C. 

Lainé. (Electronic Technologist, vol. 37, pp. 
174-185; May, 1960.) The main features of the 
various types of amplifiers in each group are 
summarized and their relative performance in 
practical systems is discussed. 30 references. 

621.375.9.:538.569.4 2272 
On the Theory of Masers—E. Groschwitz. 

(Z. Natztrforsch., vol. 14a, pp. 305-307; March, 
1959.) Preliminary note dealing with the 
effects of phase distribution in the microwave 
field. 

621.375.9: 538.569.4 2273 
On the Possibility of Maser Action in 

Nuclear Quadrupole Systems—Donovan and 
Vuylsteke (See 2315 of 1960.) 



1520 PROCEEDINGS OF THE IRE August 

621.375.9: 538.569.4 2274 
Operation of a Chromium-Doped Titania 

Maser—H. J. Gerritsen and H. R. Lewis. 
(J. Appt. Phys., vol. 31, pp. 608-609; March, 
1960.) Brief description of a maser which has 
been operated at several frequencies in the 
range 8.2-10.6 kmc (pump frequency 35 
kmc) and at 22.3 kmc (pump frequency 49.9 
kmc). 

621.375.9: 621.372.44: 621.372.2 2275 
Parametric Amplification Along Nonlinear 

Transmission Lines—R. Landauer. (J. Appt. 
Phys., vol. 31, pp. 479-484; March, 1960.) 
A pump signal propagating along a dispersion-
less transmission line with a distributed non-
linear capacitance is subject to deformation, 
since different parts of the signal move with 
different velocities. The deformation will affect 
the parametric amplification process, so that, 
in general, a sinusoidal signal will not be in-
creased in its fundamental frequency by 
traveling down the line. 

621.375.9: 621.372.44: 621.385.6 2276 
Extension of Longitudinal-Beam Para-

metric-Amplifier Theory—Sobol. (See 2566 of 
1960.) 

621.375.9: 621.372.44: 621.391.822 2277 
Note on the Noise Figure of Negative-

Conductance Amplifiers—A. van der Ziel and 
J. Tamiya. (Paoc. IRE, vol. 48, p. 796; April, 
1960.) The noise figure is calculated for the 
case when the negative-conductance amplifier 
stage is connected directly to a receiver and 
when it is connected via a lossless step-down 
transformer. 

621.375.9: 621.382.23 2278 
Noise Performance Theory of Esaki (Tun-

nel) Diode Amplifiers—M. E. Hines and W. W. 
Anderson. ( Paoc. IRE, vol. 48, p. 789; April, 
1960.) Theory indicates that low noise figures 
can be achieved only with some sacrifice in 
gain, stability or bandwidth. [See also 3246 
of 1959 (Chang).1 

621.376.22: 539.23 2279 
Thin-Film Balanced Modulator—(Elec-

tronics, vol. 33, pp. 78, 80; February 26, 1960.) 
Passive balanced modulator circuits are evolved 
using single-domain permalloy film which is 
vacuum-deposited in a magnetic field. Tests 
have been made using a 4-mc carrier with 
sinusoidal modulation at 20 cps-20 kc and 
square-wave modulation up to 100 kc. 

621.376.223: 621.375.024: 681.142 2280 
The Use of Silicon Diodes in D.C. Modu-

lators and their Applications to Drift Cor-
rectors for Computing Amplifiers—T. Glu-
charoff and C. P. Gilbert. (Proc. IEE, vol. 107, 
pp. 82-90; March, 1960.) Advantages over the 
conventional relay modulator include good 
high-frequency response, low noise level, low 
switching power requirements, and an opera-
tional life limited only by the thermionic tubes. 
Zero stability is comparable with that of the 
conventional relay. 

621.376.3 2281 
Explicit Form of F.M. Distorition Products 

with White-Noise Modulation—R. G. Med-
hurst. (Proc. IEE, vol. 107, pp. 120-126; 
March, 1960.) Expressions are derived for 
frequency and amplitude distortion of the 
output of a network whose phase or amplitude 
characteristics vary nonlinearly with fre-
quency. The evaluation of these expressions 
using a digital computer is illustrated for the 
case of fourth-order distortion associated with 
terms in the discriminator amplitude char-
acteristic up to the sixth degree. 

621.376.32:621.318.4 2282 
Frequency Modulation of a Transmitter 

by Inductance Variation—W. M oortgat-Pick. 

(Frequenz, vol. 13, pp. 117-120; April, 1959.) 
The use of a ferrite-cored variable inductor is 
proposed and its advantages over a reactance-
tube circuit are discussed. An experimental 
FM master oscillator is described. 

621.376.4 2283 
The Single-Ended Diode Phase-Sensitive 

Detector—R. Chidambaram and S. Krishnan. 
(Electronic Engrg., vol. 32, pp. 158-160; March, 
1960.) The transfer ratios for the two diodes 
are found to vary with signal level. The non-
linearity in the output is evaluated and a table 
is given for assessing the performance of a 
given detector. (See also 443 of 1960.) 

GENERAL PHYSICS 
535.2 2284 

Theoretical Considerations on the Experi-
mental Determination of Spontaneous Photon 
Fluctuations— G. A. Spescha and M. J. O. 
Strutt. (Helv. Phys. Acta, vol. 33, pp. 53-68; 
March 15, 1960. In German.) A method is 
indicated for measuring fluctuations in the 
range hv/kT>>1 with a suitable photon de-
tector. (See also 2559 of 1960.) 

535.215 2285 
Theory and Application of Thermally Stimu-

lated Currents in Photoconductors—R. R. 
Haering and E. N. Adams. (Phys. Rev., vol. 
117, pp. 451-454; January 15, 1960.) Explicit 
solutions are obta ned in the limits of slow and 
fast retrapping. A method of obtaining the 
ionization energy of the relevant traps is dis-
cussed. 

535.215 2286 
Photon Momentum Effects in the Magneto-

Optics of Excitons.— J. J. Hopfield and D. G. 
Thomas. (Phys. Rev. Lett., vol. 4, pp. 357-359; 
April 1, 1960.) Two magneto-optic effects due 
to the small but finite wave vector of light are 
described. . 

535.317.6:621.397.61:681.4 2287 
An Approximation Method for the Treat-

ment of Spherical Aberration of Objectives 
Using the Methods of Communication Theory 
—F. Below and H. Grabke. (Rundfunktech. 
Mitt., vol. 3, pp. 94-96; April, 1959.) The 
surface of the objective is divided into zones 
and a simple formula is derived for evaluating 
the brightness distribution in the image plane. 

537.2 2288 
Charge Sphere in Cylinder—W. R. Smythe. 

(J. Ape Phys., vol. 31, pp. 553-556; March, 
1960.) The charge density, potential, and 
capacitance of the spere are calculated to an 
accuracy within 1 part in 107 using the method 
described earlier ( 73 of 1957). 

537.291 2289 
Wave Functions and Effective Hamiltonian 

for Bloch Electrons in an Electric Field— 
G. H. Wannier. (Phys. Rev., vol. 117, pp. 
432-439; January 15, 1960.) 

537.311.31 2290 
Transport Phenomena in Elastically Aniso-

tropic Metals—J. Appel. (Z. Naturforsch., vol. 
14a, pp. 379-393; April, 1959.) 

537.311.33 2291 
Statistical Theory of Kinetic Phenomena: 

Part 2—M. 1. Klinger. (Fiz. Tverdogo Tela., 
vol. 1, pp. 1225-1238; August, 1959.) General 
expressions are derived for kinetic coefficients 
which are used to obtain approximate formulas 
for the case of weak electron-phonon interac-
tion. The derived formulas are used for investi-
gating the thermoconductivity and thermo-
EMF of semiconductors. (For earlier work see 
Zh. tekk. Fiz., vol. 27, pp. 2780-2783; December, 
1957.) 

537.311.33 2292 
A Dielectric Approach to Impurity Con-

duction—D. G. H. Frood. (Proc. Phys. Soc., vol. 
75, pp. 185-193; February 1, 1960.) The prob-
lem of impurity conduction in valence crystals 
is formulated on a dielectric basis. Calculations 
are made of 1) the contribution to the per-
mittivity arising from the hydrogenic donor 
atoms, 2) the donor activation energy, and 
3) the effect of screening by conduction elec-
trons. 

537.312.62 2293 
On the Theory of Superconductivity— Y. 

Wada and N. Fukuda. (Prog. Theoret. Phys., 
vol. 22, pp. 775-806; December, 1959.) An 
exact treatment of the strong-coupling approxi-
mation in the theory of Bardeen et al. ( 1386 of 
1958) and discussion of the Meissner effect. 

537.523.4 2294 
Development of Space Change and Growth 

of Ionization in the Transient Townsend Dis-
charge— Y. Miyoslii. (Phys. Rev., vol. 117, pp. 
355-365; January 15, 1960.) An extension of 
earlier work (730 of 1957). 

537.525 2295 
Cathode Work Function, Sparking Poten-

tials and Secondary Ionization Coefficients for 
Oxide-Coated Cathodes in Hydrogen—D. E. 
Davies and B. J. Hopkins. (Brit. J. App!. 
Phys., vol. 10, pp. 498-501; November, 1959.) 
The contact potential difference between oxide-
coated cathodes and a gold reference surface 
has been measured using the Kelvin technique. 
(See 2296 of 1960.) 

537.525 2296 
Influence of the Cathode Work Function 

on the Sparking Potential in Hydrogen—D. E. 
Davies and R. K. Fitch. (Brit. J. Ape Phys., 
vol. 10, pp. 502-505; November, 1959.) The 
Kelvin vibrating-electrode method of measur-
ing contact potential differences has been used 
to follow changes in work function of evapo-
rated metallic films in a parallel-plate electrode 
system in hydrogen at a pressure of 100 mm 
Hg. 

537.525 2297 
Ultimate and Secondary Electron Energies 

in the Negative Glow of a Cold-Cathode Dis-
charge in Helium—J. M. Anderson. (J. Appt. 
Phys., vol. 31, pp. 511-515; March, 1960.) 

537.56 2298 
Equation of State of High-Temperature 

Plasma—T. Morita. (Prog. Theoret. Phys., vol. 
22, pp. 757-774; December, 1959.) Fully ion-
ized plasmas at high temperatures are investi-
gated on the basis of quantum theory and a 
correction to the Debye-Hückel approximation 
is evaluated for the free energy and the equa-
tion of state. 

537.56 2299 
Electron and Ion Runaway in a Fully Io-

nized Gas: Part 2—H. Dreicer. (Phys. Rev., 
vol. 117, pp. 329-342; January 15, 1960.) An 
extension of the treatment presented in Part 
1 (425 of 1960) to give a more exact estimate 
of the runaway rate under the action of a weak 
electric field. 

537.56 2300 
Electron Velocity Distributions in a Par-

tially Ionized Gas—H. Dreicer. (Phys. Rev., 
vol. 117, pp. 343-354; January 15, 1960.) 
Investigation of the transition from the non-
Maxwellian distribution characteristic of a 
poorly ionized gas to the Maxwellian distribu-
tion as the degree of ionization rises. 

537.56: 538.56 2301 
Plasma Containment by R.F. and D.C. 

Field Combinations—D. G. Dow and R 
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Knechtli. (J. Electronics Control, vol. 7, pp. 
316-343; October, 1959.) The advantages are 
discussed of supplementing dc with RF fields, 
which are sometimes more effective and pos-
sibly more stable. The design of "RF plugs" for 
sealing the ends of a plasma column contained 
by a dc magnetic field is given in some detail. 

537.56: 538.56 2302 
Propagation of Plasma Waves Across a 

Density Discontinuity—A. H. Kritz and D. 
Mintzer. (Phys. Rev., vol. 117, pp. 382-386; 
January 15, 1960.) When longitudinal waves 
are incident on a plasma density (or tempera-
ture) discontinuity energy can be converted 
to transverse waves. The inverse process also 
occurs. 

537.56: 538.561 2303 
Radio Emission by Plasma Oscillations in 

Nonuniform Plasmas—D. A. Tidman. (Phys. 
Rev., vol. 117, pp. 366-374; January 15, 1960.) 
Equations of motion for small-amplitude 
plasma oscillations interacting with the em 
field in slowly varying density or temperature 
gradients are established. The RF noise excited 
by a wave packet of plasma oscillations travers-
ing such gradients is calculated using the WKB 
approximation. A similar calculation is made 
for a density discontinuity. 

537.56 :538.561: 538.6 2304 
The Radiation Emitted within Ionized Gas 

in the Presence of a Magnetic Field—K. 
Kawabata. Rep. Ionosphere Res. Japan, vol. 
12, pp. 428-436; 1958.) 

537.56: 538.6 2305 
Electrohydromagnetic Waves in a Fully 

Ionized Gas: Part 1—K. D. Cole. (Planet. 
Space Sc., vol. I, pp. 319-324; September, 
1959.) Transport equations are used to deter-
mine coefficients which are generalizations for 
any frequency of electric field of the parallel, 
Pedersen and Hall conductivities. Applications 
aie discussed. 

537.583: 537.213 2306 
Potential Distribution Between Two Plane 

Emitting Electrodes—P. A. Lindsay and F. W. 
Parker. (J. Electronics Control, vol. 7, pp. 289-
315; October, 1959.) Equations are derived for 
two plane parallel electrodes made from differ-
ent materials and kept at different tempera-
tures. Numerical calculations are given for 
electrodes at the same temperature T with 
an external potential difference cbeat between 
them. All possible potential distributions are 
shown to be represented by a family of curves, 
the parameter of the family being A 
=exp(-et14.t/kT). 

538.11 2307 
Theory of Spin-Wave Interactions in Ferro-

and Antiferro-Magnetism—T. Oguchi. (Phys. 
Rev., vol. 117, pp. 117-123; January 1, 1960.) 
Mathematical treatment of spin wave theory 
for a ferromagnetic model, giving results in 
agreements with Dyson's (3696 of 1956). 

538.3 2308 
Geometrical Representation of the Maxwell 

Field in Minkowski Space—E. S. Lowry. 
(Phys. Rev., vol. 117, pp. 616-618; January 15, 
1960.) "The electromagnetic field tensor of a 
classical charged particle is associated with the 
orientation and density of a family of two-
dimensional surfaces radially distributed about 
the world line of the particle in Minkowski 
space." 

538.311 2309 
On the Production of High-Intensity Mag-

netic Fields of Short Duration—P. Cotti. 
(Z. angew. Math. Phys., vol. 11, pp. 17-32; 

January 25, 1960.) The design of capacitor 
discharge apparatus for pulsed fields is dis-
cussed. Calculations are compared with experi-
mental data for coils producing fields of 400,000 
oersteds for 1 msec in a volume of 0.5 cm, and 
100,000 oersteds for 100 msec in 10 cm,. 

538.311:539.89 2310 
Production of Very High Magnetic Fields 

by Explosion—C. M. Fowler, W. B. Garn and 
R. S. Caird. (J. Appt. Phys., vol. 31, pp. 588-
594; March, 1960.) Fields in the 10-15 mega-
gauss range are obtained by use of high ex-
plosives which effectively compress the flux 
inside a metallic cylinder. 

538.566.029.6: 537.56 2311 
Microwave Whistler-Mode Propagation in 

a Dense Laboratory Plasma—R. M. Gallet, 
J. M. Richardson, B. Wieder, G. D. Ward and 
G. N. Harding. (Phys. Rev. Lett., vol. 4, pp. 
347-349; April 1, 1960.) The thermonuclear 
machine ZETA at Harwell is being used for 
plasma diagnostics. Measurements of refrac-
tive index and attenuation rate at two fre-
quencies will be attempted. 

538.569.4: 621.375.9 2312 
Focusing Molecular Beams of NH3—J. C. 

Helmer, F. B. Jacobus and P. A. Sturrock. 
(J. Appt. Phys., vol. 31, pp. 458-463; March, 
1960.) A study of the formation of molecular 
beams for use in NH3 masers is described. The 
design and performance of nonuniform focusers 
and of effusers is considered. The operation of 
a system is described in which lower-state 
molecules produced by maser oscillation may 
be detected. 

538.569.4: 621.375.9 2313 
Molecular Beam Formation by Long 

Parallel Tubes—J. A. Giordmaine and T. C. 
Wang. (J. Appt. Phys., vol. 31, pp. 463-471; 
March, 1960.) The characteristics of molecular 
beams formed by sources consisting of long-
tube arrays are measured for several sources. 
The results agree well with theory. Some con-
siderations in source design are also discussed. 

538.569.4:621.375.9 2314 
Analysis of Focuser for Maser Oscillators— 

M. Hirono. (J. Radio Res. Labs. Japan, vol. 
6, pp. 515-532; July, 1959.) A mathematical 
study of the characteristics of eight-pole, four-
pole and square-well focusers. The main con-
clusions refer to the focusing length and the 
influence of the velocity distribution in the 
beam. 

538.569.4: 621.375.9 2315 
On the Possibility of Maser Action in 

Nuclear Quadrupole Systems—R. E. Dono-
van and A. A. Vuylsteke. (J. Appt. Phys., 
vol. 31, pp. 614-615; March, 1960.) Analysis 
of an apparently promising system shows that 
the gain in the material is not sufficient to 
overcome circuit losses. 

538.691 2316 
Allowed and Forbidden Regions in the 

Motion of Electrically Charged Particles in 
Axially Symmetric Magnetic Fields—H. Fisser 
and R. Kippenhahn. (Z. Naturforsch., vol. 14a, 
pp. 37-46; January, 1959.) Diagrammatic 
methods are applied to the case of motion in 
the field of a magnetic dipole and of a circular 
line current. 

538.691 2317 
The Motion of Charged Particles in the 

Magnetic Field of a Straight Current-Carrying 
Wire—F. Hertweck. (Z. Naturforsch., vol. 14a. 
pp. 47-54; January, 1959.) The calculated 
velocity of a particle in the field along an 
infinitely long wire is in agreement with Alfvén's 
approximation. 

538.691 2318 
Quantum Theory of Transport in a Mag-

netic Field—P. N. Argyres. (Phys. Rev., vol. 
117, pp. 315-328; January 15, 1960.) 

539.12 2319 
Comparison of the Charges of the Elec-

tron, Proton and Neutron—A. M. Hillas and 
T. E. Cranshaw. (Nature, vol. 186, pp. 459-
460; May 7, 1960.) Experimental details are 
classified in reply to criticism by Bondi and 
Lyttleton. (See 117 of 1960.) 

539.2:535.215 2320 
Systematic Study of Electron Binding 

Energies of some Fourth- and Sixth-Period 
Elements by means of the Photo-Electron 
Method—E. Sokolowski. (Ark. Fys., vol. 15, 
pp. 1-30; April 10, 1959.) 

539.2:537.29 2321 
Theory of Internal Field Emission—J. 

Kamphusmann. (Z. Naturforsch., vol. 14a, 
pp. 165-171; February, 1959.) Difficulties in 
the solution of the Schrtidinger equation in the 
quantum-mechanical treatment of internal 
field emission are avoided by the use of Bloch 
functions instead of those based on Houston's 
theory. 

GEOPHYSICAL AND EXTRATERRES-
TRIAL PHENOMENA 

523.14: 538.69 2322 
On the Magnetic Field of the Galaxy— 

F. Hoyle and J. G. Ireland. (Monthly Notices 
Roy. Astron. Soc., vol. 120, pp. 173-186; 1960.) 

523.152.3:538.12 2323 
On the Interplanetary Gas and its Magnetic 

Field—L. Block. (Ark. Fys., vol. 14, pp. 179-
193; October 14, 1958.) Proposed models of 
the interplanetary magnetic field are critically 
examined in relation to known physical phe-
nomena. 

523.16 2324 
Existence of Net Electric Charges on Stars 

—V. A. Bailey. (Nature, vol. 186, pp. 508-
510; May 14, 1960.) The hypothesis is pro-
posed that a star, like the sun of mass me, 
carries a net negative charge -Q, which is given 
by the formula Q.=0„G ,12M, esu where G is the 
constant of gravitation and f.t is a pure number 
of the order of 0.03. This hypothesis accounts 
for the known orders of magnitude and direc-
tions relating to a number of phenomena such 
as the magnetization of the earth and the 
outer Van Allen belt, and leads to a simple 
qualitative or semiquantitative explanation 
for others. Possible sources of the stellar net 
charge and possible criticisms of the hypothesis 
are discussed. 

523.164 2325 
The Simultaneous Observation of Radio 

Star Scintillations on Different Radio Fre-
quencies—H. J. A. Chivers. (J. Atmos. Terr. 
Phys., vol. 17, pp. 181-187; February, 1960.) 
With increasing scintillation activity, the 
amplitude and rate have distributions which 
contain discontinuities. 

523.164.3: 523.42 2326 
Apparent Radio Radiation at 11-m Wave-

length from Venus—J. D. Kraus. (Nature, vol. 
186, p. 462; May 7, 1960). From further obser-
vation and subsequent analysis, it appears 
definite that signals previously reported (see 
2118 of 1957) were not from Venus but were 
interference of terrestrial origin. 

523.164.32:535.853 2327 
The Freiburg Radio Spectrograph (48-165 

Mc/s)—K. O. Kiepenheuer and H. H. Rabben. 
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(Z. Astrophys., vol. 49, pp. 61-67; January 13, 
1960.) The design of the solar spectrograph 
described is based on that of Wild and Mc-
Cready ( 1629 of 1951). 

523.164.32: 551.594.5 2328 
The Association of Solar Radio Bursts with 

Auroral Streams—A. Maxwell, A. R. Thomp-
son and G. Garmire. (Planet. Space Sci., vol. 
1, pp. 325-332; September, 1959.) Analysis of 
two years' observations of Type II radio bursts 
show a 45 per cent correlation with auroral 
and magnetic storms, with a mean time delay 
of 33 h. 

523.164.32:621.391.812.6 2329 
Determination of the Extinction in the 

Earth's Atmophere of Radiation at 20- and 
3.2-cm Wavelength—F. Fürstenberg. (Z. 
Astrophys., vol. 49, pp. 42-60; January 13, 
1960.) Discussion of the results of microwave 
absorption measurements on solar radiation 
made at sunset and sunrise in Berlin and on 
Rügen in the Baltic. 

523.164.34 2330 
The Thermal Radiation of the Moon at 

1420 Mc/s—P. G. Mezger and H. Strassl. 
(Planet. Space Sci., vol. 1, pp. 213-226; August, 
1959.) A radiation temperature of about 250° 
has been measured, showing no variation with 
the phase of the moon. 

523.164.4 2331 
The Radio Emission from Normal Galaxies: 

Part 1—Observations of M31 and M33 at 
158 Mc/s and 237 Mc/s—R. H. Brown and C. 
Hazard. (Monthly Notices Roy. Asir. Soc., 
vol. 119, pp. 297-308; 1959.) 

523.165 2332 
Changes in the Differential Rigidity Spec-

trum of Primary Cosmic Rays Associated with 
Long-Term and Short-Term Intensity Varia-
tions—J. R. Storey. (Phys. Rev., vol. 117, pp. 
573-577; January 15, 1960.) 

523.165 2333 
Some Properties of the Van Allen Radia-

tion—A. J. Dessler and R. Karplus. (Phys. 
Rev. Lett., vol. 4, pp. 271-274; March 15, 
1960.) Observations of the electron belt macle 
with Explorer IV and Explorer VI are incon-
sistent with the solar injection hypothesis; the 
electrons released in the decay of cosmic-ray 
neutron albedo may represent a satisfactory 
source for the outer zone. 

523.165 2334 
Measurement of Radiation in the Lower 

Van Allen Belt—F. E. Holly and R. G. John-
son. (J. Geophys. Res., vol. 65, pp. 771-772; 
Feburary, 1960.) The maximum of the belt oc-
curred at 15°N. 

523.165: 523.152.3 2335 
Cosmic-Ray Intensity in Interplanetary 

Space—H. Elliot. (Nature, vol. 186, pp. 299-
300; April 23, 1960.) Cosmic-ray intensity has 
been calculated as a function of distance from 
the sun in the region between the orbits of 
Mars and Venus. 

523.165: 538.12 2336 
Cosmic-Ray Orbits in Interplanetary Mag-

netic Fields—L. Block. (Ark. Fys., vol. 14, 
pp. 161-177; October 14, 1958. 43 plates.) 
Cosmic-ray orbits have been calculated in the 
interplanetary field suggested by Alfvén 
(2714 of 1956). The results are briefly dis-
cussed and compared with cosmic-ray obser-
vations. 

523.5 2337 
Combined Photographic and Radio Echo 

Observations of Meteors—J. Davis, J. S. 

Greenhow and J. E. Hall. (Proc. Roy. Soc. 
(London) vol. 253, pp. 121-129; November 
17, 1959.) Measurements have been made on a 
bright Geminid meteor by means of a meniscus 
Schmidt camera and two pulsed radio trans-
mitters operating at frequencies near 36 mc. 
The radio echo duration is found to be several 
orders of magnitude less than would be ex-
pected from simple diffusion theory. This be-
havior is explained in terms of the attachment 
of electrons to neutral oxygen molecules to 
form negative ions, and a value for the attach-
ment coefficient is determined. 

523.5:621.391.812.5 2338 
The Azimuth Distribution of Oblique Re-

flections from Meteor Trails and its Relation 
to Meteor Radiant Distributions—W. C. Bain. 
(J. Atmos. Terr. Phys., vol. 17, pp. 188-204; 
February, 1960.) The measurements refer to 
a 1740-km north-south path at frequencies 
of 37 and 70 mc. The distribution of radiants 
which best fits the observations is a heliocen-
tric distribution uniform over the celestial 
sphere. 

523.5:621.396.9 2339 
The Effect of Attachment on Radio Echo 

Observations of Meteors—J. Davis, J. S. 
Greenhow and J. E. Hall. (Proc. Roy. Soc. 
(London) vol. 253, pp. 130-139; November 
17, 1959.) The observed relation between 
visual meteor magnitude and echo duration is 
explained by this mechanism as are the de-
partures from the wavelength-squared varia-
tion of echo duration predicted by diffusion 
theory. Attachment processes also account for 
the observation that the final heights of endur-
ing meteor echoes all center about 95 km even 
though bright meteors may show a maximum 
in light intensity below 80 km. (See 2337 of 
1960.) 

523.746.5 2340 
The Character of the Next Sunspot Maxi-

mum—W. Gleissberg. (Z. Astrophys., vol. 49, 
pp. 25-29; January 13, 1960.) From an applica-
tion of probability laws previously used (see 92 
of 1950) it is concluded that the next sunspot 
maximum may be weak. During the next 11-
year cycle the smoothed monthly averages of 
the relative sunspot numbers are not expected 
to exceed 87.7, with a probability of 0.95. 

523.746.5 2341 
An Estimate of the Peak Sunspot Number 

in 1968 C. M. Minnis. (Nature, vol. 186, 
p. 462; MaY 7, 1960.) There is a probability of 
0.75 that the next smoothed peak sunspot 
number will be in the range 110-160. 

523.75 2342 
On the Origin of Solar Flares—T. Gold and 

F. Hoyle. (Monthly Notices Roy. Asir. Soc., 
vol. 120, pp. 89-105; 1960.) The high concen-
tration of energy stored in the chromosphere 
can be accounted for by a particular class of 
magnetic field whose lines of forces have the 
general shape of twisted loops protruding above 
the photosphere. When loops of opposite sense 
and twist meet, energy is dissipated in the form 
of a solar flare. 

523.75 2343 
Effects of the Solar Flares of 7 July 1958— 

B. Hultqvist, J. Aarons and J. Ortner. (Tellus, 
vol. 11, pp. 319-331; August, 1959.) An analy-
sis of observations made at Kiruna, Sweden. 
of ionospheric and geomagnetic disturbances 
following flares which occurred at 0032 and 
0040 U.T. 

550.38 2344 
Lines of Force of the Geomagnetic Field 

in Space—E. H. Vestine and W. L. Sibley. 
(Planet. Space Sci., vol. 1, pp. 285-290; Sep. - 

tember, 1959.) The lines of force from points 
in the northern hemisphere are traced to the 
southern hemisphere using the first nine Gauss 
coefficients, with particular reference to the 
auroral zones. 

550.385.4 2345 
The Ring Current and the Outer Atmos-

phere—S. Akasofu. (J. Geophys. Res., vol. 65, 
pp. 535-543; February, 1960.) By hydromag-
netic wave propagation through the iono-
sphereat speeds about 1000 km Isee 863 of 1960 
(Francis et al.)), changes in the geomagnetic 
field at ground level would be delayed less 
than 1 minute after ring-current changes at 
several earth radii. The electric current associ-
ated with particle motions in the Van Allen 
belts is examined. [See also 1535 of 1959 (Hines 
and Storey),I 

550.385.4 2346 
Correlated Micropulsations at Magnetic 

Sudden Commencements—W. K. Berthold, 
A. K. Harris, and H. J. Hope. (J. Geophys. 
Res., vol. 65, pp. 613-618; February, 1960.) 
Using wire loops 52 square miles in area, 
micropulsations were recorded simultaneously 
in Arizona and New Jersey during the initial 
phase of a magnetic storm. Cross-correlation 
between the two records shows a time differ-
ence of two to three seconds which corresponds 
to that for the sudden commencement. 

550.385.4 2347 
Diurnal and Annual Variations of the 

Normalized Amplitudes of Sudden Commence-
ments of Magnetic Storms at Tamanrasset— 
J. L. Bureau. (C. R. Acad. Sci. (Paris), vol. 
249, pp. 1543-1545; October 19, 1959.) (An 
extension of earlier work: see 1183 of 1959.) 

550.385.4(98) 2348 
Three-Dimensional Consideration for Cur-

rent-System of Geomagnetic Variations: Part 
1—Current Flow for Polar Elementary Storm 
Within a Spherical Conducting Shell—N. 
Fukushima. (Rep. Ionosphere Res. Japan, vol. 
12, pp. 437-447; 1958.) 

551.507.362.2 2349 
Effects of Solar Radiation Pressure on 

Earth-Satellite Orbits—R. W. Parkinson. 
H. M. Jones, and I. I. Shapiro. (Science, vol. 
131, pp. 920-921; March 25, 1960.) "Calcula-
tions show that, at a mean altitude of 1000 
miles, radiation pressure can displace the orbit 
of the 100-foot Echo balloon at rates up to 3.7 
miles per day, the orbit of the 12-foot Beacon 
satellite at 0.7 mile per day. For certain 
resonant conditions this effect accumulates, 
drastically affecting the satellite's lifetime." 

551.507.362.2 2350 
Perturbations in Perigee Height of Van-

guard I—P. Musen, R. Bryant, and A. 
Bailie. (Science, vol. 131, pp. 935-936; March 
25, 1960.) The effect of solar radiation pres-
sure on the perigee height of satellite 1958 
$2 is considered. The inclusion of this effect 
leads to closer agreement between observed 
orbital data and theoretical results. 

551.507.362.2 2351 
A Doppler-Cancellation Technique for De-

termining the Altitude Dependence of Gravi-
tational Red Shift in an Earth Satellite—R. S. 
Badessa, R. L. Kent, J. C. Nowell, and C. L. 
Searle. (Pgoc. IRE, vol. 48, pp. 758-764; 
April, 1960.) Description of a technique by 
which the frequency of a moving source is 
corrected for first-order Doppler shifts. 

551.507.362.2 2352 
Profile of Upper-Atmosphere Air Density 

at the Height 180-212 km derived from the 
Orbit of Sputnik III—Z. V. Bochniéek. (Na-
ture, vol. 186, pp. 460-461; May 7, 1960.) 

r 
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551.507.362.2 2353 
Satellite Orbits and Atmospheric Densities 

at Altitudes up to 750 km Obtained from the 
Vanguard Orbit Determination Program—J. W 
Siry. (Planet. Space Sci., vol. 1, pp. 184-192; 
August, 1959.) The program is outlined. Re-
sults of Vanguard I measurements show that 
the Minitrack and computing systems can be 
operated with an over-all accuracy within 1 
milliradian. Atmospheric density results are 
discussed. 

551.507.362.2 2354 
On an Aspect of the Relations Between 

Mechanics and Artificial Earth Satellites— 
M. Roy. C. R. Acad. Sci. (Paris), vol. 249, 
pp. 1424-1425; October 19, 1959.) It is sug-
gested that satellites which orbit equatorially 
may offer an opportunity to study fundamental 
laws of mechanics. 

551.507.362.2: 061.3 2355 
A Report on the Symposium on the Use of 

Space Vehicles at the Fall 1958 U.R.S.I. Meet-
ing—W. C. Hoffman. (Planet. Space Sci., vol. 
1, pp. 238-248; August, 1959.) A discussion of 
possible experiments in the following classes: 
1) VLF satellite measurements, 2) ion probes, 
3) Faraday rotation measurements, 4) top-
side ionospheric sounders, 5) studies of anom-
alous propagation. 

551.507.362.2: 523.165 2356 
Ionizing Radiation Detected by Pioneer II 

—A. Rosen, P. J. Coleman, Jr. and C. P. Sonett 
(Planet. Space Sci., vol. 1, pp. 343-346; Sep-
tember, 1959.) The total ionizing component of 
cosmic radiation was measured to 1550 km, and 
shows a steady decrease from 24°N to 30°N 
near this height. 

551.507.362.2: 523.165 2357 
Altitude Dependence and Time Variation 

of the Radiation Intensity observed by U. S. 
Satellite 1958.2—Y. Miyazaki and H. Take-
uchi. (Rep. Ionosphere Res. Japan, vol. 12, pp. 
448-458; 1958.) [See also 448 of 1959 (Aono and 
Kawakami.)) 

551.507.362.2:523.75 2358 
Solar Activity and Deceleration of Earth 

Satellites—W. Priester. (Naturwiss., vol. 46, 
pp. 197-198; March, 1959.) A correlation be-
tween the irregularities of the orbital period of 
satellite 1957# and solar radio emission at 20 
cm X during the period December, 1957-
January, 1958 is discussed. 

551.507.362.2: 537.56 2359 
The Satellite Ionization Phenomenon— 

J. D. Kraus, R. C. Higgy and W. R. Crone. 
(PRoc. IRE, vol. 48, pp. 672-678; April, 1960.) 
Evidence is given of ionization effects due to 
the passage of satellites; they are most notice-
able a day or so after large solar flares. 

551.507.362.2:621.3-71 2360 
Radiative Cooling of Satellite-Borne Elec-

tronic Components— J. R. Jenness. ( PRoc. IRE, 
vol. 48, pp. 641-643; April, 1960.) The basic 
principles of *radiative cooling in a satellite are 
discussed. It is considered feasible that tem-
peratures of 250°K or less could be maintained 
provided the proper skin coating is used. 

551307.362.2: 621391.812.63 2361 
Ionospheric Scintillations of Satellite Sig-

nals—H. P. Hutchinson and P. R. Arendt. 
(PRoc. IRE, vol. 48, pp. 670-671; April, 1960.) 
Results showing variations from a smooth 
Doppler-shift curve for various frequencies and 
orbits give a measure of frequency scintillation 
occurring and hence the roughness of the inter-
vening ionospheric path. 

551.51 2362 
Thermal and Gravitational Atmospheric 

Oscillations—Ionospheric Dynamo Effects In-
cluded—M. L. White. (J. Aims. Terr. Phys., 
vol. 17, pp. 220-245; February, 1960.) The 
resonance theory of gravitational and thermal 
oscillations in a rotating atmosphere is ex-
tended to include an electron and positive-ion 
gas with a permanent magnetic field super-
posed. Expressions are obtained for the varia-
tion with height of the electric field, current 
density, and ion-drift velocities. Some com-
parisons are made with observed ionospheric 
data. 

551.510.5: 551.507.362 2363 
Atmospheric Densities from Satellites and 

Rocket Observation— K. W. Champion and 
R. A. Nlinzner. (Planet. Space Sci., vol. 1, pp. 
259-264; September, 1959.) Current data sug-
gest revision of the 1956 A.R.D.C. model at-
mosphere to lower densities near 100-km alti-
tude and to higher densities above 160 km. A 
revised model is presented. 

551.510.535 2364 
Artificial Electron Clouds: Part 1—F. F. 

Marmo, L. M. Aschenbrand and J. Pressman. 
(Planet. Space Sci., vol. 1, pp. 227-237; August, 
1959.) A summary report of the methods, 
techniques and operating procedures used in a 
series of eight rocket experiments in which 
artificial electron clouds were produced in the 
upper atmosphere at heights between 70 and 
130 km. 

551.510.535 2365 
Artificial Electron Clouds: Part 2—F. F. 

Marmo, J. Pressman and L. M. Aschenbrand. 
(Planet. Space Sci., vol. I, pp. 291-305; 
September, 1959.) Theoretical and practical 
considerations in the creation of artificial 
clouds are presented. The altitude limits for 
the generation of long-lived dense clouds are 
between 70 and 200 km. (See pt. 1: 2364 of 
1960.) 

551.510.535 2366 
Artificial Electron Clouds: Part 3—F. F. 

Marmo, L. M. Aschenbrand and J. Pressman. 
(Planet. Space Sci., vol. 1, pp. 306-318; 
September, 1959.) A cloud was formed at 121 
km by the release of atomic potassium from an 
Aerobee rocket. An analysis of results gave ap-
proximate values for wind velocity, diffusion 
constant, thermal ionization efficiency, and 
initial half-width of the cloud. (See pt. 2: 2365 
of 1960). 

551.510.535 2367 
The Mesopause Region of the Ionosphere— 

J. D. Whitehead. (Nuture, vol. 186, p. 461; 
May 7,1960.) A proposition by Gregory (2728 
of 1958) that the layer at a height of 80-90 km 
is formed by photo-ionization of dust particles 
and is considered to be untenable. 

551.510.535 2368 
Strongly Absorbing Layers below 50 km— 

B. Hultqvist and J. Ortner. (Planet. Space Sci., 
vol. 1, pp. 193-204; August, 1959.) Measure-
ments at Kiruna, Sweden, during the summer 
of 1958 showed the height of the ionized layer 
causing long-duration absorption to be about 
50 km. This supports the hypothesis that the 
ionization is produced by protons. (See 2374 of 
1960.) 

551.510.535 2369 
On Some Characteristics of the E„ Layer— 

M. Bossolasco and A. Elena. (Planet. Space 
Sci., vol. 1, pp. 205-212; August, 1959.) Some 
aspects of the dependence of E ionization on 
the geomagnetic field are discussed. An attempt 
is made to deduce the mean world-wide drift 
direction of E. in summer by using the time 

displacement that occurs for the daily maxima 
of the hourly median values of f„E. 

551.510.535 2370 
An Attempt to Measure the Co lision Fre-

quency of Electrons in the F Region of the 
Ionosphere—D. M. Schlapp. (J. Almos. Terr. 
Phys., vol. 17, pp. 246-253; February, 1060.) 
Measurements have been made of the change in 
the Fs-layer reflection coefficient with change in 
group path. Results indicate that values of col-
lision frequency obtained from this type of 
measurement are unreliable, but an upper 
limit of about 5X10, sec' is deduced. 

551.510.535 2371 
Abnormal Features of the F2 Region of the 

Ionosphere at some Southern High Latitude 
Stations—R. G. Rastogi. (J. Geophys. Res., 
vol. 65, pp. 585-592; February, 1960.) The 
diurnal variation of f0F2 at Port Lockroy shows 
a maximum near midnight and a minimum 
near noon, during the summer months. This 
abnormal variation is characteristic of the 
southern west zone only and is not observed at 
other high-latitude stations in either the south 
or the north. 

551.510.535 2372 

Generalization of the Appleton-Hartree 
Magneto-ionic Formula—H. K. Sen and A. A. 
Wyller. (Phys. Rev. Lett., vol. 4, pp. 355-357; 

April 1, 1960.) Recent laboratory results [ 151 
of 1960 (Phelps and Pack)I show that it is not 
valid to neglect the effect of the electron 
velocity distribution function. An applicable 
generalized expression for the complex refrac-
tive index is obtained. 

551.510.535 2373 
The Ion Distribution above the F2 Maxi-

mum—F. S. Johnson. (J. Geophys. Res., vol. 
65, pp. 577-584; February, 1960.) Recombina-
tion is important up to 550 km but above this 
height the ion distribution is controlled by dif-
fusion. Protons produced near 550 km by 
charge exchange between hydrogen atoms and 
oxygen ions move upward along the magnetic-
field lines with an equal number of electrons 
and produce a medium for the propagation of 
whistlers. 

551.510.535: 523.75 2374 
On the Interpretation of Ionization in the 

Lower Ionosphere occurring on both Day and 
Night Side of the Earth within a Few Hours 
after some Solar Flares—B. Hultqvist. 
(Tellus, vol. 11, pp. 332-343; August, 1959.) 
The absorption effect following solar flares may 
by interpreted as being caused by a high-
energy ion beam of very small density emitted 
from the sun, the ions moving in Stifirmer 
orbits. 

551.510.535: 551.55 2375 
Large-Scale Irregularities in High-Altitude 

Winds—J. S. Greenhow and E. L. Neufeld. 
(Proc. Phys. Soc., vol. 75, pp. 228-234; 
February I, 1960.) A discussion of irregularities 
at heights of 80 to 100 km, having a depth of 
about 10 km and a horizontal extent of over 
100 km. The lifetime is found to be about 1.5. 
(See also 4058 of 1959.) 

551.510.535(98) 2376 
Enhanced Ionization in the Polar Iono-

sphere caused by Solar Corpuscular Emissions 
—T. Obayashi and V. Hakura. (J. Radio Res. 
Labs., Japan, vol. 7, pp. 27-66; January, 1960.) 
Enhanced ionization, which follows several 
hours after a large solar flare, is considered to 
be caused by high-energy protons of 10-100 
mev which follow essentially Stiirmer orbits. 

551.510.535(98): 621.391.812.631 2377 
Polar Blackouts associated with Severe 

Geomagnetic Storms on September 13, 1957, 
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and February 11, 1958—Y. Hakura, Y. Takeno-
shita and T. Otsuki. (Rep. Ionosphere Res. 
Japan, vol. 12, pp. 459-468; 1958.) 

551.594.5 2378 
On the Shape of the Auroral Zones—L. 

Block. (Ark. Fys., vol. 14, pp. 153-160; 
October 14, 1958.) Model experiments on 
Alf vén's theory of auroras performed earlier 
(2621 of 1955) have been extended to study 
auroral-zone eccentricity and include measure-
ments of space charges and the influence of the 
terella potential. Results show that the theory 
is applicable to the model experiments. 

551.594.5 2379 
Geometry of the Southern Auroral Zone and 

the Evidence for the Existence of an Inner 
Zone—T. Hatherton. (Nature, vol. 186, pp. 
288-299; April 23, 1960.) 

551.594.5: 550.385 2380 
Studies of the Upper Atmosphere from 

Invercargill, New Zealand: Part 1—Character-
istics of Auroral Radar Echoes at 55 Mc/s— 
R. S. Unwin. (Ann. géophys., vol. 15, pp. 377-
394; July/September, 1999. In English.) Full 
report of work briefly described earlier (2593 
of 1959). 

551.594.5: 550.385 2381 
Studies of the Upper Atmosphere from In-

vercargill, New Zealand: Parts 2 & 3— 
M. Gadsden. (Ann. géophys., vol. 15, pp. 395-
402, 403-411; July/September, 1959. In Eng-
lish.) Analysis of data shows 1) that the prob-
ability of occurrence of radar echoes increases 
with an increase in local magnetic K-index; 2) 
a radar auroral zone whose size is related to the 
K-index; 3) that echoes are observed in the 
daytime to less extent than suggested by the 
diurnal variation of local K-index; 4) that 
there is no direct relation between radar echo 
regions observed at 55 mc and visual auroras. 
(See pt. 1: 2380 of 1960.) 

551.594.6 2382 
A Four-Year Summary of Whistler Activity 

at Washington, D. C.—H. E. Dinger. (J. Geo-
phys. Res., vol. 65, pp. 571-575; February, 
1960.) Results are analyzed and presented in 
the form of curves of diurnal and month-to-
month variations of whistlers, hiss and dawn 
chorus. 

551.594.6 2383 
The Relation between Lightning Dis-

charges and Whistlers— H. Norinder and E. 
Knudsen. (Planet. Space S.1., vol. 1, pp. 173-
183; August, 1959.) Observations made near 
Uppsala show that whistler-producing atmos-
pherics contain strong components around 5 kc 
and often show multiple discharges. Atmos-
pherics not producing whistlers often show 
irregular constitution and a single discharge, 
but those giving rise to high field strengths are 
always followed by whistlers. 

551.594.6: 550.385.4 2384 
Low-Frequency Electromagnetic Radiation 

Associated with Magnetic Disturbances— 
G. R. A. Ellis. (Planet. Space .Sci., vol. 1, pp. 
253-258; September, 1959.) Continuous ob-
servation of naturally occurring radiation in 
the band 2-40 kc at Sydney. Australia, show 
major bursts to be associated with strong 
auroras and magnetic activity. 

LOCATION AND AIDS TO NAVIGATION 

534.88 2385 
Determining Sonar System Capability— 

G. Rand. (Efectron ics, vol . 33, pp. 41-45; 
February 19, 1960.) Charts tt-e given relating to 
pulse length, noise generated by surface dis-

turbances, temperature changes etc., from 
which a figure of merit can be obtained to com-
pare different systems under various operating 
conditions. 

621.396.9:523.164 2386 
A Study of Natural Electromagnetic Phe-

nomena for Space Navigation—R. G. Franklin 
and D. L. Birx. ( Paoc. IRE, vol. 48, pp. 532-
541; April, 1960.) It is doubtful whether radia-
tion from natural celestial bodies, except for 
the sun, is strong enough for a practical navi-
gation system. 

621.396.9: 535-15 2387 
Background Noise Measurements at the 

Sea Horizon—L. J. Free. (J. Om. Soc. Amer., 
vol. 49, pp. 1007-1011; October, 1959.) De-
scription of an infrared background-noise an-
alyzer and discussion of measurements made 
in 1956 and 1957 of the horizontal wave-
number distribution of noise from the sky and 
the sea at the horizon. 

621.396.9: 551.507.362.2 2388 
Navigation using Signals from High-

Altitude Satellites—A. B. Moody. (Paoc. 
IRE, vol. 48, pp. 500-506; April, 1960.) A 
system using a small number of satellites at an 
optimum height between 1000 and 12,000 miles 
in conjunction with a radio sextant, is consid-
ered feasible. 

621.396.9: 551.507.362.2 2389 
A Satellite Doppler Navigation System— 

W. H. Guier and G. C. Weiffenbach. ( Paoc. 
IRE, vol. 48, pp. 507-516; April, 1960.) A posi-
tional accuracy of 0.5 nautical mile is theoreti-
cally possible by making full use of the Doppler 
curve obtained from a single satellite transit. 

621.396.9: 551.507.362.2 2390 
Measurement of the Doppler Shift of Radio 

Transmissions from Satellites—G. C. Weiffen-
bach. (Pitoc. IRE, vol. 48, pp. 750-754; April, 
1960.) The technique, intended for use as a 
navigational aid, has yielded promising results 
when used experimentally at 108 mc, but re-
quires further development. 

621.396.933 2391 
Flight Safety—O. Heer. (V DI Z., vol. 102, 

pp. 498-502; April 21, 1960.) Annual review 
covering changes in flight regulations, with 
particular reference to the Frankfurt ( Main) 
area, and mentioning recent developments in 
the field of radio and radar navigational aids. 
24 references. 

621.396.96: 621.3.087.4 2392 
Storage Processes for the Improvement of 

Signal/Noise Ratio of Almost Periodic Signals, 
Particularly in Radar Applications— H. Nleinke 
and K. Rihaczek. (Nachrichtentech. Z., vol. 12, 
pp. 176-180; April, 1959.) In the storage of 
measurements of random processes a minimum 
NSR is obtained depending on storage time and 
fluctuation of the measured signal with time. 
Formulas and curves are given for evaluating 
the optimum storage period for a given band-
width to ensure minimum errors of measure-
ment. Reference is made to the tracking of 
weather balloons by radar. 

621.396.963.3: 551.507.362.2 2393 
Tracking and Display of Earth Satellites--

F. F. Slack and A. A. Sandberg. ( Pgoc. IRE, 
vol. 48, pp. 655-663; April, 1960.) Predicted 
satellite paths can be displayed on an ortho-
graphic or Mercator projection overlay on a 
cathode-ray tube. 

621.396.969.3: 551.507.362.2 2394 
The Navy Space Surveillance System — 

R. I.,. Easton and J. J. Fleming. ( Pgoc. IRE. 

vol. 48, pp. 663-669; April, 1960.) Describes a 
system of satellite tracking using a CW trans-
mitter coplanar with two interferometer re-
ceivers. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

535.215: 546.47'221: 539.23 2395 
Noise and Signal Response in Lead Sul-

phide Photoconductive Films—H. E. Spencer. 
(J. App!. Phys., vol. 31, pp. 505-510; March, 
1960.) Results of experiments over the tempera-
ture range 25°C to — 173°C agreed well with 
theory. 

535.215:546.48'221 2396 
Field Effect in CdS Single Crystals—W. 

Thielemann. (Z. Naturforsch, vol. 14a, pp. 
92-93; January, 1959.) Preliminary report on 
observations of momentary photocurrent 
changes resulting from jerky displacements of 
a shadow on the crystal surface. 

535.215: 546.48'221 2397 
Luminescence and Conductivity of CdS 

Crystals with Excitation by Medium-Energy 
Electrons—G. Eichhoff, G. O. Milner and G. 
Schubert. (Naturwiss., vol. 46, p. 201; March, 
1959.) The luminescence spectrum was ob-
tained and the cathodoconductivity measured 
on nonactivated crystals excited by electron 
bombardment at 0.6-6 key and by X-rays. 

535.215: 546.48'221 2398 
Optical Absorption of CdS Single Crystals 

at the Fundamental Lattice Absorption Edge— 
K. W. Boer and H. Gutjahr. (Z. Phys., vol. 155, 
pp. 328-331; June 10, 1959.) Measurements 
show that optical absorption is governed by 
indirect band-to-band transitions involving 
phonons. 

535.215: 546.48'221: 534.286-8 2399 
Photosensitive Ultrasonic Attenuation in 

CdS—H. D. Nine. (Phys. Rev. Lett., vol. 4, pp. 
359-361; April 1, 1960.) The effect of light in-
tensity on the ultrasonic attenuation proved to 
be linear but of opposite direct ion in two crys-
tals examined. Two types of mechanism are 
being considered as possible explanations. 

535.37:1546.47'221+546.48'221 2400 
The Incorporation and Effects of Oxygen in 

ZnS and CdS Phosphors—N. Riehl and R. 
Sizmann. (Z. Nalurforsch., vol. 14a, pp. 394 - 
403; April, 1959.) Experimental investigations 
show the direct effect of oxygen in the sulphide 
lattice on luminescence properties of the 
phosphors. 

535.37: 546.681'17 2401 
The Edge Emission and other Emissions of 

GaN—H. G. Grimmeiss and H. Koelmans. 
(Z. Naturforsch., vol. 14a, pp. 264-271; March, 
1959.) 

535.37.092 2402 
Effect of Pressure on Phosphor Decay— 

D. W. Gregg and H. G. Drickamer. (J. App!. 
Phys., vol. 31, pp. 494-496; March, 1960.) An 
apparatus has been developed to measure the 
effect of pressure to over 50,000 atm on the de-
cay rate of phosphors. Results for certain phos-
phors are given, with a tentative explanation 
of the effects. 

535.377: 546.47'221 2403 
Thermoluminescence of ZnS Single Crys-

tals—H. Arbell and A. Halperin. (Phys. Rev., 
vol. 117, pp. 45-52; January 1, 1960.) 

537.226 + 537.228.11: 546.714-31 2404 
The Dielectric and Pieioelectric Behaviour 

of Pyrolusite (Polycrystalline Ore of Mn02)— 
• 
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J. N. Das. (Z. Phys., vol. 155, pp. 465-471; 
July 16, 1959. In English.) (See also 1266 of 
1959.) 

537.226: 621.319.2 2405 
Field Measurements on Electrets and In-

vestigations of the Origin of Homocharge— 
J. van Calker and L. van der Linde. (Z. Phys., 
vol. 155, pp. 413-421; July 16, 1959.) The re-
sults of field mapping in the immediate vicinity 
of carnauba-wax electrets are in agreement 
with the field distribution calculated by Swann 
(608 of 1951). The development of the homo-
charge is shown to be due to charge-carrier 
injection. 

537.227 2406 
Dielectric Properties of a Single Crystal of 

Partially Deuterated Glycine Sulphate—J. 
Chapelle and L. Taurel. (C. R. Acad. Sci., 
(Paris), vol. 249, pp. 1332-1333; Ocrober 12, 
1959.) 

537.227 2407 
Effect of Hydrostatic Pressure on the Ferro-

electric Properties of Triglycine Sulphate and 
Selenate —F. Jona and G. Shirane. (Phys. Rev., 
vol. 117, pp. 139-142; January 1, 1960.) The 
variation of transition temperature with pres-
sure up to 2700 atm is linear. 

537.227 2408 
Wall Velocity in Ferroelectrics—J. C. Bur-

foot. (Proc. Phys. Soc., vol. 73. pp. 312-314; 
February 1, 1960.) A discussion of existing 
evidence regarding the reversal of polarization 
in ferroelectric crystals under an applied field, 
by the advance of the reversed phase behind 
180° walls. 

537.227: 546.431'824-31 2409 
Symmetry of the Low-Temperature Phase 

of Barium Titanate—E. Sawagtichi and M. L. 
Charters. (Phys. Rev., vol. 117, pp. 465-469; 
January 15, 1960.) Domain patterns and opti-
cal properties were examined using thin ( 111) 
plates. Crystal symmetry below - 80°C was 
shown to IW rhombohedral. 

537.227: 621.318.57 2410 
The Mechanism of the Reversal of the 

Spontaneous Polarization in LiH3(Se0))2 Single 
Crystals—E. Fatuzzo. (lias. Phys. Acta. vol. 
33, pp. 21-26; March 15, 1960.) The model of 
a switching mechanism proposed by Fatuzzo 
and Merz ( 1267 of 1960) is applied to the ferro-
electric material LiF13(Se03)2. The domain-
nucleus interaction is found to be very high. 

537.228.1.082 2411 
Determination of Piezoelectric Properties 

as a Function of Pressure and Temperature— 
J. E. McKinney and C. S. Bowyer. (J. Acoost. 
Soc. Amer., vol. 32, pp. 56-61; January, 1960.) 
Data on a mixed titanate system composed of 
82 per cent BaTiO3, 9.1 per cent CaTiO., 3.6 
per cent PlaiO3 and 4.4 per cent TiO, have 
been obtained with an apparatus designed to 
measure the dynamic compressibility of 
materials. 

537.311.31:546.621 2412 
Measurements of the High-Temperature 

Electrical Resistance of Aluminum: Resistivity 
of Lattice Vacancies—R. O. Simmons and 
R. \V. Balluffi. (Phys. Rev., vol. 117, pp. 62-68; 
January 1, 1960.) 

537.311.33 2413 
The Question of the Existence of Tetra-

hedral Phases—O. G. Folberth. (Z. Nalor-
forsch., vol. 14a, pp. 94 -96; January, 1959.) 
The possibility of obtaining over 100 com-
pounds of tetrahedral structure by the process 
of "cross-substitution" rsee 847 of 1959 (Go•xl-
man)] is discus,wd: reasons for some exceptions 

to the rules governing the possibility of exist-
ence of such compounds are given. 

537.311.33 2414 
The Current/Voltage Characteristic of an 

n-p Junction Considering Generation and Re-
combination of Current Carriers in the Space-
Charge Layer—A. D. Chevychelov. (Fiz. 
Tverdogo Tela, vol. 1, pp. 1205-1212; 1959.) 
Rigorous calculation of //V characteristics for 
forward and reverse current directions with 
reference to the theory developed by Salt, 
el al. (3899 of 1957). For values of 
where d is the half-width of the transition layer 
and L the diffusion length, the carrier densities 
are not appreciably decreased by recombination 
in the transition layer. 

537.311.33 2415 
Impurity Band Theory—V. L. Bonch-

Bruevich. (Fi:. Tverdogo Tela, vol. 1, pp. 1213-
1220; 1959.) Theoretical treatment of impurity 

states in a doped homopolar semiconductor 
such as Ge doped with elements of Group III 
or V. Taking account of the continuous spec-
trum, which is equivalent to allowing for virtual 
transitions to the conduction band of the base 
material, leads to impurity band formation at 
concentrations as low as 10 14-10 1, cm-3. 

537.311.33 2416 
The Theory of Electron Plasma in Semi-

conductors—V. L. Bonch-Bruevich and Sh. M. 
Kogan. (Fiz. Tverdogo Tela, vol. 1, pp. 1221-
1224; 1959.) Note describing an approximation 
method for the calculation of the boson Green's 
function from which the plasma frequencies can 
be determined. 

537.311.33 2417 
Determination of the Capture Cross-Section 

in the Case of Recombination on Multiply 
Charged Centres—Vu. A. Kontsevol. (Fiz. 
Tverdogo Tela, vol. 1, pp. 1289-1293; 1959.) 
Description of a method based on measure-
ments of the dependence of the lifetime of non-
equilibrium carriers on their concentration. 

537.311.33 2418 
Entrainment of Ions by Electrons in Semi-

conductors—V. B. Fiks. (Fiz. Tverdogo Tela, 
vol. 1, pp. 1321-1323; 1959.) An estimate is 
made of the concentration of electrons at which 
the entrainment effect due to electron scatter-
ing becomes appreciable. Investigation of this 
effect based on the effective mobility of ions 
and neutral atoms is suggested as a method of 
studying the mechanism of scattering of elec-
trons by impurity centers, particularly at high 
temperatures. 

537.311.33:535.215 2419 
Determination of Free-Carrier Lifetimes in 

Semiconductors from the Relaxation Time of 
Photo-Excited Infrared Absorption—L. Huldt. 
(Ark. Fys., vol. 15, pp. 229-236; May g, 1959.) 

537.311.33: 535.215: 538.63 2420 
Elimination of Edge Effect in the Measure-

ment of Photomagnetic E.M.F. in Semi-
conductors—B. Va. Molzhes. (Fiz. Tverdogo 
Tela, vol. 1, pp. 1239-1242; 1959.) Formulas. of 
one-dimensional theory are applicable for any 
width of the illuminated region provided this 
is a sufficient distance from the contacts and 
the ends of the specimen. 

537.311.33:537.323.08 2421 
Several New Methods to Measure the 

Thermal Diffusivity of Semiconductors— 
J. II. Becket. (J..4ppl. Phys., vol. .31, pp. 
612-613; March. 1960.) 

537.311.33:538.615 2422 
Line Shapes of I.M.O. Absorption in the 

Semiconductors - T. Gina and T. Miyakawa. 

(Frog. Theora. Phys., vol. 22, pp. 893-895; 
December, 1959.) A note on the development 
of the theory of interband magneto-optical ab-
sorption, with reference to strong-field and 
weak-field approximations. 'See 2285 of 1959 
(Burnstein el al.).] 

537.311.33: 546.23 2423 
Electric Properties of Selenium with Gold 

Impurity—V. G. Sidyakin. (Fiz. Tverdogo Tela, 
vol. 1, pp. 1172-1175; 1959.) 

537.311.33: 546.273'171 2424 
Crystal Potential and Energy Bands of 

Semiconductors: Part 2—Self-Consistent Cal-
culations for Cubic Boron Nitride— L. Klein-
man and J. C. Phillips. (Phys. Rev., vol. 117, 
pp. 460-464; January 15, 1960.) Results are 
given and compared critically with previous 
calculations (2052 of 1960). 

537.311.33: 546.27.18 2425 
Semiconducting Properties of Cubic Boron 

Phosphide—B. Stone and I). Hill. (Phys. Rev. 
Leu., vol. 4, pp. 282-284; March 15, 1960.) 

537.311.33 :1546.28 + 546.289 2426 
On the Possibility of Detection of Exci-

tons in Germanium and Silicon—B. Va. 
Moizlies and Yu. I. Ravich. (Fiz. Tverdogo 
Tela, vol. 1, pp. 1243-1245; 1959.) Estimates 
of probable exciton densities indicate that ex-
citons should be detectable in the photocon-
duction of Ge at temperatures of the order of 
1.5°K. 

537.311.33: 546.28 2427 
Electron Capture by a Lattice Vacancy in 

Si—A. Morita. (Phys. Rev., vol. 117, pp. 84-89; 
January I, 1960.) Calculation of electron-
capture cross-section in Si. 

537.311.33: 546.28 2428 
Experimental Proof of the Existence of a 

New Electronic Complex in Silicon—J. R. 
Haynes. (Phys. Rev. Lat., vol. 4, pp. 361-363; 
April 1, 1960.) Recombination radiation from 
doped Si crystals shows extremely sharp lines 
at low temperatures. The radiation is produced 
by recombination of an electron and a hole 
both of which are,bound in an immobile four-
particle complex consisting of an impurity ion 
and three electronic particles. 

537.311.33: 546.28 2429 
The Effect of Annealing on the Carrier 

Lifetime of Silicon—G. Ziegler and M. Zerbst. 
(Z. Nallirforsch. vol. 14a, pp. 93-94; January, 
1959.) The quenching effect on carrier lifetime 
was investigated in high-purity Si, and results 
obtained agree in general with those of Bémski 
(161 of 1957). An explanation for the observed 
recovery in lifetime, after its pronounced re-
duction by quenching, is given on the basis of 
tests on sand-blasted specimens. 

537.311.33: 546.28: 538.569.4 2430 
Electron Spin-Lattice Relaxation in Phos-

phorus-Doped licon—A. Honig and E. 
Stupp. (Phys. Rev., vol. 117, pp. 69-83; Janu-
ary 1, 19(,0.) The various spin- lattice relaxation 
mechanisms of paramagnetic electrons asso-
ciated with P impurities in Si are identified; 
their individual properties are determined and 
their origins discussed. 

537.311.33: 546.28: 538.569.4 2431 
Spin Resonance of Transition Metals in 

Silicon - II. II. \Voodbury and G. \V. Ludwig. 
(Phys. Rev., vol. 117, pp. 102-108; January 1, 
1960.) 

537.311.33: 546.28-31: 539.23 2432 
Electron-Microscope Investigations of 

Electrolytically Formed Silicon Oxide Films— 
A. Polit vcki and E. Fuchs. (Z. .71,10iorforsch., 
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vol. 14a, pp. 271-275; March, 1959.) The 
porous nature of anodically formed oxide films 
is investigated. Films formed on polished Si 
during exposure to air appear to be nonporous. 
1See also 3530 of 1957 (Schmidt and Michel).1 

537.311.33:546.289 2433 
Theory of the Lattice Vibrations of Ger-

manium—W. Cochran. (Proc. Roy. Soc. (Lon-
don), vol. 253, pp. 260-276; November 24, 
1959.) An extension of the Born-von Kármán 
theory of lattice dynamics to apply to a simple 
model of the Ge crystal in which each atom is 
regarded as a charged core coupled to an oppo-
sitely charged cell. 

537.311.33: 546.289 2434 
The Anisotropy of the Conductivity of Hot 

Electrons and their Temperature in Ger-
manium—E. G. S. Paige. (Prot. Phys. Soc. 
(London), vol. 75, pp. 174-184; February 1, 
1960.) The analysis makes use of the data given 
by Koenig on n-type Ge (3345 of 1959) to cal-
culate the effective temperature of electrons in 
different valleys. The results are compared 
with those obtained from an energy-balance 
equation, and the comparison indicates strong 
interaction between electrons in different 
valleys. 

537.311.33: 546.289 2435 
Grain Boundaries in Germanium—R. S. 

Wagner and B. Chalmers. (J. Appi. Phys., vol. 
31, pp. 581-587; March, 1960.) Investigation 
of the relative energies and the boundary orien-
tations of simple tilt boundaries. 

537.311.33:546.289 2436 
The Effect of Bismuth on the Density of 

Dislocations in Germanium Single Crystals— 
V. G. Alekseeva and P. G. Eliseev. (Fiz. 
Tverdogo Tela, vol. 1, pp. 1304-1307; 1959.) 

537.311.33: 546.289 2437 
The Temperature Dependence of the Co-

efficient of Electron Capture at the Central 
Level of Copper in Germanium—S. G. Kalash-
nikov and A. I. Morozov. (Fiz. Tverdogo Tela, 
vol. 1, pp. 1294-1296; 1959.) Note of measure-
ments of electron lifetime in Ga- and B-doped 
Ge with diffused Cu. 

537.311.33:546.289 2438 
Calculation of the Influence of Anisotropy 

and of a Superimposed Magnetic Field on 
Electrical Breakdown, with Application to Ger-
manium—W. Frie. (Z. Nalurforsch., vol. 14a, 
pp. 54-62; January, 1959.) Equations are de-
rived for the increase in breakdown field 
strength by the magnetic field. The theoretical 
conclusions are compared with results obtained 
by Finke. (See 2439 of 1960.) 

537.311.33:546.289 2439 
The Behaviour of n-Type Ge Single Crystals 

in the Temperature Region of Liquid Helium— 
G. Finke and G. Lantz. (Z. Nalurforsch.. vol. 
14a, pp. 62-74; January, 1959.) The influence 
of p-n compensation in the transition from 
normal to impurity-band conduction in semi-
conductors shown theoretically [e.g., 155 of 
1957 (Conwell)] is confirmed experimentally 
by measurements on Ge specimens with differ-
ing impurity concentrations in the temperature 
range 4.2°-300°K. The effect on breakdown 
strength of an external magnetic field is also 
discussed and used in the interpretation of the 
phenomena. 

537.311.33: 546.289 2440 
Conductivity of Grown Germanium Bi-

crystals—H. F. Mataré, B. Reed and O. A. 
Weinreich. (Z. IVaturforsch., vol. 14a, pp. 281-
284; March, 1959. In English). Discussion of 
measurements of grain-boundary conduction. 
[See also 2657 of 1959 (Reed, el al.).) 

537.311.33 : 546.289: 537.226.2 2441 
On the Dielectric Constant of Germanium 

at Microwave Frequencies—A. C. Baynham, 
A. F. Gibson and J. W. Granville. (Proc. Phys. 
Soc., vol. 75, pp. 306-309; February 1, 1960.) 
The results show a dispersion region with a 
resonance frequency of 32.2 kmc. The resulting 
absorption, in addition to the free-carrier ab-
sorption, is about 3 db/cm at 34.75 kmc. 

537.311.33: 546.289: 548.73 2442 
X-Ray Detection of Dislocations in Ger-

manium—V. Gerold and F. Meier. (Z. Phys., 
vol. 155, pp. 387-394; July 16, 1959.) The 
method of Barth and Hosemann (Z. Natur-
forsch., vol. 13a, pp. 792-794; September, 
1958) is used; the majority of dislocations lie 
in the ( 111) planes. 

537.311.33 : 546.47-31 2443 
Investigations of the Electrical Conductivity 

of Zinc Oxide—J. Derén, J. Haber and T. 
Wilkowa. (Z. Phys.. vol. 155, pp. 453-464; 
July 16, 1959.) Polycrystalline ZnO was in-
vestigated in the temperature range 100°-700° 
C at normal atmospheric pressure and in 
vacuum. The differences in the electrical prop-
erties of ZnO sintered above 1000°C and ma-
terial which is unsintered, or sintered below 
1000°C, are discussed and an interpretation is 
given of the irreversible conductivity changes 
observed between 20° and 450°C. 

537.311.33:546.623'681'86 2444 
Investigation of Conductivity and Hall 

Effect in Solid Solutions of the AlSb-GaSb 
System—I. I. Burdiyan and B. T. Kolomiets. 
(Fiz. Tverdogo Tela, vol. 1, pp. 1165-1171; 
1959.) 

537.311.33: 546.681'19 2445 
Growth of Gallium Arsenide by Horizontal 

Zone Melting—J. L. Richards. (J. Appl. Phys., 
vol. 31, pp. 600-603; March, 1960.) 

537.311.33: 546.681'19 2446 
Etch Pits in Gallium Arsenide—J. L. 

Richards and A. J. Crocker. (J. Appi. Phys., 
vol. 31, pp. 611-612; March, 1960.) 

537.311.33 : 546.681'19 2447 
Magnetoresistance in Gallium Arsenide - 

R. K. Willardson and J. J. Duga. (Proc. Phys. 
Soc. (London), vol. 75, pp. 280-290; February 
1, 1960.) A study of the transverse magneto-
resistance in n-type GaAs as a function of im-
purity concentration and density of defects 
introduced by fast-neutron irra(liation. The ex-
perimental results agree with theoretical pre-
dictions. 

537.311.33:546.681'86 2448 
Experimental Investigation of Conduction 

Band of GaSb—A. Sagar. (Phys. Rev., vol. 117, 
pp. 93-100; January 1. 1960.) Measurements 
have been made of 1) Hall effect and conduc-
tivity between 1.5° K and 370° K, 2) change of 
resistance and Hall effect with hydrostatic 
pressure, and 3) resistance change due to uni-
axial stress between 77° K and 370° K. An ex-
planation of the data is given on the basis of a 
double conduction band. 

537.311.33 :546.682'18 2449 
Piezoresistance in n-Type InP—A. Sagar. 

(Phys. Rev., vol. 117, p. 101; January 1, 1960.) 
Results of piezoresistance measurements indi-
cate a spherical energy band. 

537.311.33: 546.682'19 2450 
Mass-Spectrometer Investigation of Phe-

nomena During Vaporization of Indium Arse-
nide—H. B. Gutbier. (Z. Nalurforsch., vol. 14a, 
pp. 32-36; January, 1959.) 

537.311.33:546.682'19'18 2451 
Optical Investigations on the Semiconduct-

ing Mixed-Crystal Series In(AsyPI_O—F. Os-
wald. (Z. Nalurforsch., vol. 14a, pp. 374-379; 
April, 1959.) Infrared transmissivity and re-
flection measurements on n-type specimens of 
differing conductivity were made at 1-35 µX. 
[see also 1683 of 1955 (Oswald and Schade).1 
The width of the forbidden band as a function 
of As content and temperature is determined 
from an optical determination of the energy 
gap (814 of 1957). The results of other authors 
are discussed with reference to these measure-
ments. 

537.311.33: 546.817'241 2452 
Dislocation Etch Pits on p-Type Lead 

Telluride—B. B. Houston and M. K. Norr. 
(J. Appi. Phys., vol. 31, pp. 615-616; March, 
1960.) 

537.311.33: [546.873'231 + 546.47'86 243 
On the Diffusion of Certain Impurities in 

Bi2Se3 and ZnSb—A. A. Kuliev. (Fiz. Tverdogo 
Tela, vol. 1, pp. 1176-1178; 1959.) 

537.533.8 2454 
An Investigation of Electron Reflection from 

some Metals--I. M. Bronslitein and R. B. 
Segal. (Fiz. Tverdogo Tela, vol. 1, pp. 1246-
1249; 1959.) Experimental investigation of the 
secondary-emission coefficient and the coeffi-
cient of inelastically scattered primary electrons 
for angles of incidence up to 60°. 

537.533.8: 537.226 2455 
An Investigation of the Secondary Electron 

Emission of certain Dielectrics at Low Primary 
Electron Energies—S. A. Fridrikh,,v and A. R. 
Shaman. (Fiz. Tverdogo Tela, vol. 1, pp. 1259-
1267; 1959.) The first critical potential of vari-
ous materials including glass, mica, and stibnite 
have been measured. The coefficient of elastic 
reflection at very low electron energies is quite 
high (0.6-0.7). 

538.22:548.5 2456 
The Growth of Oxide Single Crystals Con-

taining Transition Metal Ions—F. W. Harrison. 
(Research (London), vol. 12, pp. 395-403; 
October/November, 1959.) Different methods 
are reviewed, including the flame fusion process, 
the Bridgman-Stockbarger method and lead 
oxide solution methods. 38 references. 

538.221 2457 
Anisotropy Induced by a Magnetic Field in 

Thin Vapour-Deposited Permalloy Films—W. 
Andrü, Z. Málek, W. Schüppell and O. Stemme. 
(Naturwiss., vol. 46, pp. 257-258; April, 1959.) 
Preliminary note on magnetic anisotropy meas-
urements by the torque method on permalloy 
films of 700-1600À thickness, in a field of 6000 
oersteds. 

538.221 2458 
The Passage through Zero of the Crystal 

Energy in Magnetite Containing Manganese— 
A. V. Kienlin. (Naturwiss., vol. 46, P. 258: 
April, 1959.) The variation of permeability 
with temperature was measured on specimens 
of Fe304 with substituted Mn in the range 
- 195° to + 50°C. The permeability maximum 
is displaced towards lower temperatures with 
increasing Mn content. 

538.221 2459 
Investigations of the Temperature De-

pendence of the Procopiu Effect—F. A. Koch. 
(Z. Phys., vol. 155, pp. 475-478; July 16, 
1959.) The effect described by Hofbauer and 
Koch (1272 of 1952) is the occurrence of a longi-
tudinal magnetic component when a ferromag-
netic wire is circularly magnetized. Oscillo-
grams and curves are given resulting from 
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tests made on Fe wire in the temperature 
range 100*-800°C. 

538.221:539.23 2460 
The Problem of the Magnetization of Very 

Thin Iron Films—H. Hoffmann and C. 
Schwink. (Natztrwiss., vol. 46, pp. 198-199; 
March, 1959.) Preliminary report on magnet-
ization measurements on Fe films of thickness 
60-80À and 150À, which show that magnetic 
properties of these films change even under 
high-vacuum conditions. 

538.221:621.318.134 . 2461 
Cooperative Magnetism in Oxide Structures 

—L. C. F. Blackman. (Research (London), vol. 
12, pp. 164-171, 218-225; May/June, 1959.) 
Antiferromagnetic, ferromagnetic and fern-
magnetic properties of various oxide systems 
are discussed in terms of indirect magnetic ex-
change interations. 43 references. 

538.221:621.318.134 2462 
Some Aspects of the Stability of Perme-

ability of Ferriets—R. Smith. (Proc. IRE 
(Australia), vol. 20, pp. 733-736; December, 
1959.) Measurements on a sample of Mn-Zn 
ferrite which has been magnetically saturated 
and subsequently demagnetized show that the 
permeability increases initially and then decays 
to a value 3-4 per cent below the maximum 
value. Effects of heating on permeability are 
also discussed. 

538.221:621.318.134 2463 
A Comparison of Static and Microwave 

Measurements of Magnetocrystalline Aniso-
tropy in Cobalt Manganese Ferrite—R. F. 
Pearson and R. W. Teale. (Proc. Phys. Soc. 
(London), vol. 75, pp. 314-316; February I, 
1960.) 

538.221: 621.318.134: 621.318.57 2464 
Reversal Time of Ferrites as a Storage Sys-

tem—A. Jaecklin. (Tech. Mite. PTT, vol. 37, 
pp. 140-144; April 1, 1959.) A method is de-
scribed in which the time taken for magnetic 
reversal of the square-loop core is measured 
and used to represent a stored digit. 

538.221: 621.318.134: 621.372.85 2465 
Ferrite Bodies with Temperature-Inde-

pendent Gyromagnetic Properties—W. Haken 
and C. von Haza-Radlitz. (Arch. eleki. Übertra-
gang, vol. 13, pp. 157-160; April, 1959.) For 
certain dimensions of magnetically biased fer-
rite bodies the temperature dependence of the 
resonance frequency, and of the nonreciprocal 
phase shift or Faraday rotation, becomes 
negligible. These dimensions are calculated for 
ferrite strips in rectangular waveguide, and are 
confirmed by measurements. 

538.221:621.395.625.3 2466 
Experimental and Theoretical Investigation 

of the Magnetic Properties of Iron Oxide Re-
cording Tape—E. D. Daniel and I. Levine. (J. 
Acme Soc. Amer., vol. 32, pp. 1-15; January, 
1960.) Remanence tests show that the major 
anhysteretic properties of a tape may be ex-
pressed in terms of three easily measured 
constants. The results are interpreted theo-
retically in conjunction with the Preisach dia-
gram. 

538.652:539.37 2467 
The Influence of Magnetostriction on the 

Energy and Thickness of Bloch Walls—G. 
Rieder. (Z. Naturforsch., vol. 14a, pp. 96-98; 
January, 1959.) Calculation of interhal stresses 
and plastic deformation effects as a function of 
Bloch-wall parameters. (See also 2167 of 1958, 
and for a general treatment of mechanical work 
in plastic processes, Z. angew. Phys., vol. 10, pp. 
140-150; March, 1959.) 

621.315.6: 538.569.3 2468 
Electromagnetic Properties of Insulators: 

Part 1—V. Ambegaokar and W. Kohn. (Phys. 
Rev., vol. 117, pp. 423-431; January 15, 1960.) 
The response of a perfect insulator to weak 
external EM fields of long wavelengty is dis-
cussed on a many-particle basis. It is com-
pletely described by a single frequency-de-
pendent dielectric constant. 

MATHEMATICS 

512.9 2469 
Some Tests for the Number of Positive 

Zeros and for the Numbers of Real and Com-
plex Zeros of a Real Polynomial—O. P. D. 
Cutteridge. (Proc. IEE, vol. 107, pp. 105-110; 
March, 1960.) 

MEASUREMENTS AND TEST GEAR 

621.3.011.32(083.74) 2470 
Correction for Size of Cross-Section of the 

Secondary Windings of Mutual-Inductance 
Standards of the Campbell Type—P. Vigou-
reux. (Brit. J. Appt. Phys., vol. 10, pp. 481-
483; November, 1959.) The mutual inductance 
can be calculated with negligible error by re-
placing each turn of the secondary winding by 
a circle at the center of the cross section of the 
wire. 

621.3.018.41(083.74): 621.317.373 2471 
Continuous Phase Comparison of Frequency 

Standards—G. Zito. (Alta Frequenza, vol. 28, 
pp. 100-118; April, 1959.) A phase comparator 
is described for operation at 100 kc. It has a 
resolution of 1° and can accumulate the total 
phase shift over any number of beat cycles. 

621.317.33.029.3 2472 
The Use of Differential Transformers for 

Resistance Measurements at High Frequen-
cies—B. Lavagnino and B. Alby. (Alta Fre-
quenza, vol. 28, pp. 119-132; April, 1959.) A 
method of measuring the resistance of conduc-
tors at audio and ultrasonic frequencies is de-
scribed. The wires under test are arranged as 
two parallel lines of 10-m length 25 cm apart 
and short-circuited at the ends; this forms the 
single-turn secondary of a special toroidal 
transformer. Results of measurements at fre-
quencies up to 200 kc are given for various 
wire materials. 

621.317.361:551.507.362 2473 
Applications of Doppler Measurements to 

Problems in Relativity, Space-Probe Tracking 
and Geodesy—R. R. Newton. ( PRoc. IRE, vol. 
48, pp. 754-758; April, 1960.) Various systems 
are proposed for improving the accuracy of 
Doppler measurements. 

621.317.411.029.62:621.376.432 2474 
Measurement of Complex Permeability by 

Discriminator—J. C. Anderson. (J. Brit. IRE, 
vol. 20, pp. 219-223; March, 1960.) The 
theory and design of a circuit for measuring the 
real and imaginary parts of VHF permeability 
in a ferromagnetic sample are given. 

621.317.44 2475 
Field Measurements by the Method of 

Harmonics: Theoretical Consicerations—J. 
Greiner. (Nachrichtentech., vol. 9, pp. 173-180; 
April, 1959.) The operating principles of three 
fundamental types of magnetometer head are 
described. The theory underlying the magne-
tometer principle adopted, e.g., Palmer ( 1142 
of 1954) is particularly considered; practical 
considerations will be covered in two subse-
quent papers. 

621.317.61.029.6 2476 
Microwave Gain Measurement—L. G. 

Sebestyen. (Electronic Technologist, vol. 37, pp. 
195-196; May, 1960.) When a gas-discharge 

diode is used as a signal source for measuring 
the gain of a traveling-wave tube, the measured 
gain may be different from the true gain. The 
reason for this is explained and a digaram is 
given from which the required correction factor 
may be obtained. 

621.317.7: 621.374.32 2477 
An Events-per-Unit-Time Meter (E.P.U.T. 

Meter)—J. D. Storer. (Electronic Engrg., vol. 
32, pp. 160-162; March, 1960.) The circuit is 
given of an inexpensive instrument counting up 
to 9999 impulses per second with a read-out 
period of 0.75 second. 

621.317.7:621.391.821 2478 
Atmospheric Noise Structure—Clarke. (See 

2504 of 1960.) 

621.317.72:537.311.31 2479 
Measurement of Contact-Potential Changes 

for Gas Adsorption on Metal Surfaces with 
Constant Capacitance of the Measuring Ca-
pacitor—A. Eberhagen, R. Jaeckel and F. 
Strier. (Z. angew. Phys., vol. 11, pp. 131-134; 
April, 1959.) 

621.317.723:551.507.362 2480 
High-Speed Electrometers for Rocket and 

Satellite Experiments—J. Praglin and W. A. 
Nichols. (PRoc. IRE, vol. 48, pp. 771-779; 
April. 1960.) Instruments for measuring cur-

rents down to 5 X100-1, À with a response up to 
about 30 cps are described. 

621.317.742.029.64 2481 
Simple Standing-Wave Measurements at 

Low Input Powers—A. Stainforth and J. H. 
Craven. (J. Brit. IRE, vol. 20, pp. 243-245; 
March, 1960.) The voltage SWR of microwave 
components containing a crystal detector can 
be measured by the method described. 

621.317.755 2482 
Sampling Oscilloscope for Millimicro-

second Pulses at a 30-mc Repetition Rate— 
A. S. Farber. (Rev. Sci. Instr., vol. 31, pp. 15-
17; January, 1960.) The samples synchronous 
signals at a repetition rate of 31.25 mc, or mul-
tiples. The sweep frequency is 1 kc. When used 
with the waveguide coincidence circuit de-
scribed for examining a signal of carrier fre-
quency 10 kmc, the maximum sensitivity is 
approximately 1 mv of output per pw of signal, 
with a noise level of 2 pw. 

621.317.761 2483 
Construction of a Frequency Meter for 

High Frequencies—H. Hahn. (CR. Acad. Sci. 
(Paris), vol. 249, pp. 1199-1201: October 5, 
1959.) Brief description of a frequency meter 
and associated discriminator system suitable 
for the absolute measurement of small fre-
quency fluctuations in the range 29.625-
29.635 mc. 

621.317.772.029.6 2484 
Precision Phasemeter for C.W. or Pulsed 

U.H.F.—R. T. Stevens. (Electronics, vol. 33, 
pp. 54-57; March 4, 1960.) An instrument is 
described for measuring the phase difference 
between either CW or pulsed RF signals in the 
frequency range 100-520 mc to within 0.2 and 
0.5 degrees respectively. The range may be ex-
tended up to X-band frequencies or down to 
20 mc. 

621.317.789.029.63: 621.316.8 2485 
Designing and Construction of 100-Watt 

Water Load for Power Standard in U.H.F. 
Band—T. Takahashi and N. Nakaliashi. (J. 
Radio Res. Labs., Japan, vol. 7, pp. 9 -18: 
January, 1960.1 A water-cooled coaxial resistor 
based on a design proposed by Kohn (2019 of 
1954) is described. The voltage SWR is less 
than 1.1 for frequencies up to 700 mc 
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OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

535.376: 681.6 2486 
An Electroluminescent Digital Indicator 

with a Silicon Carbide Coding Matrix— D. II. 
Mash. (J. Sci. Instr., vol. 37, pp. 47-50; Febru-
ary, 1960.) The coding matrix is made by a 
printed-circuit technique and operates in con-
junction with a single-pole ten-way switch to 
select the required elements on an electrolumi-
nescent panel. 

621.3.029.64: 621.179.15 2487 
The Use of Linearly Polarized Microwaves 

for the Nondestructive Testing of Materials--
A. Dietzel, E. Deeg, and E. M. Amrhein. (Rick-
iron. Rzendschau, vol. 13, pp. 122-123; April, 
1959.) Equipment is described for the recording 
of the anisotropy distribution in ceramic ob-
jects. 

621.316.72.078:621.382.2/.3:629.11 2488 
Solid-State Generator Regulator for Autos 

—L. D. Clements. (Electronics, vol. 33, pp. 52 - 
54; February 19, 1960.) Two transistors and a 
Zener diode regulate the voltage; reverse-cur-
rent and overload protection are provided by a 
diode and transistor. 

1'621.383.292:536.581.1 2489 
Temperature-Regulated Ignition Source— 

J. Preston and L. E. Ashman. (Rev. Sci. Inste., 
vol. 31, ,pp. 53-58; January, 1960.) A photo-
multiplier monitors radiation from a wire 
heated to between 700°C and melting point; 
changes in radiation result in compensating 
changes in current. The temperature can be 
kept constant to within a few degrees. 

621.385.833 2490 
Reflexion Electron Microscopy Using Dif-

fracted Electrons—J. S. Halliday and R. C. 
Newman. (Brit. J. Ape Phys., vol. 11, pp. 
158-162; April, 1960.) Better resolution is ob-
tained than with normal reflection techniques. 

621.385.833 2491 
The Visualization of Dislocations for Re-

production by Electron Microscopy—H. Bet lige 
and V. Schmidt. (Z. .Vaiurforsch., vol. 14a, 
pp. 307-309; March, 1959.) A method based on 
crystal growth along dislocations is described. 

621.385.833: 539.23 2492 
Application of Electron Microscopy—A. 

Saulnier and P. Mirand. (Metal Treat., vol. 27, 
pp. 91-100, 102; March, 1960.) The prepara-
tion of thin metal and alloy films suitable for 
direct examination under the electron micro-
scope in metallurgical investigations is de-
scribed. 

621.385.833: 539.23 2493 
Interference Microscopy Using Electron 

Waves—R. Buhl. (Z. Phys., vol. 155, pp. 395-
412; July 16, 1959.) The design of a biprism 
electron-interferometer microscope is de-
scribed; micrograms are reproduced and dis-
cussed. 

621.396.9: 526.2: 061.3 2494 
International Symposium on Electronic 

Distance-Measuring Techniques—(J. Geophys. 
Res., voi. 65, pp. 385-528; February, 1960.) 
The text is given of some of the papers pre-
sented at a symposium held in Washington, 
D. C., May 5-12, 1959; others are summarized. 

621.398: 681.142 2495 
An Analogue and Digital Airborne Data 

Acquisition System—D. H. Ellis and J. M. 
Walter, Jr. (PRoc. IRE, vol. 48, pp. 713-724; 
April, 1960.) An account is given of the princi-
ples, construction and operation of a flexible, 
fully transistorized system for recording data 
on 14 or 23 tracks of a 1-inch magnetic tape. 

PROPAGATION OF WAVES 

621.391.812.5: 523.5 2496 
The Azimuth Distribution of Oblique Re-

flections from Meteor Trails and its Relation to 
Meteor Radiant Distributions-- Bain. (See 
2338 of 1960.) 

621.391.812.6 2497 
A Possibility of the Long-Distance H.F. 

Propagation Along the Exospheric Field-
Aligned Ionizations—T. Obavashi. (J. Radio 
Res. Labs., Japan, vol. 6, pp. 603-612; July, 
1959.) Propagation along exosplieric field-
aligned ionization is suggested as the explana-
tion of HF back-scatter echoes at ranges of 
7000 km. Ray-path calculations give echo dis-
tances which agree well with observed results. 
The average exospheric electron density de-
duced from echo spreads is about 10 ,-106 elec-
trons/cm,. 

621.391.812.62 2498 
Vertical Distribution of the Scattering Pa-

rameter for Radio Wave—K. Hirao, K. 
Akita and I. Shiro. (J. Radio Res. Labs., Japan, 
vol. 6, pp. 595-601; July, 1959.) Observations 
in Japan are described which were carried out 
in the first 1000 m above ground level using a 
captive, balloon-borne refractive-index vari-
°meter. The results suggest that the scattering 
parameter in this region is inversely propor-
tional to the 2/3 power of the height and varies 
with season. 

621.391.812.63.029.45 2499 
On the Propagation of E.L.F. Radio Waves 

and the Influence of a Nonhomogeneous 
Ionosphere—J. R. Wait. (J. Geophys. Res., vol. 
65, pp. 597-600; February, 1960.) A model of 
a spherical ionosphere whose electron density 
increases exponentially with height is used to 

explain observed attenuation as a function of 
frequency in the range 100 cps-1 kc. 

621.391.812.63.029.62 2500 
Night-Time Equatorial Propagation at 50 

Mc/s: First Results from an I.G.Y. Amateur 
Observing Program—M. P. Southworth. (J. 
Geophys. Res., vol. 65, pp. 601-607; February, 
1960.) Transequatorial propagation is an eve-
ning phenomenon occurring most frequently at 
2100-2200 L.M.T. for the mid-point of the 
circuit and being most pronounced around the 
equinoxes. It is unlikely to be due to layer tilts 
but may be due either to the high electron 
densities at the last sunspot maximum or to 
equatorial spread-F. 

621.391.812.631:523.75 2501 
Short-Wave Fade-Outs without Reported 

Flares—H. DeMastus and M. Wood. (J. Geo-
phys. Res., vol. 65, pp. 609-611; February, 
1960.) Of 15 such events during the I.G.Y. 
period only in one case was there no Ha ac-
tivity. Over the same period the number of 
fade-outs which did occur with flares was about 
280. 

621.391.812.8 2502 
On a Method of Short-Term Prediction of 

f0F2—H. Shibata and S. Watanabe. (J. Radio 
Res. Labs. Japan, vol. 7, pp. 19-25; January, 
1960.) Analysis of a proposed time sedes indi-
cates that a short-term prediction of /0E2 could 
be made, provided that seasons could be chosen 
so that the series is stat onary during each 
season. 

621.391.812.8 2503 
World Maps of F5 Critical Frequencies and 

Maximum-Usable-Frequency Factors for Use 
in Making Ionospheric Radio Predictions— 
D. H. Zacharisen and V. Agy. (J. Geophys. 
Res., vol. 65, pp. 593-595; February, 1960.) 
Note on a National Bureau of Standards publi-
cation giving values of f0F2 and the M4000 

factor at a sunspot number of 50, and the rates 
of change of these parameters with sunspot ac-
tivity. 

RECEPTION 

621.391.821:621.317.7 2504 
Atmospheric Noise Structure—C. Clarke. 

(Electronic Technologist, vol. 37, pp. 197-204; 
May, 1960.) A detailed description of equip-
ment for omnidirectional measurements in the 
range 15 kc-20 mc of the amplitude proba-
bility distribution and other characteristics of 
atmospheric radio noise. 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.391 2505 
The Limit Behaviour of Extremely Selec-

tive Communication Channels in Information 
Theory—H. Wolter. (Arch. elekt. übertragung, 
vol. 13, pp. 171-174; April, 1959.) A Gaussian 
error function cannot be a real band function 
irrespective of the phase response, and there 
is no Küpfmüller limit for these functions. (See 
also 2161 of 1960.) 

621.391 2506 
The Logical Connection as a Unit in Infor-

mation Processing—K. Steinbuch. (Nachrich-
tentech. Z., vol. 12, pp. 169-175; April, 1959.) 
Various ternis based on the concept of " logical 
connection" are defined. These terms facilitate 
the evaluation of the efficiency of information-
handling systems. 

621.391 2507 
Theoretical Considerations for the Element 

Error Rate in Binary Code Transmission—H. 
Akima. (J. Radio Res. Labs., Japan, vol. 6, pp. 
543-572; July, 1959.) Relations between ele-
ment error rate and SNR are calculated for 
fading-free signals in the presence of random 
noise. Amplitude and frequency-shift systems 
of modulation are considered and the results 
are tabulated in numerical form. 

621.391:621.376.3 2508 
Intermittent Communication of Frequency-

Modulated Binary Code—K. Ikushinut. (J. 
Radio Res. Labs., Japan, vol. 6, pp. 573-593; 
July, 1959.) Systems of intermittent transmis-
sion controlled by a signal from the receiver 
terminal are considered. Theoretical evalu-
ation indicates a power gain of 20-30 db over 
conventional continous-transmission systems. 

621.391:621.395.665.1 2509 
On the Recovery of a Band-Limited Signal, 

After Instantaneous Companding and Subse-
quent Band Limiting—H. -J. Landau. (Bell 
Syst. Tech. J., vol. 39, pp. 351-364; March, 
1960.) The stability and convergence proper-
ties of a proposed iterative formula for signal 
recovery are investigated and a description is 
given of an analog simulator giving a first 
approximation to a practical realization of the 
recovery scheme. 

621.391: 629.19 2510 
Communication Efficiency Comparison of 

Several Communication Systems—R. W. San-
ders. ( PRoc. IRE, vol. 48, pp. 575-588; 
April, 1960.) Orthogonal matched filter systems 
require less energy per bit than others. 

621.396.41: 621.391.827 2511 
Radio-Frequency Interference Considera-

tions in the TD-2 Radio Relay System—H. E. 
Curtis. (Bell Syst. Tech. J., vol. 39, pp. 369-
387; March, 1960.) The relation between the 
ratio of a desired RF carrier to an interfering 
co-channel RF carrier and the resulting tele-
phone-channel interference is developed, and 
interference in a hypothetical long system is ex-
pressed in terms of an equivalent permissible 

• 
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noise level. The extent to which theoretical ob-
jectives can be achieved in practice is dis-

cussed. 

621.396.43: 629.19 2512 
Space Communications Requirements of 

the Department of Defence--J. O. Spriggs. 
(PRoc. IRE, vol. 48, pp. 600-602; April, 1960.) 
Mainly a discussion of the use of space vehicles 
as passive or active relays. 

621.396.43:629.19 2513 
Interference and Channel Allocation Prob-

lems Associated with Orbiting-Satellite Com-
munication Relays—F. E. Bond, C. R. Calm 
and H. F. Meyer. (PRoc. IRE, vol. 48, pp. 608-

612; April, 1960.) Calculations of the extent of 
mutual interference show that careful coordi-
nation will be necessary. The advantages of pas-
sive systems are noted. 

621.396.43:629.19 2514 
Passive Satellite Communication—J. L. 

Ryerson. ( PRoc. IRE, vol. 48, pp. 613-619; 
April, 1960.) Using power per channel per unit 
range as a criterion, it is considered that such 

systems are likely to be one order of magnitude 
better than those using tropospheric scatter. 

621.396.43: 629.19 2515 
The Use of a Passive Spherical Satellite 

for Communication and Propagation Experi-
ments—T. H. Vea, J. B. Day and R. T. Smith. 
(PRoc. IRE, vol. 48, pp. 620-624; April, 1960.) 
The theoretical scattering properties of an 

aluminum-coated sphere are considered. 

621.396.43: 629.19 2516 
Project SCORE—S. P. Brown and G. F. 

Senn. ( PRoc. IRE, vol. 48, pp. 624-630; April, 
1960.) Details of the development, construc-
tion and operation of "Signal Communication 
by Orbiting Relay Experiment." 

621.396.65: 621.398 2517 
Automatic Switching and Remote Signalling 

in Radio Link Systems—A. (Note 
Recensioni Notiz., vol. 8, pp. 179-185; March 
/April, 1959.) Problems of switching-on 
standby equipment and signalling in case of 
failure are discussed with reference to CCIR 
recommendations. Details are given of the 
automatic equipment used in the radio link 
Rome-Pescara. 

621.396.946 2518 
A Pragmatic Approach to Space Communi-

cation—G. E. Mueller. ( PRoc. IRE, vol. 48, 
pp. 557-566; April, 1960.) Communication 
with large information rates is possible through-
out the solar system, but practical interstellar 
communication is not yet feasible. 

621.396.946 2519 
Propagation and Communications Problems 

in Space—J. II. Vogelman. (PRoc. IRE, vol. 
48 pp. 567-569; April 1960.) Discussion of the 
problems of Doppler shift, Faraday rotation, 
tracking and stabilization of antennas. 

621.396.946 2520 
Propagation Doppler Effects in Space Com-

munications—F. J. Tischer. ( PRoc. IRE, vol. 
48, pp. 570-574; April, 1960.) A generalized 
derivation of the Doppler equation taking in-
homogeneities into account. 

621.396.946 2521 
Extraterrestrial Noise as a Factor in Space 

Communications—A. G. Smith ( PRoc. IRE, 
vol. 48, pp. 593-599; April, 1960.) An exami-
nation of existing data, with bibliography. 

621.396.946 2522 
Extraterrestrial Radio Tracking and Com-

munication—M. II. Brockman, H. R. Bu-

chanan, R. L. Choate and L. R. Mailing. (PRoc. 
IRE, vol. 48, pp. 643-654; April, 1960.) Com-
prehensive details are given of the probe trans-
mitter and ground receiver of the TRAC(E) 
system for tracking and telemetry at lunar 
distances. A phase locking technique is used 
with receiver bandwidth 20 cps at an operating 
frequency of 960.05 mc. A range of over 4 X 109 
miles was achieved with Pioneer IV, and 
ranges up to 4X109 miles are predicted. 

621.396.946: 621.398 2523 
Maximum Utilization of Narrow-Band 

Data Links for Interplanetary Communica-
tions—W. F. Sampson. ( PRoc. IRE, vol. 48, 
pp. 589-593; April, 1960.) A general discussion 
defining fields requiring investigation. 

621.396.946: 621.398 2524 
Signal-to-Noise Considerations for a Space 

Telemetry System—R. W. Rochelle. (PRoc. 
IRE, vol. 48, pp. 691-693; April, 1960.) 

621.398:621.396.934 2525 
Telemetry Bandwidth Compression using 

Airborne Spectrum Analyzers—A. G. Ratz. 
(PRoc. IRE, vol. 48, pp. 694-702; April, 1960.) 

621.398 + 621.3961: 629.19 2526 
The Telemetry and Communication Prob-

lem of Re-entrant Space Vehicles—E. F. 
Dirsa. ( PRoc. IRE, vol. 48, pp. 703-713; 
April, 1960.) Methods for overcoming the 
thermal ionization (plasma) problem are dis-
cussed. 

SUBSIDIARY APPARATUS 

621.311.69:537.311.33:535.215 2527 
Effect of Temperature on Photovoltaic 

Solar Energy Conversion—J. J. Wysocki and 
P. Rappaport. (J. Appt. Phys., vol. 31, pp. 
571-578; March, 1950.) Theoretical investiga-
tion of the behavior of materials with band 
gaps varying from 0.7 to 2.4 ev, over a tem-
perature range of 0-400°C, show that the best 
conversion performance is obtained for the 
ideal junction current; it is degraded by the 
presence of recombination current. Experi-
mental data are given for Si, GaAs and CdS 
cells, and are compared with theoretical expec-
tations. 

621.314.634 2528 
Investigation of Selenium Rectifiers Under 

Pulse Conditions—D  N N-isledov and I. M. 
Yashukova. (Fit. Tverdogo Tela, vol. 1, pp. 

1188-1192; 1959.) To investigate the voltage 
dependence of the resistance in the reverse 
direction, pulse measurements have been made 
of back resistance, capacitance, barrier-layer 
thickness and electric-field intensity, as func-
tions of the applied voltage. 

621.316.721.078.3:538.569.4 2529 
Stabilization of the Magnetic Field of an 

Electromagnet— R. Becherer and R. Reimann. 
(CR. Acad. Sci. (Paris), vol. 249, pp. 1340-
1342; October 12, 1959.) A system is described 
for controlling both rapid and slow variations 
of the magnetic field by means of a transis-
torized control stage and feedback winding. 
Slow variations are detected by the magnetic 
resonance of protons in a ferric nitrate solution 
using a technique similar to that described ear-
lier [1402 of 1960 (Reimann)]. The stability 
over a 1-h period is within 1 part in 5X 109. 

621.316.79: 536.581 2530 
Precision Thermostat— Y. Hiruta, T. Ka-

wana and T. Shirai. (J. Radio Res. Labs., 
Japan, vol. 6, pp. 533-542; July, 1959.) A 
temperature-sensitive resistance bridge controls 
a crystal oven to give a short-period tempera-
ture stability within 1 X 10-"C. 

621.316.79:621.382.08 2531 
A Stable Thermostat for the Measurement 

of the Noise and Drift of Semiconductor Cir-
cuit Elements—E. Baldinger and A. Maier. 
(Z. angew. Math. Phys., vol. 11, pp. 68-73; 
January 25, 1960.) The rectified output of a 
bridge circuit containing a 100-12 Pt resistance 
thermometer is used to control the heating of 
a stirred oil bath. The noise voltage of transis-
tors in a power-supply circuit and of a Zener 
reference diode have been measured at very 
low and audio frequencies using the apparatus 
described. 

621.316.925.451: 621.382 2532 
An Experimental Impedance Relay using 

the Hall Effect in a Semiconductor— H. E. M. 
Barlow and J. C. Beal. (Proc. IEE, vol. 107, 
pp. 48-50; February, 1960.) Description of a 
"definite" impedance relay for the protection 
of power transmission systems. The Hall out-
put voltage from an InSb crystal is balanced by 
a voltage from a rectifier unit; when a fault 
occurs in the system an out-of-balance voltage 
is produced which operates an electromagnetic 
relay. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397: 621.391.83 2533 
Determination of a Noise Evaluation Filter 

for Television—J. Müller and E. Demus. 
(Nachrichientech. Z., vol. 12, pp. 181-186; 
April, 1959.) A noise-weighting curve for the 
625-line system is derived from subjective tests 
and is compared with various international 
proposals embodied in CCIR and CCITT 
documents. A practical filter network is given 
whose attenuation characteristic closely con-
forms to the weighting curve. 

621.397.132: 535.88 2534 
The Eidophor Colour Projection System— 

(J. Teter. Soc., vol. 9, pp. 127-131; October 
/December, 1959.) A description is given of the 
monochrome projector. Color pictures are pro-
jected using in addition two synchronously 
rotating filter disks mounted in front of the 
camera and projector, producing a line-sequen-
tial system. [See also 620 of 1959 (Gretener).] 

621.397.132: 621.395.6253 2535 
The State of Development and Possibilities 

of Application of the Ampex Method of Mag-
netic Recording of Television Signals— 
H. J. v. Braunmtild. (Rundfunktech. Mitt., 
vol. 3, pp. 61-65; April, 1959.) Performance 
and operating costs of the Ampex tape-record-
ing method, modified for the 625-line CCIR 
system, and 16-mm film recording are com-
pared. 

621.397.132: 621.396.62 2536 
An Experimental Colour TV Receiver: 

Setting-Up and Adjustment— E. Ribchester. 
(J. Telev. Soc., vol. 9, pp. 137-145; October 
/December, 1959.) A discussion of the experi-
ence gained in developing and using several 
experimental receivers operating on the 
NTSC system. 

621.397.331.22 2537 
The Problem of the Reduction in Resolution 

of Image Orthicons due to Crosstalk caused by 
the Scanning Fields in the Image Converter Sec-
tion—H. Fix and W. Habermann. (Rundfunk-
tech. Mitt., vol. 3, pp. 76-80; April, 1959.) Tests 
were made to assess the magnitude of the 
crosstalk effect. An improvement in resolution 
is achieved by applying to the tube a field 
opposing that causing the interference. 

621.397.331.222: 535-15 2538 
Doped Silicon and Germanium Photocon-

ductors as Targets for Infrared Television 
Camera Tubes—R. W. Redington and P. J. 
van Ileerden. (J. opt. Soc. Amer., vol. 49, pp. 
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997-1001; October, 1959.) The properties of 
Au-doped Si as a photoconductive target in a 
vidicon-type infrared camera tube are superior 
to those of commercial vidicon targets in the 
visible range in every respect except resolution. 
Cu-, Au-, Ag- and Te-doped Ge all showed a 
nonimaging state which developed with use. 

621.397.331.24: 778.53 2539 
Measurements on a New Tube for Image 

Recording—W. Dillenburger. (Elektron. Rued-
schalt, vol. 13, pp. 115-118; April, 1959.) De-
tails are given of a television picture tube for 
use in film recording. Measurements were 
made of image sharpness in terms of modula-
tion depth, and of reduction of line structure 
and interference bands by an adjustment of 
spot wobble. 

621.397.6: 778.53 2540 
The Equipment of the B.B.C. Television 

Film Studios at Ealing—N. F. Chapman. 
(B.B.C. Engrg. Div. Mono., No. 27, 31 pp; 
January, 1960). 

621.397.61:621-52 2541 
Automation of Television Programme 

Switching—G. E. Partington. (J. Brit. IRE, 
vol. 20, pp. 181-195; March, 1960. Discussion 
pp. 195-196.) Operations are controlled by 
punched paper tape prepared with the program 
schedule. 

621.397.61:621.396.67 2542 
Tunable Diplexers of Constant Input Im-

pedance with Residual-Sideband Filters for 
Television Picture and Sound Transmitters— 
J. Houle. (Frequenz, vol. 13, pp. 102-107; 
April, 1959.) The design of picture/sound di-
viding networks for bands I, III and IV con-
forming to CCIR transmission specifications is 
discussed with reference to performance meas-
urements on existing equipment. 

621.397.62:621.376.33 2543 
A TV Sound Section Using the Locked-

Oscillator Quadrature-Grid Detector—R. A. 
Darnell. (Proc. IRE (Australia), vol. 20, pp. 
680-687; November, 1959.) Details are given 
of a detector using a Type-6DT6 tube which 
is simpler than the ratio detector and more 
sensitive than the quadrature-grid detector. It 
operates satisfactorily with an input of 5-10 mv 
rms to the driver stage. 

621.397.712.3 2544 
A Contribution to the Planning of Tele-

vision Studios—G. Stump and U. Stepputat. 
(Rundfunktech. Mitt., vol. 3, pp. 91-93; April, 
1959.) Description of a regional studio with 
adjoining control rooms where monitoring and 
recording equipment is installed. 

621.397.712.3 2545 
The Re-equipment of the Austrian Tele-

vision Studios—F. Brunner. (Rundfunklech. 
Mitt, vol. 3, pp. 66-75; April, 1959.) Details are 
given of the structural modifications to the 
studio buildings, and the mixer and control 
equipment installed is described. 

621.397.74: 621.372.55 2546 
A Transversal Equalizer for Television 

Circuits—R. V. Sperry and D. Surenian. (Bell 
Sy.st. Tech. J., vol. 39, pp. 405-422; March, 
1960.) The design and operation of an adjust-
able residual equalizer that produces har-
monically related cosine shapes of gain and 
delay is explained on the basis of paired-echo 
theory. 

621.397.74.001.4 2547 
A Particular Class of Pulses Used For 

Evaluating the Response of Television Net-
works—R. Codelupi. (Note Recensioni Notiz., 
vol. 8, pp. 169-178; March/April, 1959.) Pulse 

waveforms for use in transient-response analy-
sis are proposed consisting of parabolic arcs 
fitted together, which approximate to a Gaus-
sian waveform. This avoids the use of convolu-
tion integrals or series expansion. 

621.397.9: 621.039 2548 
The Application of Closed-Circuit Tele-

vision in the Nuclear Industry—P. Barratt and 
I. M. Waters. (J. Brit. IRE, vol. 20, pp. 225-
241; March, 1960.) Possible ambient radiation 
and temperature conditions and their influence 
on television camera design are discussed. 

TUBES AND THERMIONICS 

621.38 : 621.391.822.3 2549 
Amplitude Distribution of Shot Noise— 

E. N. Gilbert and H. O. Pollak. (Bell Syst. 
Tech. J., vol. 39, pp. 333-350; March, 1960.) 
Regarding 1(1) as the superposition of simi-
larly shaped impulses occurring at random 
Poisson-distributed times, an integral equation 
is derived for Q(I), the cumulative amplitude 
probability distribution. Explicit expressions 
for Q(I) are given for a number of impulse 
shapes. 

621.382.2/.3 2550 
Diffused-Junction Depletion-Layer Calcu-

lations—H. Lawrence and R. M. Warner, Jr. 
(Bell Syst. Tech. J., vol. 39, pp. 389-403; 
March, 1960.) Results derived from an analyti-
cal integration of Poisson's equation for dif-
fusion as a function of reverse voltage, assum-
ing either a Gaussian or complementary error 
function distribution, indicate the transition 
between linearly graded behavior at low volt-
ages and step behavior at high voltages. 
Charts are presented for Si and Ge junctions 
showing the extent of the transition region. 

621.382.2:621.372.632 2551 
The Influence of the Time-Dependent 

Series Resistance of a Capacitance Diode in a 
Mayar Up-Converter—Bobisch and Sond-
hauss. (See 2253 of 1960.) 

621.382.23 2552 
Esaki Diode in InSb—R. L. Batdorf, G. C. 

Dacey, R. L. Wallace and D. J. Walsh. (J. 
Appi. Phys., vol. 31, pp. 613-614; March, 
1960.) A note on the fabrication of InSb 
diodes and some of their experimental proper-
ties, illustrating the extremely low time con-
stants achieved. 

621.382.23:621.375.9 2553 
Noise Performance Theory of Esaki 

(Tunnel) Diode Amplifiers—Hines and Andei - 
son. (See 2278 of 1960.) 

621.382.3:621.317.3 2554 
Determination of Transistor Parameters 

li and Tir — R. Dessoulavy and B. Secrétan. 
(Z. angew. Math. Phys., vol. 11, pp. 75-80; 
January 25, 1960. In French.) To determine 
transistor h parameters at frequencies below 
about 100 cps, measurements are made at 1 kc 
using a neutralization method. Measurement 
circuits and results are shown. 

621.382.33: 621.391.822 2555 
Transistor Noise-Factor Calculations—F. 

Hibberd. (Electronic Engrg., vol. 32, pp. 163-
165; March, 1960.) A general expression for the 
minimum noise factor is derived in terms of the 
transistor equivalent-circuit parameters. 

621.382.333 2556 
The Static Current Amplification Factor as 

a Function of Emitter Current in Transistors 
with Diffused and Homogeneous Base Regions 
—P. Kaufmann. (Arch. elekt. Übertragung, 
vol. 13, pp. 141-151; April, 1959.) The current 
amplification factor is calculated for a diffused-
base transistor and results are compared with 

those obtained for homogeneous-base types. A 
table is included which gives the product of 
emitter conductivity and minority-carrier 
diffusion length for p-n-p and n-p-n Ge and Si 
transistors with different doping elements. 

621.382.333.33 2557 
The Threshold Frequency of a Drift 

Transistor Taking into Account the Variation 
of the Drawing Field and the Mobility of Car-
riers in the Base—B. Ya. Moizhes. (Fiz. 
Tverdogo Tela, vol. 1, pp. 1308-1311; 1959.) An 
expression is derived for the collector current, 
and the variation of the threshold frequency 
with impurity concentration is discussed. 

621.383.5 2558 
Preparation of Photovoltaic Cells from InSb 

with an Alloyed n-p Junction—V. V. Galavanov 
and N. A. Erokhina. (Fiz. Tverdogo Tela, vol. 
1, pp. 1198-1200; 1959.) A note on the con-
struction and performance of cells with Cd on 
In as the alloying element. Photo-response is 
linear for low values of illumination. 

621.383.5:535.2 2559 
Experimental Determination of Spontane-

ous Photon Fluctuations—G. A. Spesch and 
M. J. O. Strutt. (Helv. Phys. Acta, vol. 33, 
pp. 69-88; March 15, 1960. In German.) Meth-
ods and results of measurements of the effi-
ciency and noise characteristics of a Ge p-n 
photodiode are discussed. Over a certain range 
the characteristics fit the requirements of a 
photon detector (2284 of 1960.) 

621.383.5:621.311.69 2560 
The Reflection Coefficient of Antireflection 

Coated Surfaces of Silicon Photocells—V. M. 
Malovetskaya, V. S. Vavilov and G. N. Galkin. 
(Fiz. Tverdogo Tela, vol. 1, pp. 1201 - 1204; 
1959.) The reflection coefficient of Si sur-
faces is lowered by a factor of 3-4 in the range 
of maximum sensitivity of a solar battery by 
coating it with a durable layer of Si0.2 pro-
duced by oxidation. The short-circuit current is 
20-25 per cent higher than for photoelements 
with an etched surface. 

621.385.032.213.13 2561 
The Conductivity of Oxide Cathodes: Part 7 

—Solid Semiconduction—G. H. Metson and 
E. Macartney. (Proc. IEE, vol. 107, pp. 91-97; 
March, 1960.) The observed vulnerability of 
the solid-conductivity phase to low-pressure 
oxygen attack, even at 300°K, indicates that 
this is largely a surface phenomenon. [Part 6: 
2428 of 1959 (Metson).1 

621.385.1: 534.29 2562 
Noise Acceleration—a New Test Method 

for the Assessment of Microphony of Thermi-
onic Valves—H. Hellmann. (Frequenz, vol. 13, 
pp. 83-89; March, 1959.) A review of con-
ventional microphony tests is followed by a de-
scription of a white-noise vibration method; its 
advantages over sinusoidal or pulse test meth-
ods are discussed. [See also 2194 of 1960 
(Kohler and Ulilenbrok).j 

621.385.1.029.6 2563 
Microwave Tubes—an Introductory Review 

with Bibliography—A. F. Harvey. (Proc. IEE, 
vol. 107, pp. 29-59; March, 1960. Discussion.) 
The review covers grid-controlled tubes, 
crossed-field tubes and noise. Underlying 
principles are discussed, and typical construc-
tion and performance data are given. 698 refer-
ences. 

621.385.3.029.62/.63 2564 
The Cause of Deviations from the Theo-

retical Value of Shot Noise in V.H.F. Triodes 
with High Mutual Conductance—R. Thielert. 
(Nachrichtentech. Z., vol. 12, pp. 201-204; 
April, 1959.) The results of experimental in-
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vestigations on tubes exhibiting deviations 
from the theoretical noise value show that the 
noise consists of a frequency-dependent and a 
frequency-independent component. These com-
ponents are identified with reference to theory. 

621.385.6: 537.533: 621.391.822 2565 
On the Nonconservation of Noise Parame-

ters in Multivelocity Beams—J. Bergluunmer 
and S. Bloom. (J. Ape Phys., vol. 31, pp. 454-
458; March, 1960.) Microscopic equations for 
conservation of charge, momentum, and 
energy, as derived from the Boltzmann equa-
tion, are applied to an electron stream having 
a velocity spread. The minimum noise figure 
becomes less with position along the beam, as 
has been demonstrated elsewhere by a numeri-
cal solution of the Boltzmann equations (749 of 
1958 (Siegman et al.)]. 

621.385.6:621.375.9: 621.372.44 2566 
Extension of Longitudinal-Beam Para-

metric-Amplifier Theory-- Fl. Sobol. ( Pnoc. 
IRE, vol. 48, pp. 792-793; April, 1960.) Im-
proved agreement with experimental data is 
obtained by using a model in which both the 
upper and lower first sidebands of the pump 
frequency are coupled to the signal. 

621.385.63 2567 
Certain Mean Values in the Theory of the 

Travelling-Wave Amplifier—L. A. NlacColl. 
(Be!! Syst. Tech. J., vol. 39, pp. 365-367; 
March, 1960.) Assuming the instantaneous 
local values of conductor current, potential, 
linear charge density of electron stream, and 
velocity of electrons to be periodic functions of 
time, expressions are derived for their mean 
time integrals. 

621.385.631:621.391.822 2568 
The Minimum Noise Figure of the Back-

ward-Wave Amplifier— A. J. Fox. (J. Electron-
ics Control, vol. 7, pp. 270-271; September, 
1959.) An assessment is made of some varia-
tions in noise performance of backward- and 

k 

forward-wave amplifiers arising from the dif-
ferent couplings of noise power to the circuits. 

621.385.633.1 2569 
Remarks on the Theory of Backward-Wave 

Valves— K. H. LiScherer. (Nachrichtentech. Z., 
vol. 12, pp. 187-192; April, 1959.) Gundlach's 
theory of delay-line tubes (642 of 1958) is 
applied to the 0-type carcinotron. 

621.385.633.1 2570 
Construction and Properties of Backward-

Wave Valves—G. Bolz. (Nachrichientech. Z., 
vol. 12, pp. 120-127; March, 1959.) The design 
and characteristics of the 0-type carcinotron 
are described. [See 1904 of 1956 (Palluel and 
Goldberger).] 

621.385.633.1 2571 
Frequency Stabilization of a High-Power 

Carcinotron—J. Herví., J. Pescia and M. Sail-
zade. (C.R. Acad. Sri. (Paris), vol. 249, pp. 
1486-1488; October 19, 1959.) In the system 
described the carcinotron and reference fre-
quencies are compared in a hybrid-T junction 
and the difference frequency is used to derive a 
voltage which controls the sole potential. Sta-
bility is maintained over a frequency range of 
+150 mc. 

621.385.83 2572 
Electron-Beam Devices—W. Taeger. (Fre-

quenz, vol. 13, pp. 75-82; March, 1959.) A 
summary of the principles of operation of elec-
tron-optical systems with details of recent 
applications including the resistron camera 
tube [2451 of 1955 ( Heimann)I. 

621.385.832.032.269.1 2573 
High Transconductance Wide-Band Cath-

ode-Ray Gun—E. Atti. (J. Brit. IRE, vol. 
20, pp. 171-180; March, 1960.) A screen-grid 
amplifier gun with a low shunt capacitance is 
described. The operation is analyzed for various 
types of gun drive and the construction is illus-
trated. 

621.387:621.316.722 2574 
Impedance/Frequency Characteristics of 

Glow-Discharge Reference Tubes— F. A. 
Benson and P. M. Chalmers. (Proc. IEE, vol. 
107, op. 199-208; March, 1960.) Results of 
measurements over the frequency range 300 
cps-5 mc agree with an extended form of an 
early theory by van Geel. Possible origins of 
phenomena affecting the LF impedance char-
acteristics are discussed. 

621.387: 621.374.32 2575 
Miniature Gas-Filled Tubes for High-

Speed Counting— K. Apel and P. Berweger. 
(Electronics, vol. 33, pp. 46-47; February 19, 
1960.) Counting rates up to 1 mc with 25,000 
h expected life are achieved. 

621.387: 681.142 2576 
The Digitron: a Cold-Cathode Character 

Display Tube—N. McLoughlin, D. Reaney 
and A. W. Turner. (Electronic Engrg., vol. 32, 
pp. 140-143; March, 1960.) These tubes can 
have any desired shape of cathode with a single 
anode. Side- and end-viewing tubes are briefly 
compared. Their //V characteristics and as-
sociated switching circuits are shown. 

MISCELLANEOUS 

621.37/.39: 061.6 2577 
C.C.I.R. Study Group Reviews—(Point to 

Point Telecommun., vol. 4, pp. 17-109; October, 
1959.) Recommendations of the 1959 Los Ange-
les conference, formal questions and future 
study programs are given. iSee also 1461 of 
1960 (Herbstrei0•1 

621.38:061.3 2578 
Recent Progress in Solid-State Technology 

—M. M. Perugini and N. A. Lindgren. (Elec-
tronics, vol. 33, pp. 39-43; March 4, 1960.) A 
note of recent developments discussed at the 
1960 Solid-State Circuits Conference, Phila-
delphia, Pa.. February 10-12, 1960, including 
applications of the tunnel diode and cryotron. 
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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 FREQUENCY DESCRIPTION SPONSOR ORDER FROM: 

Acoustics Journal 
(Akusticheskii Zhurnal) 

Quarterly Complete journal National Science American Institute of Physics 
Foundation—AIP 335 E. 45 St., New York 17, N. Y. 

Automation and Remote Control 
(Avtomatika i Telemekhanika) 

Monthly Complete journal National Science Instrument Society of America 
Foundation—MIT 313 Sixth Ave., Pittsburgh 22, Pa. 

Monthly Abstracts only 

Journal of Abstracts, 
Electrical Engineering 

(Reserativnyy Zhurnal: Electronika) 

Monthly Abstracts of Russian and non-
Russian literature 

Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, D. C. 

Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, D. C. 

Journal of Experimental and 
Theoretical Physics 

(Zhurnal Eksperimentalnoi i 
Teoreticheskoi Fiziki) 

Monthly Complete journal National Science American Institute of Physics 
Foundation—AIP 335 E. 45 St., New York 17, N. Y. 

Journal of Technical Physics 
(Zhurnal Tekhnicheskoi Fiziki) 

Monthly Complete journal National Science 
Foundation—A I P 

American Institute of Physics 
335 E. 45 St., New York 17, N. Y. 

Proceedings of the USSR Academy of 
Sciences: Applied Physics Section 

(Dokladv Akademii Nauk SSSR: Otdel 
Priklailnoi Fiziki) 

Bimonthly Complete journal Consultants Bureau, Inc. 
227 W. 17 St., New York 22, N. Y. 

Radio Engineering (Radiotekhnika) 

Monthly Complete journal National Science Pergamon Institute 
Foundation—MIT 122 E. 55 St., New York 22, N. Y. 

:Monthly Abstracts only Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, D. C. 

Radio Engineering and Electronics 
(Radiotekhnika i Elektronika) 

Monthly Complete journal National Science Pergamon Institute 
Foundation—MIT 122 E. 55 St., New York 22, N. Y. 

Monthly Abstracts only Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, D. C. 

Solid State Physics 
(Fizika Tverclogo Tela) 

Monthly Complete journal National Science American Institute of Physics 
Foundation—AIP 335 E. 45 St., New York 17, N. Y. 

Telecommunications (Elekprosviaz') 

Monthly Complete journal National Science Pergamon Instit ute 
Foundation—MIT 122 E. 55 St., New York 22, N. Y. 

Monthly Abstracts only 

Automation Express 

Electronics Express 

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 

Physics Express 

International Physical Index, Inc. 
1909 Park Ave., New York 35, N. Y. 

10/year A digest: abstracts, summaries, 
annotations of various journals 

Express Contents of 
Soviet Journals Currently being 
Translated into English 

International Physical Index, Inc. 
1909 Park Ave., New York 35, N. Y. 

Monthly Advance tables of contents of 
translated journals 

Technical Translations Twice a 
month 

Consultants Bureau, Inc. 
227 W. 17 St., New York 22, N. Y. 

Central directory in the U. S. of OTS and Special Superintendent of Documents 
translations available from all Libraries Assoc. U. S. Gov't Printing Office 
major sources in the U. S. Washington 23, D. C. 

4 



Bringing to life the principles of magnetic printing 

= -Opportunities in Systems Development 

This little hand-cranked model makes prac-
tical use of the principles of magnetic print-
ing— principles that have been known in 
theory for more than a hundred years. • 

The model represents a big jump from theory 
to practice. It was developed and built by 
a group of IBM engineers and scientists 
brought together for the sole purpose of 
proving or disproving the feasibility of the 
magnetic printing process. 

These IBM researchers discovered a way to 
"write" characters on a rotating nickel-cobalt 
plated drum by casting a magnetic dot image 
on the drum with time-sequenced electronic 
pulses. The latent magnetic image attracts 
and holds powdered iron-resin ink. The ink 
is transferred to paper and permanently 
bonded by passage through a heat and pres-
sure fix station. 

The machine at left has a working speed of 
125 inches per second— equivalent to 1,000 
cards a minute. It can be operated for sus-

tained periods at 160 inches per second. A 
full parallel printer based on these principles 
is capable of producing many times the out-
put of the fastest IBM impact-type printer. 

Engineering Achievement 

The magnetic printer project is typical of the 
many opportunities for achievement awaiting 
engineers and scientists in advanced systems 
development at IBM. Perhaps you might be 
more interested in what IBM people are do-
ing in such areas as: semiconductors, Tele-
processing*, computer development, optics 
or others. If you have an engineering degree 
and would like to learn more about these 
assignments, write, outlining briefly your ex-
perience and field of interest, to: 

Manager of Technical Employment 
IBM Corporation, Dept. 645T 
590 Madison Avenue 
New York 22, New York 
*Trademark IBM 
INTERNATIONAL BUSINESS MACHINES CORPORATION 
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The SEBIT 24 "a recent detelop-
ment incorporating design refinements 
evolving from years of development and 
field test experience." In addition. 
emphasis is placed on high reliability. 

SPECIFICATIONS: 
Transmitter Input Level: +5 to 
+50 V-MARK —30 to + 54 SPACE 
ground- reference digital information 
at the bit rate. 

Transmitter Input Impedance: Greater 
than 10.000 ohms. 

Transmitter Output Level and Impe-
dance: —20 to + 6 'Dim 600 ohms. 

Receiver Input Level: —35 to +5 nil) 
Automatic, gain control 1. 

Receiver Output Level and Impedance: 
+5 volts MARK. 0 volts space; 0101 
ohms. 

External 96- KC Input Level and Im-
pedance: One volt min., 10 volts 
irlaN., RYIS sine wave. Greater than 
10,000 ohms. 

External Bit- Rate Input Level and 
Impedance: Min. 5 V peak- to- peak 
sine wave 1500 to 2500 cps): greater 
than 5000 ohms. 

Transmitter Clock Output Level and 
Impedance: 5 V peak- to- peak square 
wave at the bit rate; 600 ohms. 

Receiver Clock Level and Impedance: 
5 V peak-to- peak square wave at 
the bit rate; GOO ohms. 

96- KC Oscillator Output ( Internal): 
11.5 V min. to 2 V max. peak- to- peak 
sine wave with a 10,000 ohm mum) 
impedance; 30 V two microsecond 
pulse with 6110 °link salUree 
dance. 

CONTACT 
PINS 

TERMINALS 

ac:(31) 
0=04—) 

JACKS 

—0 -E 
FRICTION 

CONTACTS 

G=:1 

N SEBIT 24 .• 

Another SUCCESSFUL 
DEVELOPMENT 

Through SKILLED 
ELECTRONIC ENGINEERING 

SEBIT 24 DATA MODEM 

The Sebit 24 is one of a series of wire line terminal 
units for the transmission and reception of binary in-
formation at 600/1200/2400 bits/sec in a nominal 
3-KC voiceband, such as a long distance toll cir-
cuit. The Sebit 24 finds use in transmitting message 
data for 3000 word per minute teleprinters; high-speed 
data between business machines and computers; slow 
scan TV or facsimile information; time division multi-
plex information; and sequertial transmitting of tele-
metering data. 

• Built in signal monitor • Fully transistorized • Fast 
acting AGC and self-contained variable delay equal-
izer • Contains highly stable, automatically syn-
chronized clock for detection and regeneration of 
received data pulses • Data input-output is serial, 
ground referenced • Low error rate . . . reliable 
under adverse transmission conditions • Standard 
rack mounting 

Other data transmission developments: 

• Sebit 25—Data modem up to 2500 bits/sec 
• Data modulators and demodulators 
• Variable delay equalizers 
• Transistorized signalling relays 
• Filters—fixed and tunable 

RIXON ELECTRONICS, INC. 
2414 teethe Dr. • Silver Spring, Md., • LO. 5-4578 

also PRINTED CIRCUIT 
MINIATURE PARTS 

Contact pins, terminals, jacks or 
any small tubular parts. Maximum 
1/4 " diameter x 11/4 " length. 

Send sketch for quotations. 

BEAD CHAIN DRIVES 

Low-speed positive drives or motion transfer 

... at far less cost! 

Send for Multi Swage or 
Bead Chain Drive Catalogs! 

MINIATURE 
PINS 

EC= 

QUALIFIED 
BEAD CHAIN 

00 
No. 3-3/32" Dia. 

0'010e 
No. 6- 1/8" Dia. 

0=00 

0 
î 

No. 10-3/16" Dia. 

No. 13- 1/4" Dia. 

THE g EAD CHAIN MFG. CO. 
11 Mountain Grove St., Bridgeport 5, Conn. 

kt) ;.)  NEWS New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued front page 1I2A) 

Varipak printed-circuit card. This is a 
nine-bit register, 150kc maximum fre-
quency, for 12V±20% dc power supply, 
with 6 volt input/output pulse. All ultra-
flex facilities are supplied. 

Typical applications are tape-to-card, 
card-to-tape, analog-digital buffering and 
other short-term storage applications. 
Commercial and military models are avail-
able, for temperatures up to 100°C. 

Circuit Breakers 
A new concept in circuit breaker design 

—a hydraulic-magnetic, tripping element— 
is being used by the Westinghouse Elec-
tric Corp., Box 2278, Pittsburgh, Pa., for a 
new line of circuit interrupting devices 
called Hynetic* breakers. Developed for 
aircraft, missile and ground-support appli-
cations, the breakers can be supplied in 
360 standard current ratings from 0.020 to 
50 amperes, or in any fractional rating 
within these limits. 

I The breakers are available in three 
' trip ranges—standard, fast, and instan-
taneous. The standard, or general purpose 
tittle delay, is most applicable for the pro-
tection of motors (because of their rela-
tively long inrush tinte) and for wiring. 
The fast time delay has been designed to 
protect electronic circuits, including com-
ponents such as vacuum tubes and trans-
formers. For special applications that re-
quire an immediate response without an 
intentional time delay, the breakers can 
be supplied without the tinte delay ele-
ment. 

Four voltage ratings can be supplied. 
They are 32- or 50-volts dc, and 125 or 250 
volts at 60 cps. Interrupting capacity of 
the breakers ranges from 1000 to 3000 
amperes, depending on the voltage rating. 

Available as an optional feature in a 
single-pole double-throw auxiliary switch, 
that is actuated by the breaker mecha-
nism, but is electrically insulated from the 
breaker circuit. Auxiliary switches are 
rated five amperes at 125-volts ac, or one 
amp at 50-volts dc. Also optional is a 
handle tie to provide manual, simultaneous 
operation of two or more adjacent break-
ers. 

(Continued on page 118A) 
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WHICH 
METER 
WOULD 

YOU 
CHOOSE 
TO GET 

LINE 
VOLTAGE 

READ-
INGS? 

t"-

50 East 

No need to hesitate. If you are facing exceptionally tough voltage sensing 

problems your No. 1 choice is the meter shown at your right.  

Easy to see our suggestion is well-founded. This meter is far more sensi-

tive because it employs non-linear elements that precisely control voltage 

and compensate for temperature: FXC's Varistors (VDR's) and Ther-
mistors ( NTC's). 

Easy to understand how these components make for more simplified 
circuitry . . . greater stability . . . and less susceptibility to overloads. 

Take a look at the circuit shown below .. . 

The meter is but one of many 

products made better by the use 

of FXC's VDR's and NTC's.* 

Write for complete technical in-

formation — or, better still, obtain 

the VDR's and NTC's you'll need 

for making initial investigations by 

ordering our FERROXKIT NO. 

VT- 1. The kit, priced at 510.00, 

contains the 9 Varistors and 2 

Thermistors used in the circuit il-

lustrated here. 

FER 

VOLTAGE DEPENDENT RESISTORS 

METER 

MOVEMENT 

NEGATIVE TEMPERATURE CARBON RESISTO", — 
COEFFICIENT RESISTORS 

These same units also provide improved sensi-
tivity in automatic feedback control circuits. 

ROXCIlleg 
CORPORATION OF AMERICA 

Bridge Street, Saugerties, New York 
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NEWS*,j New Products 

g maid, 
ea. a_ iminqa_-ma.-jiri, 11 

How often have you struggled to remember the 

name of a component or electronic item. . . . 

Just could not think quickly what it is called? 

YOU CAN FIND IT 

IN THE IRE DIRECTORY! 

&mule_ 

(1) The IRE Directory classifies products by purpose 

and use. 

(2) Its listings are fundamental—the way an engi-

neer thinks. 

(3) "Terminology" is cross indexed in the pink pages 

—condensed, simple, not mixed in with firm 

names. 

(4) Ads face listings thus helping to identify prod-

ucts by actual pictures. 

(5) Product code numbers reduce complex and dupli-

cate listings, saving you "searching" time and 

effort. 

Study it .. . save it . . . work it. 

THE INSTITUTE OF RADIO ENGINEERS 

1 East 79th Street, New York 21, N.Y. 

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

(Continued front page 116A) 

Pulse Meter— 
Power Supply 

Airtronics International Corp., Fort 
Lauderdale, Fla.. makes available— as an 
extension of its line of telephone testing 
equipment—a Pulse Meter and Adjust-
able Power Supply, Model PMVPS-1. 
Designed as a compact, handily portable, 
and versatile instrument for use in the 
telephone equipment room, laboratory, 
factory, etc., this new dual purpose unit 
can be used for checking the speed of 
square wave pulses, in the speed range of 
0 to 15 pulses per second, and the width 
of the active component of the square 
wave. The meter can accept loop, battery 
(48-50) volts, polar duplex (alternate re-
sistance battery and ground), or carrier 
(resistance battery) pulsing. 

In addition, the instrument can be used 
as a light-duty power supply source which 
is continuously variable from 0 to 300 
volts. A feature of the power supply is the 
smoothness of voltage control, particu-
larly in the low-voltage ranges. 

Random Noise Generator 
H. H. Scott, Inc., Ill Powder Mill Rd., 

Maynard, Mass., announces a new Random 
Noise Generator, Model 811-B. It features 
higher, more uniform output and a new 
"pseudo-RMS" metering circuit which 
reads identically on sine waves and white 
noise. 

The 811-B has output of at least 2.5 
\-olts RMS on all ranges, and response 
I ron) 2 cps to 1.5 mc. A meter input jack 
,•nables its meter to be used for measuring 

her signals. 
Available either as a chassis unit, in a 

(Continued on page 121IA) 
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AT-104: 12 POSITIONS, 1 WATT 
CONTINUOUS, 1 KW PEAK 

Accuracy 
Re//ability 

Versatility 

AT- 109: 12 POSITIONS, 4 WATTS 

EMPIRE 

COAXIAL ATTENUATORS 

Rated up to 4 Watts 

AT-50: 1 W CONT., 1 KW PEAK 
AT-60: 2 W CONT., 2 KW PEAK 

AT-75: 4 W CONT., 2 KW PEAK 

AT-106: ATTENUATOR PANEL 
FOR VALUES UP TO 120 D8 
USING COMBINATIONS OF 
STEP ATTENUATORS. 

AT-103: 6 POSITIONS, 1 WATT 
CONTINUOUS, 1 KW PEAK 

AT-108: 6 POSITIONS, 4 WATT 
CONTINUOUS, 2 KW PEAK 

CONTINUOUS, 2 KW PEAK 

Empire attenuators have been designed and 

constructed for the reliable performance so essential to 

modern, complex systems. Their rugged construction 

. . . conservative power ratings for CW and pulse 

operation .. . and exclusive deposited carbon precision 

resistors . . . enable them to satisfy your microwave 

attenuation requirements. 

Resistive coaxial networks shown here are intended 

for operation up to 4000 MC, a complete line of coaxial 

attenuators to 10,000 MC also available, and is 

described in our Catalog No. 604. Low VSWR and high 

accuracy are inherent features. Attenuation values up 

to 60 DB are obtained in individual pads, rated up to 4 

watts continuous and 2 KW peak (AT-75) or as six and 

twelve position step attenuators (AT.] 08, AT- 109). 

With two or three attenuators connected in series, values 

up to 120 DB can be obtained. 

In many cases our engineering files contain a ready solution 

to your unusual coaxial attenuation problems. 

For complete technical information, 

write for free Catalog No. 604. 

EMPIRE DEVICES 
PRODUCTS CORPORATION 

AMSTERDAM, NEW YORK VICTOR 2-8400 

NOISE & FIELD INTENSITY METERS • CRYSTAL MIXERS • POWER DIVIDERS • DISTORTION ANALYZE F2‘, • IMPULSE GENERATORS • COAXIAL ATTENUATORS 

Visit our Booths 2819-2820 at the WESCON Show. 
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GUDELACE 
is engineered 
for 
problem-free 
lacing 

It's no accident that Gudelace is the 

best lacing tape you can buy. Excellence 

is engineered into Gudelace. A sturdy 

nylon mesh is meticulously combined 

with the optimum amount of special 

microcrystalline wax. Careful selection 

of raw materials and superior methods 

of combining them give Gudelace out-

standing strength, toughness, and sta-

bility. Gudelace is the original /fa t lacing 

tape which distributes stress evenly over 

a wide area. It is engineered to stay flat; 

it will not stretch out of shape when 

pulled. Gudelace's nonskid surface pre-

vents slipping, eliminating the too-tight 

pull that causes strangulation and cold 

flow. Durability and dependability make 

Gudelace your most economic buy— 

with no cut insulation, fingers, or feelings. 

Write for Data Book with specifica• 

tions on Gudelace and Gudebrod's com 

plete line of braided lacing tapes and 

dial cords—Temp-Lace, Stur-D-Lace, 

and Gude-Glass. 

Visit Gudebrod Booth No. 228 
at the Wescon Show 

GUDEBROD 
BROS. SILK CO., INC. 

Electronic Division 
225 West 34th Street, New York 1, N.Y. 

Executive Offices 
12 South 12th Street, Philadelphia 7, Po. 

NEWS 
LL New Products 

R E 
+.....--ges.ramerreatamememmearntreetep 

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

(Continued from page 11821) 

cabinet, or on a 19" X51. rack panel, the 
811-B Random Noise Generator is priced 
from $195 to $205. 

For complete technical information on 
the 811-B, write to H. H. Scott, Inc., In-
vestment Division. 

Digital Pattern Generator 

:\ new development in digital test 
equipment is announced by the Magnavox 
Co., Government and Industrial Div., Fort 
Wayne, Ind. It is called the Digital Pattern 
Generator and is designed for wide appli-
cation in the computer field. 

eeiedieeilea 
•••••••••A 
ióéêgiesees 

ópéeséé" *. 
jitégé 44" , 
e.éêéoáis 

The generator is a transistorized piece of 
test equipment which provides a simu-
lated and flexible time division pattern 
output. It is designed to supply a repeating 
bit pattern for the testing and develop-
ment of a wide range of computers and 
communications systems. Modular tech-
niques have been used to allow for future 
expansion of present capabilities. Rugged 
construction, combined with conserva-
tively designed solid state electronics, as-
sure maximum life with a minimum of 
maintenance. 

The unit features an adjustable pattern 
length from 1 to 100 bits with the state 
of each bit independently controlled as to 
"1" or "0" from the front panel. The out-
put impedance is a nominal 500 ohms and 
remains constant as output level is ad-
justed. Positive and negative levels of 0 to 
± 15 volts are independently adjustable. 
Two clock generators are available; one 
variable from 10 to 100,000 bits per second, 
the other from 20 to 200,000 bits per sec-
ond. A clock pulse is provided at the bit 
rate and a cycle pulse is supplied at the 
beginning of each pattern. For more in-
formation contact the firm. 

Recorder/Reproducer 
An all- solid-state magnetic tape re-

corder/reproducer offering features of 
larger instruments in a small package that 
can be easily transported or mounted in 
standard racks has been developed by the 
DataTape Div., Consolidated Electrody-
namics Corp., 360 Sierra Madre Villa, 
Pasadena, Calif., a subsidiary of Bell & 
Howell Co. 

The Type PR-2300 Recorder/Repro-
ducer is modularized, measures 22t inches 
high, 171. inches wide, 15 inches deep and 
weighs less than 150 pounds. The tape 
transport system is mounted in an alumi-
num carrying case. For vertical mounting 
in a 19-inch rack, the transport may be 
mounted either in or out of its case. For 
horizontal mounting, the transport is re-
moved from the case. 

Electronics are mounted in a matching 
case of the same depth and width, but 
.3;: inches in height. Each case hi'lds up to 
14 plug-in record or reproduce amplifiers. 
One or two of these can be fastened to the 
transport case to build one integrated SVS-
tem. An electronic nodule case complete 
with 14 amplifiers weighs about 25 pounds. 

Up to 14 channels of direct-record or 
wideband FM analog data can be recorded 
and played back bi-directionally. Head as-
semblies for two record ai il two reproduce 
heads of seven channels each can be 
plugged in. An accessory erase head is also 
available. 

The Type PR-2300 records and repro-
duces at speeds of 60„30, 15, 71, 3.1, and 1Z 
inches per second. Speeds are changed in 
pairs by changing drive belts. Choice be-
tween the two speeds in each pair is inade 
from push-button controls. Tape speed is 
held constant to within 0.25 per cent. 

Input range for the direct record sys-
tem is 0.25 to 25 volts mis for normal rec-
ord level. Frequency response is 10a to 
100,000 cps + 3 db at 60 ips. High-fre-
quency response is proportionately It 
for lower tape speeds. Signal-to-noise ratio 
is a minimum of 38 dl) from 300 cps to the 
highest frequency response specified for 
each tape speed. 

DC Amplifier 

000.1 
COPItinlled OD page 12221) 
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The "COMMANDER" instruments described below have a 5-year 
accuracy guarantee. By using NBS or NRC reported values, total 
cumulative errors for a complete measurement system can be as low 
as ±.002%. 

DAUPHINEE POTENTIOMETER TYPE 9144 

ACCURACY ±.001% 

A 7-figure (above 1 V.) DC vernier potentiometer with a total 

measuring range of 2.101010V. Accuracy is at least 10 x that 

of similar commercially available equipment. Direct readout on 

4 dials in increments of . 1 ,i,tv (no slidewire). Thermal emf's less 

than .5 py on x 1 range and .1 ¡tv on x .1 range. Contains 2 
saturated standard cells in an internally thermostated enclosure. 

Completely "Self-Checking." May be used with equal facility and 

accuracy as a Saturated Standard Cell or Resistance Comparator 

— and for the calibration of .01% accurate potentiometers. 

The Type 9144 is an original design by Dr. T. M. Dauphinee 

of the National Research Council in Canada. All rights are 

protected by a United States patent application. 

VOLT RATIO BOX TYPE 9700 
ACCURACY ±.005% 

A volt ratio box similar to that used by the National Bureau of 

Standards as described by NBS Research Paper RP 1419. Self-

heating and surface leakage negligible. Ranges: . 15/.3/.45/.6/ 

.75/1.5/3/4.5/6/7.5/15/30/45/60/75/150/300/450/ 

600/750 V. (Type 9700A includes 1500 V. range). Furnished in 

a thermostated oil bath with a motor-driven impeller. 

CONSTANT TEMPERATURE STANDARD CELL ENCLO-

SURE TYPE 9152 AND SATURATED STANDARD CELL 

TYPE 4305 ACCURACY ±.001% 

Enclosure accommodates up to 4 cells and is air thermostated at 

28 °C ± .025 °C. Transistorized circuit. Operates on 110V/60 

cps ( Battery standby). 

THE TYPE 5214 GALVANOMETER AMPLIFIER AND 

TYPE SR21 LIGHT SPOT GALVANOMETER. 

The amplifier operates on the differential photocell principle in 

conjunction with a liquid-filled primary galvanometer. The sec-

ondary galvanometer has a scale length of 120-0-120 mm and 

is stable and free from the effects of external vibration. Over-all 

sensitivity is approximately 350,000 mm/p.a and 35,000 mm//iv. 

It is ideally suited for use with the type 9144 potentiometer. 

Sensitive Research "COMMANDER" Instruments are manufac-

tured by Guildline Instruments, Ltd. (formerly Tinsley Instruments 

(Canada) Ltd.) 

VISIT BOOTHS 511-512 AT WESCON 

SENSITIVE RESEARCH INSTRUMENT CORPORATION 
NEW ROCHELLE. N. Y. ELECTRICAL INSTRUMENTS OF PRECISION SINCE 1927 
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now... analyze both SSB & AM 
transmitters & receivers faster, 
with uniform sensitivity over 
enti re 100 cps- 40 mc range 

AT MINIMUM COST 

new— improved 

PANORAMIC 

SSB-3a 
SPECTRUM 
ANALYZER 

Panoramic adds important NEW 
design features to the time-

proven Model SSB-31 Now, in one 
convenient, compact package, 
you get the comprehensive unit 

you need to set up, adjust, moni-

tor and trouble shoot SSB and 
AM transmitters and receivers. 

TWO TONE TEST* 
Fixed sweep width 2000 cps. Full 
scale log sideband tones 1.5 kc 
and 2.1 kc from carrier ( not 
shown). Odd order I. M. distortion 
products down 37 db. 

HUM TEST* 
Indication of one sideband in 
above photo increased 20 db. 
Sweep width set to 150 cps reveals 
hum sidebands down 53 db and 
60 db. 

*See Panoramic Analyzer No. 3 
describing testing techniques, etc., 
for single sidebands. A copy , s 
yours for the asking. 

dependable 

CERTIFIED 
SPECIFICATIONS ( 

GREATER FREQUENCY RANGE New Optional REC-1 

Range Converter extends SSB-3a 2 me-40 mc range down 

to 100 cps ... speeds distortion analysis of receiver AF 

and IF outputs, transmitter boss band. 

NEW 2-TONE AF GENERATOR MODEL TTG-2 2 gen-

erator frequencies, each selectable from 100 cps- 10 kc 

• Resettable to 3 significant digits • Accuracy: -.I- 1% 

• Output levels: each adjustable from 2 to 4 volts into 

matched 600 ohm load • Output DB Meter • Spurious, 

hum, etc., less than —60 db. • 100 db precision attenua-

tion in 1 db steps. 

FASTER-NEW TUNING HEAD FEATURES RAPID 

SIGNAL SEARCH" PLUS PRECISE FINE TUNING. 

ALL THESE NEW FEATURES . . . PLUS 

A SENSITIVE SPECTRUM ANALYZER 

Panoramic's Model SB-1 2aS Panalyzor. Pre-set sweep 

widths of 150, 500, 2000, 10,000 and 30,000 cps with 

automatic optimum resolution for fast, easy operation. 

Continuously variable sweep width up to 100 kc for ad-

ditional flexibility. 60 db dynamic range. 60 cps hum 

sidebands measurable to —60 db. High order sweep 

stability thru AFC network. Precisely calibrated lin & log 

amplitude scales. Standard 5" CRT with camera mount 

bezel. Two auxiliary outputs for chart recorder or large 

screen CRT. 

INTERNAL CALIBRATING CIRCUITRY Two RF signal 

sources simulate two-tone test and check internal distor-

tion and hum of analyzer. Center frequency marker with 

external AM provisions for sweep width calibrations. 

Panoramic 
RADIO PRODUCTS INC. 

Write, wire, phone RIGHT NOW for technical 
bulletin and prices on the new SSB-3a. Send 
for our new CATALOG DIGEST 
and ask to be put on our 
regular mailing list for The 
PANORAMIC ANALYZER fea-
turing application data. 

PANORAMIC RADIO 
PRODUCTS, INC. 
522 So. Fulton Ave, Mount Vernon, N. Y. 
Phone: OWens 9-4600 

TWX: MT-V-NY-5229 
Cables: Panoramic, Mount Vernon N. Y. State 

Be sure to see us at WESCON 

Sec. 
2900 

NEWS 
New Products 

.11•1111 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from page 120A) 

Temco Electronics, a division of Temco 
Aircraft Corp., P.O. Box 6191, Dallas 22, 
Texas, announces a new dc amplifier, 
Model 100A, designed to convert low level 
dc input to + 2.5 dc output. The unit has 
continuously adjustable gain between 
steps of 10-100 and 100-500. Features in-
clude: 0.5 per cent best straight line linear-
ity, gain stability of 0.5 per cent full scale 
of 25°C value, less than 5K output im-
pedance, and 20 mv peak-to-peak ripple 
(carrier). Frequency response filters are in-
terchangeable, and the unit will meet ap-
plicable portions of MIL-E-5272. The unit 
measures 5 X 21 X 11 inches. 

Designed for application in strain gages 
and thermocouples, the unit can be de-
livered in sixty days. 

Belden Appoints Clough 
to Board 

Herbert W. Clough, Vice President. 
Marketing, of Belden Manufacturing Co., 
P.O. Box 5070-A, Chicago 80, III., pro-
ducer of electronic and electrical wire and 
cable, has been elected to the company's 
Board of Directors. 

Clough's service 
with Belden began 
in the Magnet \Vire 
Sales Service De-
partment in 1922. 
He has since held 
the positions of 
salesman, Canadi-
an Sales Manager, 
Supervisor of Gov-
ernment Orders, or-
ganizer and first 
Manager of the Merchandise Sales Divi-
sion and General Sales Manager. He be-
came Vice President in Charge of Sales and 
Advertising in 1940 and Vice President in 
Charge of Marketing in 1959. 

He has served as a director and Vice 
President of the Electronics Industries 
Association. He also served the Electronic 
Parts and Equipment \; lanufacturers and 
the Electronic Industry Show Corporation 
in similar capacities. 

Currently he is Vice Chairman of the 
\Vire and Cable Division of the National 
Electrical Manufacturers Association, a 
director of the National Automotive Parts 
Association, and a member of the Advisory 
Committee of the Underwriter's Labora-
tories. 

S Band Amplifier 
Menlo Park Engineering, 711 Hamil-

ton Ave., Menlo Park, Calif., has devel-
oped an S band amplifier, Model TA-568. 
Its uses are in the fields of antenna pattern 
measurements, countermeasure equipment 
design, microwave power amplifiers and 
simulator equipment. 

(Continued on page 124A) 
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KEARFOTT is the world's 
largest producer of... 

light-weight 

schuler-tuned 

3 GYRO PLATFORM 

SYSTEMS 

KEARFOTT DIVISION 
Little Falls, New Jersey 

GENERAL PRECISION. INC. 
Other Divisions GPL.Librascope Link 
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AT BOOTH 743 

AUGUST 23-26 • SAN FRANCISCO, CAL. 

mc COY 
M-5 

11 
STANDARD SIZE 
CRYSTAL UNITS 
The crystals that made the name of 
McCoy a synonym for quality. Metal 
encased, the M-1, M-4, and M-5 are 
available in frequencies from 500.0 
kc to 200.000 mc. 

Shown Actual Size 

ALL-GLASS 
CRYSTAL UNITS 

K  
G-20 

11 G.21 

Shown Actual Size 

HC- 18/U type. Meet new CR-73/U 
and CR-74/U specs. Available 5000 
kc to 200.0 mc. 

SUB-MINIATURE 
CRYSTAL UNITS 

Fill the need for miniature crystals from 
1.0 me to 200.0 mc. Meet specs MIL-C-
3098B and ARINC No. 401 

1 
IMCCO) M 23 3 

Shown Actual Size 

CRYSTAL FILTERS 
Band pass types from 1.0 mc to 30.0 mc 
center frequency with 6 db band widths 
of 0.01% to 4.0% of center frequency. 
Single side band types from 1.0 mc to 
20.0 mc frequency with 3 db band-
widths from 1.0 kc to 10.0 kc. 

Write 
for free, 
illustrated 
catalog 

Regardless of size, weight, or shape. McCoy crystals 
and niters will deliver the utmost in stability under 
extreme conditions of shock and vibration. Our re-
search section will be pleased to assist you. 

ECTco 
ELECTRONICS CO. 

Dept. P-8 
MT. HOLLY SPRINGS, PA. 

Phone: HUnter 6-3411 

NEWS 
New Products 

tere1...war......à. • ttr• ....111110111MOMOMM 

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

(Continued front page 122.4) 

Specifications are: frequency range-
2.0-4.0 knic, power output-10 watts, sat-
urated power gain-30 db, small signal 
gain-30 db minimum, input impedance-
50 ohms, output impedance-50 ohms, 
spurious modulation-30 db below, signal, 
power supply-115 vac, 1 phase, 60 or 400 
cps, 800 watts, panel space-21 X 14.1 X24 
inches, and weight-180 lbs. 

3-Axis Accelerometer 

A small 3-axis accelerometer with po-
tentiometer output is being produced for 
missile applications by Humphrey, Inc., 
2805 Canon St., San Diego 6, Calif., manu-
facturer of guidance instruments. This 
single accelerometer provides information 
on linear acceleration along three different 
axes, replacing multiple instruments at 
savings in size, weight and cost. Total 
weight of the unit is about one-half pound 
and size is approximately 21" diameter and 
2' long. 

This firm also manufactures a 2-axis 
linear accelerometer that is smaller and 
lighter. Total weight of the 2-axis unit is 
four-tenths of a pound and dimensions are 
about 2r diameter and II" length. 

Both accelerometers can be furnished 
in hermetically sealed cases, with an as-
sortment of mounting provisions and a 
choice of connectors. The instruments have 
been qualified for use under severe environ-
mental conditions in missile applications. 
They will withstand — 65°F to 180°F 
while operating, relative humidity 100 per 

(Continued on page 126,4) 
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Here's why the NEW AO 

TRACE-MASTER is the 

world's finest 8-channel 

direct writing recorder! 
American Optical Company, famous for precision instrumentation for 

138 years, introduces an electronic direct-writing recorder of unique 
design, in which ultra-precise electromechanics has been combined 

with advanced electronics to achieve truly superior performance. 

finest Writing Method Ever 

Unique direct-carbon-transfer writing 
method. Trace is uniformly black and up 
to four times thinner than that made by 
any other recorder. Minute variations in 
phenomena measured are more faithful, 
meaningful. Carbon trace cannot fade... 
may be easily reproduced. 

Finest Frequency-Amplitude Performance 

TRACE-MASTERS multiple-feedback 
wide- range Driver circuitry, combined 
with the advanced pen-motor design, pro-
duces wider frequency response at larger 
amplitudes than any other recorder. 
TRACE-MASTER response is flat—with-
in 1%—from dc to 110 cps at 40 mm! 

Band Amplitude Product (i.e. Bandwidth 
times Amplitude) is 5600...140 cps (3 db 
point) x 40mm! ' 

Finest Chart-Drive Facilities 

TRACE-MASTER provides widest chart. 
speed range.. . 0.1 to 500 mm/sec ... of 
any direct-writing recorder! Convenient 

push-button selection. Take-up reel auto-
matically stores full 1000 ft. record. Writ-
ing table tilts for easy chart annotations. 
Guide rails permit quick, easy paper-roll 
changes. Low cost chart paper makes prac-
tical protracted recording at high speeds. 

Finest Resolution, Linearity, Stability 

Thin carbon trace (thinner by 4 to 1 over 
most recorders) and high Band Amplitude 
Product (higher by 6 to I over other re-
corders) provide up to 24 times the re-
solving power or ability to detect short, 
sharp variations in the record. The su-
perior linearity (+ 1%) and stability in 
rectilinear presentation permit full use of 
this unexcelled resolution. 

Finest Systems Oriented Cotnpotability 

Fully transistorized circuitry.. application 
of combined dc level and signal multiple 
feedback...complete interchangeability of 
modular signal-conditioning elements ... 
are some of the features that make the 
AO TRACE-MASTER the world's finest 
8-channel direct writing recorder. 

Entire channel easily accessible and completely 
interchangeable as single unit. 

Platen tilts to convenient writing angle. Widest range chart speed . . . push-button 
selection through 0.1 mm/Sec to 500 mm/sec. 

See it...Try it... 

at the Shows 

WRITE, WIRE, TELEPHONE TODAY FOR COMPLETE INFORMATION! 
Complete Engineering Bulletins available. Field Sales Engineers at your service everywhere. 

American ib Optical 
COMPANY 

INSTRUMENT DIVISIOrd, BUFFALO IS, NEW YORK 

---
Dept. 11 .2st; 

Please send Engineering Bulletins on the complete AO TRACE-
MASTER line of recording modules and systems. 

Name   

Business Address  

City   Zone State  

—8 

PROCEEDINGS OF THE IRE August, 1960 125A 



\ 

11 

MARCONI 
Carrier Deviation Meter 

uses multi-crystal stability- lock 

Direct indication of fm deviation 
From 200 cps to 125 kc makes this 
latest model in the Marconi 791 series 
applicable to both communication 
and broadcast fm systems. 

Crystal locking 
at any point in its 4- to 1024- mc 
carrier range brings new, exceptional 
stability and freedom from micro-
phony in low-deviation measure-
ments. Use of an external indicator 
extends the deviation range down to 
10 cps, allowing fm hum and noise 
on uhf close-channel transmitters to 
be measured with ease and certainty. 

An in-built deviation standard, 
crystal governed, insures full rated 
accuracy at all times. 

Send for leaflet 13143 

RANGE MC 
lb 32 

48 32 -84 
8-160 o 64-128 

o 
XTAL -.> 41/ 128-256 

c256 -512 

/ 512 -1024 
/ ass '"-s. 

o 

CLOSE-UP OF 
RANGE CONTROL 

ABRIDGED SPECIFICATIONS 
CARRIER DEVIATION METER 791D 
Carrier Frequency Range: 4 to 1024 mc. 
Modulation Frequency Range: 50 cps to 35 kc. 
Measures Deviation: 200 cps to 125 kc in four 
ranges. Measures down to 10 cps using ex-
ternal readout. 
Measurement Accuracy: -2.= 3% of full-scale 
for modulation frequencies up to 25 kc. 
internal FM: Due to hum, noise and micro-
phony, less than -55 db relative to 5 kc 
deviation. 
Tubes: 6AK5, 6AS7, 6C4, 6CD6G, 5651, 
5647, 5Z4G, OB2. 

MARCONI 
INSTRUMENTS 

III CEDAR LANE 

CANADA: CANADIAN MARCONI CO ' 

/Komi, 

lie 6/n 
'tat 

ENGLEWOOD NEW JERSEY 

Tel: LOwell 7-0607 

MARCONI BUILDING 2442 TRENTON AVE MONTREAL 16 

MARCONI INSTRUMENTS LTD • ST. ALBANS • MERTS • ENGLAND 

TC 

NEWS e. New Products 

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

(Continued from page 124A) 

cent, unlimited altitude, shock of 75 G for 
6 milliseconds on any axis and acceleration 

I of 75 G on any axis without damage. 
For further technical information, write 

to the firm. 

Infrared Optical Pyrometer 
Nippon Electric Co., Ltd., 2 Shiba Mita 

Shikoku-Machi, Minato-Ku, Tokyo, Ja-
pan, has developed an optical pyrometer 
which is to be used for measuring the tem-
perature of a distant body heated at or 
below 600°C. The NEC Type NV-8B, 
makes it possible to measure any tempera-
ture values as low as 350°C by observing 
the image of the heated body through a 
vacuum tube called the image converter 
tube which is highly sensitive to infrared 
radiation. 

rp-mrio 

The new pyrometer has many impor-
tant applications in highly diversified 
fields of industry where measurement of 
relatively low temperature is desired. For 
example, the temperature of oxide cathode 
of vacuum tubes, temperature distribution 
of anode in the process of exhausting, es-
pecially of large transmitting tubes. 

Specifications are as follows. Power 
Supply: Supply Voltage: 100 to 115 volts, 
Frequency: 50/60 cps, Power Required: 25 
watts approximately. Performance: Range 
of measurement: 350° to 1000°C. (The 
range can be expanded to as high as 
2,000°C by the use of a special optical fil-
ter.) Accuracy of measurement is better 
than + 1%, Effective Range is more than 
20 centimeters, listage Resolution is 400 
lines or more. Types and numbers of 
vacuum tubes and incandescent lamp used: 
linage converter tube Type 11'25 1, recti-
fier Type 12X6 1, incandescent lamp of 
standard brightness 1. Weight and dimen-
sions: telescope section: 6.69" high, 3i5° 
wide, 17.32" long. Weight 7.72 lbs. Power 
Supply and Indicator Section: 7.68" high, 
11.02" wide, 5.90" long. Weight 17.64 lbs. 

(Continued on page 142.4) 
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Timothy M. Cunningham, electron tube engineer, at the RCA Library, Harrison, N.J. 

PROCEEDINGS really takes a beating, 
FROM ITS READERS! 

If you've been in many company libraries, 
we're sure you've seen "dog-eared" copies of 
Proceedings. It's not a case of poor paper and 
printing—we use the best quality—it's just an ex-
ample of pass-along readership taken to extremes! 

Of course, 57,334 (ABC) professionally 
qualified men receive individual copies of 
Proceedings at home each month, as well as 13,976 
students in engineering colleges. What's the reason 
for this important following? 

Proceedings of the IRE enlisted the aid of 
the John Fosdick Organization to take a survey 
of its many readers to find out what they thought. 
Here are some of their reactions. "We use 
Proceedings as a reference. It's really a text. Has 
the largest amount in proportion of text, the high-
est quality text, and the largest amount of informa-
tional advertising of any book in the industry." 
And, of special interest to advertisers, one chief 
engineer said, "I've saved half-a-million dollars by 
buying from ads in Proceedings, and I've bought 

For a share 
in the present, and 
a stake in the future, 
make your product 

NEWS in 

a quarter of a million dollars worth of equipment 
from the ads." 

Fact is, 100% of those interviewed said 
they have some purchasing responsibility! And, as 
a further indication of the effectiveness of using 
Proceedings to reach buying factors of electronic 
equipment, components and supplies, these readers 
expressed a 2 to 1 preference for Proceedings 
when compared with mentions of all the electronic 
books. (Survey available upon request—ask for it!) 

Are you now reaching this important, se-
lect audience for your product? You can, you 
know, reach them 12 times a year in Proceedings 
for just $8,640. ( 1960 rates). A similar schedule 
in a semi-monthly would cost $29,087.50 . . . and 
in a weekly, $46,280! Call or write today for all 
the facts. Find out what selling power Proceedings 
really has! Reach 61,957 (net paid circulation) 
top-level radio-electronics men each and every 
month throughout the year! 

Proceedings of the IRE 

The Institute of Radio Engineers 
Adv. Dept. 72 West 45th St., New York 36, N. Y. • MUrray Hill 2-6606 

BOSTON • CHICAGO • MINNEAPOLIS • SAN FRANCISCO • LOS ANGELES 
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AND HF 
COMMUNICATIONS 

If you have the background, the imagination and the desire to contribute 
to important projects in these fields, you are invited to join a carefully 
selected team of outstanding scientists and engineers now conducting 
research programs furthering the state-of-the-art. 

Our present needs are for: 

SENIOR IONOSPHERIC PHYSICISTS 

Ph.D. preferred, with several years' experience in the study of lonespheric 

phenomena. Should be familiar with present knowledge of upper atmosphere 
physics and possess an understanding of current programs using rockets and 
satellites for studies in F- region and beyond. Qualified individuals with super-

visory abilities will hove an exceptional opportunity to assume project leadership 
duties on HF projects already under way involving F•layer propagation studies 
backed by a substantial experimental program. 

SENIOR DEVELOPMENT ENGINEERS 

Advanced degree in LE. or Physics preferred. Must be familier with present 
state-of-the-art in the design of advanced HF receivers and transmitters and 

possess working knowledge of modern HF networks employing ferrite: and me-

tallic tape cores. Strong theoretical background in modern linear circuit theory 
desired. Will carry out laboratory development and implementation of new HF 

communications systems. 

SENIOR ELECTRONIC ENGINEERS 

Advanced degree in E.E. preferred. Must be familiar with conventional pulse 

circuit designs and applications. Technical background should include substantial 
experience in data process and data recovery systems using both analog and 
digital techniques. Knowledge of principles and application of modern informa-

tion theory including correlation techniques helpful. Will be responsible for the 
design of sub- systems 

JUNIOR ELECTRONIC ENGINEERS 

To assist Senior Engineers and Scientists in the development of HF communica-

tions and data process equipment. Should have formal electronics schooling and 
2 years' experience in circuit design, checkout or analysis of HF communications, 
Radar Pulse, Analog/Digital or Data Recovery equipment. Construction of proto-

types of new and interesting equipment and design of individual components of 
communications and data processing systems will comprise the major efforts of 
selected applicants. 

FIELD STATION ENGINEERS 

or equivalent, consisting of combined civilian or military technical 

school, with work experience. Presently employed os o field engineer or project 
engineer with a valid 1st or 2nd Class FCC license and a good command of 

some of the following: Radar, preferably high power; HF long-distance com-
munications systems; Tropospheric or Ionospheric scatter systems. Must be willing 
to accept assignments in areas where dependents are not permitted for periods 
of up to one year. Differential paid for overseas assignments. 

Our location in the suburban Washington, D. C. area is ideal from the viewpoint of advanced 
study which may be conducted at one of several nearby universities, for readily available 

housing in pleasant residential neighborhoods, and for the general amenities of living offered 
by this important Metropolitan center. 

For a prompt reply to your inquiry, 
please forward resume in confidence to: 

Professional Employment Department 

• 
•• 

0 

• .seirt-F1 ZraECTIZ,01>TIC. 
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RIVÉRDAL.g, MARYLAND 

O Positions 
Wanted 

,opr •I• ' 11111 

By Armed Forces Veterans 

In order to give a reasonably equal op-
portunity to all applicants and to avoid 

overcrowding of the corresponding col-
umn, the following rules have been 

adopted: 

The IRE publishes free of charge 
notices of positions wanted by IRE mem-

bers who are now in the Service or have 
received an honorable discharge. Such 
notices should not have more than five 

lines. They may be inserted only after a 
lapse of one months or more following a 

previous insertion and the maximum num-

ber of insertions is three per year. The 
IRE necessarily reserves the right to 

decline any announcement without assign-
ment of reason. 

Address replies to box number indi-
cated, c/o IRE, 1 East 79th St., New 

York 21, N.Y. 

ELECTRICAL ENGINEER 

BSEE. 1957. 1/I.t. Sig. C. IV, years as 
Project Officer at WSMR, New Mexico. Ex-
perience in the field of guidance and counter-
measures of missiles. Interested in obtaining an 

LL.B. Desires position which requires an engi• 
tieering and legal combination with management 
opportunities. Box 2072 W. 

ELECTRONICS ENGINEER 
European assignment desired in western iir 

southern Europe in management, technical or 
liaison area. 15 years experience R&D, both 

civilian and military, in communications, elec-
tronic counter-measures, television and missile. 
electronics. Considerable supervisory experience. 

BEE. and MEE. degrees. Box 2073 W. 

ELECTRONICS ENGINEER 
B.S. in physics. MSEE. 5 years in transis. 

torized computer circuit design and radar com-

puter systems. Single, age 28. Desires position 
in Western Europe. Box 2074 W. 

ENGINEERING MANAGER 

Communications ›ystenis engineering of tele. 

phone, radio relay, microwave, HF and SSII 
Systems. 20 years military experience all phases 
applied engineering, siting, installation, opera-

tion and maintenance. Performed Staff Engineer-
ing assignments at Pentagon and major com-
mand levels. Currently Deputy Chief, Main. 

tenance Engineering & Test Branch, multi-
billion dollar air defense project office. Super-

visory experience wills over 500 personnel. 21 

months military electronics schooling plus BBA. 
and MBA. Member IRE. Desires manauerial 
position with growth potential. It n 2075 W 

SENIOR CONSULTING ENGINEER 

Associate l'rofessur of Nuclear Engineering 
desires summer employment leading to a con-

sulting position. BSEE, 1949; MSEE, 1951; 

7 years industrial and 3 years teaching experi-

ence in electronic and nucleonic instrumenta-
tion, microwaves and radioisotope techniques; 

active security clearance, AEC licenses. located 
in soutlor It.,. 2077 ‘v 

ENGINEERING MANAGER 

MSEE. degree. Background includes all levels 
in R&D to 3 years as manager of development 

groups. 12 years experience in analog and digital 

(Continued on page 132A) 
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Why don't you 

Talkwith 
Westinghouse 

. . . about their 

ASTRONAUTICS 

INSTITUTE 

Westinghouse engineers are engaged in the study of the 

entire range of space operations from satellites to inter-

planetary operations, including the design of space vehicles. 
Talk with Westinghouse about these and other advanced 
projects such as Typhon, and the facilities open to engineers 

and scientists whose careers are linked with Westinghouse 

. . . pioneer and leader in the electronics field. 

CURRENT OPENINGS 

Microwave Theory 

Underwater Acoustics 
Microwave Antennas & Components 

Microwave Transmitters & Receivers 
Molecular Electronics 

Systems Planning 
Field Installation & Test 

Send resume to: Mr. A. M. Johnston, Dept. 300 

Westinghouse 
BALTIMORE 
P.O. BOX 746 Baltimore 3, Maryland 

AIR ARM • ELECTRONICS • ORDNANCE 
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ADVANCED PROJECTS AT LOCKHEED 

Now in its advanced development status, the Navy-Lockheed 
POLARIS Fleet Ballistic Missile is scheduled to be fully operational and aboard 
its specially designed submarines late this year. Full-scale test vehicles have been 
successfully flown on a regular schedule of firings for months with only two 
failures, a remarkable achievement in view of the totally different environmental 
problems involved in its underwater launch. With nearly three-quarters of the 
earth's surface being water, practically no target in the world is outside the 
POLARIS' range of over 1200 nautical miles. The Division is systems manager 
for the POLARIS under the direction of the Special Projects Office of the Navy. 

SATELLITE PROGRAMS—The Air Force-Lockheed AGENA satellite 
is a versatile space vehicle capable of numerous assignments. In its present 
DISCOVERER program configuration, it is 19 feet long, 5 feet in diameter with 
an orbital weight of approximately 1700 pounds. Payload of several hundred pounds 
includes telemetry, instrumentation, guidance and attitude control systems, 
reentry vehicle and recovery capsule. The AGENA has accomplished several 
significant space "firsts." It was first to be placed on the difficult polar orbit; first 
to be placed on a precise, predicted, and nearly circular orbit; first to change 
its attitude on orbit, with a turn of 180 degrees and a downward tilt of 60 degrees; 
first to eject a capsule; and first to prove advanced space systems such as ground. 
space communications, instrumentation, attitude and guidance and life-
sustaining devices. The AGENA can be modified for a variety of space 
missions such as navigation; geophysical investigations; 
lunar probes; long-range communications; and space probes. 

In addition to the DISCOVERER program, the Division is developing 
advanced AGENA satellites for the MIDAS program ( Missile Defense Alarm 
System) and the SAMOS strategic warning system. Lockheed is system 
manager and prime contractor for these projects under the direction of the 
Air Force Ballistic Missile Division ( ARDC). 

SPACE STATION— An orbiting research facility to serve as an advanced 
base for space exploration, has been proposed in practical detail by Lockheed's 
research and development staff. The station would carry a 10-man crew. 
Prefabricated compartments for the rim of the wheel, the spokes, and the three 
hubs would be launched separately by ballistic missiles and assembled in 
space by means of the specially-designed, Lockheed Astrotug. 

X-17, KINGFISHER, X-7—The Air Force-Lockheed X- 17 solid-propellant 
ballistic missile has pioneered many new techniques, and the valuable experience 
gained from this program facilitated development of other, inter-service 
projects, including the Navy POLARIS FBM. The Navy's Project Argus radiation 
explosion featured the X-17 as the vehicle. Developed for the Air Force, the 
Lockheed KINGFISHER is designed to simulate enemy attacks to test our 
nation's anti-bomber and anti-guided-missile defenses. The Air Force X-7 is a 
unique, recoverable ramjet-engine test vehicle designed to test new 
developments in advanced components for other missiles. 

The successful completion of projects such as these requires a bold and 
imaginative approach to entirely new environments. Lockheed's programs reach 
far into the future. It is a rewarding future which scientists and engineers 
of outstanding talent and inquiring mind are invited to share. Write: Research and 
Development Staff, Dept. H-33, 962 W. El Camino Real, Sunnyvale, 
California. U.S. citizenship or existing Department of Defense 
industrial security clearance required. 

/MISSILES AND SPACE DIVISION 
SUNNYVALE. PALO ALTO. VAN NUYS. SANTA CRUZ. SANTA MARIA, CALIFORNIA 

CAPE CANAVERAL. FLORIDA • ALAMOGORDO. NEW MEXICO • HAWAII 



SCIENTISTS • ENGINEERS • IS, MS • PhD 

Name Your Field in Electronics 
...you'll find it at Electronics Park 

At General Electric's headquarters for electronics in Syracuse, New York, 
you'll discover projects in every phase of modern electronics, aimed at every 
kind of application — Consumer, Industrial, Military. 

These projects are distributed over research laboratories, development and 
design groups, manufacturing facilities and field service centers. Different 
operations are structured to provide independent, localized management yet 
all offer technical cooperation to each other. In the next building— or the 
next office — you'll be able to pinpoint a technical expert for consultation on 
any electronic problem. 

THE CHART BELOW offers a broad indication of areas in which we are active-
ly engaged. Check off those areas that are of interest to you— fill in the coupon — 
and mail to the address below. We will advise you of specific opportunities 

now available at General Electric's Electronics Park. 

I TECHNICAL AREAS 

•••11. 

Applied Systems Advanced 
Research Engineering Development Design Technical 

Writing 

-s 
Field 

Service 
. 
l RADARS (Antenna, Components) • • • e 

1 
• 1 
• i I Ground, Ship, Air • • • e • 

I Missile, Satellite • • • • • • I 

COMMUNICATIONS 

Multiplex Microwave • e • • 
-11 

• 1 
SSI Radio • • i 

MI Transmitters e S • • 
I l Synchronous Receivers •  • 

Data Links • • I.1 

1 
• a DATA RECORDING & DISPLAY • 

Equipments • • • • • 1 
Advanced Techniques 

i.e. Thermoplastic Recording 
• • • • 

i  

I 

DEFENSE SYSTEMS — Underwater • • gb 

I Missile Guidance & Navigation • • • • • 

Air Weapons Control • • e S • I 

COMPUTERS (Digital) Applications • • • • • 

MATERIALS & PROCESSES 
(Electrochemical, etc.) • • • 

I 

I 
SEMICONDUCTORS -Circuitry,Devices • • • • II 
PHYSICS 
(Military & Commercial Applications) I 

Space • • • • I 

Accouslics • S • • • • ! 

Electron Optics • • • • 1 

Electromagnetics • , • • • • • I 

TELEVISION (Iroadcast & Industrial) 1 
• I Receivers • • • • • 

Transmitters (AM, FM d TV) • • • • I 
HF Video & Audio Techniques • • • • 1 

TUBES — Cathode Ray • 5 • 1 
AUTOMATED MACHINE CONTROLS • • • I 

To: GENERAL ELECTRIC COMPANY 
Electronics Park, Div. 53-M H 
Syracuse, New York 

Aft: Technical Personnel Dept. 

I am interested in Technical Areas I have checked. 

My noose: 

Address: 

Degree:   Dole•  

All communications held in strict confidence. 

GENERAL ELECTRIC 

Positions 

Wanted 
. tinlii111111111111111111111111 

By Armed Forces Veterans 

(Continued front page I28A) 

instrumentation, data processing, and automa-

tion with an even division between missile and 

industrial fields. Will relocate to either coast. 
Box 2078 W. 

ELECTRONICS ENGINEER 

Mature, very active electronics engineer an-
ticipating Teti cement front technical military 

,luties at 50 interested in challenging engineer• 
jog management position; 7 years complex 
electric power service problems; 19 years broad 

Navy engineering management duties in diverse 

U.S. and overseas conununications and anti-
submarine electronics systems projects and con-

struction, scheduling work. Trained to relocate 
periodically on short notice and quickly assume 

specific responsibility for important technical 

projects requiring smooth coordination with 

other staff specialists. Outstanding references 
and accomplishments. Recent technical refresher 

training. Particularly interested in Phila.. Pa. 
or Calif. areas, but will consider any long range 

opportunity. Box 2079 W. 

ENGINEER 
Supervisory engineer of systems or sales on 

systems management or evaluation of electro-

mechanical weapons system equipment in radar, 
computers. etc. and microwave components. 

Have excellent market and sales background 
with industrial and Government agencies on 
prime hardware or components. Home base New 

York City or Long Island. Will travel exten-

sively if necessary. Matured. Formerly Lt. Col-
onel in the USAF. Box 2080 W. 

TEACHING 
British, age 35; Member IRE, TEE. Tele-

conununications engineering diploma. 10 years 

lecturing. 4 years as head of department. Seeks 
U.S. teaching appointment in E.E. Dept. where 
facilities exist for working towards MS. degree. 

Experienced achninistrator. Visited U.S. 1959. 

Familiar with E.E. curricula. Specialties: cir• 
cuitry and measurements. Frustrated by bureauc-
racy. Box 2081 W. 

ENGINEER 

Communications equipment, design circuitry 
and hardware. BSEE. MSEE. Seeks assignment 

Continental Europe. Top Drawer company only. 
Age 34: 9 year-, experience. nox 2082 W. 

ELECTRICAL ENGINEER 

5 yr. E.E. plus good Liberal Arts background. 
Polyglot; age 31; family; lifelong U.S. citizen. 

Diverse experience ranging from power during 

military, ..UZ years design and manufacture elec-
tric, electronic instrumentation and control, 2 
years solid state R and D, 1 year specifications 

and estimating for contracts and projects, 41/2 
years supervisory, presently project level prob-

lem solver and trouble shooter for large company 

on communication, navigation, ultrasonic and 
control. Box 2081 W. 

ADMINISTRATIVE ENGINEER 

Desires position of responsibility as Technical 

and Administrative Assistant to Director of En-
gineering or General Manager in U.S. or over-

seas. 10 years varied experience in Military 
and Comm. Elec. Systems. Shared responsibility 

for 5 million European Plant. Resume sent to 
management. Box 2091 W. 

(Continued on page l.:4A) 
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• The Pacific Missile Range and U. S. 
Naval Missile Center, Point Mugu: Na-
tional launching and instrumentation 
complex, guided missile test and evalu-
ation, astronautics, satellite and space 
vehicle research and development. 

• U. S. Naval Ordnance Test Station at 
China Lake and Pasadena: Developers 
of guided missiles, rockets, advanced 
propulsion systems, torpedoes, and 
other undersea weapons. 

• U. S. Naval Ordnance Laboratory at 
Corona: Developers of guidance and 
telemetry systems and other missile 
system components. Researchers in 
such fields as IR spectroscopy, mag-
netism and semiconductors. 

• U. S. Naval Radiological Defense Labo-
ratory at San Francisco: The nation's 
only major center for research on nu-
clear effects and development of 
counter measures. 

• U. S. Navy Electronics Laboratory at 
San Diego: One of the Navy's largest 
organizations engaged in the research 
and development of radar, sonar, radio 
and acoustics. 

*These positions are in the Career Civil Service. 

AGAIN THE LAND OF PROMISE 
Science has brought us to a unique vantage point from which we can foresee 
vast technological change. As the curve of scientific progress approaches 
the vertical, today's pioneers who wish to contribute significantly in their 
chosen fields will do well to consider the unequalled challenge offered by 
association with one of the nation's foremost scientific laboratories. Posi-
tions are currently available in physics, electronics, mathematics, and in 
mechanical and aeronautical engineering, as well as in other technical 
disciplines.* 
The diverse locations of the Naval Laboratories ... the varieties of climate 

and recreation . . . assure your discovery of life as you want it. Address 
your inquiry to: 

vw,a,Etweaz 

5A7.31011AVOMEM 
in California 

Personnel Coordinator, Dept. A 
1030 East Green Street 

Pasadena, California 

1Pes, 

( 
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An Invitation To Join 

ORO...Pioneer In 

Operations Research 

Operations Research is a young science, earning recog-
nition rapidly as a significant aid to decision-making. It 
employs the services of mathematicians, physicists, 
economists, engineers, political scientists, psycholo-
gists, and others working on teams to synthesize all 
phases of a problem. 

At ORO, a civilian and non-governmental organiza-
tion, you will become one of a team assigned to vital 
military problems in the area of tactics, strategy, 
logistics, weapons systems analysis and communications. 

No other Operations Research organization has the 
broad experience of ORO. Founded in 1948 by Dr. 
Ellis A. Johnson, pioneer of U. S. Opsearch, ORO's 
research findings have influenced decision-making on 
the highest military levels. 

ORO's professional atmosphere encourages those 
with initiative and imagination to broaden their scientific 
capabilities. For example, staff members are taught to 
"program" their own material for the Univac computer 
so that they can use its services at any time they so 
desire. 

ORO starting salaries are competitive with those of 
industry and other private research organizations. Pro-
motions are based solely on merit. The "fringe" benefits 
offered are ahead of those given by many companies. 

The cultural and historical features which attract 
visitors to Washington, D. C. are but a short drive from 
the pleasant Bethesda suburb in which ORO is lo-
cated. Attractive homes and apartments are within 
walking distance and readily available in all price 
ranges. Schools are excellent. 

For further information write: 

Professional Appointments 

OPERATIONS RESEARCH OFFICE 
lonol The Johns Hopkins University 

6935 ARLINGTON ROAD 

BETHESDA 14, MARYLAND 

Positions 
Wanted 

By itrined Forces Veterans 

(Continued fr,” 1.Z2A) 

ELECTRICAL ENGINEER 

Four years active duty as Naval Officer. 

MSEE. University of Illinois 1958. Last 2 
years spent in development of high power klys-

tron transmission systems and systems controls. 
Desires position in system management or admin-

istration in medium sized concern. Box 2092 W. 

ELECTRONICS ENGINEER 

Position desired in commercial product or in-

dustrial automation fields. 15 years experience 

in data processing and display fields. M.S. in 
E.E. Preferred location—Southwest. Box 2093 W. 

ENGINEER 

Age 27; veteran; married, family. BS.: Elec-

tronic Physics 1958; military electronic tech-
nician experience. 2 Vz years experience in Solid 

State Research. Measurements, Metallurgy. De-

sires position not wholly technical with mana-
gerial future. Will relocate. Box 2099 W. 

DIRECTOR SALES 

13 years in communications. engineering and 

sales. Interested in a much greater opportunity 

to promote and sell HF.SSB equipments and 
systems. Have contacts in Marine. Government 

and some of the largest commercial companies 
on the Atlantic Seaboard. Primary interest and 

objective. Sales. Box 3000 W. 

Positions 

Open 

The following positions of interest to 
IRE members have been reported as 
open. Apply in writing, addressing reply 
to companv mentioned or to Box No..... 

The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

Proceedings of the IRE 
1 East 79th St., New York 21, N.Y. 

ENGINEERS—PHYSICISTS 

Company engaged in research, production and 

development of cantera tubes, infrared devices 
and image amplifiers seeks graduate engineers 
and physicists to work in new laboratories at 

beautiful Fort ‘Vashington, Pa. Reply to Box 

2020. 

PROFESSOR 

Rapidly expanding engineering school located 

in snow- free, smog- free area with ideal climate 
needs electronic engineer to teach undergraduate 

courses and to help develop graduate program. 

MS. minimum requirement. Salary dependent 

upon industrial experience and graduate degree. 
Modern facilities and equipment with new build-
ing under construction. Apply to Prof. M. P. 

Capp, Engineering Div., San Diego State Col-
lege, San Diego 15, Calif. 

TECHNICAL MANAGER 

Advanced Data Processing Systems. Direct 

planning requirements for organization of cons-

(Continued on page 1364) 
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Take 
Your 
Pick . . . 
Here are Just seven 
fine employment op-

portunities from 

GUILFORD's many 
hundreds of listings 

ALL EXPENSES PAID 
PROJECT MANAGER 

Antenna Systems or ECM Exp. 

Desirable small co. Excel. 

Stock Plan. $ 14-18,000 

SALES ENGINEER 

ECM Airborne Instr. Space 

Tech. Car plus $ 16,500 

SALES ENGINEER 

West Coast Mgr. Aircraft Ac-

cessory Line. $ 12-15,000 

RELIABILITY 

DIRECTOR 

Solid Electronics Design and 

Reliability Exp. $ 15-18,000 

SR. TECH. WRITER 

Good Engring. bkgrd. nec. 

for this excel. oppty. in large 

Writing Group. $9-12,000 

CUSTOMER LIAISON 

A " Natural - for career-

minded Engr. who enjoys 

public contact. Can lead to 

excel. growth in either Mktg. 

or Design Group. $7,2-9,000 

CIRCUIT DESIGN 

Several fine spots. Some 

knowledge of transistors, 

computors, etc. helpful. $8-

14,500 

SEE US DURING WESCON 

AT THE 

AMBASSADOR HOTEL 

3400 Wilshire Blvd. 

Los Angeles, Calif. 

Phone: DU 7-7011 

Personnel Service 
management consultants 

7 Saint Paul Street 

Baltimore 2, Maryland 

MOlberry 5-4340 

+ x ---- V> 0 0 -I- =4.= X --.----.V>(:)0+±- x-:- ----V>OE.7 

+ v > 0 x = v> CD + x = V > 0 

WE 
NEED 
19 

INDIVIDUAL 
ELECTRONIC 
ENGINEERS 

We're not looking for a group of nine-

teen or a batch of nineteen or a bunch 

of nineteen. We don't need an outlet for 

nineteen surplus power-driven erasers. 

We want nineteen separate and indi-

vidual, thinking human beings. Each will 

be considered according to his own 

value, assigned to his own work, judged 

by his own contribution. 8 That's the 

way things are at Bendix. Our long-term 

prime contract with the AEC authorizes 

assignments on a special project basis. 

It then becomes our responsibility to 

invent a device to meet the need, de-

velop production techniques, manufac-

ture the device and deliver it on 

schedule, in quantities 

from one to several 

hundred. ire We manufac- - 

ture thousands of elec-

tronic items, each one 

of which is different from all the others. 

This kind of operation requires processes 

which are radical ly different from routine 

mass production techniques. e Obvi-

ously, this tailor-made operation de-

mands Electronic Engineers who can 

grasp a total problem and develop a 

practical solution. They operate in com-

pact teams, and they're working the 

way engineers were intended to work. 

If you think you might be one of the 

nineteen individuals we need, you'd be 

wise to write Tim Tillman, Technical 

Placement Supervisor, Box 303-ON, 

Kansas City 41, Missouri. He can tell 

you more about Bendix than we have 

room for here, and he'll 

CORPORATION 

KANSAS CITY DIVISION 

give you some startling 

information on our beau-

tiful metropolis and its 

low cost of living. E 
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POSITIVE WAY UP: 
PROJECT 

ENGINEERING 
AT RCA 

MOORESTOWN 

The project engineer at RCA Moorestown, New 
Jersey, is concerned with advanced projects of 
the utmost magnitude—such as BMEWS 
(Ballistic Missile Early Warning System), 
DAMP (Downrange Anti-ballistic-missile 
Measurements Program), and TRADEX (Target 
Resolution And Discrimination Experiment), to 
name just a few. Essentially, he is a well-rounded 
design engineer with a taste and a talent for 
fulfilling executive responsibilities. His work is 
primarily engineering but ranges far and wide 
into many other areas needed to get big jobs done 

• 
For instance, one of his duties is to develop 
design specifications from system specifications. 
Another is to determine costs, budgets, man-
power allocations, and schedules. Yet another is 
providing make-buy decisions. And still another 
is delegating, coordinating, and—when necessary 
—subcontracting assignments. In short, he is 
a combined engineer-business manager who func-
tions not only in his technical specialty but also 
helps to make the business decisions for some of 
today's most exciting engineering projects. 

At this time, RCA Moorestown has a number 
of project engineering openings in these fields: 
radar, telecommunications, information process-
ing, and construction and emplacement of 
electrical and mechanical equipment. Basic 
requirements are at least five years' design engi-
neering experience ... some experience in 
customer-vendor contact ... and the ability to 
motivate people. 

If you qualify, and are sincerely interested in 
responsibility and growth, we invite you to 
investigate these opportunities. For a confiden-
tial interview with engineering management, 
send a résumé to: 

Mr. W. J. Henry, Box V- 17H 

RCA, Moorestown, New Jersey 

(20 minutes from Philadelphia) 

RADIO CORPORATION of AMERICA 
Moorestown Missile and Surface Radar Division 

ifPositions ,uuluz, 
Open 

.1'1111;1!11111111111i1111111 

J; ii, rage 1.` IA) 

prehensive business information processing sys-

tems. Requires a Ph. D. in E. E., physics or 
math, plus several years experience in digital 

data processing systems. Managerial experience 

desirable. Attractive salary. Forward resume to 
Box 2021. 

ASSISTANT PROFESSOR 

Assistant Professor of Electrical Engineering. 

Ph. D. required iritis interest its circuit theory, 
physical electronics or solid state. Active re-

search and graduate program. Contact W. P. 

Smith. Chairman, E. E. Dept., University of 
Kan- Lawreirce. Kansas. 

• 

ELECTRICAL OR ELECTRONICS 

ENGINEER 

Large medical institution is interested in em-
ploying ass engineer to direct the maintenance 

and trouble-shooting of a large variety of com-
plex electrical instrumentation, and to make 

modifications in existing equipment. Position re-

quires a person with a degree in E.E. and a 
minimum of 4 years experience in one or snore 

of the following fields: electrical instrumenta-
tion; field engineering or electrical instruments; 

computers; fist, tape equipment; telemetering 
equipment; radiation equipment and counters. 

Write Personnel Section, Mayo Clinic, Roch-

ester, Minnesota. 

PHYSICIST 

M.S. or Ph.D. Solid background in both optics 
asid electronics. Research on techniques and pile-
nomena for application to space navigation. Send 

resume to Per.somml Director, The Franklin 

Institute, Phila. 3, l'a. 

RADIO ENGINEERS 

Design asid development positions for Circuit 

Designers, Development Engineers, Antenna En-
gineers in connection with direction finding 

equipment, ECM devices, advanced communica. 

tMn systems, air traffic control, multi-channel 

receiver development, advanced filter design, 
R.F. systems analysis and simulation. Apply 

Servo Corporation of America. 111 New South 
Road, Hicksville, L.I., New York. 

ENGINEERS 

Electrical engineering staff openings its an ex-

panding undergraduate program. ( 1) Instructor: 
to teach undergraduate courses to sophomore and 

junior engineering students. Candidate must 

have B.S. degree and be willing to take gradu-
ate work at nearby university. (2) Assistant, 

associate or full professor: to teach electronics 

and senior E.E. electives. Candidate should 
possess a graduate degree ( M.S. or PILO.) 
specializing in electronics and/or communica-

tions. Encouragement given to private rencards 

and consultation. Rank and salary commensurate 
with academic attainment and experience. Ap-
ply: L. M. Gonsalves, chairman, Dept. of Eli., 

New Bedford Institute of Technology, New 

Bedford. Ma.... 

ASSISTANT OR ASSOCIATE PROFESSOR 

or Associate Prof for E.E. 
Dept. M.S. or P h.D. degree required. Opening 

in electronics. Salary commensurate with quali-

fications. Position available Sein. 1960. Write. 
Head, E. E. I )e t., South Dakota Schimil of 

Mines and Teclmology. Rapid City, South 
sakota. 

(Continued on page 140.4) 
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Ballistic and boost-glide flight paths 

These flight paths, arcing through space and re-entering the atmosphere, are 
characteristic of the paths of a ballistic missile and a boost-glide vehicle. In 
both areas, Boeing holds major contract responsibilities. Boeing is weapon 
system integrator for the solid-fuel ICBM, Minuteman, and as part of a USAF-
NASA research program, is developing Dyna-Soar to study the problems of 
manned space flight. The Dyna-Soar vehicle will be capable of re-entering the 
atmosphere and making a normal controlled landing. 

Boeing scientists and engineers, in addition, are advancing the state of the 
art in many areas: advanced military and commercial aircraft, hypersonic 
flight, space crew environments, vertical and short take-off and landing air-
craft, gas turbine engines, anti-submarine warfare systems, among others. 

Professional-Level Openings 

These and other future-oriented programs at 
Boeing offer outstanding career openings to 
professional specialists in the scientific and 
engineering disciplines, as well as in a broad 
spectrum of company activities in other-than-
engineering areas. You'll find at Boeing a 
professional environment conducive to deeply 

rewarding achievement. Drop a note, now, to 

Mr. John C. Sanders, Professional Personnel 
Administrator, Dept. PIF, Boeing Airplane 
Company, P. 0. Box 3822, Seattle 24, Wash. 

£747E7AeG 

Divisions: Aero-Space • Transport • Wichita • Industrial Products • Vertol • Also, Boeing Scientific Research Laboratories • Allied Research Associates. Inc. — a Boeing subsidiary 
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How will this picture look 
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Housed in the tip of this Hughes survey meter is 
the smallest, fastest, most accurate radiation detector 
ever devised— just one example of Hughes' activities in 
the expanding field of nuclear electronics. 

in ten seconds? 

In ten seconds these aircraft, flying at 

jet speeds, will create an entirely new 

tactical picture. How do you keep track 

of hundreds of them at the same time? 

Hughes Fullerton engineers have solved this prob-
lem with a unique and highly advanced digital 
computer. This computer simultaneously tracks 
large numbers of aircraft and provides three-
dimensional coordinate and velocity information 
on them. 

These Fullerton engineers have designed the com-
puter to provide extrapolated position data to the 
observer several times per second. In addition, it 
will measure the position and report velocity 
characteristics changes every few seconds for each 
of a large number of targets. 

The computer utilizes advanced semiconductor cir-
cuitry throughout. The out- puts to the displays 
are made through high-speed digital to analog 
converters capable of providing an accuracy of 
one part in ten thousand — and within 10 x 10-6 
seconds. 

This giant transmitting antenna creates the 
beam for experimental antenna pattern measurements 
—part of the Hughes microwave research and develop-
ment programs. 

Utilizing the latest techniques in packaging and 
subminiaturization, Hughes Fullerton Engineers 
have designed this unit as a mobile system which 
will withstand rigorous field use. 

Other Hughes activities provide similarly stimu-
lating outlets for creative engineers. Constantly 
moving forward into new areas, Hughes projects 
include: hydrofoil systems, anti-submarine war-
fare systems, miniaturized communications sys-
tems, new solid state electronics devices, nuclear 
electronics systems and unique navigational sys-
tems— just to name a few. 

The commercial activities of Hughes have many 
interesting projects for engineers in the research, 
development and manufacture of semiconductors, 
microwave components, storage tubes, radiation 
detectors, radiation handling equipment and 
microwave tubes. 

Whatever your field of interest, you'll find 
Hughes' diversity of advanced projects gives you 
widest possible latitude for professional and 
personal growth. 

Newly instituted programs at Hughes have created immediate 

openings for engineers experienced in the following areas: 

Electroluminescence 
Infra- red 
Solid State Physics 
Digital Computers 
Reliability & Quality Assurance 
Systems Design & Analysis 

Equipment Engineering 
Microwave & Storage Tubes 
Communications Systems 
Inertial Guidance 
Field Engineering 
Circuit Design & Evaluation 

Write in confidence to Mr. M. W. Welds 
Hughes General Offices, Bldg. 6.1,8, Culver City, Calif. 

Creating a new world with ELECTRONICS 
- - - - - 

HUGHES 

HUGHES AIRCRAFT COMPANY 

Culver City, El Segundo, Fullerton, Newport Beach, 
Malibu, Oceanside and Los Angeles, California; 
Tucson. Arizona. 
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ENGINEERS 

•:: 

:•:•:-: 

NOW—CHOOSE YOUR ASSIGNMENT 

AND LOCATION THROUGH OUR 

NATION-WIDE PLACEMENT SERVICE 

SALARIES $7,500 TO $ 18,000 

We con offer you a large selection of diversified posi-
tions with America's foremost electronic organizations. 
Some positions for non-citizens. 

The following are just a few of a large number of 
desirable opportunities. 

SR. ENGR.—DIGITAL COMPUTERS— 

Exp. required in systems, logical 

design, packaging, system integra-

tion or pulse circuitry. To $15,000 

FLIGHT TEST EVALUATION—Sr. Opp 

in Ground & Flight Test on data 

links, precision transducers, tele. 

metering equipment, power supplies, 

circuit monitors and impedance 

matching units. To $15,000 

RF ANTENNA—Proj. Engr. $ 15,000 

INFRA RED—Proj Engr. $ 15,000 

CIRCUIT DESIGNERS — 2-5 years 

Transistor experience. $ 11,000 

ADVANCED SYSTEM DEVELOPMENT 

—Supervisory position in digital 

computer, fire control or missile 

guidance development. To $ 17,000 

PHYSICIST Phd.—Nuclear experi-

ence pertaining to radiation from 

propulsion units—unusual opportu-

nity. To $ 18,000 

PROJECT LEADER—Antenna Pedes-

tals. S13.000 

SR. ENGINEER—DEVELOP Airborne 8c 

spaceborne communications systems. 

$15,000 

Just tell us what you would like to do and where you would like to locate, 
and we will handle everything for you without cost or obligation. 

LOCATION DESIRED POSITION DESIRED 
El New England 
[II Northern East Coast D 
D Southern East Coast D 
D Midwest 
(11 Southwest 
Li West Coast 

Systems 
Radar 
Transistors 
Tubes 
TV Receivers 
Microwave 

Anal. Computers 
Dig. Computers 
Antenna 

D Servo-Mechanisms 
D Navigation 
D Counter Measures 
E Telemetering 
D Nucleonics 
D Ind'I. Instruments 
D Components 
D Circuit Design 

WHAT SATISFIED 

Dear Mr. Brisk: 
This is to advise you I bare accepted 

employment with Company 
as a project leader at $15,000. 

Your sertice has been a real help to 
me, for I am sure l could not have found 
this unusual opening by myself. 

Thank you. 
H.M.P. 

ENGINEERS SAY: 

Dear Mr. Brisk: 
I bare today advised  Com-

pany that would be pleased to accept 
their offer. I start August 1st as a senior 
engineer at $13,000. 
The opportunity is one of the most 

outstanding I bate seen. 

I.S.E. 

A National Electronic Placement Service Established in 1937. 
You are assured of prompt and completely confidential service by 

forwarding three resumes to HARRY L. BRISK, (Member IRE) 

ccredited ersonnel Lqervice 
Employment Counselors Since 1937 

Department A 

12 South 12th St., Philadelphia 7, Penna. WAInut 2-4460 

_________ - ---------------------- 

Positions 

Open / 

(Continued from page 136.4) 

SENIOR ANALOG COMPUTER ENGINEER 

Migo Electronic Corporation of Miami, Flor-
ida has an opening for a senior level engineer, 
with a minimum of 5 years experience in the 
field of analog circuitry design. This individual 
would become the nucleus of a new products de-
sign group, with unlimited opportunity for ad. 
vancement. Interested candidates forward resumes 
to Mr. R. H. Mattox. Migo Electronic Corp., 
7620 N.W. 36th Ave., Miami 47, Florida. 

ELECTRONIC ENGINEER—PHYSICISTS 

The Cambridge Electron Accelerator. a joint 
undertaking of Massachusetts Institute of Tech. 
nology and Harvard University, has openings 
for electronic engineers for research and gle• 
velopment in instrumentation and circuitry from 
d.c. to millitnicrosecond; physicists interestegl in 
instrumentation and nucleonics. 2 years minimum 
experience. Citizenship not required. Applica-
tions front abroad also invited. Write to Director. 
Cambridge Electron Accelerator. Harvard Uni• 
versity, 42 Oxford St., Cambridge 38, Mass. 

PROJECT ENGINEER 

Project Engineer wi it a diversified back-
ground in electromechanical devices and with the 
capability of learning new fields rapidly. Will 
be responsible for taking a basic design idea 
and translating it into a production prototype. 
Must coordinate activities between the research 
and production groups and handle customer con-
tacts. Block Associates, Inc. 395 Putnam Ave.. 
Cambridge 39, Mass. 

ELECTRONIC ENGINEER 

Electronic Engineer with experience in fabri-
cation of miniature transistorized subassemblies. 
Must supervise the fabrication, troubleshooting 
and inspection of electronic assemblies. Also 
should be capable of making design changes to 
improve reliability and reduce costs. Apply 
Block Associates, Inc., 395 Putnam Ave., Cam-
bridge 39, Mass. 

ENGINEER 

ACADEMIC: Ph. D. in electrical engineering 
or physics with a strong background in instru-
mentation and/or process control who will teach 
graduate courses only leading to MS. degree in 
Instrumental Science. Expected to develop own 
research program. May start any time up to 
Sept. Rank and salary dependent on qualifica-
tions. Graduate Assistantships available in the 

same area. Send resume and references to 
Head, Electronics & Instrumentation Graduate 
Institute of Technology, University of Arkan-
sas, Little Rock, Arkansas. 

TRANSLATORS 

Proven ability to translate technical material 
into fluent English essential. Attractive full-
time or free-lance arrangement. All language, 
of interest, particularly Russian and Japanese. 
Send resume to A.T.S., Inc., Drawer 271, East 
Orange, New Jersey. 

ELECTRICAL ENGINEERS— 
PHYSICISTS ( PH.D) 

Announcing the creation of a new position as 
Director of University Relations with progres-
sive, long established electronics firtn located in 

(Custinued on page I 12.4 
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THE GOAL is microelectronics. THE PROBLEM is to provide microminiature circuits which are more reli-

able...smaller in size...lighter in weight...lower in cost...than conventional components. THE SOLUTION 

SENIOR 

DEVELOPMENT 

SCIENTISTS 

ARE 

NEEDED 

AT 

is Solid Circuit* semiconductor networks— a new and rapidly 

This wide-ranging project — the opening of a true frontier — 
requires continuing and new investigations. Explorations involve such 
techniques as solid state diffusion, alloying of metals and semiconduc-
tors, vacuum deposition of metals, semiconductor surface chemistry, 
solid state physical measurements. Immediate creative application of 
skills in various sciences is required: solid state physics, physical 
chemistry, inorganic chemistry, metallurgy, electronics, and mechan-
ical engineering. 

The need is for the scientist or engineer sufficiently experienced 
that he can explore this project from his own viewpoint and make 
immediate, significant contribution. Depending entirely on his own 
qualifications, he may either join a semiconductor network team — 
or he may take charge of such a group. The opportunity for leader-
ship — whether immediate or in the future — is here. 

The desire to see the full semiconductor technology ... curiosity 
concerning both circuits and devices ... the ability to direct and 
inspire ... these drives will advance the scientist at TI. 
*Trademark of Texas Instruments Incorporated. 

INTERVIEWS are scheduled for your 
area. If the challenge and opportunity of 
the semiconductor network field at TI 
intrigues you, please send a confidential 
resume immediately to C. A. BESIO, 
Dept. 127. 

TEXAS 

SUCCEED 
IN THE 
US, 
é 

INDJ, 

TI 

INSTRUMENTS 
INCORPORATED 

SEMICONDUCTOR - COMPONENTS DIVISION 
POST OFFICE BOX 312 • DALLAS. TEXAS 

expanding field at Texas Instruments. 

This — in actual size — is 
an interconnected stack of 11 
semiconductor networks. Solid 
Circuit semiconductor net-
works are complete electronic 
circuits synthesized within a 
semiconductor material. By 
selectively diffusing and shap-
ing conductance paths in this 
material, semiconductor net-

works have been designed to perform such 
circuit functions as amplification, switch-
ing, counting, pulse generation, etc. In 
addition to effecting a significant advance 
in microelectronics, semiconductor net-
works provide improved reliability and 
performance. This TI development is now 
producing devices which are being evalu-
ated for satellite, missile and airborne 
applications. 

TEXAS INSTRUMENTS INCORPORATED 
Semiconductor-Components Division 
Box 312, Dept. 127, Dallas, Texas 

Please send me the booklet TIPS containing details 
on career openings in my field at TI S-C and infor-
mation on living in Dallas. 

NAME 

ADDRESS  

CITY STATE  

My professional field is_ 

My specialty is  
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ELECTRONIC 
AND LOGICAL 

DESIGNERS FOR 
POLARIS PROJECT 

and 
proprietary projects 
TO WORK in solid state electronics 
design and digital circuits ... with 
America's fastest growing com-
puter firm, located in America's 
fastest expanding electronic com-
munity. 

FOR YOU if you want to contribute 
to America's number one missile 
project ... and if you are anxious 
to advance the overall state of the 
art. These are career growth posi-
tions . . . with good salaries to 
match your talents and the im-
portance of the work you will be 
doing. Fine company benefits, 
pleasant surroundings ... top level 
professional environment. 

ELECTRONIC DESIGNERS 
RESPONSIBILITIES—Transistorized cir-
cuit design to be used as building blocks 
in computing systems and peripheral 
units. 

EDUCATIONAL REQUIREMENTS— Must 
have B.S. or M.S. in Electrical Engineer-
ing. 

EXPERIENCE—At least 4 years applica-
ble experience in solid state work, prefer-
ably computer. 

LOGICAL DESIGNERS 
RESPONSIBILITIES— Participation in 
design of general purpose computer. 
Also to design special purpose peripheral 
units to be used in conjunction with 
general purpose computers. 

EDUCATIONAL REQUIREMENTS— Must 
have B.S. in Electrical Engineering or in 
Math. 

EXPERIENCE—At least 4 years appli-
cable experience, preferably computer 
work. 

ARE YOU LOOKING for work with 
plenty of challenge ... for a career 
offering both intellectual and finan-
cial growth ... for an organization 
not tied-down to yesterday's sys-
tems? If you are, perhaps you are 
the person we are looking for and 
Control Data is the company for 
which you are looking. You'll also 
like this area—a wonderful, re-
freshing place in which to live and 
bring up your family. 

CONTACT Richard P. Klune 

.1. CONTROL DATA 
eir CORPORATION 

501 Park Avenue 
Minneapolis 15, Minnesota 

FEderal 9-0411 

Positions 

Open 

(c,nt,nteed front rage l,'.1; 

the List. The Director will represent the office 
,,f Vice Pres. of Engineering and Research in 

establishing and maintaining strong scientific 

relations with university and professional so-

cieties. Will develop policies and plan aspects of 

educational fellowships. cooperative and gratiu. 

ate study programs. This k a prestige position 

for a physicist or an electrical engineer at thc 
Ph.D. level and will carry a sufficiently attrac-

tive salary to interest a discriminating scientist. 
Inquires will he treated in the utmost confidence. 
Box 2025. 

NEWS 
New Products 

R E 

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

information. Please mention your IRE affiliation. 

(C,'1Iti hIge 126.1) 

Solid State Transducers 

itunibur ol industrial organizations. 
including Statham Instruments, Inc., 
12401 \V. Olympic Blvd., Los Angeles 64, 
Calif., have been engaged in the design of 
transducers for the measurements of ac-
celeration, pressure and displacement in 

which the latest solid state sensors may be 
incorporated. However, the peculiar ther-
mal characteristics of semiconductor ma-
terials have delayed the appearance of a 
solid state transducer on the market. 

Evaluations of the solid state trans-
ducer prototypes indicate that the thermal 
coefficient of sensitivity is in the order of 
0.015%/°F and that the thermal zero shift 
is less than 0.01 per cent of full scale per 
degree Fahrenheit. The temperature curve 
for the Model PG313-5M-70, serial num-
ber 12, illustrates the typical thermal be-
havior of the new solid state transducer. 
Furthermore, a transfer function of 0.2 
volt per %pit excitation is entirely feasible. 
Therefore, with an excitation of 25 volts 
an output of 5 volts can be realized. This 
output level makes the instrument fully 

(Continued on page 144A) 

LINCOLN LABORATORY 

invites inquiries from persons 

with superior qualifications. 

SOLID STATE Physics, Chemistry, and Metallurgy 

RADIO PHYSICS and ASTRONOMY 

NEW RADAR TECHNIQUES 

COMMUNICATIONS: 

Techniques 

Psychology 

Theory 

INFORMATION PROCESSING 

SYSTEMS: 

Space Surveillance 

ICBM Detection and Tracking 

Strategic Communications 

Integrated Data Networks 

SYSTEM ANALYSIS 

Research and Development 

LINCOLN LABORATORY 
Massachusetts Inst.tute of Technology 

BOX 16 • LEXINGTON 73, MASSACHUSETTS 

142A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE August, 1960 



WaritOd: 
engineers, 
physicists and 

mathematicians 
FOR CAREERS WITH 

GUIDED MISSILES 
RANGE DIVISION 

Xne_.M.N ry 

"*AI , 

t‘ • 

i n Florida 
Pan Am's Guided Missiles Range Division 

(GMRD) is a technical organization with op-
erations at Patrick Air Force Base, Cape Ca-
naveral and the chain of down range tracking 
stations through the Carribean to Ascension 
Island. 

For the past seven years, GNIRD has been 
responsible for planning, development and 
operation of the Atlantic Missile Range— 
the largest and most complex test range in the 
world. 

There are now new, immediate, career po-
sitions at the Atlantic Missile Range for 
Electronic Engineers, Mathematicians, Sys-
tems Engineers and Physicists with B.S., M.S. 
and Ph.D. degrees with experience in one or 
more of the following fields: 

CIV-RADAR 
PULSE RADAR 
COMMAND EQUIPMENT 

ANALOG DISPLAY EQUIPMENT 
RADIO COMMUNICATIONS 
INFRA-RED EQUIPMENT 
METRIC OPTICS 
INSTRUMENTATION PLANNING 
OPTICAL DATA REDUCTION 
ANALOG AND DIGITAL DATA 
HANDLING 

Investigate the several advantages of work-
ing with the Guided Missiles Range Division 
of Pan American, including the unique ad-
vantage of 90% world-wide air travel dis-
counts. 

Address your resume, including telephone 
number, in confidence to: 

Dr. Gilbert S. Blevins 
Dept. C-31, Guided Missiles Range Division 
Pan American World Airways, Inc. 
Patrick Air Force Base, Florida 

GUIDED MISSILES RANGE DIVISION 

0 1111"... PATRICK AIR FORCE BASE, FLORIDA 

4111111. 
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AN ESTABLISHED LEADER IN ELECTRONICS 

moves into a new phase of growth 
with the formation of 

LOCKHEED ELECTRONICS COMPANY 

...marking the acceleration of expansion, and penetration 
into new markets and activities in both military and non-
military fields. New openings have been created for lifetime 
careers for experienced 

ENGINEERS St SCIENTISTS 

with proven capabilities who can contribute to Research. 
Design and Development projects involving: 

AIRBORNE ASW 
ADVANCED RADAR SYSTEMS 
COUNTERMEASURES & ECCM 

TELEMETRY 
COMMUNICATIONS SYSTEMS 

SYSTEMS ANALYSIS 
MISSILE GUIDANCE SYSTEMS 
SOLID-STATE CIRCUIT DESIGN 
SIMULATORS & TRAINERS 

ANALOG & DIGITAL COMPUTER DESIGN 
SONAR 

SONOBUOY 
DATA PROCESSING 
NAVIGATIONAL AIDS 

NAVIGATIONS SYSTEMS 
OPERATIONS RESEARCH 

DIGITAL DISPLAY DEVICES 
LOW NOISE AMPLIFIER DESIGN 

VCO AND FM DISCRIMINATOR DESIGN 
MATHEMATICAL STATISTICAL ANALYSIS 

LEC has new and modern facilities in New Jersey which are 
in suburban locations. Excellent schools, modern shopping 
facilities and ample housing accommodations are readily 
available. New York City and the New Jersey Shore are with-
in one hour's drive, which makes the location ideal for work, 
recreation and comfortable living. Future expansion will be 
in Princeton, New Jersey, where 214 acres have recently been 
purchased. 

For Complete Information, 
Please Send Detailed Resume To: 

J. R. Clovis 

Personnel Dept. IR-8 

[Minn NUM 
PLAINFIELD, NEW JERSEY • PLAINFIELD 7-1600 

NEWS 

New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from page 112.-1) 

compatible with existing telemetry and in-
dustrial receiving instruments. 

This solid state transducer is not in 
production and is not available for immedi-
ate delivery. Although the firm is said to 
have solved the technical problems of per-
formance. the manufacturing costs are 
relatively high. In order to reduce these 
costs, they have undertaken a program to 
improve production techniques. Informa-
tion regarding the commercial availability 
of these units will be released in the near 
future. 

The firm states that they have solved 
the technical problems of design and con-
struction as well as the temperature per-
formance of solid state transducers. The 
combination of the proven performance of 
strain gage devices and the high output 
(30 to 40 times greater than conventional 
units) of the solid state transducer repre-
sents an instrument which will be in large 
demand in industrial processes and auto-
mation and for the ever-increasing missile 
and space investigation programs. 

Single-Sideband 
Exciter/Driver 

Kahn Research Laboratories, Inc., 81 
S. Bergen Place, Freeport, N. V., has a 
production model SSB-58-IA Single-Side-
band Exciter/Driver system for high level 
AM ground station transmitters which 
offers a practical and economical solution 
to military high power and super power 
SSB communications. Based upon high 
efficiency Class C 
sidebanel amplifica-
tion, its advantages 
over conventional 
linear SSB systems 
have been con-
firmed by extensive 
commercial and 
government use 
during the past 
seven years. Not 
only is it designed 
for use with new AM transmitters at reduc-
tion of two-to-one or more in overall SSB 
system costs, but existing AM and CW 
transmitters can be converted to SSB oper-
ation at even greater savings. 

Improved undesired sideband rejection 
at higher power levels, reduced size and 
weight of equipment, lower tube costs and 
relative insensitivity to varying antenna 
loads and tuning errors are other major 
advantages of Class C SSB. Either single 
or two independent 6 kc sidebands are de-
s-eloped for use with doppler-free multi-
channel FSK teletype, data, voice and 
facsimile transmissions. Operating fre-
quency range covers 1 to 30 mc. Also avail-
able as extremely compact system for low 
power AM aircraft or shipboard transmit-
ters. 

(c,griglied o,, pgge 147.4) 
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Takeo., 
• forefront work essential to 

National defense 

• varied "doing" as well as 

"thinking" projects 

II the academic atmosphere 

of a great University 

III big Company orderliness plus 

small-group freedom 

• inspirational elbow-rubbing with 

outstanding men 

• stability, permanence, most 

fortunate living conditions 

• California, Stanford nearby 

for advanced work 

blend and know why 

so many leading 

engineers and scientists 

come to, and remain at 

Large-scale 
dynamical 

model of gas 
in operation 

SYLVANIA MOUNTAIN VIEW OPERATIONS 
on the San Francisco Peninsula 

Rewarding assignments at B. S., M. S., Ph. D levels in the 

following: Evaluation, Concept, Design of Systems, Circuits, 

Receivers. Transmitters. Receiver Design, Antenna Systems 

Design. Theoretical, Experimental and Solid State Physics. 

Microwave Tube R 8 D. Sales Engineering. Engineering 

Writing. Interested? Mr. Wayne Pearson will welcome your 

letter and/or resume, and answer quickly in confidence. 

Electronic Systems Division 

eSYLVANI)V--•e Dept. B-8, Box 188, Mountain View, California 

GENERAL TELEPHONE IL ELECTRONICS 
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Perkin-Elmer an ideal place where your 

colleagues share your creative ability. 

Perkin-Elmer's Norwalk facilities 
are populated with top engineering 
minds which make your residency 
a constant association with high level 
thinking. This progressive company's 
above average ratio of professional 
scientists and engineers guarantees 
easy communication of your ideas. 

Yes, the place where you use your 
skill is one of the most important 
factors in achieving a successful 
future—consider Perkin-Elmer as your 
immediate neighborhood of success. 

Active in the Space Age, Perkin-Eliner 
['rarities a wide choice of assi,f,uunentç in 

• RECONNAISSANCE 
SYSTEMS 

• RANGE 
INSTRUMENTATION 

• INFRARED SYSTEMS 

• SCANNING SYSTEMS 

• OPTICAL RESEARCH 
AND DEVELOPMENT 

opportunitier for qualified: 

• Physicists 
• Electronic, Mechanical 

and Opto-Mechanical 
Engineers 

These career opportunities also exist 
at our Lou Angeles facilities. 

In responding please specify location. 

Send resume to Mr. R. H. Byles, Dept. P1-4 

Perkin-Elmer 
COMatcoh_ 

MAIN AVE • ROUTE 7 • NORWALK CONN. 

Professional Opportunities Are Available For 

Electrical Engineers 
with interest and experience 

in the following fields: 

• Design and Development of: 
Industrial Electronics and Power 
Controls and Instrumentation 
Electronics 

• Operation & Maintenance of 
Nuclear Devices 

For information please write to: 

Personnel Manager 

Brookhaven 

National 

Laboratory 

UPTON, LONG ISLAND, N. Y. 

N 
Ready for the Big Move— Up? 
Let Abbott's be your Personal Agent in 
presenting your qualifications to the nation's 
foremost employers of engineers and scien-
tists. You'll find this specialized service 
extremely effective in placing you where 
your ability, background and effort will 
yield the greatest rewards. 

If you are placed through us, our clients 
will pay all expenses and our service 
charges. 

SALARY RANGES— 
$1 0 , 000-$25 ,000 

MARKETING MANAGERS—Radar, naviga-
tion systems 

ENGINEERING MANAGERS—Radar, infra-
red, systems 

CHIEF RESEARCH ENGINEER—Antennas, 
receivers 

PROJECT ENGINEERS—Transmitters, receiv-
ers, computers, gyros, servos 

SENIOR ENGINEERS—Satellite communi-
cations, Sonar, radar, countermeasures 

CIRCUIT DESIGN ENGINEERS—Pulse or 
transistor 

DESIGN ENGINEERS—Missile systems, ra-
dar, components, microwave, tubes 

FIELD ENGINEERS—Radar, communication 
systems 

Recognized for over 37 years, among lead-
ing companies, for confidential placement 
of engineering, scientific and administrative 
people. 

MR. LOUIS H. KAY 

EMPLOYMENT SPECIALISTS 
150 Tremont Street Boston 11. Massachusetts 

HAncock 6-8100 

,A Cutler for K-v 
»dear A'rsearrIt 

.2 and DereInpiiiatt > 
' a n 

N E\N Nt°‘-

ELECTRONICS 
ENGINEER 

• To be key member of small 

integrated group. 

• Interesting, challenging op-

portunity in Research and 

Development problems of 

an Industrial nature. 

Duties include prcliiiiinary analy-
sis, design and development of ex-
perimental equipment and the de-
sign and testing of prototypes. 
Working knowledge of automatic 
controls for industrial machinery. 
high voltage rectifier equipment or 
high voltage gaseous discharges 
desirable. Some design and devel-

opment experience required. 

Send resume to H. W. Buswell. 
Employment Supervisor. Koppers 
Company, Inc.. Metal Products 
Division, P.O. Box 298. Baltimore 
3. Maryland 
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NEWS 
At ; New Products 

Re-kE 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from page 144A) 

Microwave Attenuator 
Antenna & Radome Research Associ-

ates (ARRA), 27 Bond St., Westbury, 
N. Y., has introduced a miniature "S" 
band continuously variable attenuator 
with an insertion loss of less than 0.5 db. 
This unit is 3" in diameter by 1 k" high and 
weighs about 14 ounces. Designed primar-
ily for airborne applications, this unit 

features a simple locking device and a dial 
plate calibrated in degrees to simplify re-
setting. Design is of the Pi Line Vamp type 
with full attenuation achieved in less than 
180° of revolution. VSWR for bandwidths 
of 15% or less is 1.3 maximum on the input 
end. Total attenuation available is 20 dl-) 
minimum at about 3 kmc. Connectors are 
type N male. Average power capacity is 
10 watts. Peak power is 5 kw. Delivery is 
about four weeks. 

Telemetry Preamplifier 

Using newly developed high gain band-
width ceramic triodes, the 'UP-5 Telemetry 
Preamplifier, a product of LEL, Inc., 380 Oak 
St., Copiague, L. I., N. Y., provides a gain 
of 26 dl), a nominal noise figure of 3.5 db 
over the passband of 215-260 mc teleme-
tering band. The integral power supply 
provides regulated heater voltage. The en-
tire assembly, contained in a weatherproof 
housing for antenna tower mounting, re-
quires a mounting space of 61" X 6r X 6" 
and weighs 6 lbs. The Tp-s is also available 
rack mounted. 

(Continued Olt Page 148,4) 

Electronic Development 
Engineers: 

Which of these 9 areas do you think 

will yield the next big development in 

COMMERCIAL TV 
1. Tunnel diode circuit development 

2. Microminiaturization 

3. Thermoplastic video tape recording 

4. Network analysis and synthesis 

5. Optical readout system development 

6. Color TV detection and matrixing systems 

7. Transistor circuit development 

8. Electron optics 

9. Electromagnetic field analysis 

Check any of these areas and you'll find the advanced development 

group of General Electric's TELEVISION RECEIVER DEPART-

MENT already at work in it. With the resources at hand of Gen-

eral Electric's Electronics Park—top level consultation, laboratories, 

libraries covering every field of advanced electronic engineering-

this group has only one assignment: development of radically new 

electronics concepts for tomorrow's TV. 

You'll work with accomplished creative thinkers who average one 

Patent Document per man every 9 months. You will be expected to 

make individual contributions—developing and applying your own 

ideas ... on your own projects. You'll find that this commercial 

competitive industry provides the motivation to create and advance 

to the limits of your abilities. 

TV experience or U.S. citizenship are not required. A BS or ad-
vanced degree in EE or Physics, plus a demonstrable talent for 

original achievement are the primary qualifications. Write today 

in professional confidence to Mr. A. G. Roussin, Room 259-N. 

TELEVISION RECEIVER DEPARTMENT 

GENERAL ELECTRIC 
Building 5, Electronics Park 

Syracuse, New York 

NOTE: A 'catalog' of in-plant technical courses and information 
about company-paid advanced study at Syracuse University are 

available on request. 
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ENGINEERS • SCIENTISTS 

THE 

ATOO 

IN SYSTEM 

ENGINEERING 

The chalk moves across the 

blackboard, pausing, crossing 

out... yet giving mathematical 

form to a new idea. This may 

be the beginning of a command 

and control system that will not 

be on-line until the 1970's. 

It is also the first step toward 

solving the many complex 

problems inherent in large 

scale system engineering. 

Today, MITRE is active in every 

system area — from advanced 

design through prototype devel-

opment to operational evaluation. 

Here your individual contribution 

— whether in command and 

control system engineering, air 

traffic control, or experimental 

electronic development— will be 

in the forefront of a 
new technology. 

Appointments to MITRE's Tecimical Staff are currently being made 

in the following areas: Operations Research • System and 
Sub-system Feasibility Studies • Prototype System Development 

Advanced System Concepts and Design • System Cost Analysis 

Operational Evaluation 

Inquiries may be directed to 

VICE PRESIDENT— TECHNICAL OPERATIONS 

THE 

MITRE 
OPR 1,.• ice fe:*¡ie:;:;$;:»:14..: 

Post Office Box 31 — 4-MJ — Lexington, Massachusetts 

21117RE, formed tender the sponsorship of the Wassacbusetts 7nstitute of 
7echnotogy, is a system engineering organization engaged in the design, 
development and evaluation of large scale command and control systems. lts 
convenient location in suburban Boston offers excellent opportunities for 

...... advanced study under .M7TRE's liberal educational assistance program. 

INNSX.XXXXX%%%%•\.\‘‘NN..M.V1%.%%•%%.%\\MNN\.\XNX.XN%\%%%\%•N%\%‘ 
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NEWS 
New Products 

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

(Continued from page 147A) 

Miniaturized Motor 

A miniaturized motor, r long and de-
signed to allow the direction of rotation to 
be established by electrical control alone, 
is the latest addition to the line of syn-
chronous ac timing motors manufactured 
by The A. W. Haydon Co., 232 N. Elm St., 
Waterbury, Conn. 

Designated as the 42100 Series Com-
mercial 60-cps ac timing motor, this five-
ounce device was designed for applications 
where reliability, performance and space 
are of prime consideration. Currently 
being used in many applications including 
the company's own commercial program-
mers, long-life repeat cycle timers, time 
delay relays, elapsed time indicators, stop 
clocks, and so forth, the motor provides 
fast starting and stopping, eliminating pre-
starting and clutching in many applica-
tions. 

The company claims these short mo-
tors are available with no sacrifice in 
running torque, nominally specified as 30 
ounce/inches. Available in voltages rang-
ing from 6 to 230 volts at 20 nia maximum, 
the unit's rotor speed is 300 rpm with out-
put speeds of 300 rpm to 1 rph. Maximum 
temperature rise is 40°C, while power input 
is stated at 2.5 watts maximum. (All speci-
fications stated at a frequency of 60 cps. 
A 25 or 50 cps version is also available.) 

Two basic gear trains are available, 
with output torque independent of gear 
train material. The standard gear train has 
brass wheels and steel pinions, while the 
optional hard steel gear train will carry up 
to three times normal load, thereby obtain-
ing greater usable torque. The standard 
shaft is 1 inch diameter by 1 inch long. A 
large number of variations to the standard 
shaft are offered and special shafts can be 
supplied on demand. 

Additional applications for this light 
weight motor are in chart drives, control 
equipment, and any application requiring 
an accurate time base or source of rotary 
timing power. 

(Continued on page 150A) 

148A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE August, 1960 



General Motors pledges 

AC QUESTMANSHIP 

.404,00014>eirell 

Avek"e4ess,••••••• El 

AC Seeks and Solves the Significant—With GM's support, AC is taking giant strides toward leadership in 

the international technological race. And AC Reliability— characteristic of every aspect of AC's operation 

—plays a large role. It results in such successes as AChiever inertial guidance for Thor .... and the more 

sophisticated AChiever being built for Titan. / This is AC QUESTMANSHIP. It's the scientific quest for 

new ideas, methods, components and systems . . . to promote AC's many projects in guidance, navi-

gation, control and detection./ To Mr. Harold C. Yost, AC Director of Reliability, Questmanship is "the 

direction of scientific disciplines to achieve optimum reliability." His group constantly seeks improvement, 

"making creative contributions in every area from basic design to field operation". That takes engineers 

with broad knowledge, imagination and experience./ You may qualify for our specially selected staff 

. . . if you have a B.S., M.S., or Ph. D. in the electronics, scientific, electrical or mechanical fields, plus 

related experience. If you are a "seeker and solver", write the Director of Scientific and Professional 

Employment, Mr. Robert Allen, Oak Creek Plant, 7929 So. Howell Ave., Milwaukee, Wisconsin. 

GUIDANCE ¡NAVIGATION /CONTROL /DETECTION / AC SPARK PLUG ,î2, The Electronics Division of General Motors 
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ELECTRONICS LABORATORY DIRECTOR 

tieéPP.:,ePeemeak.:: 
..*kakaakkaiXavifik.mvx4. 

OPPORTUNITIES TO GROW 
AIR DATA INSTRUMENTS & SYSTEMS 

Senior Project Engineers, EE Se ME. For aircraft 
and missile instrumentation. 5 to 10 years project 
experience in precision electromechanical devices, 
pressure transducers. 

AUTOMATIC ASTRO TRACKING SYSTEMS 

Project Engineers, EE. For automatic astro tracking 
systems. Up to 5 years' related experience. 

STAFF ENGINEERS & SPECIALISTS 

a) Experience in the research and development of 
transistors in servo, digital and instrumentation ap-
plication. Minimum 3 years' experience desired in 
transistor circuit design for military applications. 

b) Experienced with IR to UV radiation properties 
and applications, noise theory and detectors. 

c) Optics— IR through visual optical design, lens 
design, materials. 

d) Digital computers—logic or packaging experi-
ence. 

e) Theoretical mechanics—inertial and trajec-
tory stu,i;es 

WITH 

Kollsman 

Kolliman's leadership and 

continuing growth in the 

field of automatic navigation 

and flight instrumentation 

for aircraft, missiles and 

other space vehicles assures 

excellent opportunities for 

qualified men. Please send 

resume to T. A. DeLuca. 

kollsman INSTRUMENT CORPORATION 

Subsidiary of Standard Nollsman Industries Inc. 80-08 45th Avenue, Elmhurst, New York 

AND 

RESEARCH ELECTRONICS ENGINEER 
The Physics Department of Continental Can Company now has 
openings available for a man of demonstrated leadership ability to 
become Laboratory Director and also a younger man to act as his 
assistant. These are unique opportunities for interesting non-
defense work and professional growth. 

THE POSITIONS 

We are pioneering long-range and radically new processes and products arising out 
of the company's major position in high-speed fabrication of metal, glass, paper, 
fiber, cork and plastic containers, and other products. 
LABORATORY DIRECTOR—To be concerned with automation plus high speed 
inspection feed-back and control. Knowledge of circuitry, solid state devices and 
Laplace transforms. Ph.D. preferred but not necessary. 

RESEARCH ENGINEER—To report to and assist Laboratory Director. Must have 
college degree. 

THE BENEFITS 

Salary structure is truly excellent, and there are numerous benefits including com-
pany-paid hospitalization and life insurance, relocation assistance. Staff members are 
encouraged to keep ahead in their profession. 

THE LOCATION 

The division's new laboratories are located within easy reach of the university of 
Chicago, The John Crerar Library, Argonne National Laboratory, and the finest 
southern and western residential suburbs. 

You are invited to investigate these opportunities at Continental Can Com-
pany in complete Confidence—and without obligation. A few minutes now 
can mean a jump of years in your professional progress. 

Please write or call collect to 

Dr. Harold K. Hughes, Director of Physics Research 

CONTINENTAL CAN COMPANY, INC. 
Central Research & Engineering Division 

7622 S. Racine Avenue • Chicago 20, Illinois • Vincennes 6-3800, Ext. 305 

NEWS 
New Products 

+Mal 

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

(Continued from page WA) 

Oscilloscope Cameras 
Analab Instrument Corp., 30 Canfield 

Rd., Cedar Grove, N. J., has announced 
the availability from stock of their new 
line of oscilloscope cameras featuring bin-
ocular viewing. Polaroid& film backs, a 
choice of three lenses, and a wide variety 
of accessories add to the versatility of the 
canteras. In addition, the cameras offer 
flexibility through the use of a building-
block design that permits the user to start 
out with a basic camera and later alter its 
characteristics. 

Analab's first units are the Types 3000, 
3001, 3002, and 3003 Oscilloscope Cameras 
designed for use on all existing oscillo-
scopes. The basic building block for all 
cameras is the binocular-viewing periscope 
that mounts on the CRT bezel of the oscil-
loscope. The periscope contains a dichroic 
mirror that reflects 80% of the light from 
the CRT screen of the camera and trans-
mits 20% of the light for simultaneous 
binocular viewing without parallax. 

The camera unit mounts on top of the 
periscope by means of a slip hinge that 
permits the two units to be separated read-
ily. The slip hinge arrangement also per-
mits easy access to the lens and shutter. 
A choice of either of two mounting 

plates for the variety of camera backs per-
mits the selection of either a 1:07 or a 
1:09 object-to-image ratio. The camera 
backs all slide into position on the mount-
ing plates. A detent mechanism permits 
either three or ten equally-spaced positions 
so that the camera can record multiple 
exposures on a single frame. 

The Polaroid camera back permits fin-
ished-print recording in one minute on 
paper-based filins and in two minutes with 
positive transparency filin. A low-cost spe-
cial adapter lens provides off-scope record-
ing. With this "Lensette” adapter the user 
may photograph his lab-bench setup for 
each experiment and paste this photograph 

n page 15 1.4) 
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At Bendix York, we have a number of immediate openings for Electronic 
Engineers and Physicists. 

There are many worthwhile advantages awaiting the Professional Engineer 
who chooses to advance his career with us at Bendix York. 

A white rose... 
The white rose is a symbol at Bendix York . . . a symbol with two mean-
ings. Both of vital importance to your future. 

First, the white rose is the official flower of York, Pennsylvania. It is 
a symbol of the good life in our dynamic community, located in the heart 
of the scenic Pennsylvania Dutch region. It is a wholesome, happy area 
with excellent schools, delightful recreational opportunities and many 
cultural advantages. Here—away from high-pressure, high-cost, big-city 
living—you will enjoy the fuller, more rewarding life that you want for 

yourself and for your family. 

Second, the white rose is a symbol of perfection . . . the perfection for 
which we strive at Bendix York—perfection in the engineering and 
scientific pioneering and development in missile electronics that is our 
principal objective. 

We offer a small Division's assurance of individual recognition and 
advancement, and yet you have the security and employee benefits of a 
large corporation. 

We would like to have the opportunity to tell you more about Bendix® 
York. We invite you to contact us—by dropping us a post card, by giving 
us a call or, if you will, by sending us a brief resume. Address Pro-
fessional Employment: Dept. P 

T 

CORPORATION , YORK DIVISION York, Pennsylvania 
Phone: York 47-1951 
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working... 
with systems that know how to adapt 
Like man—Honeywell's Adaptive Autopilot can accommodate, in fact, can adapt. 
Anthropomorphic? Perhaps—nonetheless, this system has the capacity to change 
its own parameters through an internal process of measurement, evaluation, and 
adjustment. It operates independently of air data information and complex gain 
scheduling—and is unaffected by changes in aerodynamic characteristics. Simply, 
it adjusts itself in response to its own performance. 

Without major modifications, the Adaptive Autopilot can be adapted to air 
vehicles of all types—from business aircraft, helicopters, drones, supersonic fighters 
and bombers, and missiles—to the latest hypersonic research vehicles. 

Adaptive flight control systems are another example of Honeywell Aero-
nautical's accomplishments in advanced control. Other developments include elec-
trically suspended gyros, guidance control and environmental control systems, and 
"decision-making" pre-launch checkers. The division's competence has been demon-
strated by contributions to Sergeant, Thor, Atlas, Titan, Polaris, Centaur, Wagtail, 
F-104, B-58, WS 117L, X-15, F-101, B-66 and WF2. Current expansion has created 
openings for engineers and scientists in these and similar programs throughout the. 
country and abroad. 

Examples of the variety of air-

craft and missiles that can be 

flown with Honeywell Adap-

tive Autopilots 

living... 
with people that know how to live 
Honeywell engineers and their families find facilities are readily accessible for the 
things they enjoy. Those who appreciate the arts enjoy the Twin Cities as a cultural 
center . . . listening to the Minneapolis Symphony Orchestra—browsing through 
the Minneapolis Institute of Art or Walker Art Center—enjoying opera and ballet 
at Northrup Memorial Auditorium, or legitimate theatre at one of the area's 
fine playhouses. 

For the sports minded, the Twin Cities offer Big Ten Football, professional 
hockey, and in 1961, National League Football. And with its Metropolitan Stadium, 
one of the country's finest baseball parks, major league baseball seems inevitably near. 

Outdoor enthusiasts enjoy this area for its easy access to hunting, fishing, 
golfing, tennis, swimming, boating— or in winter, skating, skiing, sledding, ice fish-
ing, and ice boating. And the popularity of sailing and yachting is evidenced by the 
existence of many fine clubs of this type. 

These are some of the activities that make this an area for "living." And they're 
an important part of the life enjoyed by Honeywell engineers and their families. 

Inquiries on opportunities with Honeywell 
Aeronautical will get prompt and confiden-
tial attention. Write Mr. J. H. Burg, Dept. 
801, Aeronautical Division, 1433 Stinson 
Blvd., Minneapolis 13, Minnesota. 

Honeywell 
H 

To explore professional opportunities in other Honeywell operations coast to coast, 
send your application in confidence to H. K. Ekstrom, Honeywell, Minneapolis 8, M inn. 



men see 
only gulls • • • 

but a man of imagination named 
Otto Lilienthal saw more, and con-
ceived an idea of consequence to the 
future of the world. The sources of 
world-shaping ideas are myriad; the 
men capable of conceiving these 
ideas, few. 

In this age, more than ever before, 
there is a need for men of ideas. Now, 
at the new Autonetics Research Cen-
ter in Whittier, California, a group of 
men are working to apply advanced 
physical concepts to the electrome-
chanical technology of tomorrow. 
More men with advanced degrees are 
needed for this important work. Men 
to do research in moletronics, micro-
magnetics, advanced materials, and 
cryogenics. 

Perhaps you are a man with new 
ideas ... a man of imagination ... one 
who requires the stimulation of new 
challenges. If you are, we invite you 
to share in the work at the new Auto-
netics Research Center. 

Write: I. R. Knutson, Autonetics 
Research Center, 12000 E. Washing-
ton Boulevard, Whittier, California. 

Current Openings for 
Experienced Ph.D's: 

Solid State Physicists • Physical 
Chemists • Electrochemists • Phys-
ical Metallurgists • High Vacuum 
Technologists. 

Autonetics 
A DIVISION OF NORTH AMERICAN AVIATION, INC. 

N 
New Products 

it4,E 

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

(Continued front page 150A) 

in his notebook along with the actual os-
cillograms also recorded. This provides 
ready reference should it ever be necessary 
to repeat the experiment. 

In addition to the Polaroid type cam-
era backs, a complete series of Graflex 
locks may be used with these cameras. A 
,pedal Analab adapter permits the use of 
either a Graflex roll- film holder, a film-pack 
holder, or a cut- flirts holder to accommo-
date conventional filins for high-speed 
scope photography. 

The Types 3000, 3001, 3002, and 3003 
Cameras are all identical except for the 
lens used and the degree of minification. 
A complete Analab scope camera featuring 
a Polaroid back with an f/1.9 lens is 
$405.00. The same system with a newly 
developed 1/1.9 flatrarid lens that has min-
imal field distortion even at wide apertures 
is $445.00. 
A Type 3670 carrying case is available 

for $35.00. 

High Altitude Capacitors 
A special high altitude line of hermeti-

cally scale(I mylar film capacitors has been 
introduced by Scientific Electronics, Inc., 
3810 Cohasset St., Burbank, Calif. 

zee 

This line of 111-LAR capacitors is de-
signed for high all it tide space probe appli-
cations where exceptirmal reliability and 
durability are required. A design combina-
tion of it, lar high insulation characteris-
tics and high dielectric strength permit the 
Hl-LAR catiacitors to be employed in 
critical circuitry where compactness is 
necessary. In addition to space age appli-
cations, these components are being used in 
instrument quality recorders, pulse net-
works and computers. The line is available 
in 100, 200, 400 and 600 volt increments in 
range from 0.0047 to 1.0 tif. 

Because of the special construction, in-
sulation resistance is greater than 50,000 
Megohnish.rf at 25°C in an operating 
range between — 55 to + 125°C. Other 
characteristics include dielectric absorp-
tion 0.1%, retrace stability ' less than 
0.2% and inherent noise immeasurable. 
Dielectric strength characteristics are 
100r; over rated voltage at 25°C for 2 

(Continued on Page 156A) 
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Lockheed's 
Record of 
Achievement 
-in Electronics 

New and expanding air/space programs at Lockheed point 
to the importance of electronics— from research and develop-
ment to complete systems. Program diversification extends from 
space and atmospheric vehicle systems and components to 
studies to develop new techniques for neutralizing the submarine 
menace. 
Some of the critical areas under investigation in electronics 

include: Design and development of electronic ground support 
test equipment; development of antenna equipment to receive 
telemetered, tracking and relay data in support of current and 
future sophisticated missiles and space projects; research, design 
and development of advanced antennas such as steerable UHF, 
electronic countermeasures, radomes, retarded wave; electro-
magnetic research in corona and high altitude breakdown studies, 
surface wave generation, antenna vehicle interaction, millimeter 
wave radiometry. 

Areas of investigation in other fields include: Solid state 
physics studies in improved radiation sensors and new solid state 
electronic devices; physics—photoconductivity and optics, solar, 
infrared; underwater sound propagation and oceanography stud-
ies; the flight sciences; autocontrols and servosystems. 

Lockheed's record of achievement is being extended to many 
new fields. Shown here are examples of programs that range 
from research to final development and production; 

Orbital Reentry Studies 
Infrared Systems Studies 
Mach 3 Air Transports 
Atmospheric Escape Capsule 

Anti-Submarine Warfare Systems 
New Research Center 

SCIENTISTS AND ENGINEERS of outstanding 
ability are invited to investigate opportunities offered by a com-

pany that always looks far into the future. Openings are available 
in: Electronics systems; automatic controls; servosystems; 
antenna research; electronics research; physics—photoconduc-
tivity, solar, infrared; flight test instrumentation; service 
engineering. 

Please address your inquiry to: Mr. E. W. Des Lauriers, 

Manager Professional Placement Staff, Dept. 1808, 2402 No. 
Hollywood Way, Burbank, California. 

LOCKHEED 
CALIFORNIA DIVISION 



( WHAT SANDERS ENGINEERS 
SAY ABOUT SANDERS 

(anonymous comments made to a non-company reporter) 

yor "Channels of technical communication are wide open here" 

if "AUTHORITY GOES WITH RESPONSIBILITY" 

mo "Gripes get an airing and a sensible answer" 

or "It's diversified — your job is not dependent on one big program 
—there are 20 odd development contracts now in the shop" 

Po "You always know where you stand professiorally here" 

Joe "Management is flexible enough to accommodate the individualists" 

lof "Growth prospects look good— we're up to 1300 from only 

11 men 8 years ago" 

If you are qualified for and interested in any of the positions described 
below, we will invite you to visit us in Nashua, meet some Sanders 
engineers as well as the manager of a group you may work with. Please 
send a complete resume to Roland E. Hood, Jr., Employment Manager. 

MANAGER—MICROWAVE DEPARTMENT 

Senior Microwave Engineer with a high degree of creativity to admin-
istratively and technically supervise a microwave department consisting 
of approximately 50 engineers and technicians. Should have knowledge 
of subcontracting, marketing, project cost control and technical famil-
iarity with ferrite devices, parametric amplifiers, crystal mixers, antennas 
for multi-element arrays (and other types of antennas), components 
involving strip line techniques, and systems from 1 mc to 20 kmc. Mini-
mum BS in EE or Physics and 5 to 12 years experience. 

SYSTEMS ENGINEERS 

Through Project Engineer level. Should have creative abilities and back. 
ground of VHF transmitters and receivers, communications systems in 
general, data processing techniques, propagation and must be capable 
of translating this knowledge into complex integrated systems. Also 
requires knowledge of radar systems, pulse Doppler systems, steerable 
beam techniques and pulse techniques. 

RECEIVER DESIGN ENGINEERS 

VHF electronically scanned airborne receivers, filters, problems in 
spurious response reduction and multiplexing. 

CIRCUIT DESIGN ENGINEERS 

With particular emphasis on transistor application to analog and digital 
techniques; data handling equipment; audio, video, RF circuitry and 
switching. 

5RNDER5 17550CIFITES, INC., 
NASHUA. NEW HAMPSHIRE 

(less than an hour from downtown Boston) 

NEWS 
New Products/  

..11.11:1111.1“..La 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 
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minutes or a flash test of 250% over rated 
voltage. 

The engineering design derating char-
acteristics are zero volts at 85°C, 50% at 
125°C for units under 200 volts, 25% for 
400 volt units and 35% for 600 y units. 
Dissipation factor is less than 0.5 at 25°C 
at 100 cps. 

Lightweight Recorder 
Voltrec, a small compact lightweight 

recorder, has been designed by Voltron 
Products, Inc., 1020 S. Arroyo Parkway, 
Pasadena, Calif., 
to monitor voltage 
or frequency with 
an accuracy of 
0.5%. The Voltrec 
consists of two sec-
tions, a miniature 
inkless chart re-
corder and an ex-
pansion network. 
The recorder con-
sists of a d'Arson-
val meter with a 
free moving pointer. 
A motor driven striker cant presses the 
pointer against sensitized paper once each 
two seconds, producing a record. Trans-
ducers for expanded scale recording of ac 
volts, dc volts, frequency and temperature 
are provided. 

Delivery time is 30 days. Price of the 
dc recorder is $ 170; ac type $185; 60 cps 
frequency recorder $260; 400 cps frequency 
recorder $220; temperature recorder $190; 
chart paper, 6 rolls. $ 13.50. 

Precision Capacitors 
A new line of precision capacitors for 

precise circuitry has been developed by 
Arco Electronics, Inc., 64 White St., New 
York 13, N. Y. to provide compact units 
of "standard" accuracy. Tolerance is 
±0.1%. Long term operating stability is 
±0.05%. These capacitors may be ex-
pected to maintain reliable operation 
throughout life of the equipment. High 
"Q" is also a principal feature of the line. 
All capacitors are hermetically sealed in 
bathtub type enclosures with compression 
glass seals. Calibration is made at 23°C at 
a frequency of 1 kc. 

Type CPM capacitors have silvered 
mica dielectric. Standard voltage rating is 
500 vdcw; but other voltage ratings, both 
higher and lower, are available to special 
order. Dissipation factor at 1 kc is less 
than 0.1%. Operating temperature range 
is — 55°C to + 125°C without derating. 
Temperature coefficient is 40 + 15 ppm/°C. 

Type CPP capacitors have polystyrene 
dielectric. Specifications hold for the entire 
temperature range of — 55°C to +85°C. 
Dissipation factor is 0.02% at 1 kc. Dielec-
tric absorption is 0.1% maximum. Tem-

utinued on page 158A) 
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PHYSICISTS 
ENGINEERS 
MATHEMATICIANS 

THE NEW EXCITEMEN 
IN SCIENTIFIC AN 
ENGINEERING GROUPS 
AT 
TROMBERG-CARLSON 

A Division of General Dynamics 

New R & D programs in 34 critical electronic areas are behind it! Also: 

... big increase in research budgets 

... new experimental facilities 

...significant technical advances are nearing application 

... vigorous support given R & D personnel by engineer-oriented management 

Every senior engineer and scientist who feels he can contribute to the expansion of man's 
capabilities in any of the areas below is invited to contact Stromberg-Carlson: 

ADVANCED DEVELOPMENT & ENGINEERING   

ICBM Communications 

Electronic Switching 

Nuclear Instrumentation 

High-Speed Digital Data 

Communications 

Electronic Reconnaissance Systems 
Single Sideband Communications 

Synchronous Data Transmission 

ASW Techniques 

Machine Tool Automation 
Radio Data Links 

High Intensity Sound Generators 

Air Acoustics 
Shaped Beam Display Systems 

High-Speed Automatic Missile 

Check-Out Equipment 

Super-Speed Read-Out and 
Printing Equipment 

Tacan Equipment 

Electro Acoustics & Transducers 

Logic Systems 
Sound Systems 

RF Equipment 
Precision Hi-Fi Components 

RESEARCH   

Paramagnetic Resonance 

Thin Photoconductor Films 

Ferroelectricity 

Propagation and Coding 

Speech Analysis 

Bandwidth Compression 

Hydro-Acoustic Transducers 
Molecular Electronics 

Defect Solid State Physics 

Parametric Devices 
Tunnel Diode Logic 

Scatter Propagation Analysis 

Plasma Physics 

We are particularly interested in people with advanced degrees. If you have a Physics, 
Electrical Engineering or Mathematics degree and experience in one or more of the above 
areas, you are invited to discuss the positions currently open. Please write details of 
your background and experience in complete confidence to Mr. Maurice Downey. 

STRO B E RG -CARLSON 

A DIVISION OF GENERAL DYNAMICS 
1476 N. Goodman St., Rochester 3, New York 
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Time 
to make a change? If so, consider a 
future with HRB-Singer, one of the 
nation's leading R and D companies. 
Qualified men are needed in the fol-
lowing professional areas: 

• Infrared 

• Systems Design and Evaluation 

• Microwave Circuit and Receiver 

Design 

• Video Processing and Data 

Reduction 

• System Reliability Study and 

Analysis 

• Theories of Communication 

• Electronic Circuitry Development 

HRB offers the opportunity to work 
on vital electronic problems; an atti-
tude of research emphasizing free-
dom of expression; a location com-
bining the cosmopolitan atmosphere 
of a city with the advantages of 
small-town living. Through the tui-
tion- refund plan, employees are en-
couraged to pursue graduate study 
at the nearby Pennsylvania State 
University. Write in confidence to 
Personnel Director, Dept. R-5, HRB-
Singer, Inc. 

HRB-SINGER, INC. 

Science Park, State College, Pa. 

A SUBSIDIARY OF 

THE SINGER MANUFACTURING CO. 

NEWS 
New Products 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 
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perature coefficient is — 120 ± 15 ppm/°C, 
making these units adaptable to matching 
with positive temperature coefficient pre-
cision resistors. Standard voltage rating is 
400 N-dcw. 

For further information write to the 
finir. 

SSB and RF Service Triode 

United Electronics Co., 42 Spring St., 
Newark 4, N. J., a subsidiary of Ling-
Altec, Inc., has announced a new triode, 
Type 572. This rug-
gedized tube is a 
one way replace-
ment for the proto-
type 811A in most 
applications. A spe-
cially processed 
electronic graphite 
anode permits the 
572 a 50% increase 
in plate dissipation 
over the 811.A. 

Rugged charac-
teristics have been 
achieved by the utilization of a hard glass 
envelope, heavy-duty tungsten lead wires, 
a non-frangible filament and enclosed 

getter traps. The 572 withstands greater 
overloads, resists shock and vibration and 
provides longer life. 

Applications for the 572 are found in 
communications, ground support equip-
ment, sonar, ultrasonics and wherever re-
liability and ruggedness are required. This 
new tube is particularly useful in zero bias 
audio Class B service, and in single side-
band RF service. 

Temperature Coefficient 
Calibration Chamber 

Conrad, Inc., subsidiary of Compton 
Manufacturing Co., 141 Jefferson St., 
Holland, Nlich., announces availability of 
a production model temperature coefficient 
calibration chamber for thermistor and 
capacitor tests. The equipment capability 
is for stabilizing within + 0.005°C stability. 
The equipment is also available with addi-
tional controls to permit stability of 
+0.001°C. 

(Continued an page 160A) 

THE 

EXCEP-
TIONAL 

MAN 

A pattern of professional grom th ... 

A record of successful handling of 

important technical responsibilities. 

An ability to recognize fundamental 

problems ... 

A strong desire for perfection in 

himself ... 

An appreciation of the efforts and 

opinions of others ... 

A facility for making significant 

technical contribution,: ... 

This rare combination of qualities 

that makes a man capable of directing 

technical activities in the highly 

sophisticated world of today ... calls 

for The Exceptional Man. 

We can locate him for you. 

CÍars A.BlegrE. er ASSOCIATES 

EXECUTIVE SEARCH SPECIALISTS 

407 AMERICAN BUILDING • BALTIMORE 2, MD. • PLAZA 2-5013 
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A CHALLENGE TO EXCITE ANY ELECTRONICS ENGINEER 
WORTH HIS SALT... THE KIND RYAN NEEDS RIGHT NOW 

Who will engineer a missile navigation system to 
make a "soft landing" on the moon? This is the kind 
of problem in avionics we're tackling here at Ryan 
— the kind that gets future-thinking electronics en-
gineers excited. 

Already Ryan is the world leader in continuous wave 
doppler navigation systems. This is one of several 
important reasons why Ryan is now the largest elec-
tronics firm in San Diego — and the fastest growing! 
If you are an electronics engineer ambitious to help 
advance the art, as well as your own career, through 
vital "frontier work" — we want you right now here 
at Ryan Electronics. 

Ryan Electronics employs over 2000 people and has 
over one-third of the company's $ 149-million back-
log of business. Under the leadership of some of 
America's most prominent scientists and engineers, 
Ryan is probing beyond the known . . . seeking solu-
tions to vital problems of space navigation. 

Expanding facilities of Ryan Electronics at San 
Diego and Torrance in Southern California are 
among the most modern in the West. You enjoy 
living that's envied everywhere, plus facilities for 
advanced study. Send your resume or write for 
brochure today: Ryan Electronics, Dept. 4, 5650 
Kearny Mesa Road, San Diego 11, Calif. 

DIVISION OF RYAN AERONAUTICAL COMPANY RYAN ELECTRONICS SAN DIEGO & TORRANCE • CALIFORNIA 



SECURITY 

CLIMATE 

REWARDS 

and CREATIVITY at 

PHILCO Palo Alto 
On the San Francisco Peninsula 

You'll find exceptional opportunities and commensurate rewards with rapidly 
expanding Philco Western Development Laboratories, at the center of the 
San Francisco Bay Area's electronic industry. These are our immediate needs. 
Do they match your experience and interests? 

SYSTEMS ENGINEERS 

As an active participant in the for-
mulation and design of microwave 
data telemetry and tracking systems, 
your responsibilities will include 
analysis of equipment design and 
performance, specification and tech-
nical direction of system test, analy-
sis of flight test data, and prepara-
tion of system test report. 

DESIGN ENGINEERS 

Direct your ingenuity to the design 
of circuits forming integral parts of 
CW range measuring equipment and 
the integration of complex timing 
and coding circuitry for earth satel-
lites. You will also establish and 
supervise test programs, direct the 
testing of setups, component parts, 
circuits and complete ranging sys-
tems, supervise and monitor electri-
cal and environmental testing for 
qualification. Familiarity with tran-
sistor switching circuitry is required. 

RANGE DESIGN ENGINEERS 

Challenging assignments can be 
yours in the production of installa-
tion criteria, specifications, instruc-
tions and drawings required to im-
plement advanced radar, telemetry, 
data processing, computing and 
communications systems. 

RANGING AND TRACKING 
ENGINEERS 

If your experience includes low-fre-
quency phase measurements, track-
ing or radar, openings exist at 
PHILCO WDL for engineers to de-

sign, develop and insure fabrication 
of specialized test equipment. 

RELIABILITY ASSURANCE 

Your assignments will include evalu-
ation of electronic components, 
preparation of specifications and 
drawings of components, analysis of 
failure of semi-conductors, tubes, or 
electromechanical devices. 

QUALITY ASSURANCE 

Qualified engineers are required im-
mediately for in-process, final ac-
ceptance and testing of electronic 
and electromechanical equipment 
associated with missile and satellite 
tracking systems. Types of equip-
ment include data processing, UHF 
and VHF transmitters and receivers, 
antenna systems. 

Consider a career at Philco Western 
Development Laboratories, elite 
electronics center on the San Fran-
cisco Peninsula. For you . . . the 
encouragement of graduate study on 
a Tuition Refund basis at any of the 
excellent surrounding educational 
institutions, liberal employee bene-
fits, and the facilities of Philco's 
new, modern R & D laboratories. For 
you and your family ... the perfect 
climate, whether seasonal or cul-
tural, in which to pursue all-year 
recreational activities. Only 45 min-
utes from cosmopolitan, dynamic 
San Francisco. We invite your in-
quiry in confidence as a first step 
toward expanding your skills at 
Philco, Palo Alto. Resumes may be 
sent to Mr. J. R. Miner. 

Philco Corporation 
WESTERN DEVELOPMENT LABORATORIES 
3875 Fabian Way, Dept. R-8 Palo Alto, California 

e  NEWS 
New Products 
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(Continved from page 158.4) 

The temperature range available is 
from +250°C to — 75°C. Instrumentation 
for recording the controlled condition can 
be supplied as well as automatic tempera-
ture conditioning. 

High Voltage Transformer 

Pearson Electronics, Inc., 707 Urban 
Lasse, Palo Alto, Calif., has announced a 
new low capacitance, high voltage insu-
lated filament transformer which is rated 
at 300 kv pulse immersed in oil, or 30 kv 
pulse, ac, or dc in air. A variety of output 
voltages and currents are available in-
cluding the common heater voltages for 
high power klystrons, TWT's hydrogen 
thyratrons, high voltage diodes, magne-
trons, and so forth. 

Micropulse Delay Line 
The Ralph M. Parsons Co., Electronics 

Div., 151 South De Lacey Ave., Pasadena, 
Calif., announces a new miniature lumped-
constant delay line with a wide variety of 
general applications. 

These high-density units are available 
in two standard configurations; cylindrical 
with a nine-pin header for standard tube 

(Continued on rage 162.4) 
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When crews of SAC's 1st Missile Division successfully launched the USAF ICBM Atlas from Vandenberg Air Force Base, September 

9, 1959, the world became aware that the United States had brought into being a formidable retaliatory power for peace. Within four 

months after the first operational launch, the Air Force doubly underlined this missile's capability. On a single day. January 26, 

1960, the 16th and 17th consecutive successful Atlases were fired intercontinental ranges to predetermined targets from both At-

lantic and Pacific bases. 

After only five years of intensive development, including concurrent research, testing and fabrication under this nation's top mil-

itary priority. Atlas is extremely versatile as well as powerful. It was the Project Score satellite vehicle and is scheduled for use in 

Project Mercury, the Man in Space Program, and in other space exploration missions. Thus, used as a booster fOr space projects, 

Atlas provides the nation with a key capability in scientific as well as military applications. 

Space Technology Laboratories provides the systems engineering and technical direction for the Atlas as well as other portions 

of the Air Force Ballistic Missile Program. Much of what was learned in building Atlas has helped cut the lead-time in the develop-

ment of such other Air Force Ballistic Missiles as Thor, Titan and Minuteman. 

Among the industrial organizations which have worked in concert in developing Atlas are such major contractors as: Convair, 

Division of General Dynamics Corp. for airframe, assembly and test; General Electric Co. and Burroughs Corp. for radio guidance; 

Arma, Division of American Bosch and Arma Corp. for inertial guidance; Rocketdyne Division of North American Aviation, Inc., for 

propulsion; General Electric Co. for re-entry vehicle; Acoustica Associates for propellant utilization. 

America's first 

intercontinental ballistic 

missile..., is helping to 

bear the burden of today's 

power for peace 

',sags In*Apre, 

The continuing development of Atlas as well as other USAF missiles and related space probes, has created impor-

tant positions on STL's technical staff for scientists and engineers with outstanding capabilities in: thermody-

namics, aerodynamics, electronics, propulsion systems, structures, physics, computer technology, telemetry, and 

instrumentation. If you believe you can contribute in these or related fields and disciplines, you are invited to send 

your resume to: 

SPACE TECHNOLOGY LABORATORIES, INC. 
P. 0. Box 95004, Los Angeles 45, California • STL Florida offers immediate opportunities to outstanding 

Project Engineers— Support Equipment. Write: Mr. George S. Cherniak, STL, P. O. Box 4277, Patrick Air Force Base, Florida 
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Electronics 
at AVCO/RAD 

Electronics and Electro-
mechanics department has 
openings for dedicated, 
creative research engineers 
to work in: 

Ideally located, superbly 

equipped ... Avco's Wilmington 
facilities create an atmosphere 
of intellectual vitality for you. 

• MICROWAVE COMMUNICATION STUDIES 
Studies of microwave transmission through various media; microwave 
system integration, data handling, displays, and system logic. 

• MISSILE ANTENNAS 
Senior missile antenna and microwave system engineers. 

• CIRCUIT SYNTHESIS AND DESIGN 
Advanced work in pulse and analogue circuitry using PAM, PPM, and 
PDM modulation systems. Work includes data handling equipment, 
modulators, demodulators, coders, and decoders, etc. 

• GUIDANCE AND CONTROLS 
Guidance flight control and Servo system analysts and designers for 
new orbital vehicle design and development program and for advanced 
guidance and control systems. Positions available at all levels. 

• MILLIMETER WAVE TECHNIQUES 
Microwave systems and components, preferably in the millimicrowave 
region. Some experience with solution of missile fuzing 
problems is desirable. 

• NUCLEAR PARTICLE DETECTION 
SYSTEMS DESIGN 
Engineering physicists with thorough knowledge of nuclear particle 
detection techniques (such as scintillation and ionization defection) and 
nuclear instrumentation including detectors, detector signal amplification, 
discrimination techniques and methods of read out. 

The division's new suburban location provides an attractive working 
environment outside of metropolitan Boston and Cambridge. The extensive 
fully equipped laboratories are close to Boston educational institutions 
and cultural events and the division offers a liberal assistance 
program to those desiring advanced study. 

Send resume to Mr. E. W. Stupock, 

Manager Personnel Relations 

VCO 
&search f Afdvanced 8e/element 
A Division of Arco Corporation 

201 Lowell St., Wilmington, Mass. 

NEWS kitj* 
New Products 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
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(Continued from page 160A) 

socket mounting, and rectangular for use 
with printed circuitry. The cylindrical 
model is 1.0 inch in diameter by 2.0 inches 
long, and weighs 1.5 to 2.0 ounces depend-
ing on required delay. Volume and weight 
of the rectangular models are comparable. 
Units are completely potted. 

Units having delay times of 0.5, 1.0, 
2.0, and 3.0 microseconds are available 
off-the-shelf. The total delay is accurate to 
±3 per cent. The rise-time to delay-time 
ratio is 5 per cent with an attenuation of 
1 db. Leakage resistance is more than 
100 megohnis between line and ground at 
500 volts dc. Input impedances available 
are 300, 500, and 1000 ohms, + 10 per 
cent. 

Many modifications of standard units 
are available for special applications, in-
cluding other header arrangements, delay 
times, input impedances, or as many as 
six taps. 

Rixon Shifts 
Engineering Heads 

Myrick Ray 

Joseph C. Myrick, vice president of 
Rixon Electronics, Inc., 2414 Reedie Dr., 
Silver Spring, Md., has been named to 
head a newly formed Research and De-
velopment Division. Homer A. Ray, Jr., 
who has been a staff engineer and assistant 
to C. J. Harrison, operations vice presi-
dent, has been named as the new engineer-
ing director in his place, according to J. L. 
Hollis, Rixon president. 

Myrick, one of the company founders, 
has always been a strong force behind new 
ideas at Rixon. 

Ray has had twenty years of experience 
in a variety of electronic communications 
projects. Some of his most outstanding de-
signs have been in the field of antennas, 
transmission networks and related devices. 

High Voltage 
Power Supplies 

A new line of regulated high voltage 
power supplies known as the TR I-IV series 
has been announced by Del Electronics 
Corp., 521 Homestead Ave., Mount Ver-
non, N. Y. These supplies are all solid 
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state. Referencing and regulating circuitry 
is accomplished at low voltage. The operat-
ing temperature range is — 20°C to +55°C. 
Units are completely self contained and re-
quire 115 volts excitation to be operative. 

The -HMV line presently consists of 
5 models with output voltage ratings of 
from 1 kv at 5 nia to 10 kv at 1 ma. They 
are rugged and feature good line, load and 
thermal stability. Other features include: 
regulation for 10% line change; 0.25% (in-
put 115 volts ± 10% 60 cps); regulation 
from no load to full load less than 0.25%; 
ripple is 0.5% tins at maximum current; 
temperature stability is better than 
0.05%/°C; sealed construction; no warm-

(Conti/flied on page 16-IA) 

SCIENTISTS 

ENGINEERS 

CALIFORNIA 
offers you and your Family 

• A world center of the electronic 
industry for CAREER ADVANCE-
MENT 

• The High Sierra and the Pacific 
Ocean for RECREATION 

• Some of the nation's finest public 
schools for your CHILDREN 

• World Famous Universities for 
ADVANCED STUDY 

• MAJOR CULTURAL CENTERS 

while living in such places as 
Exciting San Francisco 
Fabulous Southern California 
Cultural Palo Alto 

companies pay interview, relocation 
and agency expenses 

submit resume in confidence to: 

PROFESSIONAL & TECHNICAL 
RECRUITING ASSOCIATES 

(a Division of the 
Permanent Employment Agency) 

825 San Antonio Rd. 
Palo Alto. Calif. 

a career 
with a 

company that has 
made its mark 
in electronics 

Radar beacon devel-
oped and manufac-
tured by ACF ELEC-
TRONICS DIVISION 

Within the broad scope of our diversified research, design and develop-

ment programs, the engineer or scientist is sure to find both the area 
of interest and the degree of challenge which he considers essential to 
adding stature to his professional growth. Link your career with a com-

pany that has already made its mark in electronics — and is rapidly 
extending many of its highly regarded capabilities. 

INFRARED LABORATORY 
CHIEF OPTICAL ENGINEER 

To take full responsibility for infrared 
optical system design and coordinate 
these efforts with overall system re-
quirements. 

MATHEMATICAL ANALYST 

3 years or more experience in advanced 
systems engineering. Unusual opportu-
nity to learn the field of infrared optics. 
Only those who have advanced rapidly 
in their present field will be considered. 

SYSTEMS DESIGN ENGINEER 

EE degree. Must have sound theoretical 
knowledge and experience with infrared 
and/or radar systems for preliminary de-
sign assignments. 

UNDERWATER SYSTEMS 
INSTRUMENTATION 
LABORATORY 
Engineering opportunities for men with 
background in underwater systems in-
strumentation. 

MICROWAVE LABORATORY 
ELECTRONIC ENGINEERS 

All levels. Knowledge of coaxial, wave 
guide or microstrip components such as 
cavities, filters, mixers, duplexers, local 
oscillators, directional couplers, pre-selec-
tors and related microwave plumbing. 

SENIOR TRANSISTORIZED CIRCUIT 
DESIGN ENGINEER 

EE degree. Knowledge of radar and 
microwave systems. Familiar with tran-
sistorized pulse circuitry and decoding 
techniques. 

SENIOR ELECTRONIC ENGINEERS 

To do transistorized circuit design and 
R & D on space vehicle projects. 3 to 5 
years experience required, communica-
tions and/or radar experience helpful. 

NAVIGATION & DISPLAY 
LABORATORY 
TECHNICAL ASSISTANT TO DIRECTOR 

Requires a broad background in the con-
ception and design of digital systems, 
with emphasis on the logic design of 
special purpose digital computers. 

The Paramus, New Jersey facilities of ACF ELECTRONICS are conveniently 
located lust 15 minutes from the George Washington Bridge. Excellent 
starting salaries. Outstanding benefits program. 

Please Send Resume To: 
Professional Employment Department 

A.01" EI_fEC'TR,ONICS DIVISION 

INCORPORATED 

11 PARK PLACE PARAMUS, NEW JERSEY 
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engineers • scientists 

FOCUSING 

THE PHYSICAL 

SCIENCES ON 

ELECTRONICS 

RESEARCH 
Drawing on a wide range of disci-

plines in science and engineering, the 

Electronics Laboratory provides 

General Electric with dynamic re-

search leadership in defense, indus-

trial and consumer electronics. The 

Laboratory has attracted and se-

lected its staff members from many 

parts of the world. These include 

physicists, chemists, mathemati-

cians, physical chemists, ceramists, 

metallurgists and electronic, electri-

cal and mechanical engineers. Many 

of them are widely recognized in 

their fields.., all are engaged, jointly 

or individually, in modern electronics 

adventures. 
If you are interested 
in learning our 
objectives and our 
special career 
advantages, just 
return this coupon 
for our new 
brochure. 

GENERAL ELECTRIC 

A
D
D
R
E
S
S
 

o 

NEWS 
A New Products 

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

'Continued Irons page 163A) 

up time required; small size and light 
weight. 

Additional data on the Del TRHV line 
of power supplies can be secured by writing 
to the firm. 

Panel Scopes 

A new series of compact Module Oscil-
',scopes using the .31 - P1 2Z" X1 A" and 
the 3XP1 3"X 1r rectangular tubes has 
just been released by The James Millen 
Mfg. Co., Inc., 150 Exchange St., Malden, 
Mass. The new 'scopes take up a panel 
space of 3"X5" for the No. 90912-R and 
3" X6" for the No. 90913. 

CLEVITE 
REQUIRES THE TALENTS OF . . 

SEMICONDUCTOR 
ENGINEERS 
NOW INTERVIEWING 

Germanium Power Transistor Engineers 

Silicon Mesa Transistor Engineers 

OUTSTANDING FRINGE BENEFIT PROGRAM 

Semiconductor Engineers and Physicists seeking 
West Coast opportunities are invited to send their 
resumes in complete confidence to the attention 
of Dr. William Shockley, Shockley Transistor, unit 
of Clevite Transistor Palo Alto, California. 

CITIZENSHIP NOT REQUIRED 

Phone or send resume in confidence to: 
Engineering Placement Director 

CLEVITE 
TRANSISTOR 

di Waltham 54, Mass. — Tel: TWinbrook 4.9330 / 

Transistorized Power 
Supply 

A new line of tiny, lightweight, plug-in 
power supplies, actuated by "fleapower” 
sources as small as 1.5 volt penlight cell or 
a 1.3-volt mercury cell, and delivering out-
put voltages as high as 20,000 iolls, has 
been announced by Victory Electronics, 
Inc., 50 Bond St., Westbury, N. Y. Each 
of the new units is about an inch in diame-
ter and less than 3 inches long. These 
components are light and rugged. 

Output currents range as high as 120 
microamperes. depending on the murk! 
and the external circuit parameters. This 
power is capable of operating high-voltage 
instruments used in both terrestrial and its 
spaceborne, telemetered instrumentation 
and control, including: Geiger tubes, in-
frared detectors, ionization chambers, 
scintillation counters, maser frequency 
meters, cathode ray tubes and photo-
multipliers. 

(Continued on page 166A) 

Electronics 
Engineers 

BSEE, electronics exper-
ience, U.S. citizenship re-
quired. 

For test and evaluation win l, 
on highly sophisticated 
Ironic equipment. Crea iv 
imagination essential. 

Jobs on East coast with con-
siderable overseas travel— 
non-continuous about -I 
months a year. 

Salary 85500 to 88800 de-
pendent upon experience an ( 1 
ability. 

Write giving age, education. 
experience, address, t h _ 
phone to: Box 2027, Inst ii 
of Radio Engineer,. 1 I :-• 
79th St., New York 21. N.Y. 
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Engineers Scientists HELP EXPAND 
ELECTRONIC 
FRONTIERS at 
COLLINS RADIO COMPANY 

There are many challenging projects now underway 
at Collins Radio Company, Cedar Rapids, Dallas and 
Burbank Divisions— managed and directed by some 
of America's foremost scientists and engineers. 
You are invited to join them . . . share in their 

pioneering knowledge in electronic research and 
development . . . use their extensive facilities . . . 
and help to do what has never been done before 
in electronics. 

Collins is one of the nation's leading electronic growth 
companies. Balanced government and commercial business 
assures stable employment. Present military and commer-
cial backlogs are approximately $200 million. Commercial 
sales are heavy in airline, business aircraft, amateur, broad-
cast and ground communication areas. And Collins is an 
engineer- minded company . . . with 20% of the more than 
13,000 employees working in engineering. 

Collins Radio Company is interviewing at the Wescon 
Show. Could you contribute new ideas to these fields? 

CEDAR RAPIDS— E.E.'s and M.E.'s are needed for assign-
ments in Airborne communication and navigation R&D. Com-
munication design engineers, and field service men for 
Doppler installations are also needed. If unable to interview 
at the Wescon Show, send your resume to: Mr. L. R. Nuss, 
Manager of Professional Employment, Collins Radio 
Company, Cedar Rapids, Iowa. 

DALLAS — Qualified E.E.'s and M.E.'s with 5-10 years 
experience are needed in Collins Texas Division for R&D 
work in Data System Engineering. If unable to interview at 
the Wescon Show, send your resume to: B. E. Jeffries, 
Manager of Technical Employment, Collins Radio Company, 
1930 Hi- Line Drive, Dallas 7, Texas. 
BURBANK — E.E.'s and M.E.'s with 2 to 8 years exper-

ence are needed for research and development work in the 
expanding field of high speed data transmission equipment 
and systems. If unable to interview at the Wescon Show, 
send your resume to: Al Peachey, Collins Radio Company, 
2700 West Olive Avenue, Burbank, California. 

- 1COLLINSF-

COLLINS RADIO COMPANY 

CEDAR RAPIDS • DALLAS • BURBANK 

PLAN NOW TO TALK TO A COLLINS REPRESENTATIVE AT THE WESCON SHOW 

L. R. N'us,s, Al Peachey and F. I. Aiken will be located at the Career's Inc. area in the Shrine Exposition Hall during the 
show. For a personal, confidential interview phone Richmond 6-1211 between 9 ant and 9 pm. 
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NEWS 

RCA offers 
gratifying rewards in 

broadcast field sales engineering 
a rr - 1111 of internal promotion and a program to expand 

RCA has several openings for men who can prepare 
extensive AM-FM-TV equipment proposals, present them to sta-
tion management, and secure orders. 

If you have design, installation or operational experience with 
TV broadcast equipment and are interested in a rewarding 
career with a highly respected electronics organization, this is 
an exceptional opportunity for you. 

Salary and related benefits are above average, and there is a 
bonus arrangement. If you llave an EE degree, or equivalent, 
with experience in TV broadcasting, send your résumé to: 

Mr. M. H. Kessler, Dept. PR- 80 

RCA Professional Employment, Bldg. 10-1 

Camden 2, New Jersey 

RADIO CORPORATION of AMERICA 

Industrial Electronic Products 

EXCELLENT EMPLOYMENT CONDITIONS 

await Scientists and Engineers in 
ELECTRONICS • ELECTRON TUBES • MICROWAVE 

ANTENNAS • RADIO COMMUNICATION • 
RADIO NAVIGATION 

Here's what the Naval Research Laboratory offers You: 

•Freedom of choice in 
research 

•Continuing profession-
al growth 

•Science Education 
Program leading to 
advanced degrees 

•Excellent facilities and 

equipment, and at-
mosphere conducive 
to high levels of re-
search 

•tiberal leave and re-
tirement system, and 
greater job security 
through competitive 
Civil Service program 

of benefits 

There is an unmistakable degree of 
professional pride evident when a 
scientist or engineer says, "I am a 
part of the Naval Research Labora-
tory." To become a part of NRL re-
quires a considerable degree of 
competence, of course. To learn how 
you may qualify for the many ex-
cellent job opportunities at NRL, 
please write to the Personnel Officer. 

st"  
U. S. Naval Research Laboratory 

WASHINGTON 25, D. C. 

New Products R E 

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

information. Please mention your IRE affiliation. 

(Continued from page 164,1) 

Full encapsulation provides environ-
mental protection; completely isolated in-
put and output; silicon rectifiers through-
out; 7-pin miniature plug-in base; and a 
MIL-approved potentiometer for precise 
adjustment of output. 

Three models, currently available, 
cover ranges from 1.5 to 6.0 volts at 4 to 
65 mils input; outputs from 800 to 20,000 
volts dc in a wide selection of output-cur-
rent values. The smallest in capacity and 
lowest in price ($93.80) will deliver 22 
microamperes at 1200 volts from a 1.5-
volt source, or 1500 volts at 7.5 from a six-
volt source. Other units with 120 micro-
ampere output will deliver voltages as 
high as 1000 volts. A unit at 20,000 volts 
from a 1.5 input source in a miniature 
package is also available. 

Wet Tantalum Capacitor 
Believed to be the industry's first leak-

age and corrosion resistant wet tantalum 
capacitor, production of a 100-volt dc her-
metically sealed wet electrolyte, sintered 
anode tantalum capacitor series is an-
nounced by U. S. Semiconductor Products, 
3540 W. Osborn Rd., Phoenix, Arizona. 

Immediate delivery of the new Tsw 
line is available in ratings from 6 to 100 
working volts and capacitance from 270 to 
4.7 pf at 85°C. Applicable MIL Specs are 
met or exceeded in leads, moisture re-
sistance, temperature and immersion. 
Supplied with or without insulating sleeve, 
the bare tube case is 0.188" diameter, 
0.525" length for TSW1 model, and 0.282" 
diameter, 0.720" length for TSW2 model. 

High capacitance derives from the 
large surface area of the sintered slug; un-
usual mechanical strength results from its 
internal weld and glass compression seal. 
Shelf life tests up to 2000 hours demon-
strate no significant changes in perform-
ance characteristics. 

For complete specifications, delivery 
dates and prices, write U. S. Semiconduc-
tor Products. 

Marquardt to 
Systron-Donner Board 

Roy E. Marquardt, president of Mar-
quardt Corporation of Van Nuys. Calif., 
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has been elected to the Board of Directors 
of Systron-Donner 
Corp., 950 Galindo 
St., Concord, Calif. 
In 1944 Roy Mar-
quardt founded the 
company which 
bears his name. He 
is a graduate of 
California Institute 
of Technology, 
where he received 
his bachelor's ( 1940) 
and Master of Sci-
ence ( 1942) degrees 
in Aeronautical Engineering. 

In 1942 he was appointed Engineer in 
Charge of Naval Research at Northrop 
Aircraft, Inc. As a result of research in 
methods of cooling engines mounted 
within the wings of an airplane, he redis-
covered and expanded on the principles of 
the ramjet engine. 

In order to pursue development of the 
ramjet, Mr. Marquardt accepted appoint-
ment as Director of Aeronautical Research 
at the University of Southern California. 
His company was organized at this time 
to provide the development and manu-
facturing requirements for a ramjet re-
search program initiated by the Navy 
under USC sponsorship. The company 
currently employs approximately 4600 
people at nine divisions in Van Nuys, 
Pomona, and Monrovia, California, and 
Ogden, Utah. 

All-Purpose 
Silicon Diode 

The IN 661A manufactured by Rheem 
Semiconductor Corp., 350 Ellis St., Moun-
tain View, Calif., is said to combine the 
low leakage specifications of the best 
"general purpose- types with the switching 
speed of the best "computer" types. This 
combination of the best features of two 
Previously distinct diode families allows 
standardiza don. 

The 1N661A also provides several 
orders of magnitude improvement in de-
sign safety margins for both switching time 
and reverse leakage. For example, the re-
verse leakage at + 100°C is 30 times lower 
than any existing computer type. In addi-
tion, its recovery time is 25 tintes faster 
than the best general purpose type. 

This new diode will serve as an up-
graded replacement for a very large num-
ber of existing types. For example, it will 
meet the complete test specifications for 
General Purpose Types: 1N458, 1N459, 
1N462, 1N463, and Computer Types: 
1N625, 1N626, 1N627, 1N628, 1N629, 
1N 643, 1X659, 1:N660, 1X661, 1X662, 
1N778, 1N779, 1N789, 1\790, 1N793, 
1N 797, 1 N801, 1 N 803, I N 806. and 1X807. 

(Continued on page 16SA) 

APPOINTMENTS OF 
ELECTRONIC ENGINEERS 

The Applied Physics Laboratory 
The Johns Hopkins University 

The Applied Physics Laboratory's task is to provide 
technical solutions to complex problems posed by national 
defense requirements. In solving these problems, the 
Laboratory is making significant contributions in applied 
and basic research, engineering development, and techni-
cal management in guided missile and space technology. 

Several positions are immediately available for elec-
tronic engineers and physicists with an interest in the 
following areas: 

• System and logic design for satellite-borne memory 
systems. 

• Development of satellite-borne transistor circuits using 
digital computer logic. 

• Analysis of airborne guidance system problems. 

• Development of missile-borne data transmission links. 

• Circuit design and instrumentation for test and analysis 
of inertial navigation, missile guidance, and tactical radar 
systems. 

The Laboratory's facilities are located in Silver Spring, 
Maryland, a pleasant residential suburb of Washington, 
D.C., and in rural Howard County, midway between 
Washington and Baltimore. Both facilities are within 
minutes of excellent residential communities, school sys-
tems, and opportunities for full social and cultural life. For 
additional information about these exceptional oppor-
tunities, write to: 

Professional Staff Appointments 
Applied Physics Laboratory 

The Johns Hopkins University 
8603 Georgia Avenue, Silver Spring, Maryland 

PROCEEDINGS OF THE IRE August, 1960 167A 



CAREER 

OPPO RTUNITIES 
WITH 

BAUSCH & LOMB 

Section Head, Electronic 

Engineering 

7 to 10 years experience, with 

design capabilities in cir-

cuits, controls, servos, feed-

backs, etc. 

Physicists 

• Ph.D. or equivalent; crea-

tive development of opti-
cal electronic measuring 

systems. 

• Experience in spectros-

copy and electronics. 

Electronic Engineers 

• Senior designer, circuit 

capabilities, supervisory 

experience. 

• Experience in acoustics or 

tape recorder engineering. 

• Experience in circuit de-

sign and development of 

servo-mechanisms. 

• Experience in scientific in-

strument design. 

• Experience in design of 

photo-electric measuring 

systems. 

Reply, with resume, to Mr. 

Ellis P. Faro, Employment 

Manager, Bausch & Lomb, 

635 St. Paul St., Rochester 2, 

N.Y. 

NEWS 
,- New Products 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 
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At 200 volts the maximum reverse 
leakage is 0.025 pa at + 150°C. Recovery 
time is 0.3 microsecond to 400 kohms 
under the difficult switching conditions of 
+30 ma to — 35 y in the JAN 256 circuit. 
This new diode is sealed in the standard 
glass package and certified to MIL-S-
19500B. Price: $2.74 at 100 quantity level. 
Availability: Immediate from stock in pro-
duction quantities. 

Capacitor Tester 
Direct reading of unknown capacitors 

in microfarads and their loss factor angle in 
degrees can be achieved by use of Type 
A101 Capacitor Tester and Type 405 Pre-
cision Phase Meter developed by Ad-Yu 
Electronics Lab., Inc., 249 Terhune Ave., 
l'assaic, N. J. This combination is very 
suitable for incoming inspection because 
the operating procedure is very simple, only 
one knob adjustment is needed before ob-
taining the answers directly in degrees and 
in microfarads. Loss factor angle is defined 
as the complementary angle of the power 
factor angle, namely, loss factor angle 
equals 90° minus power factor angle. In 
addition to the feature of simple operation 

in measuring unknown capacitors, both 
Type A101 and Type 405 are suitable for a 
number of other applications, such as 
measuring the Q of choke coils, phase shift 
of transformers, and other components in 
servo systems. 

The specifications are as follows: The 
voltage across the unknown capacitor is a 
combination of 0.5 volt rms ac and 1.5 
volt dc or less. The frequency of the ac 
voltage can be 60 cps, 120 cps, and 400 
cps; other frequencies from 20 cps to 1 kc 
can be supplied with slight modifications. 
The accuracy of the capacitor measure-
ment is ±3% for capacitors having loss 
factor angle less than 10°, more error for 
capacitors with larger loss angle. The loss 
factor measurement is ± 1° or +3%. 
There are three capacitance ranges: 0.1 to 
15, 10 to 150 and 100 to 1500 pf. 

Photoconductive Cells 
A new, low resistance series of photo-

conductive cells hermetically sealed in 
glass, the "L" type, is now available from 
Clairex Corp., 19 W. 26th St., New York 
10, N. V. Particularly useful in transistor 
and other low voltage applications, the 

(Continued on page 170A) 

MANAGER 

COMMUNICATIONS 

AND CONTROL 

SPACE PROGRAMS 

Leading West Coast research and development company 
has immediate requirements for a manager of the Com-
munications and Control organization. 
Applicants must have experience in directing large, 

highly technical projects in the military electronic field. 
Must be technically competent and completely familiar with 
latest developments in communications and data-handling 
fields. Position involves direction of the technical effort 
required to design and implement communication and con-
trol systems for satellite space programs. This includes the 
necessary system engineering as well as all related func-
tions such as tracking, acquisition, telemetry, and data-
processing. Send résumé of experience and educational 
background to: 

Box 2026 

Institute of Radio Engineers 
1 East 79th St., New York 21, N.Y. 
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AUTOPILOT 

OR 

ANTENNA 

PROBLEM. 4. 

IF YOUR SPECS CALL FOR: 

A miniature integrating gyro 

designed for economy, 

with superior off- null 
characteristics, low power 

consumption, and fast warm-

up time... 

THIS GYRO IS THE ANSWER 

MEASURED CHARACTERISTICS 1. Total Drift: less than 5° /hour 

(uncompensated), less than 4° /hour per G. 2. Storage Temperature: — 65 -F to 

— 200'F (higher temperature models available). 3. Extremely stable thermally, 

with warm-up time to 5% of damping from —65°F within 7 minutes. 4. Character-
istic Time Constant for 6 degree memory angle unit -- 0.87 milliseconds. 5. P.M. 

Torquer with better than 0.05% linearity and 1 rad/sec peak steady-state torque. 

Unpack it, put it in the system — it's ready to go. Availability — 90 days. Write or 

TWX for detailed test data on the GI- H5 (Norwood 835-U, or field offices listed 

below). 

NORTRONICS 
A Division of 

NORTHROP CORPORATION 

PRECISION PRODUCTS DEPARTMENT 
NOR WOOD, MASSACHUSETTS 

Field Offices 
Highway #46 2486 Huntington Drive 

Teterboro, New Jersey San Marino, California 
Telephone: AT/as 8-1750 Telephone: ATIantic 7-0461 

TWX-Hasbrouck Heights 871-U TWX-Alhambra 9619-U 
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Like the Stub R, AMPHENOL'S new POKE "R" lightweight 
environmental connectors offer "plus" features above and 
beyond the minimum established by specifications. It offers 
you the added advantage of removable crimp type contacts 
that simplify wiring, assembly, circuit modification and re-
assembly if necessary. 
Due to special design, Poke "R" will also pass "Altitude 

Immersion" in addition to meeting R requirements of MIL-C-
5015D. 

Cituk then ea imp/that au! 
CRIMP TYPE CONTACTS eliminate solder and electrical problems 
from poor solder techniques. 

OPEN INSPECTION . . . crimped contacts can be inspected before 
being poked home into connector. 

FASTER ASSEMBLY . . . contacts shipped separately from connector 
. . . permitting fast crimp wiring by hand or machine. 

EASE OF REPLACEMENT . . . removability of contacts allow re-loca-
tion of circuits without replacing connector. 

HIGHER ELECTRICAL SAFETY . . . using crimp contacts eliminates 
the chance of solder overflow to short contacts. 

METAL TO METAL BOTTOMING provided by construction of grommet 
clamp reduces possibility of compression set. 

LOWER ASSEMBLY COST . . . Grommet removal is not necessary for 
either assembly or disassembly, reducing handling and produc-
tion time. 

IMPROVED RELIABILITY of wire termination due to crimping of con-
tact with AMPHENOL four-indent crimp. 

THREE SHELL STYLES ARE AVAILABLE . . . MS3100, MS31.01 AND MS3106 IN 

SIZES 10SL THRU 36. 

Remember . . . AMPHENOL provides the best and biggest inte-
grated line of connectors and cables in the world. 

*Reg. TM. 

(AM PHENOL CONNECTOR DIVISION 
1830 S. 54TH AVE., CHICAGO 50, ILLINOIS 

NEWS 
ft New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your IRE affiliation. 
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units are rated at 60 volts maximum with 
a resistance as low as 40 ohms at 100 foot 
candles. 

The standard " 1. - line consists of seven 
types, five of the Cadmium Sclenide 
variety and two of Cadmium Sulphide. 
They provide a choice of resistance, speed 
and spectral response to suit most applica-
tions. The new units also provide a power 
dissipation range to 4 watt, continuous, 
and high ratios of light to dark current 
even at low light levels. They are available 
in the three package configurations of the 
400, 500 and 600 series, ranging in diame-
ter from 0.25 to 0.5 inch and in length 
from 0.5 to 1.0 inch. Prices range from 
$1.15 to $4.00 depending upon quantity. 

All design parameters are stable and 
closely controlled. Literature is available 
direct from the manufacturer. 

Slotted Line 
Impedance Meters 

A new line of precision instruments to 
provide reliable and accurate VSWIZ 
measurement on the larger waveguides in-
cluding the WR2300 and W1(2100 types 
has been announced by Schutter Micro-
wave Corp., 80 E. Nbintatik Highway, 
Lindenhurst, N. Y. 

The instruments are designed with 
adjustable mounts for ease of alignment, 
incorporate ball bearing carriages for 
smooth probe travel and are rugged in con-
struction to insure long life operation. 

These units are offered at compara-
tively lower cost and with prompt de-
livery. Additional information on those 
instruments such as graphical, technical 
data and cost schedules may be obtained 
directly from the company. 

Crystal Filters 
Systems Inc., 2400 Diversified Way, 

Orlando, Fla, engaged in electronics since 
1956, introduces its newest family of prod-
ucts, precision crystal filters. 

(Continued on page 1724) 
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NEC microwave carrier terminal equipment 
with transistor reliability 

4-boy array of NEC 120-channel terminal equipment for microwave links 

Communications Systems / Electronics 

This fully transistorized carrier 

telephone equipment for 

microwave links provides 120 

toll quality telephone channels. 

Characteristics meet or sur-

pass all CCITT requirements. 

It offers these advantages 

over conventional tubed e-

quipment: 

• 90% reduction in power consump-

tion 

• Lower operating temperature 

• Less floor space 

Increased reliability, resulting in 

lower maintenance costs. 

Each 300 — 3,400 c/s tele-

phone channel can accom-

modate 24 voice-frequency 

telegraph channels operated 

at a keying speed of 50 bauds. 

NEC will also make available 

within this year 600-channel 

transistorized equipment. 

A part of print- wired channel translating unit 

Nippon Elect& Co., La Tokyo, ,a, 
Wescon Show Booth No. 2412-2413 
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Super-Temp 

FOR A COMPLETE LINE OF 

COAXIAL 
CABLES 
Any high temperature coaxial cable 
... military or commercial ... Teflon* 

or polyethylene. You design it, or we'll 
help you! Either way, you get it faster 
from Super-Temp. 

ALSO: Miniature Cables, Jumbo Cables, Tapes 
Magnet Wire, Airframe Wire, Hook-up Wire 

Teflon or Silicone Rubber Insulations 

' DUPONT'S TEE RESIN 

saverwte WITH supeliffif 
American Super-Temperature Wires, Inc. • 
10 West Canal Street, Winooski, Vermont • UNiversity 2-9636 • 

General Sales Office: 195 Nassau St.. Princeton. N.J. • WAInut 44450 
A Subsidiary of Haveg Industries. Inc. • 

See us at the WESCON Show—Booth No. 324 

BOESCH 
subminiature 

toroidal 
coil winders 

BOESCH. 

MODEL SM 

Free! Send for 1960 
Catalog. 100 pages of 
valuable data. 

NEW PAINITOR 

SM winds 1/16" I.D. toroids. New MINITOR 
winds 1/32" I.D. Write for complete data. 

BOESCH MANUFACTURING CO., INC., DANBURY, CONN. 
See a demonstration—WESCON SHOW—Booth 231 

woes and semi-conductors. 
Over 5000 types always in stock at E. T. S., 
world's largest tube and transistor specialist. Special purpose, 
Transmitting, Receiving. Allimportant brands. Name the type, 
name the brand, name the quantity— we have it. Famous nation-
wide service— fast delivery anywhere. Get your free subscription 
to the E.T.S. Bulletins for authoritative, up-to-date new-item and 
new-availability news—write on your company letterhead today. 

ELECTRONIC TUBE SALES INC. 
74 Cortlandt St., New York 7, N. Y. BA,lay 7-4140 TWX-NY1-404.2 

NEWS 
New Products 
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SYSTEWS INCORPORATED 

Crystal filter 
MODEL 140.13P • 10000 • 40 

.41111111111111111111111111I 

.rypical of the filters offered is this new 
10 me band-pass filter No. BP- 10000-40. 

Developed for application in transistor-
ized IF amplifiers, the BI'- 10000-40 is 
manufactured to meet applicable MIL 
specifications—operates from — 55°C to 
65°C in salt laden atmosphere. The her-
metically sealed unit is capable of with-
standing 50 G shock. 

Specifications: Center frequency, 10 
tic; 6 db bandwidth, 36 kc; Stopband re-
jection. 70 db; Ripple, 0.5 db; 60 db band-
width, 80 kc maximum; Dimensions, 
r>or X2"; Tab mounting for printed 
circuit board applications. 

Checkout Equipment 
Brochure 

Packard Bell Electronics, 12333 W. 
Olympic Blvd., Los Angeles 64, Calif., has 
released a new brochure entitled "Auto-
matic; Electronic Checkout Equipment," 
which is available to all interested engi-
neers. The design, development and pro-
duction of this equipment is based on 
Packard Bell's experience on the Thor and 
Polaris missiles programs in addition to 
test and other checkout equipment. 
Brochure is available on request. 

Solderless Waveguide 
Flanges 

Microtech, Incorporated, M illda le Rd., 
Cheshire, Conn., a subsidiary of Talley 
Industries, Inc., announces the develop-
ment of waveguide flanges which are at-
tached to the wayeguide without soldering 
or brazing. 

According to George R. Houk, presi-
dent of the firm, this new flange has elec-

(Cvntiowed on rage 174A) 
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The Sanborn "650" is the first complete multi-channel high-speed 
optical recording system with medium gain general purpose amplifi-
cation for each channel. Either the 8-channel amplifier or the recorder 
may be used separately. Together they provide a max. sensitivity of 
2.5 mu/in and a frequency response of DC to 5000 cps (within 3 db at 
4 in peak-to-peak) in a multi-channel "direct writing" system. 

MODEL 658-3400 GENERAL PURPOSE AMPLIFIER. Here is the first sensitive 
multi-channel amplifier designed specifically for use with high frequency 
optical galvanometers — those in the Sanborn "650" and any similar 
recorder. The single chassis has 8 separate channels, each one com-
plete from floating and guarded signal input to galvanometer output. 
They include front-end modulator and input transformer, medium 
gain carrier amplifier, demodulator, filter and driver amplifier. An 
internal pre-emphasis circuit increases galvanometer frequency range 
from 2000 cps to 5000 cps in the "650" recorder. The all transistorized 
circuitry is mounted on easily serviced printed plug-in cards. The 
Amplifier chassis has an output transfer chassis on the rear which 
simplifies coupling to optical recorders of other manufacturers. 
External damping resistors are easily added when required. 
Specifications: Sensitivity: 7.2 ma/mv input, max. . . . Attenuation: 
X2, 5, 10, 20, 50, 100, 200, 500, 1000, 2000 . . . Common Mode Per-
formance: tolerance — 500 volts max; rejection — 140 db for DC. 
Input Resistance: 100,000 ohms all ranges floating and guarded. 

MODEL 650 1- TO 24-CHANNEL OPTICAL RECORDER. The Model 650 Re-
corder provides high frequency direct writing recording, flexible 
housing and wide application possibilities. It may be used separately 
with from 1 to 24 plug-in type galvanometers of various natural 
frequencies. When used with the 658-3400 Amplifier, the recorder is 
equipped with eight 2000 cps galvanometers — extended to 5000 cps 
by the amplifier pre-emphasis circuit — for wide range, high speed, 
wide deflection recording. The recorder has nine electrically con-
trolled (local or remote) chart speeds, beam interrupters for trace 
identification, timing lines at 0.01 or 0.1 sec intervals; amplitude 
lines with manual washout from WI, M, % or all of the record; full 
chart width deflection for each trace and trace overlap. 
Specifications: Input Sensitivity: 17.5 ma/inch (with 2000 cps 
galvanometers) .. . Chart Speeds: 0.25, 0.5, 1.0, 2.5, 5.0, 10, 25, 50 
and 100 inches/second . . . Dimensions: 19" wide by 17h" by 16 
deep . . . Weight: approx. 120 lbs. (Data subject to change without notice) 

,L,1,4441, 

'"; 44142..e‘j-tett):..1 
L- -' -

8-channel Amplifier 

+ 
--AillMllw-.'..:-.., 

1\----•'" i• r" 

swot* 
tass•osi` 

2000 cps Optical Recorder 

a new 
0 to 5000 cps 
direct writing 
system 

SANBORN "650" SERIES 

Complete data is available from Sanborn 
Sales-Engineering Representatives located in 
principal cities throughout the United States, 
Canada and foreign countries. 

s1J E3 0 Ft NI 
ICc IVI Fe A NI '1F 

INDUSTRIAL DIVISION 

175 Wyman Street Waltham 54, Moss. 

At the WESCON SHOW — Booths 608-609 
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GRANT "SELF-ALIGNING" SLIDES 
SAVED ONE MANUFACTURER 

Mitt Itt If Witt It t PM 
ttfttttiftttifitt#### 

40 MAN HOURS OF SHIM-TIME! 
NOW, you can stop using shims. Time and labor saving Self-Aligning 
slides compensate for cabinet or chassis construction inaccuracies by 

an exclusive "built-in" design feature which results in slide action of 

the same efficient degree as within ordinary, wholly square chassis. All 

Grant Self-Aligning slides meet military specifications for material and 

finish. Load ratings on Grant Self-Aligning slides are the same as those 

for regular Grant slides. 

Grant Self-Aligning slides are manufactured under U.S. Pat. No. 2,370,861. 
We'll be pleased to send you additional data on request 

S GRANT INDUSTRIAL SLIDES 
Grant Pulley & Hardware Corporation 

Eastern Division/43 High Street, West Nyack, N.Y. 
Western Division/944 Long Beach Ave., Los Angeles 21, Calif. 

11111 It Filoctioll... 
... below ambient ... above ambient? 

Speed the evaluation of large components, test equipment, and rack-
mounted units with Delta Design's Model 7000A Temperature Chamber. 
There's no waiting, no lost minutes, while a stationary oven handles other 
jobs. The conveniently portable 7000A offers an unmatched test-volume-
to-overall-volume ratio ... over 3,000 cu. in. of work space ... auxiliary 
automatic cycling between hot-cold temperatures in the —100 to 500 F. 
range. Accurate to one half of one degree F., the Model 7000A offers the 
ultimate in dependability, convenience and space economy . . . at a 
modest capital investment! 

DELTA DESIGN, INC. I SAN DIEGO CALIFORNIA 
I 

For information, write, wire or telephone: SALES OFFICE: 7460 Girard Ave., La Jolla, Calif. 

GLencourt 4-1185 • TWX: La Jolla, Cal., 6453 

NEWS*, New Products 
•IIINTROMILIO6.7  

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

(Continued from page 172A) 

trial characteristics equal to its equiva-
lent brazed flange. The flanges called 
"EAsv-TAcH," can be attached to wave-
guide by inexperienced personnel using 
Allen wrenches. In addition to being 
mechanically and electrically equivalent, 
the flange is also pressure tight. After 
assembly, the flange joint will stand 
greater than 230 lbs. straight pull. 

They are ideal for field installations 
since assemblies can be fabricated on the 
spot. 

First models produced are ETP-137 
plate and ETC- 137 choke equivalent to 
UG-344/U and UG-343/U respectively. 
They will be available in either aluminum 
or brass. 

Multiplier Phototube 
Research and development by the 

Electronic Tube Div., Allen B. DuMont 
Laboratories, Inc., 750 Bloomfield Ave., 
Clifton, N. J., has been carried out to pro-
duce eight-inch virtually flat end-window 
multiplier phototubes for low level radia-
tion counting on the entire human body 
or other large surfaces. This type of tube 
also has extensive industrial applications 

(G.,11med on ye 
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In addition to their "greater-than" conver-

sions at high temperatures, the new Bulova 

Servo Amplifiers promise maximum flexi-

bility in systems design with a minimum 

of ounces and inches. 

The all- silicon transistors potted in these 

amplifiers assure continuous operation 

from-50°C. to + 125°C. and provide maxi-

mum wattage output per unit volume and weight. Under varied 

and severe environmental and operating conditions, Bulova 

BULOVA 
,r 

SERVO 
AMPLIFIERS 

B U LOVA 
r ,1 ELECTRONICS 

DIVISION 

unit suited to your 
Department 1671, Bulova Electronics, Woodside 77, New York. 

q r 

« 

Servo Amplifiers exhibit outstanding per-

formance, portray the following charac-

teristics: shock and vibration resistance, 

thermal and electrical stability. 

If your requirement for a 3.5, 6 or 12w 

servo amplifier is a little more sophisti-

cated, a bit more demanding than the 

average, take it to Bulova. There's a stock 

needs and budget. For additional data write 
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A CRITICAL LOOK AT THE PROBLEMS OF EFFICIENT 

ELECTRONIC COOLING UNITS. There's a lot of solid engineering in the 
business of cooling electronic equipment efficiently, quietly, to precise requirements. 

It takes more than a catalog and the best wishes of the supplier. 

Torrington capabilities in this highly specialized field of air moving requirements offer 

the most extensive experience and the finest facilities available ... plus service. THIS 

MEANS Torrington technical service representatives in the eastern, central and western 

areas— at your beck and call. IT MEANS upward of a million dollars of investment in 

laboratory, design and experimental facilities — yours to utilize. AND IT MEANS a 

complete engineering approach to your problem of tailoring the right cooling unit to 

the total electronic system design. 

*MSA-7861 centrifugal blower unit used on B52 bomber and Boeing 707 transport 

"THE TORIRINGTOem maelueetc-rummia COINIEDINenr 
SPECIALTY BLOWER DIVISION Torrington, Connecticut 

fill*  NEWS New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mentIon your IRE affiliation. 
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When.' light-gathering power is 
necessary. The fiat end screen of large 
diameter permits emtellent optical coup-
ling to conventional large size scintillation 
crystals. Initial prototypes of the tithe 
K 1979 , wm, dcvelup"I with wi th itittal 

operation front the contractor, the Neu 
1-orl: Operations Office of the .\ wink 
Vitergy Cum under contract 

,-1336. The pit ru  pus arc under - 
going evaluation. 

I )11\ 10111'› Tel' Di V ¡ SIMI Of 
emphasize that these prowl pets are in-
terim products in a continuing ( 1(.‘clop 

ment program, and that further refinement 

,111,1111 II Pel!li• le- S. I ) 

The Transmission of 

Light on BODNAR 

PANELS, DIALS AND 

KNOB ASSEMBLIES Is 

Selectively Controlled 

To Provide Maximum 

Legibility and Uniform 

Illumination. 
• 

BODNAR Flush Mark-

ing Illuminated Panels 

Dials And Knob As-

semblies Qualified To 

MIL- P-7788A. 

We'll be glad to 

tell you about 

it in our 

new brochure 

write to . . . 

1 I IL à e N. A 
PRODUCTS CORP. 

238R Huguenot Street • New Rochelle, New York 

NEw Rochelle 6-4664 
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FBANB 
ggAt SHUREE 

8,200mc to 12,100/tic Frequency Range 

Advanced Features 
Include: 

ELECTRONIC SWEEP 

AUTOMATIC GAIN CONTROL 

DIRECT READING 
FREQUENCY DIALS 

"If a man's work be true and good...challenging comparison will be his strength." 
gateid Wiser4bu 

The FXR Model X775A X-Band Sweep Signal Source, challenging comparison, is unsurpassed for the 
measurement of VSWR and reflection coefficient. The Model X775A utilizes a permanent magnet BWO 
as the rf source. A unique built-in AGC amplifier produces a flat rf level, with respect to a bolometer 
detector, over the entire swept frequency range. Both ends of the swept frequency range can be accurately 
preset on separate direct reading frequency dials. 

Specifications for the FXR Model X775A: 

• FREQUENCY RANGE: 8,200mc to 12,400mc. 
• SWEEP RATE (RESOLUTION): 300mc/sec to 300kmc/sec, linear with time. 
• SWEEP WIDTH: to 4,200mc, direct reading, continuously adjustable. 
• OUTPUT TYPES: cw, square wave modulation ( internal 800cps to 1,200cps). 
• OUTPUT POWER: 0 to 20mw minimum cw into matched load, continuously 

adjustable. With AGC-detected output flat to -±- 0.5db 
(when used with matched bolometers and directional 
couplers). 

• FREQUENCY DIAL ACCURACY: -± 1 — fixed frequency operation ( at specified 
grid voltage). 
-±-2% — sweep frequency operation. 

• OUTPUT CONNECTOR: 1 X 1/2 waveguide. 
• POWER REQUIREMENTS: 115/230V, 50/60cps, 200 watt. 
• DIMENSIONS: 12 7/8 " high X 21 3/4 " wide X 18" deep. 
• WEIGHT: 78 lbs. 

For more details, 

contact your FXR representative. 

F X It, Inc. 
;sign • 1,,ianuLaccurc • Development 

25-26 50th STREET 

WOODSIDE 77, N.Y. 

Precision Microwave Equipment High-Power Pulse Modulators High-Voltage Power Supplies Electronic Test Equipment 
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of materials and other structural changes 
are expected in forthcoming versions. 

The type K1979 as delivered under the 
contract is a 10-stage multiplier photo-
tube with a photo cathode of S- I 1 spectral 
response. Its steel cone reduces radioactive 
background oc nint and affords partial mag-
netic and electrostatic shielding. It fea-

tures a focusing electrode (shield) for opti-
mum photoelectron collection. 

Tentative specifications are available 
and requests are invited dealing with 
modifications of the existing type. Write 
Electronic Tube Sales Dept., Allen B. 
Du Mont Laboratories, Inc. 

Stereo Mono Recorder 
A new combination stereophonic/mon-

ophonic recorder, the Model 354, was 
introduced by Ampex Professional Prod-
ucts Co., Redwood City, Calif. The 354 
will record and reproduce two track stereo, 
two track 1110m) ( for full track use), or half 
track mono; providing essentially two pro-
fessional recorders in om--stereophonic 
and monophonic. The price of the Alodel 

for the money 

1111111111111\ 

ask Ampere' 

about hi-ti tubes 

for hi-fi Circuitry 

circuit by tubes by , 

A o Ampereie 

High fidelity manufacturers arc vigorous competitors, 
but in this one respect the quality leaders are unanimous 
—to fulfill the great expectations of the original drawing-
board concept, they use tubes by Amperex! 
PACO engineers designed a 40-watt stereo preamp-

amplifier kit that would provide remarkable flexibility. 
Their next step was to assure high gain, inaudible hum, 
noise and distortion, plus optimum dependability. In the 
PACO SA-40, the total concept became a reality—with 
three Amperex 12AX7/ECC83's and four 7189's. 
These and many other Amperex 'preferred' tube types 

have proven their reliability and unique design advan-
tages in the world's finest audio components. 

Applications engineering assistance and detailed data 
are always available to equipment manufacturers. Write: 
Amperex Electronic Corp., Special Purpose Tube Divi-
sion, 230 Duffy Ave., Hicksville, Long Island, New York. 

AMPEREX TUBES FOR 

POWER AMPLIFIERS 
6CA7/EL34: 60 w. distributed load 
7189: 20 w., push-pull 
611135/EL84: 17 w., push-pull 
6CWS/EL86: 25 w.; high current, 

low voltage 
606111/ECL82: Triode-pentode, 8 w., 

push-pull 

VOLTAGE AMPLIFIERS 
6267/EF86: Pentode for pre-amps 
12AT7/ECC81: Twin triodes, low 
12At17/ECC82: hum, noise and 
12AX7/ECC83: microphonics 
6BL8/ECF80: High gain, triode-

pentode, low hum, noise and 
microphonics 

QUALITY HIGH-FIDELITY AUDIO APPLICATIONS 

RF AMPLIFIERS 

6E68: Frame grid twin triode 

GEM Frame grid shielded triode 

6EH7/EF183: Frame grid pentode 
for IF, remote cut-off 

6E17/EF184: Frame grid pentode 
for IF, sharp cut-off 

6AIDI/ECCI15: 
Dual triode for FM tuners 

SOCIVEBF89: Duo-diode pentode 

RECTIFIERS 

6V4/E280: Indirectly heated, 90 mA 

6CA4/E281: Indirectly heated, 150 mA 

SAR4/6234: Indirectly heated, 250 mA 

INDICATORS 

6FC6/EM84: Bar pattern 
IM3/01.170: Subminiature "excla. 
maton - pattern 

SEMICONDUCTORS 

2N1517: RF transistor, 70 mc 

2N1516: RF transistor, 70 mc 

2N1515: RF transistor, 70 mc 

IN 542: 
Matched pair discriminator 
diodes 

11187A: 
AM detector diode, 
subminiature 

354, unmounted, is $ 1775.00, $300 above a 
monophonic Ampex recorder. 

Features include smaller size, greater 
operating convenience, lighter weight and 
lower cost. Smaller size now permits a 
stereo-console model. a portable model 
with room for mixer or other accessories, 
or rack mount in smaller space. Greater 
operating convenience and control is made 
possible by front panel adjustments of 
bias, record equalization and playback 
level, eliminating need to remove elec-
tronics from console or case. New record 
selector switch, side-by-side positioning of 
VD meters, and record level reset indica-
tors are among the other features giving 
the operator speedier, more complete con-
trol during recording sessions. The tape 
transport is the same used throughout the 
350-351 series which has proven itself with 
more than 9000 units. 

Accessories to the Model 354 include a 
four position stereo/mono mixer. remote 
control unit, plug-in equalizers, plug-in 
input units and plug-in microphone pre-
amplifiers. 

Transistor Curve 
Generator 

Trans-Western Electronics, formerly 
Western Instruments, P. O. Box 1473, 
Ventura, Calif., has designed a transistor 
curve generator to generate a collector 
curve for low and medium power transis-
tors. The Model 81 generates a single curve 
in the grounded-emitter configuration for 
display on an external oscilloscope. The 
unit supplies collector voltages continu-
ously variable to 40 volts, base currents 
from 20 microamperes to 10 milliamperes 
and provides collector currents from 200 to 
500 nia. The unit operates from a 117 volt 
ac source and requires no batteries. 

Availability: 30 days. Price is $ 118.50. 

(Cootie, nod on two' lSo..1) 
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AT WESCON—BOOTH 728 

"Then," as it refers to the electronics industry, means... 
"just a very few years ago." The radically swift advances 
made in those few years have changed the whole concept 
of component design and performance. 
Capacitor users will find the new capacitors which modern 

circuitry demands at Pyramid Electric Company, where 
miniaturization with highest reliability are among our 
proven engineering and production accomplishments. A 
few of the modern capacitor products are shown here. 

type TAD... solid tantalum high reliability capacitors. 
They are available in a wide range of sizes and values, 
are hermetically sealed, and have a long shelf and 
operating life. 

—80°C to +85°C 
temperature range: + 125°C (with derating) 

Write for bulletin ET-7 

• PYRAMID (Ifrt :3_ 

_ 

t- 10-5C 

type MLE... true miniature electrolytic capacitors. 
They are metal clad of all-welded construction, made 
to last ten years or longer. 

temperature range: —40°C to +85°C 

Write for bulletin EL-6 

For full details write or call: Sales Department S-100 

«,130 

type TAK-H . . . wet electrolyte tantalum capacitors 
with built-in rugged construction, seep and vibration 
proof, and made to meet specifications MIL-C-3965. 

Write for bulletin ET-8 

1.44YI:AR 107 

type 107... Myla r* dielectric capacitors— the smallest 
film capacitors made. Non-hydroscopic polyester die-
lectric and wrapper with thermosetting resin end seals. 

temperature range: —55°C to + 125°C 

Write for bulletin MY-2 
*Mylar—reg. duPont TM 

ELECTRIC ORANGE STREET, DARLINGTON, SOUTH CAROLINA • In COMPANY ziaonreaan: vEVxmpo.i%)nhgeridolmtdp.,a8n9y00413 nigruzdSwtareyetilMewons7oerakl .13Exeir\!:• 
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GPT-40K 

• 4 to 28mc. 

• 40,000 watts PEP 

• ALDC 

• Filtered air 
cooling 

• Semi- pressurized 
cabinet 

• Safety interlocks 
throughout 

AN/FRT-40 

• ISB* 

• SSB* 

• DSB* 

• CW 

• AM 

• FS 

• FAX 

*Suppressed carrier 

40,000 WATTS 
SEND FOR 
BULL (TIN 
206C 

The TMC transmitter, Model GPT-40K, is a completely self contained 
unit including all power supplies and ventilating equipment. All com-
ponents are housed in four modular assemblies occupying only 40 
square feet of floor space. 

The transmitter includes equipMent for immediate monitoring and 
testing of all vital operating points. 

To provide for complete flexibility in operation, 1 Kw or 10 Kw out-
puts are readily available for reduced power or emergency operation. 

The unit is available with or without synthesizer control. 

THE TECHNICAL MATERIEL CORP. 
MAMARONECK, NEW YORK 

now. 

the perfect 

combination for 

Low Cost 

Pre-Insulated Splicing 

Booth 2319 

WESCON SHOW—August 23-26 

Los Angeles 

Buchanan "WIDE-RANGE" 
Pre-Insulated Splice Caps 

Just 1 size for 2 # 18, 2 or 3 
#16, 2 # 14, 1 # 12 with 1 
# I 4 — or equivalent 
combinations. 

Tough see-thru Nylon. High 
insulating value. Easy 
inspection. 

Buchanan 
Ratchet-Controlled 
tri-SURE-tools 

Just 1 size — Hand or Pneu-
matic. Fast acting — no adjust-
ments — no wire twisting — 
load either side — splice caps 
self-positioning. 

Exclusive three-indent rolling 
action crimp provides peak per-
formance — no puncturing of 
insulation. 

UL & CSA approved — 600 V. 
max. bldg. wire; 1000 V. max. 
in fixtures— to 105°C. Also 
UL approved for 1000 V. max. 
in electric signs. a 

Write for 
descriptive bulletin R-8. 

mum 
ELECTRICAL PRODUCTS CORPORATION 

HILLSIDE, NEW JERSEY 

NEWS 
New Products 

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

(Continued from page 178.4 , 

Non-Overload Amplifier 
A new low-cost N-371 linear non-over-

load amplifier with integral discriminator, 
has been designed primarily for use in roil-
Ii te scintillation or proportional counting 

-.tenis by Hamner Electronics Company, 
Inc., P. 0. Bu \ 531, Princeton, N. J. 

'Me amplifier operates linearly over a 
full 100 volt output range so that a stand-
ard pulse height analyzer can also be 
driven. Overloud protection is provided so 
that when combined with Ilanmer's N-60I 
or N-603 single channel analyzers, spec-
trum analysis work can be performed. 

Amplifier specifications are as follows: 
Gain, 7000; Pulse Shaping. Double RC 
Clipping; Linearity. Better than 0.2%, 
1 100 volts; limo and Noise, Less than 
I. volt peak to peak at ma•initun gain. 

Discriminator specifications are: 
Range, 3-100 volts by 10 turn helipot: 
Linearity, 0.5%, 3-100 volts; Resolving 
Time, Better than I ps. 

The N-37I is available from stock at a 
price of 849(1. For detailed specifications 
please contact the lirm. 

Constant Voltage 
Transformer 

Freed Transformer Co., Inc., is now 
offering a 60 cps 500 va constant voltage 
transformer with an input of 95 to 130 

' volts and an output of 115 volts. This unit 
has a line regulation of ± I 4%. 

The transformer can be hermetically 
sealed for military applications. For 
further information on this and other con-
stant voltage transformers, write to the 
firm. 

(Continued on pope 182.4) 
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Proven, Dependable, Rear- Projection Type 

DOIDOOCI 
A Model and Size for 
Your Every Requirement 

DIGITAL 
DISPLAYS 

Series lOono 

Series 120000 

OUTSTANDING FEATURES 
• All digits displayed on 

front viewing screen 

• All digits uniform in size 
and intensity 

• High-contrast viewing screen 

• Digit style of your choice 

• Colored digits of your choice 

• Individual units may be 
group assembled for panel 
mounting 

WRITE TODAY FOR 
COMPLETE SPECIFICATIONS 

Representatives in principal cities 

Series 80000 

PRICES 

Series lO000 
19,'," wide 
23/4 " high 
51/2 " long 

$18.00 each 

Series 80000 

31/4" wide 
51/4" high 

11 15/,‘" long 
$33.00 each 

Series 120000 
1" wide 
15/16" high 
37/8" long 
$35.00 each 

Quantity Prices 
On Request 

INDUSTRIAL ELECTRONIC ENGINEERS, Inc. 

uOu 5528 Vineland Avenue, 

North Hollywood, Calif. 

KRYSTINEL 
FERRITES 
a ei 
a 

K-401 

ANTENNA RODS 

Now in production quantities, high "Q" 
ferrite material designed especially for use 
as antenna rods In the broadcast band. 
• excellent magnetic properties 
• stable shock and aging characteristics 
• low " Q" and permeability drift with re-

spect to temperature, consistently uniform 
Krystinel offers a comprehensive line of ferrite 
materials covering a wide range of electronic ap-
plications and frequencies. Write for Technical 
Bulletin Seri, 10. 

KRYSTINEL CORP. 
WE,trno, 9.22fil 

FOX ISLAND RD_ PORT CHESTER, N.Y. 

NewSertschfreq Meter 
MEASURES AND GENERATES: 20 mc to 1000 mc 

ACCURACY: 0.0001%, exceeding FCC requirements 5 times 

MODULATION: AM, 30% at 1000 cps; FM, 1 kc at 30 mc 
5 kc at 150 mc, or 15 kc at 450 mc max. 

This portable instrument in one complete package enables you to measure 
both frequency and frequency deviations in the maintenance of mobile com-
munications systems. 

As optional equipment the FM-7 Frequency Meter can be combined 
with the new DM-3 Deviation Meter as illustrated. The DM-3 is a dual-range 
deviation meter with 15 kc and 7.5 kc full scales. 

By combining the FM-7 and the DM-3 you get a single instrument 
capable of measuring and generating carrier frequencies plus reading peak 
modulation deviation. 

Write for complete literature. eertsd 
GERTSCH PRODUCTS, Inc. 

3211 South La Cienega Boulevard, Los Angeles 16, California • UPton 0-2761 - VErmont 9-2201 

See us at the WESCON SHOW Booths # 801-02 

For the latest advances in data illumination, read: 

1611 
T---;----leh1-1c,111-;eredrem 

DIALIGHT 
CORPORATION 

60 STE WART AVE., BROOKLYN 37, N.Y. 

HYACINTH 7-7600 

Foremost Manufacturer of Pilot Lights 

DIALCÓ 
The only Brochure devoted especially to 
visual indication by means of read-out 

lights, data display, placard lights, word 
and number discs, lenses- with-legends, etc. 

Applications: data processing, computers, 
automation, motor-controlled devices, 

automatic merchandising ... Comprehensive, 
colorful. For a free copy, mail coupon now. 

DIALIGHT CORP. 
60 Stewart Ave., Brooklyn 37, N.Y. 

Please send copies of "Lights that Enlighten". 

IRE-860 

Name  

Position 

Company  

Address  

 Dept 

City Zone State 

Booths 726-727 at the Wescon Show 
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PROFESSIONAL CONSULTING SERVICES 

Advertising rates 

Professional Consulting Service Cards. 

I insertion S 25 00 
12 insertions SI80 00 

50% discount to IRE members on 3 o- more 
consecutive insertions. 

In IRE DIRECTORY $25.00 flat rate. 

I inch emir, no cuts or display type. 

New rate effective January 1961 

I insertion 530.00 

12 insertions $240.1313 
50% discount to IRE members on 
3 or more consecutive insertions. 

In IRE DiRECTORY $30.00 flat rate 

Advertising restricted to professional engineer-
ing and consulting services by individuals only. 

No product may be offered for sale, and firm 
names may not be mentioned in cards. 

Transistor Circuits 
ALBERT J. BA RACKET 

MS IN EE & Staff 
Development, and design of transistorized and 
standard regulated power supplies; broadcast 
and closed circuit TV camera and synchronizing 
circuitry both military and commercial. 
36 Commerce Road Cedar Grove, N.J. 

CEnter 9-6100 

E. J. BETINIS 
Consultation in Mathematical Problems 

of Physics and Engineering 
Applied Mathematics • High-Speed 

Electronic Computation 
5800 W. 95th Street 
Oak Lawn, Illinois NEptune 6-0250 

W. J. BROWN 
& staff 

Fel.AIEE., M.IEE., Sen.Mem.IRE 
INTERNATIONAL CONSULTANTS 
35 Years Executive Electrical Engineering 

Experience in U.K. and U.S.A. 
71 Gurley Rd., Stamford, Conn., U.S.A. 
Cables—Browninter Stamford, Conn. 

DAvis 4-4602 DAvis 4-4876 

MARKET DEVELOPMENT* 
A. D. Ehrenfried and associates 

Technical product planning—product and 
market evaluation—market development 
programs—all by graduate engineers. 

IRE/PGEM paper 

Concord, Massachusetts EMerson 9-5500 

M. D. ERCOLINO 
Antenna Laboratories and Engineering 

Staff 
Consultation and Development 

Antennas, Systems, Baluns, Rotators, 
Rotatable Antenna Masts 

Asbury Park, N.J. PRospect 5-7252 

HORST FUNFSTÜCK 
Electronics Consulting Engineer 

Engineering Asistance • Test Equipment de-
sign • Technical translations ( Span. & Ger-
man) • Foreign Market Research (South 
America á Europe) • 

7521 Paso Robles Ave., Vas Nuys, Calif. 
Dickens 2-4945 

Transistor Circuits—Digital Systems 
Prototype Design and Construction 

EARL GREENBERG 
& associates 

Digital and Pulse Circuits—Feedback Amplifiers 
Power Supplies—Control Circuits—Special 

Electronic Devices 
Logical Design—Magnetic Memory Systems— 
Programming and Computational Services 

9-20 166th St., Whitestone, N.Y. Hickory 5-2459 

CLYDE E. HALLMARK 
and associates 

Specializing in Instrumentation—Automatic Con-
trol—Television—General Electronics—Semicon-
ductor & Magnetics Application—Systems Re-
search—Project Evaluation. 

ENGINEERING SERVICE—CONTRACT R&D 
New Haven Indiana 

LEONARD R. KAHN 
Consultant in Communications and Electronics 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Stereophonic Systems 

Television Systems 

81 South Bergen Place, Freeport, L.I., N.Y. 
FReeport 9-8800 

LEN MAYBERRY 
ELECTRONICS CONSULTING ENGINEER 

Laboratories and Staff 

• Test Equipment Design • Proposal Writing 
• Product Design • Engineering Assistance 

Ill South Oak Street ORegon 8-4847 
Inglewood, California 

WS 
New ProNcructsjk 

ru,,,• 

Daly Named V. P. 
of Magnecord 

Hugh J. Dalv has been named vice-
president of Magnecord Sales for Mid-
western Instruments. In his new position 
Daly will be re-
sponsible for the 
sales and market-
ing program for the 
entire Magnecord 
product line manu-
factured by Mid-
western Instru-
ments, 41st & Sher-
idan ltd., -nd. 18, 
Oklahoma. Daly, 
formerly manager 
for Magnecord, 
of Chicago, came to 
Nlidwestern Instruments its 1937. Mid-
western pumhased the assets of Magne-
cord, Inc. in December 1956, and moved 
the operation to Tulsa. The Magnecord 
tape product line was placed into produc-
tion along with Nlidwestern's other elec-
tronic products, and Daly moved to Tulsa 
to become General Sales Manager for the 
Magnecord portion of MI's products. 

Daly, a native of Chicago, has a degree 
in business administration from the Uni-
versity of Kentucky. He served as an 
officer in the Army Signal Corps during 
World War II. His work concerned radar, 
radio and electronics in general. 

EUGENE MITTELMANN, EE., Ph.D. 
Consulting Engineer, Physicist 

ELECTRONICS FOR INDUSTRY 
Analysis. Research and Development 

549 West Washington Boulevard 

CHICAGO 6, ILLINOIS 
CEntral 6-2983 

Telecommunications Consulting Engineers 
"Worldwide Experience" 

V. J. Nexos S. K. Wolf M. Westheimer 
WIRE, CARRIER, RADIO, MICROWAVE, 

TROPO SCATTER 
Feasibility Studies, Terrain Surveys, System De-
sign, Job Supervision, Government Proposals, 
Market Research, Product Planning. 
1475 Broadway, New York 36, N.Y., BRyant 9-8517 

E. M. OSTLUND & associates 
Electronic Engineers 

Radio—Microwave—Carrier— 
Communication—Control— 
Systems and Equipment 

Consulting—Research—Development 

ANDOVER, NEW JERSEY 
Tel PArkway 9-6635 P.E.N.J. 

NATHAN GRIER PARKE 

and staff 
Consulting Applied Mathematicians 
Research • Analysis • Computation 

Bedford Road • Carlisle, Massachusetts 

Telephone EMerson 9-3818 

PAUL ROSENBERG 
& associates 
Established 1945 

Consultation, Research & Development 
in Applied Physics 

100 Stevens Ave.. Mt. Vernon, New York 
MOunt Vernon 7-8040 Cable: PHYSICIST 

MYRON M. ROSENTHAL 
& staff 

Microwave & Electronic Systems 

19 Brookline Dr., North Massapequa, N.Y. 
PErshing 5-2501 

Analysis—Research—Design 
Electronics and Automation 

GARDNER H. SLOAN 
R & D Consultant 

Electrical Engineer, Physicist 

One Story Street Harvard Square 
Cambridge 38, Mass. Eliot 4-0766 

HAROLD A. WHEELER 
Laboratories and Engineering Staff 

Consultation—Research—Development 
Radar and Communication Antennas 

Microwave Assemblies and Components 
Main office: Great Neck, N. Y. HUnter 2-7876 

Antenna Laboratory: Smithtown, N. Y. 

ALEXANDER YORINKS 
CONSULTING ENGINEER 

Mechanical Engineering Services 
Packaging, Proposals, Pricing, Liaison, New 

Development, Product Analysis, Design 
17 Stanwood Road 
New Hyde Park Ploneer 6-2296 

L. I., N. Y. Pioneer 2-9791 
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Burlingame Associates ...   I84A 

... sign here! 

If you want top-quality pots when you need them, you could make 
your own! Of course, you'll need Swiss screw machinery to produce 
the cases necessary to complete the job. So plunge right in — sign up 
for those highly precision screw machines . . . and hang the cost! 

But before you deplete the family exchequer with a grand flourish of 
the pen, come to Ace! We've already taken the plunge, and it's paid 
off. These machines automatically deliver, at high 
speed, cases with mechanical tolerances closer 
than .0002. This also means the most flexible 
production operation in the industry. No sub-
contracted parts to wait for — we design our own 
cams to any special size and shape, and we run 
the cases ourselves, on a 24-hour day basis! So 
for dependable delivery, see your ACErep. 

Here's one of our automatic-production cases, on a servo mount A.I.A. 
size 1-1/16" ACEPOT®. In-plant production on cases up to 6". 

See us at WESCON—Booth 924-925 

ACE 
ELECTRONICS ASSOCIATES, INC. 

99 Dover Street, Somerville 44, Moss. 

SOrnerset 6.5130 TMX SMV1. 181 West. Union WUX 

Acepot® Acelrinr• Acesele Aceohm® ' Reg. Appl. for 
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Wide Band 

Amplifier 

Model 530 

GENERAL DESCRIPTION 

The Model 530 Wide Band Amplifier has 
been designed to fill a need for an ampli-
fier used principally for voltage amplifica-
tion of CW or pulsed signals. 

This model has many applications in the 
laboratory and also for television distri-

bution systems. It may be used to 
increase the output from signal sources 
within its frequency range, and its band-
width of 300 mc's makes it ideal for 
amplifying millimicrosecond pulses. 

PRICE $330. 

SPECIFICAT 

Bandpass 
Voltage Gain 
Input Impedance 
Output Impedance 
Max. Output Power 
(into Matched Load) .08W 
Max Output Voltage 
(into Matched Load) 3.5 Vrms 

Max. Peak Pluse 
Output 

Rise Time 
Dimensions 

Gain Control 
Tube Complement 

INSTRUMENTS FOR INDUSTRY. Inc. 

101 New South Road, Hicksville, L. I., N.Y. 

Advertising \ 

Index   

' 

Burndy Corporation 44A 

Bussmann Mfg. Div., McGraw Edison Co.  32A 

IONS CBS Electronics, Div. Columbia Bdcstg. System 6IA 

10 KC to 300 MC 
18 db 
135 ohms 
150 ohms 

7 V pos. or neg. 
Less than 2x10. sec 
19" front panel- 16" 
wide, 9" deep 31/2  high. 
Power supply included. 
Provided on front panel 
Two cascaded stages of 
eight 6AK5 

',radon.. end:odd-4dr- ndild inn dor noire ' ear- of rd.. odd rondo...don in the field- of • Idid iron', or dolddido- .dre deddideol do drorre rdidlo Mo 

John HOY, in red inforrn.d1 indertdro drool ..... dolrie rroddor odd In, 1,r- dinned. 11.1. 101 Nt.I.'oodad Hord. Ildd 1101. 

)BURHNGHME fiSSÛGIRTES 
EASTERN FIELD ENGINEERS for* 

Se ,,, ny Science and Induory Since 1928 

‘... why bother rigging up a test set-
up? Call Burlingame: they'll tell us 
whether it can be used this way. " I 

• ALLISON LABORATORIES 

• BRUSH INSTRUMENTS 
• DONNER SCIENTIFIC 
• DYNATRAN ELECTRONIC 

CORP. 
• ELECTRO-PULSE, INC. 
• EMPIRE DEVICES 

PRODUCTS CORP. 
• HOU INSTRUMENT 

LABORATORIES 
• HUGGINS LABORATORIES 
• LEVINTHAL ELECTRONIC 

• MENLO PARK ENGINEERING 
• METROLOG CORP. 

• NARDA MICROWAVE CORP. 
• PM CORPORATION 
• SYSTRON CORPORATION 
• VIAYNE KERR CORP 

MAIN 510 So. Fulton Ave. 

Mount Vernon, N. Y. 
OFFICE: 

hitOunt Vernon 4.7 5 30 

Syracuse, N. Y 
GRonite 4.7409 

Philodelphia, PA 
SHerwood 7-9080 

Wolthorn, Moss 
TWinbrook 4-1955 

Washington, D. C. 
Oliver 5.6400 

CAPITOL 
RADIO 

Urti 1:P1:1 NG 
INSTITUTE 

Advanced Home Study and Residence Courses 
in Electronics, Automation and 

Industrial Electronics Engineering Technology 

neg ,te,t voir ref' if011or Mridy 
I School nil aloy ley Ii,',, 

Pioneer in Electronics Engineering Instruction 

Since 1927 

EC I'D A ccreditud 

chnical 

3224 16th St., N. W. Washington 10, D. C. 
piiroreil for Veteran l'rnining 

Capitol Radio Engineering Institute  184A 
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MODEL 74C 

• 100 KC Test Frequency 

CAPACITANCE BRIDGE 
0•00(1. ' I Cie nit MO 100r 

“<e.0018ICS 

PRECISION 3-TERMINAL 

(INSENSITIVE TO GROUNDED CAPACITANCE) 

CAPACITANCE BRIDGES 

• 0.0002-11,000 mml 
Generally 0.25% 

• 1000 ohms to 1000 megohms 
Shunt Resistance 

• 0.001 to 1000 mmhos 
Conductance 

Price $935 

MODEL 74C-S8 (shown) 

• With —5 to + 100V DC Bias 
for Diode Testing 

Price $ 995 

 we->W1frx.de, 

MODEL 75A 

• 1 Mc Test Frequency 
MIL SPEC. TESTING 

• 0.0002 to 1000 gpf 
Generally 0.25% 

• 1000 ohms to 100 megohms 
Shunt Resistance 

• 0.01 to 1000 eanhos 
Conductance 

Price $990 

MODEL 75A-S8 

• With —5 to + 100 VDC Bias 
for Diode Testing 

Price $ 1050 

Boonton ELECTRONICS 
MORRIS PLAINS, N. • Phone JEFFERSON 9-4210 

Corp. 

See Us At The WESCON Show Booth No. 836 
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MegaL•c-yrcie 
Meter. 
Determines resonant 

frequency of tuned cir-
cuits, antennas, transmis-

sion lines, by-pass 
condensers, chokes. 

etc. Measures inductance 
and capacitance. Also used 

as a signal generator, wave 
meter, frequency meter, 

and in many other 
applications. 

This compact, lightweight 
grid-dip meter is available 

in the frequency 
ranges indicated. 

Standard Model 59 
complete $168.00 

UHF Model 
compute 5198.00 

L F Model 
complete $168.00 

Combination all 
ranges $380.00 
F.O.B. Boonton. N.J. 

Write for Bulletin 

Model 59 

Oscillator 

2.2 Mc 420 Mc o 
MEASUREMENTS 

0.1 Mc to 940.0 Mc 

Model 59-LF 

0 sc ill ator 

100 Sc • 4.5 Mc 

A McGraw- Edison Division 
BOONTON, NEW JERSEY 

NEW 
MEASUREMENTS 

Standard Signal 
Generator 

for mobile communications.. 

The Model 560-FM 

Standard Signal 

Generator 

is specifically 

designed to meet 

the exacting 

requirements 

of the Mobile 

Communications 

industry. 

WRITE FOR BULLETIN 

Model 560-FM 

Prue • $640.00 

Model 59- UHF 
Oscillator 

420 Mc - 940 Mc 

111.1.11. In". 4.1V.1.0. • 

me= 
ktASUAEW.PI T.L., 

rim 

• Frequency ranges 25-54, 140-175, 400-470, 
890-960 Mc. 

• Fine tuning control shifts carrier ' 8 Kc. 

• Peak deviation to • 16 Kc. read directly 
on meter. 

• Residual FM less than 100 cycles at 460 Mc. 

• Output 0.1 to 100,000 microvolts accurate 
-±-10% across 50 ohm termination. 

• Excellent stability. 

• Modulation by 1000 cycle internal 
or by external source. 

MEASUREMENTS 
A McGraw- Edison Division 

BOONTON NEW JERSEY 

R E 

111111111i, 
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Consistently Dependable Capacitors 

SOLITAN® 
Cornell-Dubilier's 
truly 
dry 
tantalum 
capacitors 
for 
transistorized 
circuits 

Subminiature Solitan capacitors — truly dry, solid-
state electrolytic capacitors by Cornell-Dubilier — are 
specifically designed for transistorized applications in 
computer and military circuits. Immediately available in 
production quantities, Solitan capacitors offer these out-
standing advantages: wide useful temperature charac-
teristics; remarkable stability of capacitance with time 
and temperature; freedom from corrosion and service 
aging; unusual resistance to shock and vibration; in-
definite shelf life; low dc leakage; low dissipation factor. 
For engineering assistance and complete data on C-D 

CEE 

Solitan tantalum capacitors, write for Bulletin 537 
to Cornell-Dubilier Electric Corporation, South Plain-
field, New Jersey. Manufacturers of consistently depend-
able capacitors, filters and networks for electronics, ther-
monucleonics, broadcasting and utility use for 50 years. 

SPECIFICATIONS AND FEATURES 

• Ratings up to 47 mfd. at 35 volts DC Working, or 330 mfd. 
at 6 volts • Wider useful temperature characteristics within 
range of —80°C to +85°C•Operate at 125°C at derated volt-
age • Freedom from corrosion and leakage • Extremely 
small size . Remarkable stability of capacitance with time 
and temperature • Metal cased, hermetically sealed. 

CORNELL—DUBILIER ELECTRONICS DIVISION 

FEDERAL PACIFIC ELECTRIC COMPANY 



eCOMeCee your VHF-UHF 
Impedance Measurements 

Nothing approaches the G-R Admittance Meter in simplic-
ity, ease of use, versatility, and accuracy for admittance, im-
pedance, and VSWR measurements at frequencies from 20 
to 1500 Mc. 

Its design is basic... three coaxial lines, one containing a 
conductance standard, one a susceptance standard, and one 
for connection to the unknown, are fed from a voltage source 

Type 1602-B 

Admittance Meter ... 

5295 

at a common junction point. Each of the lines contains an 
adjustable loop which samples the field within the line. In 
making measurements, these loops are adjusted for a null 
with the aid of an appropriate null detector. (G-R Type 
DNT Detector recommended.) At null, the settings of the 
conductance and susceptance loops times a multiplying fac-
tor established by a third loop gives the value of the unknown. 

* WIDE FREQUENCY RANGE ... 20-1500 Mc; direct reading from 41-1500 Mc; 
useful for matching to 2000 Mc. 

* DIRECT READING RANGES that are independent of frequency 
Conductance: 0.2 to 1000 millimhos 
Susceptance: *0.2 to * 1000 millimhos 

With 14-wavelength line between unknown and Meter, scales become direct 
reading in Resistance from 1 to 50009, and Reactance from *1 to -moon. 

* EASY TO USE ... no sliding balances to chase ... only three levers to adjust 

* UNCOMPLICATED CONSTRUCTION guarantees long, reliable 
operation and insures that basic * 3% accuracy will be held indefinitely. 

* SMALL, LIGHTWEIGHT, PORTABLE ... ideal for antenna 
measurements 

A tribute to the Admittance Meter's versatility is its use at Grumman Aircraft, 
Bethpage, Long Island. Grumman engineers were faced with the problem of 
making accurate measurements on developmental aircraft antennas without in-
fluencing, by their physical presence, the antenna's radiation pattern or im-
pedance characteristics. As a solution, they mounted an Admittance Meter, a 

Write For 
Complete Information 

* A WIDE VARIETY OF ACCESSORIES available to extend 
versatility: 
Balun for measurements on balanced lines and circuits. 
Component Mount for measuring circuit elements. 
Terminations for measuring reflection coefficient. 
Adaptors ranging from BNC to 31/4 -inch rigid line for 
measurements with any connector system. 

Oscillators and detector systems for complete frequency 
coverage. 

G-R Unit Oscillator, and DNT Detector System inside an aircraft model. Pull 
cords connected to the Admittance Meter's controls were run out to a remote 
point where the operator could make his measurements without disturbing the 
setup. By adjusting the cords and using a surveyor's transit to read the instru-
ment scales, accurate measurements could readily be made. 
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