
$ 

in this issue 

September 1961 
^the 

institute 
of . 
radio 
engineers \ 

IRE INTERNATIONAL ACTIVITIES 

REFLECTIONS OF AN ENGINEER 

TRANSISTOR OSCILLATOR MODES 

T^OISE MEASURE OF AMPLIFIERS 



DELIVERY FROM STOCK UNITS SHOWN ACTUAL SIZE — IMMEDIATE TRANSISTOR TEST CIRCUIT 

All units individually 
checked and adjusted, in 
transistor circuit illustrated, 
to parameters in table. 

MIL type TP6RX4410CZ — METAL CASED 
Manufactured & Guaranteed to MIL-T-21038 
5/16" Dia- X 3/1 6" Ht; Wt. 1 /20 oz. 
Ratio 4:4:1 
Anchored leads, withstands 10 lb. pull test 
Printed circuit use, plastic insulated leads 
Can be suspended by leads or clip mounted 

DEFINITIONS 
Amplitude: Intersection of leading pulse edge 
with smooth curve approximating top of pulse. 
Pulse width: Microseconds between 50% ampli¬ 
tude points on leading and trailing pulse edges. 
Rise Time: Microseconds required to increase 
from 10% to 90% amplitude. 
Overshoot: Percentage by which frst excursion 
of pulse exceeds 100% amplitude. 
Droop: Percentage reduction from 100% am¬ 
plitude a specified time after 100% amplitude 
point. 
Backswing: Negative swing after trailing edge 
as percentage of 100% amplitude. 

APPROX. DCR. OHMS BLOCKING OSCILLATOR PULSE COUPLING CIRCUIT CHARACTERISTICS 

Type 
No. 

1-Brn 
2-Rd 

3 0rg 
4-Yel 

5-Grn 
6-Blu 

Width 
//Sec. 

Rise 
Time 

% Over¬ 
shoot 

Droop 
% 

% Back 
Swing 

P Width 
/i Sec. 

Volt 
Out 

Rise 
Time 

% Over 
Shoot 

Droop 
% 

Back 
Swing 

Imp. 
in, out, 

PIP-1 .18 ¿0 707 .05 .02 ” 0 0 37 .05 9 .018 0 0 12 
50 _ 

PIP-2 '.47 56 .17 .1 .025 0 0 25 1 8 .02 0 0 5 50 

PIP-3 1.01 1.25 .37 .2 .030 2 0 15 .2 7 .035 0 0 5 100 _ 

PIP-4 1.5 1.85 .54 .5 .05 0 0 15 .5 7 .06 0 0 0 100 

PIP-5 2.45 3.1 .9 1 .08 0 0 14 1 6.8 .15 0 0 5 100 

PIP-6 3.0 3.7 1.1 2 .10 0 0 15 2 6.6 .18 0 2 10 100 

PIP-7 4.9 6.05 1.8 3 .20 0 0 14 3 68 .20 0 2 10 100 

PIP-8 8.0 9.7 2.9 5 .30 0 0 3 5 7 9 .22 0 13 25 200 

PIP-9 13.1 ' 15.9 4.7 10 .35 0 5 12 10 65 .4 0 15 20 200 

PIP-100 Transistor pulse transformer kit, consisting of PIP-1 thru PIP-9 in plastic case. --

UNITED TRANSFORMER CORP. 
150 VARICK STREET, NEW YORK 13, N.Y. 

PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF. 
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: "ARLAB" 
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A SIGNIFICANT BREAK-THROUGH 

IN TRANSISTOR TECHNOLOGY... 

The Best High-Power, High-Speed Switching 

Transistors Ever Developed Provide the Optimum 

Combination of Voltage, Power, and Speed 

The Sprague ECDC Transistor is the first to combine the optimum 
features of the electro-chemical precision-etch techniques and dif¬ 
fused collector techniques in one highly-mechanized process. 

The ECDC Transistor meets these 7 conditions for an “ideal" 
transistor: 

1. Very low collector-to-case thermal resistance through the utilization of 
high thermal conductivity material as the collector body, resulting in 
high power dissipation. 

2. Thin base width for high radiation resistance and lower storage time. 

3. Precision-etched emitter pit permits placement of emitter junction at 
proper resistivity for optimum breakdown voltage and frequency response. 

4. High conductivity surface surrounds emitter pit and close emitter-to-base 
spacing results in extremely low base resistance. 

5. Precision-etched collector provides optimum control of collector series 
resistance with attendant low saturation voltage, low storage time, and 
high breakdown voltage. 

6. Low collector series resistance as a result of the use of high conductivity 
material for the mass of the collector area. 

7. The structure and manufacturing processes are suited for automated 
production equipment with immediate in process feedback. 

TYPES 2N2099 & 2N2100 

Sprague's new Types 2N2099 and 
2N21OO are the first registered types 
available in the ECDC Transistor family. 
These P-N-P Germanium Electro-Chemical, 
Diffused-Collector Transistors are espe¬ 
cially designed for high current core 

driver applications. They feature excellent beta 
linearity from less than 1 ma to over 400 ma, high 
frequency response, and low saturation resistance. 
The low-height TO-9 case is ideally suited to meet 
equipment designers' needs. 

For prompt application engineering assist-
Wr anee, write Commercial Engineering Sec-
I 1 tion, Transistor Division, Sprague Electric 
I I I Company, Concord, N. H. 

For Engineering Data on ECDC Transistors, 
write Technical Literature Section, Sprague 

I J I Electric Company, 235 Marshall Street, 
I i i North Adams, Mass. 

♦Trademark of Sprague Electric Co. 

SPRAGUE COMPONENTS 

TRANSISTORS 

CAPACITORS 

MAGNETIC COMPONENTS 

RESISTORS 

INTERFERENCE FILTERS 

PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS 

PULSE-FORMING NETWORKS 

HIGH TEMPERATURE MAGNET WIRE 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 

SPRRGUE 
THE MARK OF RELIABILITY 

'Sprague' and are registered trademarks of the Sprague Electric Co. 
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Several aspects of reliability were discussed in these pages of the April-July, 1959 
issues of the Proceedings. Bob Bernay of the Reliability Group in our Aerospace 
Systems Department describes here a method of testing in which parts are subjected 
to a sequence of environments simulating their ultimate use, and further proposes 
standardized tests for various equipment categories. 

simulated use test for reliability 
One of the more difficult problems in 

designing reliable electronic equipment is 
deciding how to apply basically reliable 
parts in a reliable manner. More is in¬ 
volved than determining if the parts will 
or won't survive; the circuits must be de¬ 
signed to accommodate tolerances and 
shifts in the characteristics of the part 
values. 

AIL has produced a Reliability Tester 
that can be used to substitute limit values 
of parts in a circuit to find out how re¬ 
liable the circuit design is. This article 
tells how we determine these limits. 

A Simulated Use Test is performed by 
taking a sample of parts and putting them 
through all of the handling stresses, en¬ 
vironmental conditions, and operating 
circumstances to be encountered, in the 
sequence in which they normally occur 
in service. Parameter values are moni¬ 
tored. and if the parts don't fail, we have 
accurate data for predicting future be¬ 
havior. Appropriate safety factors and 
tolerances can then be designed into the 
circuits. Statistical techniques, such as re¬ 
gression analysis, are used to obtain more 
information about mean and extreme 
parameter behavior. 

A typical sequence of tests for missile 
or space equipment is: 

Test I— Shock at 60 g. 6 msec dwell 

Test 2— Vibration (5 to 3000 cps) up 
to 20 g 

Test 3—Temperature cycle +80°C to 
— 15°C 

Test 4— Humidity exposure 

Test 5—Operating life ( 1000 to 10.000 
hours depending on the applica¬ 
tion). at typical dissipations for the 
circuits considered and at 25 C 

Part characteristics are tested during or 
after each step. 

This sequence is obviously for a par¬ 
ticular piece of equipment, but a similar 
array of tests can be built up for any set 
of requirements. Even unusual conditions 
such as ultrasonic cleaning or storage in a 
damp cellar for six months can be in¬ 
cluded. Since many people feel that abuse 
during assembly is the most extreme ex¬ 
perience a part will have, handling condi¬ 
tions during assembly can also be added. 

An added advantage is that interaction 
effects, such as seal cracking because of 
shock and the subsequent humidity dam¬ 
age, will show up in the same manner as 
during actual equipment operation. The 
Simulated Use Test is as valid as the simu¬ 
lation accuracy. Figure 1 shows how the 
current gain of a particular transistor type 
varies as a result of these tests and how 
the design limits are derived. 

Figure 1 DERIVATION OF DESIGN TOLERANCE: 1. PURCHASE TOLERANCE In e = 
.’0 to «.0. 2. RANGE OF VARIATION = 0.7 to 1.5. 3. TEMPERATURE FACTOR FOR —55 to 
+ 100 = 0.6 to 1.6. 4. DESIGN TOLERANCE FOR lo t: 

FROM: 0.7 X 0.6 X -’0 = 8.4 
TO : 1.5 X 16 X 60 = 144 

Equipment 
Category 1 2 3 T'5‘ 

Sequence 
4 5 6 7 

Military Ground 
Equipment 
Uncontrolled 
Environment 

Handling, 
shipping shock 
& vibration 

Moisture 
resistance 

Shock & 
vibration, 
operating 

Life, up 
to 50,000 
hours 

Manned Aircraft 
Equipment 

Same Moisture 
resistance 

Salt spray Shock & 
vibration, 
operating 

Pressure, 
operating 
down to 
0.32 in Hg 

Life, up 
to 5000 
hours 

Missile 
Equipment 

Same Mo sture 
res stance 

Shock A 
vibration, 
operating 

Acceler¬ 
ation, 
10 g 

Pressure 
operating 
down to 
4 X 1O-* 
mm Hg 

Life, up 
to 250 
hours 

Space Vehicles Same Mo sture 
resistance 

Shock & 
vibration 

Acceler¬ 
ation. 
10 g 

Nuclear 
radiation 

Pressure, 
operating 
at 10-’ 
mm Hg 

Life, up to 
40,000 hours 

FIGURE 2. PROPOSED STANDARD SIMULATED USE SEQUENCES FOR PARTS 

The Simulated Use Test is quite dif¬ 
ferent from the generally accepted indus¬ 
trial test procedure in which one sample 
is tested for vibration, another for a high-
temperature condition, etc.; in other 
words, one variable is tested at a time. 
The reason for the one-at-a-time test 
procedure is that it is intended as a quality 
control tool, and it was never intended as 
a basis for reliability data applicable to 
use conditions. The Simulated Use Tests, 
on the other hand, provide design, per¬ 
formance. and reliability data that are 
directly applicable to equipment. When 
large enough samples can be tested, the 
data may be used to predict the reliability 
of a specific piece of equipment. 

The objection that such tests are valid 
for only one application doesn't have to 

apply. The majority of electronic equip¬ 
ments in service fall into just a few en¬ 
vironmental and life categories. Several 
arrays of Simulated Use Tests could be 
standardized that would ensure validity 
for most applications. Figure 2 shows 
typical Simulated Use Test sequences for 
various types of equipment. 

If the electronic industry could agree 
on standardized test arrays, we would 
then have a means of exchanging and 
comparing valid and meaningful reliabil¬ 
ity data under operating conditions, 
rather than failure rates as a function 
only of temperature and power or voltage. 

We would appreciate your suggestions 
about the Simidated Use concept. 
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INLAND 
first with solid state 100-watt d-c amplifier 

Inland’s new Model 579.35 d-c amplifier has a high 
power output of 100 watts when used with low im¬ 
pedance loads requiring direct current. And this 
completely transistorized amplifier is packaged 
in a hermetically sealed can only 2'A " x 33/\t" x 2'A 

Designed for use with d-c torquers, in one typi¬ 
cal application Model 579.35 provides 65 db power 
gain between the output of a d-c driver stage and 
the input terminals of a permanent magnet torque 
motor. This amplifier has these outstanding per¬ 
formance characteristics: 

• The d-c output has magnitude and po¬ 
larity proportional to the input signal. 

• All amplifier circuits use a combination of 
silicon and germanium transistors (all¬ 
silicon models also available). 

• Amplifier null and gain are stable and 
independent of temperature. 

Inland also makes a complete line of rotary 
amplifiers for matched use with Inland’s distinc¬ 
tive pancake shape d-c torquers. 
A brochure on this new high-power amplifier is 

available. For your copy and complete data on 
Inland torquers and amplifiers, write Dept. 15-9. 

TYPICAL SPECIFICATIONS 

Maximum Power Output, watts (6 ohm load 1 100 
Power Gain 4,000,000 
Current Gain 200,000 
Voltage Gain 15 
Frequency Response DC to 1000 cps 
Input Impedance, ohms 50,000 
Dimensions, inches 2'A wide 

33/i6 long 
21/? high 

Operating Temperature Range in °C minus 50° to plus 50° 

INLAND 
MOTOR 

INLAND MOTOR CORPORATION OF VIRGINIA • A SUBSIDIARY OF KOLLMORGEN CORP., NORTHAMPTON, MASS. 
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More than 450,000 pounds of thrust lifts the U. S. Army’s Nike Zeus missile skyward in a cfoud of vapor. The Nike Zeus missile being developed for the project by the 
Douglas Aircraft Company will be designed to intercept ballistic missiles traveling over 15,000 miles per hour, and destroy them ata safe distance from the defended area. 

How do you stop an ICBM? 
How do you detect, track, intercept—and destroy within 

minutes—an ICBM that is moving through outer space ten 
times faster than a bullet? 

Bell Telephone Laboratories may have designed the 
answer: Nike Zeus, a fully automated system designed to 
intercept and destroy all types of ballistic missiles—not only 
ICBM s but also IRBM’s launched from land, sea or air. 
The system is now under development for the Army 
Ordnance Missile Command. 

Radically new radar techniques are being developed 
for Nike Zeus. There will be an acquisition radar designed 
to detect the invading missile at great distances. And a 
discrimination radar designed to distinguish actual war¬ 

heads from harmless decoys that may be included to confuse 
our defenses. 

The system tracks the ICBM or IRBM, then launches 
and tracks the Nike Zeus missile and automatically steers 
it all the way to intercept the target. The entire engage¬ 
ment. from detection to destruction, would take place within 
minutes and would span hundreds of miles. 

Under a prime Army Ordnance contract with the 
Western Electric Company, Bell Laboratories is charged 
with the development of the entire Nike Zeus system, with 
assistance from many subcontractors. It is another ex¬ 
ample of the cooperation between Bell Laboratories and 
Western Electric for the defense of America. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 



SPECIFY ARNOLD 
IRON POWDER CORES ... 
COMPLETE RANGE OF SIZES AND SHAPES 
FOR YOUR DESIGNS 
Arnold offers you the widest range of 
shapes and sizes of iron powder cores 
on the market. 

In addition to toroids, bobbin cores 
and cup cores— typical groups of which 
are illustrated below—Arnold also pro¬ 
duces plain, sleeve and hollow cores, 
threaded cores and insert cores, etc., to 
suit your designs. Many standard sizes 
are carried in warehouse stock for 
prompt shipment, from prototype lots 
to production quantities. Facilities for 

special cores are available to order. 
The net result is extra advantage and 

assurance for you. No matter what 
shapes or sizes of iron powder cores 
your designs require, you can get them 
from a single source of supply—with 
undivided responsibility and a single 
standard of known quality. And 
Arnold’s superior facilities for manufac¬ 
ture and test assure you of dependably 
uniform cores, not only in magnetic 
properties but also in high mechanical 

strength and dimensional accuracy. 
• For more information on Arnold iron 
powder cores, write for a copy of our 
new 36-page Bulletin PC-109A. The 
Arnold Engineering Company, Main 
Office and Plant, Marengo, Illinois. 

ADDRESS DEPT. P-9 

^ARNOLD 
SPECIALISTS in MAGNETIC MATERIALS 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 
CITIES • Find them FAST in the YELLOW PAGES 29<|
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NOW! A REMARKABLE, NEW 
0-40 volt ® 500 ma 
DC POWER SUPPLY 

by PERKIN 
THE ONLY POWER SUPPLY AVAILABLE 
COMBINING THESE 20 FEATURES: 

Model TVCRO4O-O5 0-40 volts @ 0-500 ma 

1. Voltage Regulation: ±.01% or ±2 mv 
2. Current Regulation: ±.02% or ±5O;i amp 
3. Remote Voltage Programming: Full-range 0-40 v 

Factory calibrated @ 100 ohnis/volt ±.25% 
4. Remote Current Programming: Full range 15-500 ma 

Factory calibrated @ 1 mho/amperc ±1% 
5. Voltage Limiting: Continuously adjustable 0-42 v 
6. Current Limiting: Continuously adjustable 0-600 ma 
7. Remote Voltage Sensing 8. Parallel Operation 9. Series Operation 

10. Vernier Voltage Adjust: 5 mv resolution 
11. Vernier Current Adjust: 50 ¿i amp resolution 
12. Transient-Free 13. Short-Circuit Proof 
14. Extremely Fast Response: 25/x sec 
15. Low Ripple: 500^ volts (voltage regulation mode) 

50/x.amps (current regulation mode) 
16. Convection Cooling 17. Portable 18. Regulation Mode Switch 
19. Master-Slave Operation 20. Excellent Long-Term Stability 

Additional Specs ■ AC Input: 105-125 v, 1 0, 47-420 cps, 0.5 A 
■ Max. Ambient Temp.: 45°C ■ Meters: Dual Scale 0-50 V.DC, 0-600 ma 
■ Dimensions: 5%" H, 8" W, 9" D —adapter to mount two in 19” rack 
■ Weight: 15 lbs. (approx.) ■ Finish: Gray per MIL-E-15090B 

AND ALL FOR JUST $198 t o. b. ei segundo 
I > B , 1 1 II I Representatives in principal cities. Jl rb l \ i\ l INI 
ELECTRONICS CORPORATION 
345 Kansas Street, E! Segundo, California □ SPring 2-2171 

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

A 

October 1-6, 1961 
CISPR Meeting, I niversity of Pennsyl¬ 

vania, Philadelphia. Pa. 
Exhibits: Mr. Brooks Short. Delco Remy. 

Andersonville, III. 

October 2-4, 1961 
Seventh National Communications 
Symposium, Hotel I tica & l tica 
Municipal \uditorium. Utica. N.Y. 

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

October 2-4, 1961 
IRE Canadian Electronics Confer¬ 
ence. \utomotive Building. Exhibition 
Park. Toronto, ('añada. 

Exhibits: Business Manager, IRE Cana¬ 
dian Electronics Conference, 1819 
Yonge St.. Toronto 7. Ontario, Canada. 

October 9-11, 1961 
National Elect rouies Conference, 

International Amphitheatre, Chicago, 
111. 

Exhibits: Mr. Rudy Napolitan, National 
Electronics Conference, 228 N. LaSalle 
St.. Chicago, Ill. 

October 19-20. 1961 
Symposium on Electronics, Engi¬ 
neering ami Education. Greensboro 
Coliseum, Greensboro, N.C. 

Exhibits: Mr. H. G. Eidson. Jr.. Dept. 
8760. Charham Road Plant. Western 
Electric Co.. Ine.. Winston-Salem. N.C. 

October 23-25, 1961 
East ('oast Conference on Aerospace 
Ä Navigational Electronics, Lord 
Baltimore Hotel. Baltimore. Md. 

Exhibits: Mr. Robert J. Henderson, Mar¬ 
tin Company. Ground Support Equip¬ 
ment Dept.. Baltimore, Aid. 

October 24-26, 1961 
Eighth Annual Meeting. Professional 
Group on Nuclear Science Sym¬ 
posium on .Aero-Space Nuclear 
Propulsion. Hotel Riviera, Las Vegas, 
Nevada 

Exhibits: Mr. D. J. Niehaus. Bendix 
Research Labs. Div.. Southfield. Mich. 

October 26-27, 1961 
Instrumentation Facilities for Bio¬ 
medical Research Symposium. 
Sheraton Fontenelle Hotel. Omaha, 
Neb. 

Exhibits: Mr. Harold G. Beenken. I ni-
versity of Nebraska. College of Medi¬ 
cine, 12 & Dewey Avenue. Omaha, 
Neb. 

(Continued on page 10A) 
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► Stable 
► High, AGC’d Output 
► Pulse Type "Crystal Markers” 
► Controlled (Low) Harmonics 
► From 50 kc to 50 me in a 

Single Frequency Sweep 

All Electronic Complete Video & IF Alignment System 

A unique, wide range video sweeping oscillator, the Kay 
Marka-Sweep Model Video 50 provides higher output voltage 
and sweeps lower in frequency than customary wide range 
video sweeping oscillators. It provides a linear swept-fre-
quency output, AGC’d for constant level over the frequency 
band. The unit includes a series of sharp, pulse-type crystal 
markers. In addition, a calibrated frequency dial permits the 
use of the Model Video 50 as an IF sweeping oscillator with 
continuously variable center frequency and sweep width. 

SPECIFICATIONS 

FREQUENCY RANGE: Continuously variable, 50 kc to 50 me. 
SWEEP WBDTH: Linear, continuously variable, 4.0 me to 50 me. 
RF OUTPUT: 1.0 V, peak-to-peak, into nom. 70 ohms. Flat to within 

±0.5 db over widest sweep. 
ATTENUATORS: Switched 20 db, 20 db, 10 db, 6 db and 3 db steps 

plus 3 db (approx.) variable. 

MARKERS: Eight sharp, pulse-type, crystal-positioned markers; usable 
singly or collectively. Produced either as positive pulses with 
separate amplitude control and separate output or as keying 
pulses in sweeping RF signal. 

PR CE: $845.00 F.O.B FACTORY. $930.00 F.A.S., N. Y. Substitute 
markers, $12.50. Additional markers $20.00 each. 

WKITf FOK COMPLfTf 
CATALOG INFORMATION KAY ELECTRIC COMPANY 

Dept. I-9 MAPLE AVENUE, PINE EROOK, N. J. CAPITAL 6-4000 
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IN PARIS 
PORTE DE VERSAILLES 

FROM 16 th TO 20 th
FEBRUARY 1962 

» INTERNATIONAL 
EXHIBITION 
OF 
ELECTRONIC 
COMPONENTS 

The greatest world meeting 

in the field of electronics 

FÉDÉRATION NATIONALE 
DES INDUSTRIES 
ÉLECTRONIQUES 

23 rue de Lübeck, Paris 16e 
phone : PASsy 01.16 

Meetings 
with Exhibits 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIN 

(Continued from page 8A) 

November 6-8, 1961 
Special Technical Conference on 
Non-Linear Magnetics, Statler Hil¬ 
ton Hotel, Los Angeles, Calif. 

Exhibits: Mr. Philip Diamond. Perkin 
Electronics Corp., 345 Kansas St., El 
Segundo, Calif. 

November 13-16, 1961 
Seventh Annual Conference on Mag-

nelisni «X Magnetic Materials, Hotel 
Westward Ho, Phoenix, Ariz. 

Exhibits: Mr. John L. Whitlock, 253 
Waples Mill Road, Oakton, Va. 

November 14-16, 1961 
Northeast Research and Engineering 
Meeting (NEREM), Somerset Hotel 
& Commonwealth .Armory, Boston, 
Mass. 

Exhibits: Mr. Stewart K. Gibson. Instru¬ 
ments of New England. 108 Green¬ 
wood Lane, Waltham 54, Mass. 

November 30-Dece.mber I, 1961 
Professional (»roup on Vehicular 
Communications Conference, Ho¬ 
tel Radisson. Minneapolis. Minn. 

Exhibits: Mr. Jean Poole. General Elec¬ 
tric Co.. 3280 Gorham \ve., Minne¬ 
apolis, Minn. 

December 12-14, 1961 
Eastern Joint Computer (Conference. 

Sheraton-Park Hotel. Washington, D.C. 
Exhibits: Mr. Charles Phillips. 5603 

Jordan Road, Washington 16. D.C. 
February 7-9, 1962 
3rd W inter Convention on Military 

Electronics, Ambassador Hoh l. Los 
Angeles, Calif. 

Exhibits: IRE Los Angeles Office, 1435 
S. La Cienega Blvd., Los Angeles, 
Calif. 

March 1-3, 1962 
Eighth Scintillation ami Semicon¬ 
ductor Counter Symposium, Shore¬ 
ham Hotel, Washington, D.C. 

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

March 26-29, 1962 
International Radio Ä Electronics 
Show ami IRE International Con¬ 
vention, Waldorf-Astoria Hotel and 
New York Coliseum. New York. N.Y. 

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

April 11-13, 1962 
SW IRECO (South West IRE Con¬ 
ference Ä Electronics Show), Rice 
Hotel, Houston. Texas 

Exhibits: Mr. R. J. Loofbourrow, Texaco 
(Company, P.O. Box 425, Bellaire, Texas 

A 
Note on Professional Group Meetings: 
Some of the Professional Groups con¬ 
duct meetings al which there art* 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 Io IRE Professional 
Groups. 
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AVAILABLE NOW 

Request your copy today! 

The new 1961 RSC Catalog No. 
960 will be of interest to every 
designer and engineer concerned 
with radio frequency and power 
switching. It contains complete 
specifications on each switch in the 
RSC Line. Write for your copy today 
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FOR DIRECTING, CONTROLLING, 

AND MEASURING RF ENERGY... 

DIELECTRIC’S products satisfy 
EVERY PERFORMANCE NEED 

RIGID TRANSMISSION LINE 
... in lengths up to 30 feet, copper or aluminum outer conduc¬ 
tors. Standard sizes are %, 1%, 3%, 6%, 9%6 inches in all 
standard impedances from 25 to 200 ohms. Special sizes are 
available such as 9, 10, 12, 16 inches. Two basic styles: Quick-
Clamp Type 40 featuring flange connections that swivel to any 
rotational angle, quick, positive assembly by tightening only 
two bolts, and piloted flanges eliminating centering rings: or 
when specifications stipulate, the EIA (RETMA) Type 70 
bolted-flange lines offering the same electrical characteristics. 

QUICK-STEP REDUCERS & OTHER LINE COMPONENTS 

. . . Dielectric’s Quick-Step reducers offer nearly perfect impedance characteristics 
in going from one line size to another, superior to cone-type reducers which occupy 
much more space. Available for all Quick-Clamp and EIA (RETMA) rigid 
transmission lines. 
Other transmission-line components include 90° and 45° elbows, flexible sections, 
breakaway sections, adapters, gas stops, end seals, end covers, couplings, field 
flanges, and supporting hardware. 

. . . for any line size and impedance, and any 
degree of sophistication. Of particular interest 
is Dielectric’s line of common-case, coaxial-line 
phase shifters which eliminate sliding joints in 
the outer conductor. Power handling capacity and 
life are both enhanced. 
Phase shifters are available in manual and 
remote-control models, with or without provision 
for remote position indicating devices. All are 
characterized by low VSWR and wow, high 
power capability, and variable, linear phase shift. 

FILTERS, DIPLEXERS & DUPLEXERS 

. . . for all applications, wave¬ 
guide or coaxial. In addition to 
its standard line of single- and 
double-tuned coaxial resonators 
which may be combined in many 
ways, Dielectric designs special 
networks for any power level, low 
to very high. 
Illustrated is a network to isolate 
20 kw commands to and 0.002 
microvolt signals from a space 
vehicle, simultaneously. Built for 
Space Technology Laboratories, 
Inc., one of these units is installed 
in the giant Jodrell Bank radio 
telescope. Also shown is a minia¬ 
turized balanced duplexer han¬ 
dling 10 kw average and weighing 
only five pounds. 

DIRECTIONAL COUPLERS 

. . . provide for coupling external measur¬ 
ing and monitoring equipment to coaxial 
and waveguide r-f transmission systems. 
The range of coupling ratio is roughly 
30 to 80 db, depending on model and fre¬ 
quencies. Directivity of standard models 
is > 30 db, but > 40 db can be supplied. 
Output source impedance is 50 ohms. 
Maximum power output is 4 watts for 
3%" and larger coaxial models, 1 watt 
for smaller lines; 2 watts for 1%" x 3" 
and larger waveguide, 1 watt for smaller 
guides. 



AUTOMATIC SMITH CHART 

IMPEDANCE PLOTTERS 
. . . provide an instantaneous polar plot of reflection coefficient as a function of 
frequency (Smith Chart plot). Available are low-level coaxial models covering 10 
to 3000 mc/s, low-level waveguide models covering 350 to 12000 mc/s, and high-
level variations for system monitoring applications in both coaxial and waveguide 
transmission lines. 

SLOTTED LINES & DIFFERENTIAL PROBES 
. . . for measuring VSWR to 1.002 accuracy, 
the first and only major breakthrough in 
slotted-line measurement techniques. Im¬ 
proves resolution up to ten times that ob¬ 
tained with E-field probes. Available in 3%", 
6%", and 9%6" 50-ohm line sizes, other sizes 
and impedances on special order. Adapters and 
reducers to other line sizes can be supplied. 

OTHER TEST EQUIPMENT 
. . . available from Di¬ 
electric includes, for ex¬ 
ample, such diverse 
items as sliding loads 
for more accurate 
VSWR determinations, 
attenuators, and high-
voltage generators. In 
addition to a coaxial 
attenuator, illustrated is 
a Marx generator capa¬ 
ble of voltages to 
600,000 peak de, 400,000 
sustained. 

RF SWITCHES 
. . . for coaxial line, 
waveguide, and open¬ 
wire applications rang¬ 
ing from small SPDT 
units with Type N con¬ 
nectors to a 4000 kw 
peak crossbar system 
200 feet long. Illus¬ 
trated is a DPDT open¬ 
wire unit manufactured 
for Page Communica¬ 
tions Engineers, Inc., 
for the RADC Ava 
Transmitter Test Site: 
425 ohms, 600 kw peak, 
4-30 mc/s. 

. . . for mobile vehicular, 
fixed station, FM broadcast, 
and high-gain communica¬ 
tions applications. Illustrated 
is one element of an FM 
broadcast antenna, as well 
as a 32 corner reflector ar¬ 
ray for the Trans-Arabian 
Pipeline Company to provide 
multi-channel, over-the-
horizon communication. 

ANTENNAS DEHYDRATORS 

. . . to provide very dry 
air for the pressurization 
of transmission lines. 
Available in a wide va¬ 
riety of capacities in both 
fully automatic and man¬ 
ually controlled models. 
Illustrated is a fully auto¬ 
matic model, a component 
of the ARSR-1A and 
ARSR-2 Air Route Sur¬ 
veillance Radars manufac¬ 
tured for the FAA by the 
Raytheon Company. 

For applications in the public entertainment field, DIELECTRIC products 
are available from the Radio Corporation of America. For all other applica¬ 
tions. contact DIELECTRIC directly. 

Other areas of DIELECTRIC capability in coaxial, waveguide 
and open wire techniques . .. 

TRANSMISSION LINE A COMPONENTS . NETWORKS 

dial 
DIELECTRIC 
for solutions to 
communications 

problems 

DIELECTRIC PRODUCTS ENGINEERING CO., INC 
RAYMOND, MAINE Tel. No. OL 5-4555 

SWITCHES • TEST EQUIPMENT . RAD ENGINEERING 



IRE News and Radio Notes 

Current IRE Statistics 
(As of July 31. 1961 ) 

Membership—89,924 
Sections*—110 
Subsections* 31 
Professional Groups* 28 
Professional Group Chapters — 288 
Student Brauchest- 211 

* Sec this issue tor a list. 
t See J tine, 1961, issue for a list. 

Calendar of Coming Events 
and Authors’ Deadlines* 

1961 
Sept. 4-9 : 3rd Int’l. Conf, on Analog 

Computation, Belgrade. 
Sept. 6-8: 1961 Nat’l. Symp. on Space 

Electronics and Telemetry, Univ, of 
N. M., Albuquerque, N. M. 

Sept. 6-8: Joint Nuclear Instrumenta¬ 
tion Symp., North Carolina State 
College, Raleigh, N. C., 

Sept. 6-13 : Int’l. Conf, on Electrical 
Engrg. Education, Syracuse Univ., 
Adirondacks, N. Y. 

Sept. 14-15: IRE Conf, on Technical-
Scientific Communications, Bellevue 
Stratford Hotel, Philadelphia, Pa. 

Sept. 14-16: 9th Ann. Engrg. Manage¬ 
ment Conf., Roosevelt Hotel, New 
York, N. Y. 

Sept. 14-25: Natl. Exhibition of Radio 
and Television, Parc des Expositions, 
Paris, France. 

Sept. 20-21: 10th Ann. Industrial Elec¬ 
tronics Symp., Bradford Hotel, Bos¬ 
ton, Mass. 

Oct. 1-6: CISPR, Univ, of Pennsylvania, 
Philadelphia. 

Oct. 2-3: 29th Ann. Mtg. Engineers’ 
Council for Professional Dev., Shera¬ 
ton Seelbach Hotel, Louisville, Ky. 

Oct. 2-4: 7th Nat’l. Communications 
Symp., Utica, N. Y. 

Oct. 2-4: IRE Canadian Electronics 
Conf., Automotive Bldg., Exhibition 
Park, Toronto, Canada. 

Oct. 6-7: 11th Ann. Broadcast Symp., 
Willard Hotel, Washington, D. C. 

Oct. 9-11: Nat’l. Electronics Conf., 
Int’l. Amphitheatre, Chicago, Ill. 

Oct. 9 15: ARS Space Flight Rept. to 
the Nation, New York Coliseum. 
New York, N. Y. 

Oct. 16-17: 5th Nat’l. Symp. on Engrg. 
Writing and Speech, Kellogg Ctr. for 
Continuing Education, Michigan 
State Univ., East Lansing. 

Oct. 16 17: Int’l. Conf, on Ionization of 
the Air. Franklin Inst., Philadelphia, 
Pa. 

Oct. 19-20: 6th Ann. North Carolina 
Section Symp., Greensboro Coli¬ 
seum, Greensboro, N. C. 

* DL = Deadline for submitting ab¬ 
stracts. 

(Continued on pane 15A ) 

Call for Papers 

1962 IRE International Convention 
March 26-29, 1962 

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

Prospective authors are requested 

October 20, 1961 

1. 
2 
3. 

100-word abstract in triplicate, title of paper, name and addres 
500-word summary in triplicate, title of paper, name and addre 
Indicate the technical held in which your paper falls: 

Aerospace & Navigational Electronics 
Antrim. is & Propagation 
Audio 
Automatic Control 
Bio-Medical Electronics 
Broadcast & Television Rec eivers 
Broadcasting 
Circuit Theory 
Communications Sy <tems 
Component Parts 
Education 
Electron Devices 
Electronic Computers 
Engineering Management 

to submit all of the following information by : 

Engineering Writing N’ Speech 
Human Fac tors in Electro tics 
Industrial Elec tronics 
Information Theory 
I nstrumentation 
Microwave Theory Tec hniqut -s 
Military Elec tronics 
Nuc lear Sc ience 
Product Engineering & Production 
Radio I 'requency Interference 
Reliability & Quality Control 
Space Elec t rouies & Telemetry 
I 'hrasonic Engineering 
\ ehicular Com m an ic.it ions 

Note: Only original papers, not published or presented prior to the 1962 IRE Inter¬ 
national Convention, w ill be considered. .Iny necessary military or company clearance 
of papers must be granted prior to submission. 

Address all material to: Dr. Donald B. Sinclair. Chairman 
1962 Technical Program Committee 
The Institute of Radio Engineers, Inc. 
1 East 79 Street, New York 21. N. Y 

Delco Announces New 
Silicon Digital Modules 

A new series of silicon digital modules 
which operate at a delay-per-stage of less 
than 25 nanoseconds (millimicroseconds) 
has been announced by the Delco Radio 
Division, Kokomo, Ind. The series includes 
digital plug-in cards and block modules 
which operate conservatively at 10 mega¬ 
cycles over the complete temperature spec¬ 
trum of — 50°C to -f-100°C. 

The following circuits are available: 
10-Mc inverter, 10-Mc three-input g.ite, 
10-Mc five-input gate, 10-Mc counter-shift 
register flip flop, 10-Mc RST flip Hop, 3-
Mc input gating flip Hop, 10-Mc free-run¬ 
ning multivibrator, single shot, high-power 
driver, cable driver, cable receiver, and 
logic diode group. 

\\ ith the variety of circuits in both card 
and module form, any size computer operat¬ 
ing at 10 Me in either a ground or missile 
environment can be assembled. The addi¬ 
tion of the three megacycle flip Hop allows 
use of a much less expensive building block 
where extreme speeds of 10 Me logical are 
not required. The units are capable of oper¬ 
ating under conditions of 95 per cent 
humidity and will meet or exceed additional 
space flight specifications of 100 G shock, 
20 G vibration, and 20 G acceleration. 

Interference Redi ction and 
Electronic C< >m pata bi li t y 
Conference in Chicago 

I'he 7th Conference on Radio Interfer¬ 
ence Reduction and Electronic Compatibil¬ 
ity is to be held on November 7-9 on the 
campus of the Illinois Institute of Technol¬ 
ogy in Chicago. The Conference is again 
being conducted jointly by the Armour Re¬ 
search Foundation and the IRE Professional 
Group on Radio Frequency Interference, 
and sponsored by the three branches of the 
U. S. military’ serv ice. 

Sessions are being planned to cov er such 
areas as electromagnetic compatibility anal¬ 
ysis, design and measurement techniques, 
interference prediction techniques, data 
processing and display methods, and pra< -
tical interference control and reduction. 
Topics relating to the analysis requirements 
of the new DOD Electromagnetic Compati¬ 
bility Analysis Center will be emphasized. 
As in the past, a feature of the Conference 
w ill be a one-day session at whi< h < lassilied 
papers will be presented, making available 
complete and pertinent information to quali¬ 
fied persons attending the Conference. 

Further information regarding the Con¬ 
ference may be obtained from H. M. Sachs. 
Conference Chairman, Armour Research 
Foundation, 10 \\ . 35 Street, Chicago 16, 111 
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Professional Group News 
At its meeting on June 20, 1961, the IRE 

Executive Committee approved the follow¬ 
ing new Chapters: Joint PG on Circuit 
Theory and Information Theory—Omaha-
Lincoln Chapter; PG on Space Electronics 
and Telemetry—Orlando Chapter; PG 
on Vehicular Communications Cleveland 
Chapter. 

CISPR Coni ekeni e 
in Philadelphia 

The International Special Committee on 
Radio Interference (CISPR) will hold its 
7th Plenary Session at the University of 
Pennsylvania, Philadelphia, during the week 
ol October I. 1961. It is expected that over 
100 delegates or observers will attend. The 
purpose of CISPR is: “To promote inter¬ 
national agreement on (various) aspects of 
radio interference . . . with the primary ob¬ 
jects of fostering satisfactory reception of 
sound broadcasting and television services 
an<l of facilitating international trade. ...” 

The Conference will be concerned with 
reports, recommendations, and study ques¬ 
tions having to do with the protection of 
sound broadcasting and television services 
from man-made interference (excepting that 
from radio transmitters used for conveying 
information), equipment and methods for 
the measurement of interference, limits of 
interference, limits for susceptibility of 
sound broadcasting and television installa¬ 
tions to interference, and implications of 
proposed limits with regard to safety of 
electrical equipment. In this work it collabo¬ 
rates with CCIR, where appropriate, and 
with other international organizations in¬ 
terested in radio interference. 

CISPR is organized under the Interna¬ 
tional Electrotechnical Commission and 
operates in the various countries through the 
National Committees of the I EC. All pre¬ 
vious Plenary Sessions of CISPR. since its 
organization in 1934, have been held in 
Europe. In the United States, the American 
Standards Association, Committee C63, is 
charged with the responsibility for conduct¬ 
ing the . affairs of the organization. Mr. 
W. E. Pakala is Chairman of this com¬ 
mittee. 

Delegates and observers from the United 
States are appointed by the USNC. Local 
arrangements are being made by an ad hoc 
committee, of which Dr. R. M Showers, 
Moore School of Electrical Engineering, 
I Diversity of Pennsylvania, is Chairman. 

1962 IEE International 
TV CONFERENT E 

The International Television Conference 
is to be held in the Institution of Electrical 
Engineers building in London, England, 
from May 31-June 7, 1962. The Conference 
is sponsored by the Electronics and Com¬ 
munications Section of the IEE, and will in¬ 
clude all scientific and engineering aspects 
of television. 

Ihe first three days of the Conference 
will coincide with the last three days of the 
International Instruments, Electronics and 
Automation Exhibition at Olympia, Lon¬ 
don. Arrangements are being made to link 
the two events. 

Further information may be obtained 
from: Se< retary, I he Institution of Elec¬ 
trical Engineers. Savoy Place, London, 
W.C. 2, England. Submission of papers is 
invited. 

At the MIL-E-CON Awards Luncheon Dr. Edward G. Witting, Chairman, PGM IL (1960-1961 ), con 
gratulates Wilham B. Glendinning, C. S. Army Signal Research and Development Labor;. tory, winner of the 
M. Barry Carlton Award of the PGM IL for 1961. Mr. Glendinning received the award for his paper, “Silicon 
Integrated Circuits,’’ published in the IRE Transactions on Military Eli cironics, Octobex. I960. 

Calendar of Coining Events 
and Authors’ Deadlines* 

(Coni in tied from page 14A) 

Oct. 23-25 : East Coast Conf, on Aero¬ 
space & Navigational Electronics, 
Lord Baltimore Hotel, Baltimore, 
Md. 

Oct. 23-25: URSI-IRE Fall Mtg., Univ, 
of Texas, Austin. 

; Oct. 23-26: PGNS 8th Ann. Mtg., 
Hotel Riviera, Las Vegas, Nev. 

Oct. 26-27 : Symp. on Instrumentation 
Facilities for Biomedical Res., 
Sheraton Fontenelle Hotel, Omaha, 
Neb. 

Oct. 26-28 : 1961 Electron Devices Mtg., 
Sheraton-Park Hotel, Washington, 
D.C. 

Oct. 30-31 : Radio Fall Mtg., Hotel 
Syracuse, Syracuse, N. Y. 

Nov. 6-8: 6th Ann. Special Technical 
Conf, on Nonlinear Magnetics, 
Statler-Hilton Hotel, Los Angeles, 
Calif. 

Nov. 7-9: 7th Conf, on Radio Interfer¬ 
ence Reduction and Electronic Com¬ 
patibility, Ill. Inst. Tech., Chicago, 
Ill. 

Nov. 13 14: Conf, on Electrically-Ex¬ 
ploded Wires, Kenmore Hotel, Bos¬ 
ton, Mass. 

Nov. 13-16: 7th Ann. Conf, on Magne¬ 
tism and Magnetic Materials, Hotel 
Westward Ho, Phoenix, Ariz. 

Nov. 14-16: NEREM, Boston, Mass. 
Nov. 14: Electronic Systems Reliability 

Symp., Linda Hall Library Audi¬ 
torium, Kansas City, Mo. 

Nov. 30-Dec. 1: PGVC Conf., Hotel 
Radisson, Minneapolis, Minn. 

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

1962 

Jan. 9-11: 8th Nat’l. Symp. on Relia¬ 
bility and Quality Control, Statler 
Hilton Hotel, Washington, D. C. 

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

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

Feb. 14-16: Internat’l. Solid State Cir¬ 
cuits Conf., Philadelphia, Pa. (DL*: 
Nov. 1, 1961, R. B. Adler, Lincoln 
Lab., MIT, Lexington, Mass.) 

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

Mar. 26-29: Internat’l. Conv., Coliseum 
and Waldorf Astoria Hotel, New 
York, N. Y. (DL*: Oct. 20, 1961, 
D. B. Sinclair, IRE, 1 E. 79 St., New 
York, N. Y.) 

Apr. 11-13: SWIRE Conf, and Elec¬ 
tronics Show, Rice Hotel, Houston, 
Tex. (DL* : Oct. 1, 1961, M. Graham, 
Rice Univ. Computer Project, Hous¬ 
ton 1, Tex.) 

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

* DL = Deadline for submitting ab¬ 
stracts. 

PROCEEDINGS OF THE IRE September, 1961 15A 



John II. Rubel, Assistant Secretary oí Defence (Deputy Director. Defence Research and Engineering) dis¬ 
cusses a point with Dr Janies II. Wakelin, Assistant Secretary of the X ivy (Research and Development), 
during the MIL-E-CON panel discussion, Monday. June 26. on “Trends in Weapons Systems Development.'’ 
Left ti right: Major General F. L. Ankenbrandt, USAF (Ret.), MIL I COX 1961 President; Dr. Wakelin; 
J. 11. Rubel; Dr. Brockway McMillan. Assistant Secretary of the Air Force Research and Development); Dr. 
I dward G. W itting, Deputy Assistant Secretary of th»* Army (Research and Development) and Chairman, 
PGM IL I960 1961 . 

Air Force MARS 
ANNOUNCES ScHEDlLE 

The schedule of broadcasts of the Air 
Force MARS Eastern Technical Xet, op¬ 
erating Sundays from 2 to 4 p.M. EDT at 
3295. 7540 and 15,715 kc, has been an¬ 
nounced as follows: 

September 10- Business Meeting. 
September 17—“Doing the Job with 

Photoelectrics,” J. J. Larew, Manager, Spe¬ 
cialty Control Dept., General Electric Com¬ 
pany. 

September 24—"Communications Re¬ 
ceiver Design Considerations," Frank Rob¬ 
erts, Chief Engineer, National Radio Com¬ 
pany, Inc. 

October 1—“Progress Report; Electra-
Power Generation in the Atomic Age," 
M. H. Pratt, Chief Engineer, Xiagara-
Mohawk Power Company. 

October 8— “Single Sideband; Superior¬ 
ity and Specifications,” A. Robertson and 
J. Shafer, Amateur Development Engineers, 
Heath Company. 

October 15— “Single Sideband; Equip¬ 
ment and Operational Techniques,” W illiam 
Kaufmann, The Martin Company. 

Zitelli Wins PGPEP 
ACHIEVEMENT AWARD 

Ihe 1961 Seventh Region IRE Achieve¬ 
ment Award has been conferred upon Dr. 
Lottis T. Zitelli of Varian Associates for de¬ 

velopment of the VA-
849 klystron ampli¬ 
fier. Citing the tube 
as “a major break¬ 
through in the 
achievement of high 
power in the micro¬ 
wave range,” the 
Award Committee 
said the tube deliv¬ 
ered the highest 
known CW’ power at 

L. T. Zitelli X band. This award 
is reserved for nom¬ 

inees who have not yet received national 
recognition. 

Dr. Zitelli joined Varian Associates in 
1950 and since then has been engaged in 
theoretical and development work on high 
power pulsed and CW klystron amplifiers. 
Some of his early achievements include the 
first klystron amplifier to deliver one mega¬ 
watt peak power output at X band, and the 
first multicavity klystron amplifier to have 
stable gain in excess of 100 db. He holds a 
number of I . S. and foreign patents related 
to klystrons. 

He was born in San Jose, Calif, and was 
educated at San Jose State College and 
Stanford I niversity, where he received his 
Ph.D. degree in 1950. While at Stanford, he 
worked as a research assistant in the fields of 
nonlinear mechanics, network analyzers, 
reflex klystrons, traveling wave tubes and 
velocity modulated beams. 

Second X. Y. Conference 
on Electronic Reliability 

Ihe Second Xevv York Conference on 
Electronic Reliability will be held October 
20, 1961 at the Xevv York Cniversity College 
of Engineering, Cniversity Heights, Xew 
York, X. Y. I he theme of the Conference 
will be “System Reliability Engineering.” 
The registration fee of $5.00 includes a copy 
of the Proceedings of the Conference, and ad¬ 
vance registration may lie made through 
M. A. Benanti, Molecular Electronics Co., 
Xevv Rochelle, X. Y. (Checks should be 
made payable to “X. Y. Conference on Elec¬ 
tronic Reliability.”) Door registration be¬ 
gins at 7:45 A.M., October 20, 1961. 

The tentative program has been an¬ 
nounced as follows: 

Friday Morning, October 20 

Keynote Address, speaker to be an¬ 
nounced. 

“Mathematical Model Analysts of the 
General Case System," B. Ellison and 
V. Selman, I.E.C. 

“Predicting the Mechanical Reliability 
of Electronic and Mechanical Equipment," 
D. Ehrenpreis, Consulting Engineer. 

“Techniques for Predicting and Optimiz¬ 
ing System Effectiveness, " A. Coppola. 
RADC. 

Friday Afternoon 

“Establishing Criteria for Maintenance 
Checking and Replacement Intervals," 
R. E. Barlow, General Telephone Labs. 

"Establishing and Implementing System 
Maintainability Requirements, ” |. W. 
Campbell, ROAMA. 

“System Maintainability and Slipporta¬ 
bility Evaluation Techniques," A. W. 
Green,* ARIXC. 

Friday Evening 

"Funding the Reliability Engineering 
Program," C. M. Ryerson, Ryerson Associ¬ 
ates, Inc. 

"Economic Justification for Reliability 
Improvement of Consumer Products,” 
Harvey Schock,* RCA. 

* To be confirmed. 

Call for Papers for Joint 
Computer Conference 

A call for papers has been made by ihe 
Technical Program Committee ol the 1962 
Spring Joint Computer Conference which 
will be held in San Francisco, May 1-3, 
1962. Authors interested in submitting pa¬ 
pers are requested to furnish a complete first 
draft by November 10, 1961. No advance 
summary or abstract is required, and figures 
may be indicated by rough sketches. Sub¬ 
missions should be made to the Chairman of 
the Technical Program: Dr. Richard I. 
Tanaka, Lockheed Missiles and Space Co., 
3251 Hanover St., Palo Alto, Calii. 

French Radio and 
Television Exhibition 

The French National Radio and I elex i¬ 
sion Exhibition at the Parc des Expositions 
in Paris on September 14-25, is being spon¬ 
sored by Radiodiffusion Télex dsion Française 
and Federation Nationale des Industries 
Electroniques. The Exhibition is open to 
foreign visitors, though not to foreign 
exhibitors. 

Among the features of the Exhibition xx ill 
be exact full-size replicas of technical equip¬ 
ment now in use by Radiodiffusion I élé-
vision Française, and high-fidelity demon¬ 
strations which present an accurate prex iexv 
of anticipated developments in radio and 
television. 

Further information may be obtained 
from Maurice Ruby, Public Relations and 
Documentation, F.N. LE., 23 Rue de Lu¬ 
beck, Paris 16, France. 
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VA-126 TWT 
3 MW Peak 
5 KW Average 
5.4 to 5.9 kMc 

BANDWIDTH WITH HIGH EFFICIENCY 

HIGHEST POWER TWT 
3 MEGAWATTS AT C-BAND j 

Varian Associates’ new VA-126 pulse power 
amplifier traveling wave tube is particularly 
well-suited for advanced coherent radar systems 
employing frequency agility. With high gain and 
high efficiency over the full bandwidth, the tube 
offers a new standard in transmitter performance. 

The VA-126 produces 3 MW peak and 5 KW 
average power, from 5.4 to 5.9 kMc. Gain, 35db; 
efficiency, 30%. Self-centering in electromagnet. 
Liquid cooled. 

The VA 126 has 500 Me bandwidth and excel¬ 
lent phase stability. These are desirable charac¬ 
teristics for pulse-to-pulse frequency changes, 
phase coding, chirping (frequency changes with¬ 
in the pulse), and electronically-steerable 
antenna arrays. 

Varian’s unrivaled capability in the 
development of advanced microwave 
tubes is at your service. For further 
data on the VA-126, write Tube Div. 

VARIAN associates 
PALO ALTO 2, CALIFORNIA 

Subsidiaries : 
BOMAC LABORATORIES, INC. 
VARIAN ASSOCIATES OF CANADA, LTD. 
S-F-D LABORATORIES, INC. 
SEMICON ASSOCIATES, INC. 
SEMICON OF CALIFORNIA, INC. 
VARIAN A. G. (SWITZERLAND) 
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National EWS Symposh m 
to Be in Michigan 

lhe National Symposium on Engineer¬ 
ing Writing and Speech is scheduled for 
October 16—17 at the Kellogg Center for 
Continued Education, Michigan State Uni¬ 
versity, East Lansing. The Symposium is 
sponsored by the Professional Group on 
Engineering \\ riting and Speech. The Key¬ 
note Address will be delivered by Dwight 
E. Gray of the National Science Founda¬ 
tion. 

Further information may be obtained 
from J. I). Chapline. Philco Corporation, 
3900 Welsh Road, Willow’ Grove, Pa. 

1961 URSI-IKE Fall Meeting 
and Geomagnetic Conference 
AnNOI N( ED FOR OC TOBER 

Two meetings have been announced for 
Oc tober and a call for papers has been issued. 
I'he meetings are the 1961 URSI-IRE Fall 
Meeting, and the Conference on Telluric and 
Geomagnetic Field Variations which is co¬ 
sponsored by URSI, the University of Texas 
and the Office of Naval Research. The 
URSI-IRE Meeting will be held October 
23-25, and the Geomagnetic Conference w ill 
meet Octolær 20-21. Both will be held at 
the University of Texas Student Union 
Building, Austin. Tex. 

The co-sponsoring Professional Groups 
of the IRE are: Antennas and Propagation, 
Circuit Theory, Information Theory, In¬ 
strumentation, and Microwave Theory and 
Techniques. The participating URSI Com¬ 
missions are: 

Commission 2 T ropospheric Radio Prop¬ 
agation—Chairman, Prof. A. T. Waterman, 
Applied Electronics Lab., Stanford. Calif. 

Commission 3 - Ionospheric Radio Prop¬ 
agation—Chairman, Dr. C. G. Little, Na¬ 
tional Bureau of Standards, Boulder, Colo. 

Commission 4 Radio Waves and Cir¬ 
cuits—Chairman, Prof. H. G. Booker, 
School of Engineering, Cornell University, 
Ithaca, N. Y. 

Commission 6— Radio Waves and Cir¬ 
cuits—Chairman, Prof. L. Zadeh, Division 
of Electrical Engineering, I ni versit y of Cali¬ 
fornia, Berkeley, Calif. 

For Commision 2, papers are expected on 
the following topics: 

Refraction, scattering, absorption, emis¬ 
sion, etc. in troposphere 

Surface and subsurface waves. 
Terrain return from earth, lunar and 

planetary surfaces 
Nou-ionized planetary atmospheres 

Commissions 3 and 4 have been redivided 
by the USA National Committee into iono¬ 
sphere and magneto sphere defined as fol¬ 
lows: 

T he ionosphere, in the main controls 
propagation of terrestrial radio waves, 
reaches into tlx* region of maximum elec¬ 
tron density, and includes the regions 
below. It is the region where collisions 
are important and where local thermo¬ 
dynamic equilibrium may be said to 
exist. 

The magnetosphere starts in the re¬ 
gion of maximum electron density and 
is the geocentric region beyond. It is the 
region where charged particles travel in 
long trajectories controlled bv magnetic 
fields. 

The Geomagnetic Conference is pri¬ 
marily concerned with geomagnetic and 

At the 5t li Annual Conference of the PGPEP, three high school student > whose exhibits were chosen for 
display at the Conference from the Science Fair at Franklin Institute show their exhibits to General Medaris 
who spoke to the Conference on “The Management of Technology." Left to right are David Gleiter, Jay Sarajian, 
General Medaris and Carlos Polenghi. 

telluric phenomena in the frequency range 
from 0.001 to 30 cycles per second. I he Pro¬ 
gram Chairman for the Geomagnetic Con¬ 
ference is F. X. Bostick, University of 
Texas, Austin. Or. for further information 
about either meeting, write A. W. Straiton, 
P.O. Box 8026. University Station, Austin 
12. Tex. 

Al EE Rei eives XSE Grant 
For Russian Journals 

Starting with the 1961 issues, the Eng¬ 
lish translation editions of the three Russian 
journals listed below will be published under 
a .National Science Foundation grant to the 
American Institute of Electrical Engineers. 
Translation, editing, printing and distribu¬ 
tion will be handled by Roger and Roger, 
Inc., .New York. N. Y. under contract to. 
and the supervision of, the AI EE. 

1. Radiotekhnika (Radio Engineering): 
$14. 25 to individuals, S28.5O to libraries and 
companies. 

2. Radiotekhnika i Elektronika (Radio 
Engineering and Electronics): S28.50 to 
individuals, $57.00 to libraries and com¬ 
panies. 

3. Elektrosvyaz (Telecommunications): 
SI4.25 to individuals. S28.5O to libraries and 
companies. 

Annual subscriptions at the above prices 
may be placed with the AIEE, Special Sub¬ 
scription Dept.. 41 E. 28 St., New York 16. 
N. Y. 

Cali, for Papers for I’GVC 
Conferem I 

The 12th National Conference of the 
IRE Professional Group on Vehicular Com¬ 
munications, to be held at the Radisson 
Hotel, Minneapolis, Minn., November 30 
December 1, 1961, is seeking material for 
its technical program. The theme for this 
year’s meeting is “The Unseen Future of 
V ehicular Communications." Papers on sub¬ 
jects covering vehicular systems and equip¬ 
ment designs are invited. Discussions on new 
or unusual system techniques, applications 
of new types of components or related cir¬ 
cuitry, interference reduction or band¬ 
width utilization are invited. Manufacturers 
and users are urged to take advantage of 
this opportunity to share their experiences in 
this rapidly expanding communications 
field. Topics covered may include land 
vehicular, personal signaling, solid-state 
applications to communications, V HF mari¬ 
time and air-ground communications. 

An abstract of 500 words is reeptired for 
review by the Papers Committee by Sep¬ 
tember 15. 1961. These should be mailed to 
William J. Weisz, Motorola, Inc.. 4501 W. 
Augusta Blvd., Chicago 51, HI. 

Authors will be notified by October 15, 
of their acceptance. 
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A new slant on making high 
accuracy DC measurements 
conveniently and economically! 

The model PC 

PocketPot 
(PHOTO ACTUAL SIZE} 

PoiketPot 

PoiketPaf 
Write for additional information or contact 
your nearest SRIC sales representative. 

★Copyright U.S.A. Patent Applied for. 

SENSITIVE RESEARCH'S 
NEW MINIATURE DC 
POTENTIOMETER! 

The Model PC “PocketPot*," is a 
stable, completely self contained, high 
accuracy DC potentiometer, with in¬ 
ternal galvanometer, reference stand¬ 
ard source, and direct “in Une" read¬ 
out. It is ideally suited for use as an 
infinite impedance calibrator or mea¬ 
suring instrument. Additional voltage 
and current ranges can be obtained by 
using it in combination with the Model 
PC-1, a switch controlled, .05% accu¬ 
rate "plug in" unit of the same size. 
Both models, when used together, may 
be easily held and operated in the palm 
of the hand! 

SPECIFICATIONS 

ACCURACY: ± .05% of reading or 
± .5 mv., whichever is greater. 

RANGES: 0-5.099 v. When used with 
PC-S 0— 500 V. and 0— 1 amp. 

SENSITIVITY: Infinite resistance at null. 
When used with PC-1, 2,000 a/v. 

RESOLUTION: Continuous, 1 mv. divi¬ 
sions on slide wire. 

BATTERY OPERATED: Does not require 
an external power source. 

READOUT: Direct "in line." 
SIZE: 9" X 4^" x 1%". WT: 3 lbs. 
PRICE: Model PC, $325.00; Model PC-1 

$125.00. F.O.B., New Rochelle, N. Y. 

5ER5ITIUE 
RE5ERRÍH 
INSTRUMENT CORPORATION 

NEW ROCHELLE, N. Y. 

ELECTRICAL 'NSTRu*ENT$ OF PREOSrON StNCE ’927 
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IRE Canadian Electronics Conference 

Automotive Building, Exhibition Park, Toronto, Canada, October 2 4, 1961 

Monday, October 2 
Afternoon Sessions, 2:30-5:00 P.M. 

Session 1—Computers in Control 

“The Enture in Real-Time Control by 
Computers"—J. Kates, Traffic Research 
Corp. Ltd., Toronto, Ontario. 

“Controlling Traffic by Electronic Com¬ 
puters”—L. Casciato, Traffic Research 
Corp. Ltd., Toronto, Ontario. 

“TCA Reservec Systems”— L. Richard¬ 
son. Trans-Canada Airlines, Montreal. 
Quebec. 

“Reservec Equipment”— I). K. Ritchie. 
Ferranti-Packard Electric Ltd., Toronto. 
Ontario. 

Session 2—Components 

“Reliability Measurement and Predic¬ 
tion for Solid Tantalum Capacitors"— 
G. II. Didinger, Jr., Kemet Co.. Div. of 
Union Carbide Corp., Cleveland. Ohio. 

“Improved Aluminum Electrolytic Ca¬ 
pacitors"— E. J. Burger and I). M. Chesel-
dine, The Telegraph Condenser Co. (Can¬ 
ada) Ltd.. Toronto, Ontario. 

“Computer Program for Electro-Me¬ 
chanical Relay Design and Analysis"— 
P. Xador, Northern Electric Co. Ltd.. 
Montreal. P.Q. 

“A Modular Approach to the Design of 
EM Communications Equipment”—B. Ten¬ 
nent and G. G. Armitage. Ferritronics Ltd., 
W illowdale, Ontario. 

Session 3—Radio and TV Broadcasting 

“The Mount Royal Multiple Trans¬ 
mitting Antenna System"— N. Tonu io, 
Canadian General Electric Co. Ltd.. 
Toronto, Ontario. 
“Transistorized Switching of Television 

\ ideo Signals"— M. F. Macpherson. RCA 
\ ictor Co. Ltd.. Montreal. Quebec. 

“A Design Method for Tuning and 
Phasing Circuits"—R. G. de Buda, Cana¬ 
dian General Electric Co. Ltd., Toronto. 
Ontario. 

To be announced. 

Session 4—Tutorial Session on 
Plasma Physics 

“The Earth's Plasma Environment”— 
C. O. Hines, D.R. T.E., Dept, of National 
Defence, Ottawa, Ontario. 

“Megnetohydrodynamics Shock Plasma” 
-J. II. De Leeuw. University of Toronto, 

Ontario. 
To be announced. 
“Semiconductor Plasma”— M. Glicks-

man, RCA Laboratories, Princeton, N. J. 

Session 5—Medical Electronics 

“Physical Evaluation of a Polarographic 
PO-_> Sensor and Its Application as a Hypoxia 
Warning Device"— Inst. Aviation Medicine, 
Toronto. Ontario. 

“Impedance Measurements and Elec¬ 
trical Stimulation of the Canine Heart 
During Hypothermia"— J. A. Hopps and 

O. Z. Roy, Natl. Research Council, Ottawa, 
Ontario. 

“The Use of Gamma Ray Pulse Height 
Analysers in Medical Research"— K. G. 
McNeill, University of Toronto, Ontario. 

“Automatic rime Analysis of Eye Move¬ 
ment Films"— E. L. Thomas and M. R. 
Howat, Defence Research Medical Labs., 
Toronto, Ontario. 

Tuesday, October 3 
Morning Sessions, 10:00 a.M.-12:30 p.M. 

Session 6—Computer Design 
and Applications 

“Computer Applications"—E.A. Racicot, 
Remington-Rand Ltd., Toronto, Ontario. 

“The Development and Application of a 
Conditional Probability Computer"— IL C. 
Ratz, G. IL M. Thomas and R. |. A. Buhr, 
University of Saskatchewan, Saskatoon. 

“Direct Experimentation with Adaptive 
Digital Random Networks"—G. S. Glinski 
and J. Therrien, University of Ottawa, 
Ontario. 

“Cascaded Switching Networks of 2-ln-
put f lexible Cells"— K. K. Maitra, -Strom¬ 
berg-Carlson, Rochester. N. Y. 

Session 7—Semiconductors I 

“A Survey of 4-Layer Semiconductor 
Switches”— D. II. Lewis. Ferranti-Packard 
Electric Ltd.. Toronto, Ontario. 

“Semiconductor Networks”- \\ . A. Ad¬ 
cock. Texas Instruments Inc., Dallas, Texas. 

“Analysis of Charge Storage in Transis¬ 
tors"— J. M. Stewart, RCA Victor Co. Ltd., 
Montreal, Quebec. 

“High-Precision I ast-Switching Tunnel 
Diodes"- II. Schindler. A. G. Stanley and 
V. Vulcan, General Instrument, F. W. 
Sickles Ltd.. Hicksville, L. L, N. Y. 

Session 8—Communications Systems I 
“Engineering and Systems Advance in 6 

Kmc Medium Route Microwave Sy stems"— 
I . S. Fraser, Lenkurt Electric Co. of Canada 
Ltd., Vancouver, B. C. 

“Signal Loss Due to Ice. Snow and 
Leaves in Horizontally Mounted Micro¬ 
wave Antennas"— I R. W illis, Andrew 
Corp., Chicago, 111. 

“A Baseband Combiner for TD-2 Micro¬ 
wave Systems’— E. |. Henley. Western 
Electric Co. Ltd., New York, N. Y. 

“A New Microwave Tower for Heavy' 
Route Applications"—J. E. II. Donovan, 
Alberta Government Telephones, Edmon¬ 
ton, Alberta. 

Session Q—Microwave Techniques 
“Millimeter Wive Generation Using 

Ferrites”—G. W . Williamsand A. W . Smith. 
D.R. T.E., Dept, of Natl. Defence. Ottawa, 
Ontario. 

“Generation of Microwave Harmonics in 
an Electrodeless Discharge"—C. B. Swan. 
University of Toronto, Ontario. 

“A Microwave Interferometer Using 
High-Resolution Focussed Beams for Plasma 
Studies"—R. \. Hayami. D.R T. E., Dept 
of Natl. Defence, Ottawa, Ontario. 

“A Hi-Q Ojien Resonant Cell for Micro¬ 
wave Spectroscopy "—J. Cummins. Defence 
Research Board, Quebec. Province of 
Quebec. 

Session 10—Circuits Design I 
“An Improved RC-Coupled Monostable 

Flip-Flop”—J. Rywak. Northern Electric 
Co.. Ltd., Ottawa, Ontario. 

“Temperature and Noise Effects in 
Simple Transistor Choppers"—J. H. Simp¬ 
son, Natl. Research Council. Ottawa 
Ontario. 

“A Direct-Coupled Complimentary Sy m-
metry Audio Amplifier"— R. S. Richards. 
Natl. Research Council. Ottawa. Ontario. 

“Harmonic Distortion in Transistors at 
Audio Frequency"— E. I . Johnson. North¬ 
ern Electric Co. Ltd.. Ottawa. Ontario. 

Tuesday, October 3 
Afternoon Sessions, 2:30-5:00 P.M. 

Session 11—Business Data Processing 
“The Dissemination of Information for 

the Toronto Stock Exchange" 11. M< -
Lachlan, Canadian Natl. 'Telegraphs, 
Toronto. Ontario. 

“High-Speed Document Sorting from 
Magnetic Ink Characters"—G. W . L. Davis, 
Ferranti-Packard Electric Ltd., 'Toronto. 
Ontario. 

“Applications of G-20" R. Fallis, Com¬ 
puting Devices of Canada Ltd., Ottawa, 
Ontario. 

“IBM 1401 Applications"- R. Carroll, 
Internat!. Business Machines Co. Ltd.. 
Toronto. Ontario. 

Session 12—Semiconductors II 
“The Utilization of Planar Techniques to 

Improve the Yield and Reliability in Dif¬ 
fused Diode Structures" G. P. Zenner, 
Northern Electric Co. Ltd.. Montreal, 
Quebec. 

“Failure Mechanisms in Mesa and 
Planar Silicon Transistors"—G. 11. Li and 
A. G. Stanley, General Instrument. F. W. 
Sickles, Ltd.,' Hicksville, L. L. N. V. 

“Epitaxial Varacter Diodes for Micro¬ 
wave Power Applications"—!). Walsh. 
Northern Electric Co. Ltd., Montreal, 
Quebec. 

“An Analysis of the Transient Response 
of PNPN Devices” J. M. Stewart and 
J. C. Boag, RCA Victor Co. Ltd., Montreal 
Quebec. 

Session 13—Communications Systems II 
“Descriptions and Some Design Con¬ 

sideration on a Microwave Radio Relay 
Equipment"—E. Podraczky and M. C. 
Kiryelejza, RCA Victor Co. Ltd.. Montreal. 
Quebec. 
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. . . with Sanborn® High, Medium or Low Gain 
8-Channel Amplifiers and Flush-Front Recorder 
in only 32" of panel space 

In the 32" panel space version, Sanborn 
16-channel direct writing systems use a 
flush-front 358-16 Recorder and any two 
“950” series 8-channel amplifiers avail¬ 
able in transistorized high and medium 
gain types with floating and guarded in¬ 
puts, low gain with high resistance bal¬ 
anced to ground inputs. Max. sensitivities 
are 20 uv mm, 1 mv mm and 20 mv mm 
for high, medium and low gain systems. 
Frequency response ranges for the three 
are 100, 125 and 125 cps. Recorder has 9 
chart speeds, 8" of visible record, inkless 
recording in true rectangular coordinates 
on Sanborn Permapaper " charts. 

RECORD 16 VARIABLES 
on a single 16 ' chart 

. . . with 8 channels identical, 8 more with 
miniature plugin preamplifiers for greater 
flexibility 

Eight interchangeable, plug-in “850” 
preamplifiers, each with 7" x 2" panel, plug 
into chassis with common power supply. 
Available types are Phase-Sensitive De¬ 
modulator, DC Coupling, Carrier and Low 
Level; MOPA available for Carrier and 
Low Level excitation. Frequency response 
is DC to 125 cps, 3 db down at 10 mm 
peak-to-peak depending on type of pre¬ 
amplifier. Linearity is better than O.õ^. 
Inputs are single-ended, floating and 
guarded, or push-pull, depending on type 
of “850” preamplifier used. Remaining 
eight channels can comprise any 8-channel 
“950” amplifier. 

INDUSTRIAL DIVISION 

SAN B O Fï N 
CO M PAN V 
175 Wyman St., Waltham 54-, Mass. 

SEE THIS EQUIPMENT AND OTHER SANBORN OS¬ 
CILLOGRAPHIC RECORDING SYSTEMS AT BOOTHS 
2014 AND 2016, WESCON SHOW, AUG. 22-25. 

With each of these systems, you have a choice of vertical or hori¬ 
zontal chart plane recorders. Flush-front vertical recorder (“350” 
style) has electrical speed shift, requires only 17} 2" vertical panel 
space. Horizontal recorder facilitates viewing and making notations 
on record, occupies 21 1 / of panel space, has mechanical speed shift. 
Both recorders have velocity feedback-damped galvanometers . . . 
automatic stylus heat control . . . separate timer /marker stylus . . . 
inkless direct writing on quick loading, rectangular coordinate charts 
with 20 mm wide channels. 
f or complete specifications and application engineering assistance, contact your nearest Sanborn 
Sales-Engineering Representative. Offices throughout the U. S., Canada and foreign cjutdries. 



“A Modern Medium-Route Microwave 
System”—T. W. Purdy, Canadian Motor¬ 
ola Electronics Co., Toronto, Ontario. 

“Multiplex Equipment for Vse on Light-
Route Radio”— H. R. Heron and R. L. 
Weeks, Lenkurt Electric Co., \ ancon ver, 
B. C. 

“The Vse of Broad-Band Radio for a 
Studio-Transmitter Link” J. E. Konrad, 
Brown-Boveri (Canada) Ltd., Montreal, 
Quebec. 

Session 14—Tutorial Session on Millimeter 
and Submillimeter Waves 

“Generation of Millimeter and Sub-
millimeter Waves” P. I). Coleman. Vni¬ 
versity of Illinois, Irbana, III. 

“Propagation of Millimeter and Sub-
millimeter Waves” E. G. R. Waren, RCA 
V ictor Co. Ltd., Montreal, Quebec. 

“Masers”— J. A. Giordmaine, Columbia 
( ni versit y, Xew York, X. Y. 

“Application of Solid State Materials at 
Millimeter Wave Lengths”—G. S. Heller, 
Lincoln Laboratories, M IT, Lexington, 
Mass. 

Session 15—Circuit Design II 
“Circuit Design Automation” J. P. 

Hester, General Electric Co., Syracuse, X. Y. 
“Optimum Design of Sampled- Data 

Control Systems” I). W. C. Shen. Vni¬ 
versity of Pennsylvania, Philadelphia, Pa. 

“Computer Study of Partially Xeu-
t rali zed Transistor Amplifiers” I). Plat-
nick and G. II. Cohen, I Diversity of 
Rochester, Rochester, X. Y. 

“Two-Variable feedback Control Sys¬ 
tems”—E. V. Bohn, I niversity of British 
Columbia, Vancouver, B. C. 

Wednesday, October 4 
Morning Sessions, 10:00 a.m.-12:30 p.m. 

Session 16—Pulse Transmission and Radar 
“Transmission of Radar Pictures oxer 

Telephone Lines by Slowed-Down Video"— 
T. W. R. East. Raytheon Canada Ltd.. 
Waterloo, Ontario. 

“Vse of the Switched Message Xetwork 
for Data Transmission”— K. B. Harris, 
Bell Telephone Co. of Canada, Montreal, 
Quel >e< . 

“ ‘Comar’—A. Contour Mapping Radar 
System” II. E. Lustig, General Instru-
ment-F. W . Sickes of Canada Ltd.. Water¬ 
loo, Ontario. 

“Synthesis of an Optimal Set of Radar 
Track-W hile-Scan Smoothing Equations”— 
T. R. Benedict and G. W. Bordner, Cornell 
Aeronautical Lab., Buffalo, X. V’. 

Session 17—Reliability 

“Application of Parts in Military Elec¬ 
tronic Equipments”—A. P. Harris, Cana¬ 
dian Military Electronics Standards Agency, 
Dept, of Natl. Defence, RCAF, Ottawa, 
Ontario. 

“The Exponential Failure Distribution 
as Related to Reliability"—J. T. Hanes, 
Canadian Arsenals Ltd., Toronto, Ontario. 

“A Critical Rex iew on the Reliability of 
Components”—A. Simoni, Precision Elec¬ 
tronic Components (1956) Ltd., Toronto, 
Ontario. 

“Some Aspects of Accelerated Life rest¬ 
ing"—G. Lengyel and H. Lysons, Ontario 
Research Foundation, Toronto, Ontario. 

Session 18—Antennas and Propagation 

“Experimental Frequency-Stable Trans¬ 
missions at 80 Kc from a Transmitter at 
Ottaxva”—J. S. Beirose, D.R.T.E., Dept, of 
Xatl. Defence, Ottaxva, Ontario. 

“Frequency Sounding as an Aid to Air¬ 
Ground HF Communications”—J. P. Mur¬ 
ray and G. W . Juli, D.R. I .E., Dept, of 
Natl. Defence, Ottaxva, Ontario. 

“Radiation Patternsand Impedance of a 
VHF/VHF Dipole Antenna Inside a Sup¬ 
porting Toxver" J. Y. Wong, Xatl. Re¬ 
search Council, Ottaxva, Ontario. 

“High-Speed Analog Simulation of 
Antenna Arrays"—J. Gilbert, Defence Re¬ 
search Board. D.X.D., Quebec, Province of 
Quebec. 

Session 19—Parametric and Negative-
Resistance Amplifiers 

“A Parametric Amplifier for an L-Band 
Surx eillance Radar” A. C. Hudson, Xatl. 
Research Council, Ottaxva, Ontario. 

“Circuit Impedance Effects in a Non¬ 
Degenerate Parametric Amplifier"— I). G. 
Vice, Northern Electric Co. Ltd., Ottaxva, 
Ontario. 

“Synthesis of Negatix e-Resistance Am¬ 
plifiers" X. L. Weinberg, Westinghouse 
Electric Corp., Baltimore, Md. 

“Xoise Characteristics of runnel Diodes 
and runnel Diode Amplifiers"—J. Shexv-
chun, Vniversity of Waterloo, Ontario. 

Session 20—Radiation Instrumentation 

“Low -Xoise Transistor Preamplifier for 
Vse with Silicon-Junction Alpha Particle 

Detectors"—A. J. S. Dax idson, RCA V ictor 
Co. Ltd., Montreal, Quebec. 

“An Alpha Particle Contamination 
Monitor Using Silicon Junction Detectors" 
—J. C. Boag, RCA Victor Co. Ltd., Mont¬ 
real, Quebec. 

“A High-Speed Analog to Digital Con¬ 
verter"—W . F. Korczynski, Computing De¬ 
vices of Canada Ltd., Ottaxva, Ontario. 

To be announced. 

Wednesday, October 4 

Afternoon Sessions, 2:30-5:00 P.M. 

Session 21—Panel Discussion on Import 
and Export Problems 

Moderator: R. Ston , Vice President and 
General Manager. Radio Valve Co. Ltd., 
Toronto, Ontario. 

A panel of leading executixes in the elec¬ 
tronics industry xvill deal with the various 
aspects of the import and export of elec¬ 
tronic products. Their joint experience 
gained in discussions xvith the industry, 
Goxernment, as xvell as xvith representatix es 
of the V. S. industry, ensure a highly in¬ 
teresting session on this controx ersial topic. 
The panel xvill be composed of Canadian 
electronics industry executixes specialising 
in this field. 

Session 22—Panel Discussion on Education 

Moderator: Prof. A. I). Moore, Elec. 
Engrg. Dept., Vniversity of British Colum¬ 
bia, Vancouver, B. C.; Chairman, IRE 
Canadian Region Education Committee. 

A panel of experts who are xvell ac¬ 
quainted xvith the xarious types of te< hnical 
education in electronics and in the place¬ 
ment of the graduates of these courses in 
both industry and government organiza¬ 
tions xvill discuss these and other problems 
inxolxed in choosing a career in electronics. 
Panel members are: 

B. R. Myers, Chairman, Dept, of Elec. 
Engrg., Vniversity of W aterloo, Ontario. 

C. M. Jackson, Principal, Western On¬ 
tario Inst, lech., W indsor, Ontario. 

R. C. Poulter. Director of Education. 
Radio College of Canada, Toronto. 

W. M. McMullen, Engrg. Personnel 
Manager, Canadian General Electric 
Co. Ltd.. Peterborough, Ontario. 

IL R. Smyth. Head of Navigational Aids. 
Radio and Elect. Engrg. Div., Natl. 
Research Council. Ottaxva. Ontario. 
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Accurate measurement of complex waves is now possible 
overa wide range of frequency with the NEW jf MODEL 910A. 

LL-NEW 

|fluke| 

MODEL 9I0A 

TRUE 
RMS VOLTMETER 

now . .. measure 
true RMS value 
of virtually all 

waveforms 

For the first time one instrument provides 1% midband accuracy, 
10 cps to /me bandwidth, plus 100 u v sensitivity. For added versa¬ 
tility an amplifier output is provided for simultaneous oscilloscope 
or recorder monitoring. 

Model 910A employs a thermocouple located in the feedback loop 
of a sensitive DC amplifier to measure the actual heating effect of 
the input waveform. This circuit arrangement is the key to the rapid 
response and high calibration accuracy of the Model 910A and also 
prevents an>' error in reading due to ambient temperature variation. 
Isolation of the thermocouple from the input terminals by a high 
gain, ultra stable AC amplifier provides high input impedance and 
completely protects the thermocouple from burnout under any con¬ 
dition of overload. 

Partial Specifications—jf MODEL 910A 
Voltage Range: 

Decibel Range: 

Frequency Response: 

Accuracy: 

Input Impedance: 

1 MV to 300V (full scale readings) 

—72 to 4-52 dbm 

10 cps to 7Mc 

± 1% of full scale 50 cps to 
800 KC 
± 2% of full scale 20 cps to 2Mc 
± 3% of full scale 20 cps to 
3.5 Me 
± 5% of full scalé 10 cps to 7 Me 

10 megohms shunted by 30 pf for 
0.3 volt range and below. 10 meg¬ 
ohms shunted by 15 pf for 1.0 volt 
range and above. 

Model 910A is ideal for measuring AC currents in non linear de¬ 
vices, total harmonic content of distorted waveforms, noise, average 
power of pulse trains, and other measurements that involve wave¬ 
forms which are not necessarily pure sinusoids. 

Crest Factor: 

Price: 

Prices and data subject to change without notice. 

3 at full scale, proportionately 
higher for readings less than full 
scale. 

Cabinet Model-$545 00 
Rack Model-$565.OO 
Prices f.o.b. factory. 

A more complete description 

will be sent to you upon request« JOHN FLUKE MFG. CO., INC. 
P. O. Box 7428 Seattle 33, Washington 
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Seventh National Communications Symposium 
Utica, X. Y., October 2-4, 1961 

The Seventh National Communications 
Symposium will be held in Utica, N. Y., on 
October 2-4, 1961, under the sponsorship of 
the IRE Professional Groupon Communica¬ 
tions Systems and the Rome-Utica Section 
of the IRE. The 1961 Symposium will stress 
the international requirements, progress 
and challenge of the communications in¬ 
dustry in line with the Symposium theme, 
“Communications Bridge or Barrier." 

There will be exhibits by communica¬ 
tion engineering and manufacturing organ¬ 
izations, and technical sessions will feature 
original papers by authorities in the field. 
The final program is expected to stress 
technical discussions of integrated indus¬ 
trial and private communications and large-
scale common-carrier or military communi¬ 
cations. 

A new feature of this year’s Symposium 
is the lecture-exhibit and technical essay 
contest. Interested students may participate 
cither by preparing a communications or 
electronics exhibit and an accompanying 
let ture or by writing an essay of 500 2000 
words on communications or a related sub¬ 
ject. 

Social events will include a Keynote 
Luncheon, an industry-sponsored Hospital¬ 
ity Hour followed by a buffet and entertain¬ 
ment, anti a Symposium Banquet with a 
nationally known speaker. T here will also be 
a lathes' program. 

Concurrent with the Symposium, classi¬ 
fied sessions are planned under the auspices 
of the Directorate of Communications, 
Rome Air Development Center. Participa¬ 
tion will be limited primarily to I . S. citi¬ 
zens possessing a current SECRET < lear-
ance. Citizens desiring to attend must have 
their clearances forwarded through their Se¬ 
curity Officers to Rome Air Development 
Center, Attn.: RC1S, Grifiss Air Force Base, 
New York, not later than September 9, 
1961. Only those foreign nationals officially 
representing their governments may apply 
for admission to this session. Requests 
should be forwarded through their Foreign 
Attaché in Washington to the Eoreign Liai¬ 
son Branch, Directorate of Intelligence. 
Headquarters USAF. 

The technical program has been an¬ 
nounced as follows: 

Monday Morning, October 2 

Session I—Communications Systems I 

“Propagation Studies at Radio and Opti¬ 
cal Frequencies," R. Anderson, General En¬ 
gineering Lab.. General Electric Co., Schenec¬ 
tady, N. Y. 

“Bionics and Communication System 
Engineering," L. .1. DeRosa and E. B. John¬ 
ston. Jr., ITT Communication Systems, 
Inc., Garden State Plaza, Parama;, N. J. 

“Detection of Intelligent Signals from 
Space, " J. A. Webb, Lockheed Aircraft Corp., 
Marietta, Ga. 

Monday Luncheon—Keynote Address 

Monday Afternoon 
Session IIA—Communications Systems II 

“The Defense Communications Control 
Complex," T. J. Heckelman, Philco Corp., 
Communications Management Dept., Fort 
Washington, Pa. 

“Coupling Man, the Decision Maker, to 
the Defense National Communications 
Control Complex," T. Lamoreau and R. H. 
Lazinski, Philco Corp., Govt. & Industrial 
Group, Fort Washington, Pa. 

“Spectrum Use," .1/. R. II inkier, Radio 
Corp, of America, Tucson, Ariz. 

“Communications Satellites and the 
Law," J. Kraus, ITT Federal Labs., Nutley, 
N. J. 

“Economic Analysis of Communication 
Sy stems," R. D. Chipp, Consulting Engineer, 
and T. Cosgrove, ITT Communications Sys¬ 
tems, Inc., Nutley, .V. J. 

Session IIB—Communications 
Techniques I 

“A Practical Implementation of Reit¬ 
erated Speech Concepts," R. R. Paxton, 
Electro- Mechanical Research, Inc., Sarasota, 
Fla. 

“Speech Compression by Operating on 
Formants," .1/. II . lieddos, and D. T. Crow-
son. The University of British Columbia, 
Dept, of Electrical Engineering, Vancouver, 
Canada. 

“Intelligibility of the Channel Vocoder in 
the Presence of W hite Noise," R. L. Craig-
low and N. R. Gctzin, Collins Radio Co., 
Cedar Rapids. Iowa. 

“Nymph— Narrow Band Multi-Phase 
Modulation." .1. D. Perry, General Electric 
Co., Advanced Electronics Center, Cornell 
University, Ithaca, N. Y. 

“A Kilomegabit Data Encoding and 
Transmission System," D. Cohen, Airborne 
Instruments Lab., Deer Park. L. I., N. T. 

“Reducing Channel Capacity Require¬ 
ments in Digital Imagery Transmission: A 
Study Report," .1. H. Clinger and D. R. 
Ziemer, Texas Instruments. Inc., Dallas. 
Tex. 

Tuesday Morning, October 3 
Session III A—Communications 

Systems III 
“Satellite Communications Systems,” 

R. E. Sageman. American Telephone and 
Telegraph Co., New York. N. 

“Concept of a Variable Bandwidth Mili¬ 
tary Satellite System," H. P. Hutchinson, 
ITT Communication Systems, Inc.. Garden 
State Plaza. Paramus, N. J. 

“Frequency Allocation for Satellite Com¬ 
munication," IL B. Collins, Jr., and A. G. 
Steinmayer, General Electric Co., Missile and 
Space Vehicle Dept., Philadelphia, Pa. 

“Interference Problems of Co-Channel 
Communication Satellite Systems in Dif¬ 
ferent Orbits," Hughes Aircraft Co., Hughes 
Research Labs., Culver City, Calif. 

“The Evaluation of Echo in Satellite 
Communication Systems," IE. A. Runge, 
ITT Labs., Commun. Lab., Palo Alto. Calif. 

Session IIIB—Communications 
Techniques II 

“Groundwave Communication During 
Auroral Blackout,” J. R. Herman. A VCO 
Corp.. Research and Advanced Development 
Div., Wilmington, Mass. 

“Results of Some Angle Diversity l ests, " 
E. J. Mueller, Westinghouse Electronic Corp., 
Electronics Div., Baltimore, Md. 

“Propagation Problemsofa Communica¬ 
tion Satellite," D. L. Hagen and H. B. Col¬ 
lins, Jr., General Electric Co., Missile and 
Space Vehicle Dept., Philadelphia , Pa. 

“Effects of T errain of Low Frequency 
Communication Systems,” A. IE. Biggs and 
M. Swarm, Boeing Airplane Co.. Aero-Space 
Div., Seattle, II 'ash. 

“The Tracking Antenna—A Promising 
Concept for Scatter Communications,” 
D. E. Johansen. Sylvania Electric Produits, 
Inc., Electronic Systems, Waltham Labs., 
Waltham, Mass. 

“A Versatile Oblique Ionospheric Com¬ 
munication Sounder Elmploying Selectable 
Frequency Scanning," B. Reckless, Philips 
Electronics Industries Ltd., Toronto. Ontario, 
Canada. 

Tuesday Afternoon 

Session IVA—Communications 
Techniques III 

“Use of Polarization Analy sis and Syn¬ 
thesis to Improve Communications Systems 
Performance,” B. J. Lamberty, Sylvania 
Electronic Systems, Electronic Defense Lab., 
Mountain View, Calif. 

“Design and Application of Circuit 
Switching to Communication Systems," 
G. F. Abbot, Jr., Radio Corp, of America, 
Defense Electronic Products, New York, N. Y. 

“Design and Application of Message 
Switching to Communications Systems," 
IE. B. Groth, Radio Corp, of America, De¬ 
fense Electronic Products, New \ork, A. I’. 

“A New Video Cable Multiplex System 
for the Air I orce." B. E. Dotter, Jr., Len-
kurt Electric Co.. Inc., San Carlos, Calif. 

“AN/TRC-56 Radio Set, A New Con¬ 
cept in Portable Military Communications 
Systems," .1/. I Ertner, Philco Corp. Engineer¬ 
ing Dept., Philadelphia. Pa. 

Session IVB—Communication 
Systems IV 

(Classified) 

Wednesday Morning, October 4 

Session VA—Communication 
Systems V 

“Optimum Utilization of Communica¬ 
tions Systems." E. Furth. Radio Corp, of 
America. 

“An Analysis of Antenna F’eeder Dis¬ 
tortion on High Density-Multi Channel 
Communication Signal," IE. J. Connor and 
E. Di Russo, Radio Corp, of America, De¬ 
fense Electronic Products, Camden, N. J. 
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Robert Avnet 
Avnet Corporation, Los Angeles, Calif. 

John W. Busscker 
Contact Electronics, Inc, 
Dallas, Texas 

Harold H. Powell 

Harold H. Powell Co, Philadelphia, Pa. 

... serving industry with quality 
BENDIX ELECTRICAL CONNECTORS 

Francis R. Hin» 
Airwork Corporation, Miami, Fla. MEET THE 

WORLD’S FINEST 
DISTRIBUTOR 

TEAM Lester Avnet 
Avnet Electronics Corporation, 

Westbury, L.I., N.Y. 

Each member of this world’s finest team heads an or¬ 
ganization having experience, ability and facilities un¬ 
matched elsewhere in the field of connector distribution. 
The entire team works toward the same goal—fast, 
efficient supply of the Bendix® Electrical Connectors best 
suited to your exact needs. 

They supply to industry a nearly incredible number 
of connectors—running into literally tens of thousands 
of models—through a system pioneered by Scintilla 

Division in 1953. This is the component assembly tech¬ 
nique, which anticipates connector needs and even per¬ 
mits overnight deliveries when required. 

Their strategically located stocks are both broad and 
deep—with factory assembly and quality control stand¬ 
ards that are extensions of those we maintain in our own 
manufacturing operations. Remember when you need 
high-quality connectors—your Bendix distributor can 
be an indispensable member of your team! 

Scintilla Division 
SIDNEY, N. Y. 

Canadian Affiliate: Aviation Electric, Ltd., 200 Laurentien Blvd., Montreal 9, Quebec. 
Export Sales & Service: Bendix International, 205 E. 42nd St., New York 17, N. Y. 
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“Analysis of a Microwave Communica¬ 
tions System Supplied to the Air Force by 
Philco Corporation," II. Goldman, Philco 
Corp., Communications Management Dept., 
Fort Washington, Pa. 

“System Applications of the Diffraction 
Propagation Mode in the Super High Fre¬ 
quency Range," R. IF. Rivera and .1/. T. 
Speights, Philco Corp., Communications 
Management Dept., Fort Washington, Pa. 

“Dewdrop Communications System Per¬ 
formance," J. P. Barbera and IF. G. Donald¬ 
son. Federal Electric Corp., Paramus, N. J. 

Session VB—Communications 
Techniques IV 

“Performance of Error—Correcting 
Codes," .1/. E. Mitchell, General Electric 
Co., Cornell University, Ithaca, N. F. 

“Digital Simulation of Adaptive Wave¬ 
form Recognition," C. F. Jakowatz, General 
Electric Co., Research Lab.. Schenectady. 
n. r. 

“Frequency Error Effects on a Binary 
Communication System Utilizing Coherent 
Integrators," H. J. Juda and F. R. Skal-
bania, Sylvania Electronic Products, Inc., 
Buffalo, N. K. 

“Realization of Communication Nets 
with Maximum Information Flow," I. T. 
Frisch and IF. II. Kim. Columbia University. 
Dept of Electrical Engineering, New York. 
N. Y. 

“Principal Elements of Adaptive Com¬ 
munication Systems," R. F. J. Filipowsky 
and F. II. Krantz. IBM, Communications 
Center, Federal Systems Div., Rockville, Md. 

“Digital Television Encoding," R. G. 
Saloman, Ball Brothers Research Corp., 
Digital Television Systems, Boulder, Colo. 

Wednesday Afternoon 
Session VIA—Communications 

Techniques V 

“The Role of Systems Management in 
Interference Control." A. L. Albin. Filtran 

Co., Engineering Div., Flushing, N. T. 
“ Techniques for Determining Communi¬ 

cations Vulnerability," J. Dorothy and 
M. Stone, Headquarters, U. S. Army Signal 
Research & Dev. Lab., Fort Monmouth, N. J. 

“Impulse-Noise in Data Line Systems," 
R. A. Whiteman and S. Bass, Armour Re¬ 
search Foundation, Technology Center, Chi¬ 
cago, III. 

“Interference Considerations for Com¬ 
munications Satellites," J. J. Downing, 
Lockheed Aircraft Corp. Missile and Space 
Div., Sunnyvale, Calif. 

“Variable Bandwidth IM Transmission 
System,” J. E. Palmer and J. Bordogna, 
Radio Corp, of America, Defense Electronics 
Products, Camden. N. J. 

Session VIB—Communications 
Systems VI 
(Classified) 

Wednesday Evening—Banquet 

National Electronics Conference 
International Amphitheatre, Chicago, 111., October 9-11, 1961 

The National Electronics Conference 
will be held on October 9-11 in the Inter¬ 
national Amphitheatre, Chicago. 111. It is 
sponsored by the AI EE, The Illinois Insti¬ 
tute of Technology, Northwestern I niver-
sity, the University of Illinois, and the IRE. 
The 1961 NEC is to be the largest to date; 
the latest products of over 400 firms will 
be exhibited in approximately 425 exhibit 
booths. 

Luncheon speakers are listed below: 
Monday, October 9— Dr. Lloyd V. 

Berkner, President of the IRE 
Tuesdav, October 10—Brigadier Gen¬ 

eral David P. Gibbs 
Wednesday, October 11— Robert W. 

Galvin, President of Motorola, Inc. 
In addition to the regular NEC technical 

program, a special three-day Computer 
Workshop has been arranged. T he presenta¬ 
tion will be directed to the everyday needs 
of engineers including those concerned with 
the use of elementary engineering mathe¬ 
matics in design and sales. W orking installa¬ 
tions of modern computers, both digital and 
analog, will be on demonstration in a special 
area set aside for the workshop. 

The digital computer portion of the pro¬ 
gram has been arranged by Dr. Thomas F. 
[ones, Jr., Head of the Electrical Engineer¬ 
ing School, Purdue University. T he analog 
portion of the computer program has been 
arranged by Prof. Vincent Rideout of the 
University of Wisconsin. 

Monday Morning, October 9 
Communication Systems 

Chairman: Donald Campbell, Kellogg-
ITT, Chicago, 111. 

“A High Speed Teleprinting System”— 
H. C. Waterman and W. Borman, Moto¬ 
rola, Inc., Chicago, 111. 

“The Air Traffic Control Radar Beacon 
System; a Digital Data Transmission and 
Processing System"—K. Wise, federal 
Aviation Agency. Bureau of Research and 
Dev.. W ashington, I). C. 

“Communication Central Svstem AN/ 
MRC-66”—J. W. Hart, Motorola, Inc., 
Chicago, III. 

Microelectronics 

Chairman: Richard A. Greiner, Uni¬ 
versity of Wisconsin, Madison. W is. 

“Nonlinear Resistance for Microelec¬ 
tronics”— 11. C. Lin, Research Labs., Wes¬ 
tinghouse Electric Co., Pittsburgh, Pa. 

“Titanium T hin Film Circuits"—W. D. 
Fuller, Missiles and Space Div., Lockheed 
Aircraft Corp., Sunnyvale, Calif. 

“Design Procedure for Film Type Dis¬ 
tributed Parameter Circuits"—W. W. Happ 
and W. D. l uller. Missiles and Space Div., 
Lockheed Aircraft Corp., Sunnyvale, Calif. 

“Distributed Parameter Circuit Design 
Techniques"—W . W. Happ and P. Castro, 
Missiles and Space Div., Lockheed Aircraft 
Corp., Sunnyvale. Calif. 

Network Theory 

Chairman: L. P. Huelsman, University 
of Arizona, Tuscon, Ariz. 

“Linear Systems with Time-Varying 
Components”- -J. B. Cruz, Jr., University 
of Illinois, Urbana, 111. 

“The Analysis of Networks Containing 
Periodically Variable Piecewise Constant 

Elements"— I. W. Sanberg, Bell Telephone 
Labs., Murray Hill, N.J. 

“A Method for the Estimation and 
Precorrection of Losses in Terminated LC 
Networks"—G. C. Temes, Research and 
Dev. Labs.. Northern Electric Co., Ottawa. 
Ontario. 

“Synthesis of Signal Generators and 
Matched Filters"— N. DeCaris and II. S. 
McGaughan, Cornell University. Ithaca, 
N. Y. 

Optical Communications 

Chairman : G. K. W essel, Electronics 
Laboratorv, General Electric Co., Svracuse, 
N. V. 

“Optical Masers”— R. J. Collins, Bell 
Telephone Labs., Murray Hill, N. J. 

“A CW Optical Frequency Oscillator 
Using Gaseous Discharge"—A. Javan, Bell 
Telephone Labs., Murray Hill. N. J 

“Optical Range Finder Application of 
the Laser”—L. Goldmuntz, 'lech. Research 
Group, Inc., Syosset, L. L. N. V. 

“Optical Communications"—G. Jacobs. 
Electronics Lab., General Electric Co., 
Syracuse, N. V 

Solid-State Devices and Circuits I 

Chairman: A. P. Stern, The Martin 
Company, Baltimore, Md. 

“A Study of Tunnel Diodes for Digital 
Electronics Circuits”—A. Hemel, Motorola, 
Inc., Chicago, 111. 

“Graphical Analysis of Tunnel Diode 
Pulse Circuits”—J. J. Hill, Electronic Data 
Processing Systems, Radio Corp, of America, 
Camden, N. J. 
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CW or Plate-Pulsed 

Ceramic Planar Triode 
Special anode design of ML-7855 permits frequency stable operation within 10-15 seconds 

after application of high voltage. (Frequency change during this initial period is within 1 me). 

ML-7855 provides frequency stable operation with unregulated supply, as change of plate 

dissipation has no effect on change of frequency. 

CW operation to 2500 Me, with 1000 V Ebb, 100 ma la. 

Plate-pulsed to 3000 Me, with 3500 v eb, 3.0 a ib, with a tp of 3 usee at 0.0025 Du. 

Send for Machlett UHF Planar Tube Brochure 

Subsidiary of Raytheon Company 

The Machlett Laboratories, Inc. 
Springdale, Connecticut 
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“An Analysis and Tolerance Study of a 
New Pumped Tunnel Diode- Transistor 
Logic Gate"- Y. C. Hwang and H. Raillard, 
Electronics Lab., General Electric Co.. 
Syracuse, N. Y. 

“A Fundamental Lower Bound for 
Junction Transistor Fall Time”— R. P. 
Nanavati, Syracuse University, Syracuse, 
N. Y. 

Monday Evening—Panel Discussion 
Engineering Management 

Sponsored by the IRE Professional 
Groupon Engineering Management. 

Panel Discussion— New Products and 
Diversification. 

Moderator W. Cozzens, Cozzens & 
Cudahy. Inc., Chicago, 111. 

Panel Members—A. Roshki nd, A. B. 
Dick Company, Niles, 111.; P. Alspach, 
General Electric Co., New York, N. Y. ; \ . 
II. Disney, Armour Research Foundation, 
HT, Chicago, Ill.; L. G. Nierman, Attorney, 
Chicago. III. 

Tuesday Morning, October 10 
Air Traffic Control 

Panel Discussion- Electronics Systems 
for Air Traffic Control. A timely discussion 
by a panel of experts from the Federal Ax ia-
tion Agency-Industry, Military and Com¬ 
mercial Airlines. 

Antennas I 
Chairman: C. T. Tai, Ohio State Univer¬ 

sity, Columbus, Ohio. 
‘‘Plane W axes on a Periodic Structure of 

Circular Disks and Their Application to 
Surface Wave Antennas" J. Shefer, Har-
xard University, Cambridge, Mass. 

“Vertically Polarized Log-Periodic Zig-
Zag Antennas" J. W. ('»reiser and P. E. 
Mayes, University of Illinois, Urban a. 111. 

‘‘Uni-Directional Log Periodic Antenna 
of Selectable Polarization" E. Hudock 
and W. A. Kennedy. Collins Radio Co., 
Cedar Rapids, Iowa. 

“Multi-Mode Equiangular Spiral An¬ 
tennas"- J. D. Dyson, University’ of Illi¬ 
nois, Urbana, 111. 

Digital Control Systems 

Chairman: S. Hori, Armour Research 
Foundation, III', Chicago, 111. 

“A Simple but Exact Model for Sam¬ 
pled- Data Feedback Systems with Non-
negligible Pulse Width"—G. J Murphy, 
Northwestern Unixersity. Exanston. 111. 

“Modern Synthesis of Digital Control 
Systems"— P. D. Joseph and J. T. Ton, 
Purdue Unixersity, Lafayette, Ind. 

“Simulation of Digitally Controlled 
Systems"— E. Noges, Unixersity of Wash¬ 
ington, Seattle, Wash. 
“The Application of a Digital Computer 

to the Study of Discrete Control Systems"— 
IL C. Torng, Cornell Unixersitv. Ithaca. 
N. Y. 

Solid-State Devices and Circuits II 

Chairman: L. L. Ogborn, Purdue Unix er¬ 
sity, Lafayette. Ind. 

“The Electro-Chemical Diffused-Col-
lector Transistor"- J. G. Bouchard. Sprague 
Electric Co.. Concord. N.H. 

“Two Nuclear Magnetic Resonance 
Devices which Automatically I'oBoxv Time 

Vary ing Magnetic Fields- Possible Applica¬ 
tions"- -M. Larson, C. Heinen, D. Abra¬ 
hamson, and P. Senstad, Minneapolis-
Honey xvell Regidator Co., Minneapolis, 
Minn. 

“An Audio Amplifier Without Tubes or 
Transistors" M. J. Cudahy, Cozzens & 
Cudahy . Inc., Skokie. 111. 

“Magneto-Optical Readout of Informa¬ 
tion in Ferromagnetic Thin Films"— P. 
Smaller, Ampex Corp., Redwood Citv, 
Calif. 

Tuesday Afternoon, October 10 
Antennas II 

Chairman: E. C. Jordan. Unixersity of 
Illinois, Urbana. 111. 

“Some Nexv Results in Linear Array 
Theory"—S. S. Sandler and R. W . P. King, 
Cruft Lab., Harxard Unixersitv, Cambridge. 
Mass. 

“Mutual Impedance of Thin Linear An¬ 
tennas in Any Configuration"—H. C. 
Bakerand A. II. La Grone, Southern Meth¬ 
odist Unixersity, Dallas, lex. 

“Scanning Antenna for Satellite Ap¬ 
plication" K. S. Kelleher and IL P. Cole¬ 
man, Aero Geo Astro Corp., Alexandria, Va. 

“On the Problem of Antenna Beam 
Broadening"—C M. Angulo and J. Farber, 
Brown Unixersity, Prox idence. R. I. 

Bionics (Artificial Neurons) 
Chairman: R. W. Jones, Northxvestern 

Unixersity, Ex’anston, Ill. 
“Improxed Transistor Neuron Models" 

—E. P. McGrogan, Defense Electronic 
Prods., RCA. Camden. N. |. 

“Speech Recognition by Analog Neural 
Netxvorks”— F. Putzrath and T. B. Martin. 
Defense Electronic Prods., RCA, Camden, 
N J. 

“Signal Processing by Analog Neural 
Networks"—T. B. Martin, Defense Elec¬ 
tronic Prods., RCA, Camden. N. J. 

“An Optoelectronic-Magnetic Neuron 
Component"—!'. E. Bray. Electronics Lab.. 
General Electric Co., Sy racuse, N. Y. 

Logic and Switching Theory 

Chairman: M. G. Keeney. Michigan 
State Unixersity. East Lansing, Mich. 

“Nonlinear Resistor Matrices for Logic 
Operations"—-M. S. Wasserman. General 
Telephone & Electronics Labs., Inc., Bay¬ 
side. N. Y. 

“Statistical Theory of I Hspersion in 
High-Speed Synchronous Combination 
Sxx itching Netxvorks" B. Beizer. Com¬ 
puter Dix., Ph ¡Ico Corp., W illoxx Groxe, Pa. 

“Improvement of Electronic Computer 
Reliability through the Use of Majority-
Gate Logic Redundancy"- W. G. Broxvn. 
Cook Research Labs., Morton Groxe, 111.; 
J. Tierney, Mass., and R. Wasserman. 
Hermes Electronics Co.. Cambridge, Mass. 

“A Signal Processing Photoconduct ixe 
Switching Device" R. D. Stewart, Elec¬ 
tronics Lab., General Electric Co., Syracuse, 
N. Y. 

Microwave Theory and Techniques 
Chairman: W. A. Edson. Electro-Mag¬ 

netic Tech. Corp.. Palo Alto, Calif. 
“Understanding Plane Wave Propaga¬ 

tion in Plasma Media"—G. T. Flesher, 
Bendix Systems Div., Chicago, 111.; M. 

Subramanian, Purdue Unixersity, Lafay-
ette, Ind. 

“Nexv Techniques for Microwave Diag¬ 
nostics of Solids”—M. E. Brod win, North-
western Unixersity, Ex’anston, 111. 

“ The Utility of Scattering Matrix Or¬ 
thogonality Conditions"— R. S. Potter, 
U. S. Naval Research Labs., Washington, 
I). C. 

“A Nexv Microxvaxe Filter Design Tech¬ 
nique”— E. Tahan, Electronic Systems, 
Sylvania Electric Prod., Inc., Waltham, 
Mass. 

Wednesday Morning, October 11 
Digital Computer Applications 

Chairman: J. Van Ness, Northxvestern 
Unixersity, Evanston, Ill. 

“Simulating Transfer Functions by Digi¬ 
tal Means” R. ( . Radnik and W C 
Schultz, Cornell Unixersity. Ithaca, N. Y. 

“Techniques for the Digital Computer 
Analysis of Chain- Encoded Arbitrary Plane 
Curves"— II. Freeman, Nexv York Unixer¬ 
sity, New York, N. Y. 

“A Digital Data Recording System for 
Traffic Floxv Analysis"—N. Brainard, F. 
Be« ker and W . Trabold, General Motors 
Research Labs., Warren, Mich. 

“An Information Retrieval system Tai¬ 
lored to the Needs of an Electronic Engi¬ 
neering Organization"—L. Gilman and 
C. M. Jennings, Air Arm Dix ., Westinghouse 
Electric Corp.. Baltimore, Md. 

Low-Frequency Solid State Amplification I 
A Tutorial Session Sponsored by the 

AIEE Electronic Circuits and 
Systems Committee 

Chairman: K. Fnslein, Brooks Re¬ 
search Inc., East Rochester. N. Y. 

“Limitations in the Design of Instrument 
Amplifiers"—G. II. Cohen, Unixersity of 
Rochester, Rochester, N. Y. 

“Noise Aspects of Low Frequency Solid-
State Circuits A. van der Ziel, Unixersity 
of Minnesota, Minneapolis, Minn. 

“Effects of Signal Source Characteristics 
on Amplifier Design"—W. McAdam, A. 
W illiams. Jr., and J. J. Hitts. Research and 
Dex Center, Leeds & Northrup Co., North 
Wales. Pa. 

Parametric Devices and Techniques 
Chairman: A. Kamal. Purdue Unixer¬ 

sity. Lafayette. Ind. 
“Synthesis of Negatixe Resistance Am¬ 

plifiers"—N. L. Weinberg. Air Arm Div., 
Westinghouse Electric Corp., Baltimore, 
Md. 

“Analytic Design of Varactor Diode 
Circuits”—B. J. Leon, Hughes Research 
Labs., Malibu, Calif. 

“A C-Band Superregenerative Detector 
for Radar Beacon Applications”—R. I). 
Standlev, Armour Research Foundation, 
HT, Chicago, 111. 

Space Communications 
Chairman: S. Lutz, Hughes Research 

Labs., Malibu. Calif. 
“Impact of Space Communication on 

The Spectrum"- J. E. Hacke. General Elec¬ 
tric Co., Santa Barbara. Calif. 

“On the Response of a High Gain An¬ 
tenna to Complex Radio Waxes"— H. C. 
Ko. Ohio State Unixersity. Columbus, Ohio 
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In less time than it takes light to cross this room, 

a new product, DELCOS NEW high speed 10 NIC 
silicon modules, could: (1) correct the course of a missile in flight; 

(2) make it possible for sonar pickups to track and compute the 

position of targets with microsecond accuracy; and (3) handle any 

number of other airborne guidance and control functions that previous 

modules—due to low speed or environmental or performance limitations 

—could not handle. Delco Radio’s lOmc modules, with a maximum 

gate-switch speed of 40 nanoseconds, convert data 100 times faster 

— even under the most extreme environmental conditions. 

These SILICON modules come epoxy encapsulated, and 
operate over a temperature range of — 55°C to + 100°C. And these 

same reliable DIGITAL circuits are available packaged on 

plug-in circuit cards. These Delco MODULES are environmen¬ 
tally proved to: SHOCK, l,000G’s in all planes. VIBRATION, 15G’s at 10 to 

2,000 cps. HUMIDITY, 95% at max. temp. STORAGE AND STERILIZATION TEMP. 

-65°C to +125°C. ACCELERATION, 20G’s. Designed for systems 

using from one module to 100,000, and the module’s rated 

performance considers the problems of interconnection. Data sheets 

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

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

PIONEERING ELECTRONIC PRODUCTS THROUGH SOLID STATE PHYSICS 

Division of Genera! Motors • Kokomo, Indiana 
DELCO 
RADIO 
■ CU.^illTY 
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“Radiation Characteristics of Slot An¬ 
tennas in Lossy Anisotropic Plasma"—H. 
Hodara, Hallicrafters Co., Chicago, Ill. and 
G. I. Cohn, Illinois Inst, lech., Chicago, 
111. 

“Effective Bandwidth Measurements 
Using the Moon and the Echo 1 Satélite”— 
R. E. Anderson, General Engrg. Lab., Gen¬ 
eral Electric Co., Schenectady, N. Y. 

Wednesday Afternoon, October 11 
Applications of Ceramics 

Chairman: K. E. Rollefson, The Muter 
Company, Chicago, Ill. 

“A High Stability SiOs Capacitor"— 
J. Minahan, J. Sprague, and O. J. Wied. 
■Sprague Electric Co., North Adams, Mass. 

“Miniature Ceramic Bank Pass Filters" 
—I). R. Curran anti I). J. Koneval, Elec¬ 
tronic Research Div., Clevite Corp., Cleve¬ 
land. Ohio. 

“Passive Electromechanical Gyrators 
and Isolators"—J. II. Silverman, J. I). 
Schoeffler, and I). R. Curran, Electronic 
Research Div., Clevite Corp., Cleveland. 
Ohio. 

Digital Data Transmission 

Chairman: R. Gibby, Bell Telephone 
Labs., Murray Hill, N. j . 

“An Analysis of Frequency Shift Keying 
Systems"—J. R. Feldman and J. X. Farone, 
Armour Research Foundation, I IT, Chi¬ 
cago. 111. 

“A Highly Versatile Corrector of Dis¬ 
tortion and Impulse Noise"—E. I). Gibson, 
Electronics Div., ACF Industries, Inc., 
Riverdale, Md. 

“Simple Error-Correction Decoding"— 
M. Mitchell. Advanced Electronics Center, 
General Electric Co., Ithaca, N. Y. 

“Experiments in Signaling Through Non-

Professional Groups* 

Aerospace & Navigational Electronics 
(G-ll)—G. M. Kirkpatrick, Electronics 
Equipment and Systems Lab., GE Co., 
Syracuse, N. Y.; H. R. Minino, Cruft 
Lab., Harvard Univ., Cambridge 38, 
Mass. 

Antennas & Propagation (G-3) Dr. IL 
Fine, Applied Propagation Branch, Tech¬ 
nical Research Div., FCC, Washington, 
I). C. ; S. A. Bowhill, Pennsylvania State 
Univ., University Park, Pa. 

Audio (G-l)—C. M. Harris, Electronics 
Res. Labs., Columbia Univ., New York 
27. N. Y.; M. Camras, Armour Res. 
Foundation, lech. Ctr., Chicago 16, III. 

Automatic Control (G-23) J. AL Salzer, 
Ramo-Wooldridge, 5500 El Segunda, 
Hawthorne. Calif. ; G. S. Axelby, W esting¬ 
house Air Ann Div., Friendship Airport, 
Baltimore 3, Md. 

Bio-Medical Electronics (G-18) —G. N. 
Webb, Dept, of Medicine, Biophysical 
Div., Johns Hopkins Hospital, Baltimore 
5, Md.; L. B. Lusted, Dept, of Radiology, 
Univ, of Rochester, Ro< hester 20, N. Y. 

Broadcast & Television Receivers (G-8) 
R. R. Thalner, Sylvania Home Electron¬ 
ics. 700 Ellicott St., Batavia, N. Y. ; 
C. W . Sall, RCA, Princeton, N. J. 

Broadcasting (G-2) R. F. Guy, 264 Frank¬ 
lin St., Haworth, N. J.; W. L. Hughes, 
School of Elec. Engrg., Oklahoma State 
University, Stillwater, Okla. 

Circuit Theory (G-4)—Dr. J. II. Mulligan, 
Jr., College of Engrg., New York Univ., 
Unixersity Heights, New York 53, N. Y. ; 
M. E. \’an Wilkenburg, Dept, of E. E., 
Unix, of Illinois, Urbana. III. 

Communications Systems (G-19) R. L. 
Marks, Rome Air Dev. Ctr., Griftiss AFB, 
N. W; E. J. Baghdad}, Elec. Engrg. 
Dept., M.I. T., Cambridge 39, Mass. 

* Nantes listed are Group Chairmen and Trans¬ 
actions Editors. 

Component Parts (G-21) F. E. Wenger. 
Headquarters ARDC, Andrews AFB. 
Washington 25, I). C. ; G. Shapiro, Engi¬ 
neering Electronics Sec., Div. 1.6, NBS, 
Connecticut Ave. and Van Ness St., 
W ashington 25, I >. C. 

Education (G-25) G. E. Moore. Westing¬ 
house Elec. Corp., East Pittsburgh, Pa. 
W. R. LePage, Dept, of E. E., Syracuse 
Univ., Syracuse Kl, X. Y. 

Electron Devices (G-15) W . A. Adcixk. 
Texas Instruments, 6000 Lemmon Ave.. 
Dallas 9, lex.; G. Wade, Spencer Lab., 
Raytheon Co., Burlington, Mass. 

Electronic Computers (G-16) A. A. Cohen. 
Remington Rand Univac, St. Paul 16. 
Minn.; Prof. X. R. Scott, Dept, of Elec. 
Engrg., University of Michigan, Ann 
Arbor, Mich. 

Engineering Management (G-14) T. W. 
Jarmie, Engineered Electronics Co., 1441 
E. Chestnut Ave.. Santa Ana, Calif.; 
A. 11. Rubenstein, Dept, of Indus. Engrg., 
Northwestern Univ., Evanston, III. 

Engineering Writing and Speech (G-16) 
J. M. Kimm, Jr., IBM Journal, 17th 
Flixtr, 545 Madison Ave., New York, 
N. Y.; H. B. Michaelson. IBM Res. Ctr., 
Box 218, Yorktown Heights, N Y. 

Human Factors in Electronics (G-28)— 
R. R. Riesz, Bell Telephone Labs.. Mur¬ 
ray Hill, N. I : J. I. Elkind, Bolt Beranek 
and Newman, Inc., 50 Moulton St., Cam¬ 
bridge, Mass. 

Industrial Electronics (G-13) J. E. Eisc-
lein. RCA Victor Div., Camden. N. J.: 
R. W. Bull. Coleman Instruments, Inc , 
42 Madison St., Maywood, 111. 

Information Theory (G-12) G. !.. Turin, 
E. FL Dept., Univ, of California. Berkeley. 
Calif.; A. Kohlenberg, Melpar Inc., It 
Galen St., Watertown, Mass. 

Instrumentation (G-9) II. W . Lani e. Nat'l. 
Bureau of Standards, Boulder, Colo.; 
G. B. Hoadley, Dept, of E.E., North 
Carolina State College, Raleigh, N. C. 

Gaussian Noise"—R. M. Lerner. D. Karp 
and J. Petriceks, Lincoln Labs., MIT, 
Cambridge, Mass. 

Low-Frequency Solid-State Amplification II 

A Tutorial Session Sponsored by the 
AIEE Electronic Circuits and 

Systems Committee 
Chairman: G. II. Cohen, University of 

Rochester, Rochester, N. Y. 
“Feedback, Stability and Transients in 

Solid-State Low Frequency Amplifiers" 
V, R. Saari. Bell I elephone Labs., Murrav 
Hill, N.J. 

“D. C. Amplifiers Using Semi-Conductor 
Modulators" N. F. Moody, University of 
Saskatoon, Canada. 

“Low-Level Magnetic Amplifiers" 
W. A. Geyer, U. S. Naval Ordnance Lab.. 
Silver Springs. Md. 

Microwave Theory and Techniques (G-17) 
—T. X. Anderson. EMT Corp., Syosset 
Industrial Park, 210 Michael Dr., Syosset. 
L. L, X. Y. : D. I). King, Electronic 
Comm., Inc., 1830 York Rd., Timon¬ 
ium, Md. 

Military Electronics (G-24) W . L. I )oxev . 
EC Dept., USASRDL, Fort Monmouth, 
X. J.; I). R. Rhodes, Radiation Inc., Box 
6904, Orlando, Fla. 

Nuclear Science (G-5) L. Costrell, Xu-
deonic Inst. Sec., NBS, Washington 25, 
D. C. ; R. E. Shea, Dig Power Plant 
Engrg., Knolls Atomic Power Lab., Gen¬ 
eral Electric Co., Schenectady, X. Y. 

Product Engineering and Production (G-22) 
—A. R. Gray, Astronics of Florida, Inc., 
1110 S. Woods St., Box 5606, Orlando, 
Fla.; I). B. Ehrenpreis, 325 Spring St., 
New York, X. Y. 

Radio Frequency Interference (G-27) 
IL E. Dinger, Naval Research Lab., 
Washington 25, I). C.; O. P. Schreiber, 
Technical Wire Prods., Inc., 48 Brown 
Ave., Springfield, N. J. 

Reliability and Quality Control (G-7) 
L. J. Paddison, Sandia Corp., Sandia Base, 
Albuquerque, X. Mex. ; W. X. Lamb, Jr., 
22124 Dumetz Rd., Woodland Hills, 
Calif. 

Space Electronics and Telemetry (G-10) 
K. M. Uglow, Jr., 2228 Oriole Dr., Sara¬ 
toga, Fla.; F. T. Sinnott, Mail Zone 549-
30, Conv air- Astronautics, San Diego 12, 
Calif. 

Ultrasonics Engineering (G-20) V. Salmon, 
Stanford Research Inst.. Menlo Park. 
Calif. ; O. E. Mattiat, Res. Div ., Acoustica 
Associates Inc., 415 E. Montecito St.. 
Santa Barbara, Calif. 

Vehicular Communications (G-6) R. P. 
Gifford, General Electric Co., Rm. 206, 
Mountain View Rd., Lynchburg, Va.; 
W . G. Chanev . AT& I Co., 195 Broadway, 
New York 7, X. Y. 
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Compact chassis of Osborne 300 CBT Citizens Band Transceiver. 

Greater selectivity in a miniature package 
... and increased stability at a decreased cost. Further, magnetic shielding can be eliminated 
as well as the necessity for factory and field alignment. That’s why CLEVITE’S ceramic i-f filters 

are rapidly replacing conventional components in today's mobile or high quality commercial 
receivers. Basic component of these rugged fixed-tuned devices is the 

CLEVITE piezoelectric “Transfilter” developed especially for great 

stability of resonant frequency with respect to time and temperature. 

Cascading and coupling these resonators provide excellent selectivity at 

desired bandwidths. Size, V/2" x %" x 2.0" high; Center Frequency, 455 kc; 

Shape Factor (60/6db), 3:1 to 6:1; Bandwidth, 4 to 20 kc; Insertion Loss, 6 to 

12 db max. (depending on bandwidth); Impedance, 2700 ohms in and out; 

Temperature Range, -20°C to+90°C. Call, write or wire for complete details. 

CLEVITE ELECTRONIC COMPONENTS 
232 Forbes Road, Bedford, Ohio / Division of Corporation 



Section s*_ 

Akron (4) C. M. Kelly, 2915 Silver Lake 
Circle, Cuyahoga Falls, Ohio; I). Grant, 
1206 Thorndale Or., Akron 20, Ohio. 

Alamogordo-Hollman (7) W. S. Stotts, 
1507 Michigan Ave., Alamogordo, X. M.; 
H. T. Castillo, 2611 Pontiac Ave., Alamo¬ 
gordo, X. M. 

Albuquerque-Los Alamos (7) —R. K. Moore, 
608 Vassar Dr., X. E. Albuquerque, 
X. Mex.; F. H. Jean, 1017 Alcazar, X. E., 
Albuquerque, X. Mex. 

Anchorage (7) -T. R. Young. 415 11th 
Ave., Anchorage, Alaska; C. A. Johnson, 
1536 “I" St., Anchorage, Alaska. 

Atlanta (3) B. E. Montgomery, 6520 
Bridgewood Valley, Atlanta 5. Ga. ; R. S. 
Duggan, Jr., 1112 Mason Woods Dr., 
X. E., Atlanta 6, Ga. 

Baltimore (3) J. T. Wilner, 2610 X. 
Charles St., Station W BAL, Baltimore 18, 
Md.; E. B. Cole, Jr., 6016 Alta Ave., 
Baltimore 6, Md. 

Bay of Quinte (8) M. B. Broughton. Elec. 
Engrg. Dept., Royal Military College, 
Kingston, Ont., Canada; D. J. Cowan, 3 
Smith Crescent, Belleville, Ont.. Canada. 

Beaumont-Port Arthur (6) H. W. Bartlett. 
3790 Ironton, Beaumont, Tex.; R. Cun¬ 
ningham, Rte. 1, Box 181, Kirbyville, 
Tex. 

Benelux Herre Rinia, Parklaan 24, Eind¬ 
hoven, Xetherlands; G. J. Siezen, 3 
Konig Willem HI Laan, Blaricum, Hol¬ 
land. 

Binghamton (1) F. W. Schaaf, R. I). 1, 
Apalachin, X. Y.; D. W. Deno, 3149 
Briar Cliff Ave., R. D. 1, Vestal, X. Y. 

Boston (1)—G. P. McCouch, Alcott Rd., 
Concord, Mass.; R. E. Scott, 114-H 
Northeastern Univ., Boston 15, Mass. 

Buenos Aires J. M. Barcala, 71-385 La 
Plata, FCXGR, Republica, Argentina; 
E. J. Kirkscether, Arenales 3598-A, 
Buenos Aires, Argentina. 

Buffalo-Niagara (I) I). P. Saute, 4530 
Greenbriar Rd., Williamsville 21, X. Y.; 
F. A. Timberlake, 169 Greenhaven Ter¬ 
race, Tonawanda, X. Y. 

Cedar Rapids (5) P. G. Wulfsberg, 2348 
Linden Dr., S.E., Cedar Rapids, Iowa; 
D. E. Newell, 200 Koser Ave., Iowa City, 
Iowa. 

Central Florida (3) C. E. Mattox. 209 
Beverly Rd., Cocoa Fla.; W. J. Haber-
hern, Jr., 118 Atlantic Blvd., Eau Gallie, 
Fla. 

Central Pennsylvania (4) W . J. Ross, 105 
Elec. Engrg. Dept., University Park, Pa.; 
J. L. Brown, Jr., Ordnance Research Lab., 
P.O. Box 30, State College, Pa. 

Chicago (5) -W . B. McClelland, 1601 
Cherry St.. Park Ridge, 111.; P. D. Huston. 
233 S. \ illa Ave., Elmhurst, Ill. 

Chile - Chairman to be advised; J. de la 
Quintana, IBM World Trade Corp., 
Cassila 3630, Santiago, Chile. 

China Lake (7) L. D. Bryant, Box 333, 
Naval Ordnance lest Station, China 
Lake, Calif.; J. E. Colvard, Cotie 3045, 
I SNOTS, China Lake, Calif. 

* Numerals in parentheses following sections desig¬ 
nate region number. First name designates Chairman; 
second name Secretary. 

Cincinnati (4) J. R. Ebbeler, 7030 Ellen 
Ave., Cincinnati 39, Ohio: E. J. Emmer¬ 
ling, 521 1 Ralph Ave., Cincinnati 38, Ohio. 

Cleveland (4) R. Kazarian, 2031 Lakeview 
Ave., Rocky River, Cleveland 16, Ohio; 
J. I. Sheetz, Ohio Bell Telephone Co., 700 
Prospect Ave., Rm. 704, Cleveland 15, 
Ohio. 

Colombia E. M. Rizzoni, Apartado Aereo 
3565, Bogotá 1, D.E., Colombia; A. S. 
Ochoa. Calle 90, »19-41, Bogotá 2, I). E., 
Colombia. 

Columbus (4) F. A. Wolf, 354 Chatham 
Rd., Columbus 14, Ohio; E. N. W vier, 109 
W. Stafford, Worthington, Ohio. 

Connecticut (1) —S. C. Wadhams, 13 Def-
wen St., Glenbrook, Conn.; P. N. John¬ 
stone, Twin Lakes Rd.. North Branford, 
Conn. 

Dallas (6)—T. Prickett, Jr., 805 Clearwater 
Dr., Richardson, lex.; C. K. Hager. 2709 
Greenbrook Dr., Garland. Tex. 

Dayton (4) R. J. Framme. 316 Claranna, 
Dayton 6, Ohio; S. Weissman, 805 Ep-
pington Dr., X„ Trotwood, Ohio. 

Denver (6) II. S. Johnson. 1241 Monaco 
Pkwy., Denver 20, Colo.; F. P. Venditti, 
Denver Res. Inst., Univ, of Denver. Den¬ 
ver 10, Colo. 

Detroit (4) I). V. Stocker, Dept, of Elec. 
Engrg., Wayne Univ., Detroit 2, Mich.; 
L. E. Barber, 402 N. Trov St.. Roval Oak, 
Mich. 

Egypt H. M. Mahmoud, 24 Falaki St., 
Cairo, Egypt; El-Garhi I. EI-Kashlan, 46 
Suez-Kanai St., Engineering City. Im-
baba, Cairo, Egypt. 

Elmira-Corning (10) T. G. Keeton, 611 
McDowell Place, Elmira, X. Y.; R. K. 
Ainey, Westinghouse Elec. Corp., Box 
284, Elmira, N . Y. 

El Paso (6) A. M. Roja- IL, 2326 Copper 
St., El Paso, lex.; C. W. Brown, 325 
Encino Drive, El Paso, Tex. 

Emporium (4) J. !.. Mt Kain, Sylvan 
Heights, Emporium, Pa.; T. H. Carlstrom, 
Sylvania Electric Products, Inc., Em¬ 
porium, Pa. 

Erie (1)—F. R. Young, 2727 West 32 St., 
Erie, Pa.; F. J. Blakeley, 3823 Sassafras 
St., Erie, Pa. 

Evansville-Owensboro (5) K. G. Miles, 
2105 East Gum St., Evansville 14, Ind.; 
F. H. Mullersman, 1736 Navajo Dr., 
Owensboro, Ky. 

Florida West Coast (3) R E. Hanning, 
S|Krr\ Microwave Electronics Co., Box 
1828, Clearwater, Fla.; C. W. Benfield, 
605 First St., S. E., Largo, Fla. 

Fort Huachuca (7) J. W. Virden, 102 
Crandel St., Fort Huachuca, Ariz. ; L. J. 
Knight, 135 Jeffords St., Fort Huachuca. 

Fort Wayne (5)—C. F. Mason, 1519-J 
Crescent Ave., Fort Wayne, Ind.; A. F. 
Ordas, Rte. 1, Huntertown. Ind. 

Fort Worth (6) S. T. Lanham, Sr., 5017 
Vicki, Fort Worth 17, Tex.; J. W. Strai-
ton, 3530 Westcliff Rd. S, Fort Worth, 
Tex. 

Gainesville (3) A. D. Sutherland, 1003 
N.W. 11 Ave., Gainesville, Fla.; A. T. 
Raczynski. Sperrt' Elec. Tube Div., 
Gainesville, Fla. 

Geneva—G. C. Gross, I.T.U.. Palais Wil¬ 

son, Geneva, Switzerland; J. H. Gayer, 
I.F.R.B., Palais Wilson, Geneva, Switzer¬ 
land. 

Hamilton (8) F. H. Edwards. United-Carr 
Fastener Company of Canada, Ltd., 231 
Gage Ave., X., Hamilton, Ont., Canada; 
C. C. Minchel, Canada W estinghouse Co., 
Elec. Tube Div., Plant 2, Hamilton, Ont., 
Canada. 

Hawaii (7) D. L. Pang, 1809 Naio St., 
Honolulu, Hawaii; R. E. Partridge, Jr., 
521 Lawelawe St., Honolulu 16, Hawaii. 

Houston (6) L. A. Mullan, Radio Station 
KTRH, Rice Hotel, Houston 2, Tex.; 
|. E. Bever, 5221 Lincrest Lane, Houston 
27, Tex.' 

Huntsville (3) D. E. Rowe, 8602 Camille 
Dr., S. E., Huntsville, Ala.; J. A. Power. 
4003 Marie St., Apt. 1, Huntsville, Ala. 

India - Officers to be advised. 
Indianapolis (5) -S. M. Stuhlbarg, 4904 

Staughton Dr., Indianapolis, Ind.: R. C. 
Olsen, 4040 Adams Court, X., Indianapo¬ 
lis, Ind. 

Israel—R. R. Gamzon, 11 Rehov Ezra, 
Rehovoth, Israel; H. Fischler, Weizmann 
Inst, of Science, Dept, of Electronics, Box 
26, Rehovoth, Israel. 

Italy—A. Marino, Via Guido d'Arezzo 14. 
Rome, Italy; G. P. Tarchini, Laboratorio 
Ricerche Elettr., Via de Parlamento N. 
33, Borgolombardo, Milan. Italy. 

Ithaca (1) X. H. Bryant. School of Elec. 
Engrg., Cornell University, Ithaca, X. Y. ; 
P. R. McIsaac, 107 Forest Home Dr.. 
Ithaca, X. Y. 

Kansas City (6) - F. A. Spies, Bendix Avia¬ 
tion Corp., Box 1159, Kansas City 41, 
Mo.; K. D. Benedict, 1032 East Alton, 
Independence, Mo. 

Kitchener-Waterloo (8) B. S. McConachie. 
Raytheon Canada, Ltd., 61 Laurel St., 
E., Waterloo, Ont., Canada; W. J. Grey, 
Raytheon Canada, Ltd., Box 8, 400 Phillip 
St., Waterloo, Ont., Canada. 

Las Vegas (7) J. H. Jurmain, Edgerton, 
Germeshausen, Grier, 300 Wall St., Box 
1912, Las Vegas, Xev. ; L. S. Kreyer, 4612 
Hayes Place, Las Vegas, Xev. 

Little Rock (6) R. V. Anders. 5801 Winda-
mere Dr., Little Rock, Ark.; Secretary to 
lie advised. 

London (8) T. W. W. Stewart, 1 Susan 
Ave., London, Ont., Canada; R. W. 
Johnston, 9 Ingleside Place. London, 
Ont., Canada. 

Long Island (2) J. W. Kearney, Airborne 
Instruments Lab., Walt Whitman Rd., 
Melville, L. L, X. Y.; C. H. Doersam, Jr., 
24 W inthrop Rd.. Port W ashington, L. !.. 
X. Y. 

Los Angeles (7)—J. J. Guarrera, 17160 
Gresham St., Northridge, Calif.; E. E. 
Ingebretsen. 15435 Tupper St., Sepul¬ 
veda, Calif. 

Louisville (5) W. J. Ryan, 4215 North¬ 
western Pkwy., Louisville 12, Ky.; II. T. 
Smith, Kentucky Rural Elec. Co-op 
Corp., 4515 Bishop Lane, Lousville 18. 
Ky. 

Lubbock (6) J. P. Craig. Rte. 4, Box 210, 
Lubbock, Tex.; E. F. Kilcrease, 2114 38 
St., Lubbock, Tex. 

Miami (3) F. R. Macklin, 325 Malaga 
Ave., Coral Gables, Fla.; G. A. Liedholz. 
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Television 

Missiles 

Radio 

Radar 

ALLEN-BRADLEYl 

Telephone 
Systems 

H. F. Fluorescent 
Lights 

ALLEN-BRADLEY CO., 222 W. GREENFIELD AVE., MILWAUKEE 4, WISCONSIN . IN CANADA: ALLEN-BRADLEY CANADA LTD.. GALT, ONTARIO 

Automatic > 
Machine Tools 

Electric 
Organs 

From the broad line of Allen-Bradley quality ferrites, more and 
more designers are finding they can obtain the exact char¬ 
acteristics to meet their specific needs. Allen-Bradley’s precise 
quality control methods insure continuously uniform electrical 
and mechanical properties—and A-B has the facilities for 
supplying ferrites in quantity. Listed below are a number of 
areas in which A-B ferrites have helped the manufacturer to 
reduce the product size or weight, or cost, and frequently the 
performance has been improved. If you have problems along 
this line, please let our engineers work with you in solving them. 

ALLEN-BRADLEY QUALITY 

FERRITES 

Quality 
Electronic Components 

HAVE SOLVED THESE DESIGN PROBLEMS 

...they can also be the Answer to Yours.1

E ¡7 * rr 
L 

APPLICATION 

TELEVISION, RADIO 
Deflection Yokes 

A-B FERRITE 

W-03 
W-01 

PREFERRED CHARACTERISTICS 

High permeability 
High resistivity 

Flyback Transformers W-04 Low losses., high Bmax, high 
permeability, high Curie temp 

Converge-'ce Cores W-01 Low residual with large gap 

1. F Transformers R-02 Low losses at low amplitudes. Good 
temperature stability of permeability 

R. F. Tuning Coil 
(fixed or 
permeabi ity tuned) 

R-02 
Low losses. Temperature stable 
permeability, minimum hysteresis 
for permeability tuning 

TELEPHONE SYSTEMS 
Interstage and 
Matching Transformers 

W-03 High permeability, 
low losses 

H. F. FLUORESCENT 
LIGHTS 
Loading Reactors 

W-07 High flux density 

Transformers W-04 High permeability, low 
losses, high Bmax 

ELECTRIC ORGANS AND 
HI-FI STEREO 
Oscillator Inductors 

W-03 
High permeability, 
température stable, 
linear B vs. H 

Output Transformers W-04 High permeability, high 
Bmax, low losses 

AUTOMATIC MACHINE 
TOOLS 
Magnetic Amplifiers 

R-03 Rectangular hysteresis 
loop, high Bmax 

Logic elements for 
high-power levels 

R-03 Rectangular hysteresis 
loop, high Bmax 

Matching Transformers W-04 High permeability, low 
losses, high Bmax 

MOBILE POWER SUPPLIES 
Static Inverters R-03 

Rectangular hysteresis 
loop, high Bmax. 

RADAR, MISSILES 
Pulse Transformers 

W-04 
R-02 (for short 
pulses) 

High pulse permeability, 
high Bmax, low losses 

PERMANENT 
MAGNETS 

M-01 High energy factor 
Gooa mechanical strength 



A Quality Product 
requires 

Ampex’s Advanced 
Recorder / Reproducer, 
the FR-600 used for mis¬ 
sile check-out work. 

ALLEN-BRADLEY 
Electronic Components 

This shows a few of the A-B 
components in one of the 
Ampex recorder's modules. 

In the design of the highly sophisticated circuitry for this 
advanced recorder, engineers at Ampex selected Allen-
Bradley quality electronic components to meet the criti¬ 
cal requirements for reliability, long life, and quiet opera¬ 
tion. For example, the use of Allen-Bradley potentiome¬ 
ters— with their exclusive solid, hot molded resistance 
element— assures smooth control at all times. There are 
never any abrupt changes in resistance during adjust¬ 
ment as in wire-wound resistors. Also the "noise” factor 
is extremely low initially, and it decreases with use. 

Allen-Bradley composition fixed resistors — also made 
by an exclusive hot molding process— are fantastically 
uniform. Their electrical characteristics are so consistent 
from resistor to resistor that performance over long peri¬ 
ods of time can be accurately predicted. And catastrophic 
failure is unheard of—when you use Allen-Bradley 
composition resistors. 

For the ultimate in reliability and performance, insist 
on Allen-Bradley quality electronic components. Send for 
Publication 6024 today. 

Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, 
Wis. In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 

Portion of one 
of 14 CRT 
monitors, each 
containing 8 
A-B Type G 
Potentiometers 

A-B QUALITY ELECTRONIC COMPONENTS 
USED IN AMPEX WIDE-RANGE RECORDER 

ALLEN -BRADLEY 
QUALITY 
ELECTRONIC 
COMPONENTS 



6060 S.W. 114 St., Miami 56, Fla. 
Milwaukee (5) II. M. Schlicke, 7469 N. 
Lombardv Rd., Milwaukee 17, Wis.;T. H. 
Houle, 1000 S. 56 St., West Allis 14, Wis. 

Mobile (3) T. F. Harbin, 4279 Taurus Dr., 
Mobile, Ala.; E. G. Schone, Box 4102, 
Mobile, Ala. 

Montreal (8) -R. J. Wallace, RCA Victor 
Co., Ltd., Tube Mfg. Div., 1001 Lenoir 
St., Montreal, Que., Canada; I). J. Wat¬ 
son, 465 Crescent, St. Lambert, Que., 
Canada. 

Newfoundland (8) M. I). MacGray, Ca¬ 
nadian Marconi Co., 3 Prescott St., St. 
John’s, Newf., Canada; F. A. Mulloy, 55 
Calver Ave., St. John’s, Newf., Canada. 

New Orleans (6) J. M. Adkins, 611 May¬ 
flower Dr., Metairie, La.; G. Allen, 4239 
St. Charles Ave., Apt. C, New Orleans, La. 

New York (2) 11. W. Pollack, 300 Lennox 
Road, Brooklyn, N. Y. ; E. Schutzman, 
College of Engrg., New York I 'diversity. 
University Heights, New York 53, N. Y. 

North Carolina (3) A. B. Mac Intv re, Stage¬ 
coach Rd., Chapel Hill, N. C.; H. A. 
\ oorhees, 1015 Wendover Circle, Winston-
Salem, N. C. 

Northern Alberta (8) -L. N. Donovan. 24 
Birch Dr., Box 136, St. Albert, Alta., 
Canada; W. E. Cunningham, 10265 Prin¬ 
cess Elizabeth Ave., Edmonton, Alta., 
Canada. 

Northern New Jersey (2)—H. S. Wertz, 
111 Parsonage Rd., Short Hills, N. J.; 
M. E. Levine, Tung-Sol Electric, Inc., 
545 N. Arlington Ave., East Orange, N. J. 

Northwest Florida (3)—F. J. Sites, 29-B 
Boatner Dr., Eglin Village, Eglin AFB, 
I la.; H. G. Wise, Box 878, Fort Walton 
Beach, Fla. 

Oklahoma City (6) E. Blac k, 1701 N. W. 
35 St., Oklahoma City 18, Okla.; J. M. 
Ashworth, 3934 N. W. 34 St., Oklahoma 
City 12, Okla. 

Omaha-Lincoln (5) J. A. Rogers, 3815 
Marcy St., Omaha 5, Neb.; C. Hyde, 312 
Ferguson Hall, Univ. of Neb., Lincoln 8. 
Neb. 

Orlando (3) J. R. Matzinger, 1825 W hite¬ 
hall Dr., Winter Park, Fla.; C. E. Mc¬ 
Ginnis, 1720 Shawnee Trail, Maitland. 
Fla. 

Ottawa (8)—W. R. Conway, 2075 Wood¬ 
crest Rd., Ottawa 1, Ont., Canada; S. G. 
Jones, 1910 Haig Dr., Ottawa 1. Ont., 
Canada. 

Philadelphia (3) R. M. Showers. Moore 
School of Elec. Engrg., 200 S. 33 St., 
Philadelphia 4, Pa.; P. A. Lathrop, 19 
Sweetgum Rd., Levittown, Pa. 

Phoenix (7) H. R. Hyder, HI, 2523 N. 57 
St., Phoenix, Ariz.; R. K. Peterson, 2034 
W. Rancho Dr., Phoenix 15, Ariz. 

Pittsburgh (4) R. I. Van Nice, 112 Dela¬ 
ware Court, Glenshaw, Pa.; R. P. O'Shea, 

Rear 125 Woodvale Ave., Johnstown, Pa. 
Portland (7)— M. L. Morgan, 12907 S.W. 62 

Ave., Portland 19, Ore.; C. II. Moulton, 
1625 S.W. 87 Ave., Portland 1, Ore. 

Princeton (2)—R. D. Lohman, RCA, 
Somerville, N. J.; O. E. Dow, RCA Labs., 
Princeton, N. J. 

Quebec (8)—R. M. \ aillancourt, 638 Ave. 
Mon Repos, Ste. Foy, Quebec 10, Canada; 
K. A. Laurie, 775 Calixa LaVallee, Apt. 
15, Quebec 6, Que., Canada. 

Regina (8)—H. Kaldor, Communications 
Engrg., Saskatchewan Power Corp., Re¬ 
gina, Sask., Canada; S. K. Smith, c/o 
Saskatchewan Gov't. Tel., 2350 Albert, 
Regina, Sask., Canada. 

Rio de Janeiro J. A. Wiltgen, Caixa Postal 
450, Rio de Janeiro, D. F., Brazil; sec¬ 
retary to be advised. 

Rochester (1) II. F. Hicks, Jr., 120 Lynn¬ 
wood Dr., Rochester 18, N. Y.; D. Y. 
Keim, 55 Council Rock Ave., Rochester 
10. N. Y. 

Rome-Utica (1) M. P. Forte, 904 DeWitt 
Lane, Rome, N. Y.;J. M. Eannarino, 610 
Highland Ave., Rome, N. Y. 

Sacramento (7) A. O. Rohde, 3160 Adams 
Rd., Sacramento 25, Calif.; J. C. Bissett, 
8717 Jonnie Way, Fair Oaks, Calif. 

St. Louis (6)—R. D. Hill, Jr., 363 Gray Ave., 
Webster Groves 19, Mo.; G. E. Barnard, 
639 N. 69 St., East St. Louis, Ill. 

Salt Lake City (7) -C. L. Alley, Elec. 
Engrg. Dept., Univ, of Utah, Salt Lake 
City, Utah; J. E. Dalley, 3920 S. 1380 E„ 
Salt Lake City 17, Utah. 

San Antonio-Austin (6)—W. L. Donaldson, 
129 El Cerrito Circle, San Antonio 12, 
lex.; C. R. Graf, 207 Addax Dr., San 
Antonio 1, Tex. 

San Diego (7) D. G. De Haas, 1923 Cable 
St.. San Diego 7, Calif.; I). Proctor, 2120 
Rexford Dr., San Diego 5, Calif. 

San Francisco (7)—S. F. Kaisei, Microwave 
Electronics Corp., 4061 Transport St., 
Palo Alto, Calif.; Acting Secretary: A. T. 
Waterman, Jr., Electronics Research Lab.. 
Stanford University, Stanford, Calif. 

Schenectady (1)—T. G. Mihran, G. E. Re¬ 
search Lab., Box 1088, Schenectady, 
N. Y.; F. L. Eilert, G. E. Co., Bldg. 37. 
Rm. 578, 1 River Rd., Schenectady, 
N. Y. 

Seattle (7) W. J. Siddons, 6539 39 St., 
N.E., Seattle 15, Wash.; M. R. Paisley, 
17805 Fourth Ave., S.W., Seattle 66, 
Wash. 

Shreveport (6) E. J. Culling, 3252 Sarah 
St., Bossier City, La.; E. C. Strickland, 
2914 Bolch St., Shreveport, La. 

South Bend-Mishawaka (5)—H. W. Vogt¬ 
mann, Bendix Mishawaka Div., 400 S. 
Beiger St., Mishawaka, Ind.; N. O. 
Kindt, 50635 Dresden Dr., South Bend 
17, Ind. 

South Carolina (3) P. A. McMasters, 5809 
Moore St., North Charleston, S. C. ; 
H. L. Hunter, 49 Fort Dr., Rt. 6, Box 423, 
North Charleston, S. C. 

Southern Alberta (8) R. E. Smith, 1507-20 
A St., N.W., Calgary, Alta., Canada; 
E. T. Ball, 37 Connaught Dr., Calgary, 
Alta., Canada. 

Syracuse (1)—G. F. Platts. 101 Iroquois 
Lane, Liverpool, N. Y. ; G. M. Kirk¬ 
patrick, 202 David Dr.. N. Syracuse 12, 
N. Y. 

Tokyo—Isaac Koga, 254 8-Chome, Kami-
Meguro, Tokyo, Japan; Fumio Mino-
zuma, 16 Ohara-Machi, Meguro-Ku, 
Tokyo, Japan. 

Toledo (4)—R. N. Hanna. 1924 Glencairn 
Ave., Toledo 14, Ohio; H. K. Seike, 2920 
Kendale Dr., Toledo 6, Ohio. 

Toronto (8)—G. T. Quigley. Philips Indus¬ 
tries, Ltd., Vanderhoof Ave., Leaside, 
Toronto 17, Ont., Canada; F. A. Ford, 
Canadian GE Co., Ltd., 830 Lansdowne 
Ave., Toronto 4, Ont., Canada. 

Tucson (7) R. L. Patterson, 5418 E. Sec¬ 
ond St., Tucson, Ariz.; |. L. Dunn, 725 
W. Comobabi Dr., Rt. 6, Box 319C, 
Tucson, Ariz. 

Tulsa (6)—P. M. Ferguson, 1133 N. 
Lewis, Tulsa 10, Okla.; D. P. Hearn, 748 
S. 87th E. Ave., Tulsa 12, Okla. 

Twin Cities (5) H. D. Shekels, 1942 Beech¬ 
wood, St. Paul 16, Minn.; A. L. Martin, 
Jr., 8714 Second Ave., S., Bloomington 20, 
Minn. 

Vancouver (8) II. A. Hoyles, 1846 Beau-
lynn Pl., Westlynn Park, North Van¬ 
couver, B. C., Canada; T. D. Cushing, 
Lenkurt Elec. Co. of Canada, N. Burnaby 
P.O., Vancouver, B. C., Canada. 

Virginia (3) R. W. Morton, Box 96. Den¬ 
bigh. Va.; J. B. Spratley, Ellerson, Va. 

Washington (3) B. S. Melton, 3921 May-
fair Lane, Alexandria, Va.; C. L. Engle-
man, Engleman and Co., Inc., 2480 16 
St., N.W., Washington 9, D. C. 

Western Massachusetts (1) R. II. Shupe, 
52 Elaine Dr.. Pittsfield. Mass.; W. B. 
Conover, General Electric Co., 100 
Plastics Ave., Pittsfield, Mass. 

Western Michigan (4) R. V. I lammer, 
1961 Leahv St., Muskegon, Mich.; J. F. 
Giardina, 1528 Ball, N.E., R. 4, Grand 
Rapids 5, Mich. 

Wichita (6) R. L. Schräg, Elec. Engrg. 
Dept., Univ, of Wichita, Wichita 8, Kan.; 
W. G. Louie, 758 Mansfield Drive, 
Wichita 7, Kan. 

Williamsport (5)—D. M. Jewart, 1400 
Faxon Pkwy., Williamsport, Pa.; G. W. 
Deming, 1891 East 3rd, Williamsport, Pa. 

Winnipeg (8) P. F. Windrick, 669 Oxford 
St., Winnipeg 9, Man., Canada; R. I. 
Punshon, Canadian Broadcasting Corp., 
540 Portage Ave., Winnipeg, Man., 
Canada. 
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Subsections_ 

Buenaventura (7) L. E. Wood, 630 W. 
Highland Dr., Camarillo, Calif.; J. A. 
Frederick, 455 Corsicana Dr., Oxnard, 
Calif 

Burlington (5) ILL. Clark, 2549 Surrey 
Rd., Burlington, Iowa; E. A. Kruse, 314 
Cottage Grove, West Burlington, Iowa. 

Catskill (2) E. L. Johnson, 10 Kiersted 
Ave., Kingston, X. Y. ; C. R. Eickhorn, 
Jr., 10 Park Circle, Mt. Marion, X. Y. 

Crescent Bay (7) IL lams, 1325 Goucher 
St., Pacific Palisades, Calif.; IL II. W ilson, 
16623 Gilmore St., Van Muys, Calif. 

East Bay (7) A. J. Stripeika, 2759 Miranda 
Ave., Alamo, Calif.; J. T. Lavrischeff, 
7029 Cutting Blvd., El Cerrito, Calif. 

Eastern North Carolina (3) W. I. Speed, 
3028 E. Rothgeb Dr., Raleigh, X. C.; 
W. H. Horne III, Rt. 1, Raleigh, X. C. 

Fairfield County (1) -T. J. Calvert, 11 
Bedford Ave., Xorwalk, Conn.; IL F. 
Wisch nia, 50 De Leo Dr., Stamford, 
Conn. 

Lancaster (3) Y. I veda, 1924 Pine Dr., 
Lancaster, Pa.; R. M. Matheson, 2728 
Brookfield Rd., Lancaster, Pa. 

Las Cruces-White Sands Proving Ground 
(6)—H. Coleman, Rte. 1, Box 4B, Las 
Cruces, X. M.; Secretar}' to be advised. 

Lehigh Valley (3) J. H. Volk, 411 ('»rant 
St., Easton, Pa.; A. I. Larky, Lehigh 
I niv., Dept, of Elec. Engrg., Bethlehem, 
Pa. 

Memphis (3) —C. Ray, Dept, of Neuro¬ 
surgery, Baptist Memorial Hospital, 
Memphis 3, Tenn.; Brother I. J. Haas, 
Christian Brothers College, Memphis 4, 

Tenn. 
Merrimac Valley (1) D. D. Sagaser, Bell 
Telephone Labs., 1600 Osgood St., North 
Andover, Mass.; W. Banton, 21 Walnut 
St., North Antioxer, Mass. 

Mid-Hudson (2) R. J. Domenico, IBM 
Research Lab., Poughkeepsie, X. Y. ; 
W. Cadden, 67 Round Hill Rd., Pough¬ 
keepsie, X. Y. 

Monmouth (2) J. A. Young, Jr., 40 But¬ 
tonwood Dr., Fairhaven, X. J.;O. E. De¬ 
Lange, Bell Telephone Labs., Holmdel, 
X. J. 

Nashville (3) G. P. McAllister, 2923 Twin 
Lawn Dr., Xashville 14, Tenn.; W’. B. 
Kincaid, Jr., 210 Graeme Dr., Xashville 
14, renn. 

New Hampshire (1) R. (). Goodwin, 130 
Colgate Rd., Nashua, X. H.; J. Butler, 
Groton Rd., R.l I). 2, Xashua, X. II. 

Northern Vermont (1) E. J. M. Sichel, 35 
Henderson Terrace, Burlington, Vt. ; 
W. C. Chase, W DEV, 9 Stowe St., W ater¬ 
bury, Vt. 

Orange Belt (7) J. F. McElwee, 455 X. 
Lixe Oak Axe., Glendora, Calif.; A. G. 
Holtum, Jr., 941 E. Marx lind, Clare¬ 
mont, Calif. 

Palm Beach (3) C. E. Cronin, 544 Ebb 
Iide Dr., North Palm Beach, Fla.: A. S. 
Baran, 301 Bayside Rd., Lake Worth, I la. 

Panama City (3) J- F. Ault, 1305 Cornell 
Dr., Panama City, Ela.; R. C. Lowry, 
2342 Pretty Bayou Dr., Panama Citv, 
Fla. 

Pasadena (7) F. L. Mosely, 535 S. W ilson 
Axe., Pasadena 5, Calif.; J. C. Crosby, 

9018 Youngdale, San Gabriel, Calif. 
Pikes Peak (6) -A. O. Behnke, 204 West¬ 

cott Axe., Colorado Springs, Colo.; sec¬ 
retary to be advised. 

Reading (3) W . I. Huyett, 1020 W yomis¬ 
sing Blvd., Wyomissing, Pa.; R. IL Lund¬ 
berg, 3312 Harrison Axe., Reading, Pa. 

Richland (7) P. R. Kelly, 220 Delafield, 
Richland, Wash.; G. L. Erickson, 213 
Armistead, Richland, Wash. 

San Fernando Valley (7) R. L. Halpern, 
3315 Longridge Axe., Sherman Oaks, 
Calif. ; J. L. Brown, 17408 Mayfloxver Dr. 
Granada Hills, Calif. 

Santa Ana (7) J. E. Elms, 4615 Fairfield 
Dr., Corona del Mar, Calif.; K. Goodman, 
2567 Columbia Dr., Costa Mesa, Calif. 

Santa Barbara (7) J. E. Hacke, Box 535, 
Santa Barbara, Calif.; S. R. Boyle, De¬ 
fense Electronics Dix.. General Electric 
Co., 735 State St., Santa Barbara, Calif. 

Southwestern Ontario (8) W A. Ruse, 
Bell Telephone Co., 1149 Goyeau St., 
Windsor, Ont., Canada; G. L. Virtue, 619 
Lounsborough Rd., Sandwich-South, 
W indsor, Ont., Canada. 

Victoria (8) C. L. Madill, 2786 Murray 
Dr., Victoria, B. C., Canada; A. M 
Baxter, 620 Rockland Place, Victoria, 
B. C., Canada. 

Westchester County (2) Chairman to be 
advised: M. L. Brailey, 12 Dupont Axe., 
W hite Plains, X. Y. 

Western North Carolina (3) J. I. Barron, 
Southern Bell T&T Co., Box 240, Char¬ 
lotte, X. C. ; T. C. Livingston, 926 X. 
Sharon Amity Rd., Charlotte, X. C. 
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LIES FLAT FOR GREATER PACKAGE DENSITY, HIGHER PERFORMANCE 

This DPDT, permanent magnet, latching relay is superior on 
these counts: (1) shorter height for maximum compactness 
between stacked circuit boards; (2) greater sensitivity (80 milli¬ 
watts); (3) better vibrat.on resistance (30 g to 2000 cps); (4) better 
shock resistance (100 g). 
Designated the FL Series, th s relay meets all applicable sec¬ 

tions of MIL-R-5757D, MIL-R-6Î06C and ABMA #PD-R-187. 
Call your nearest P&B representative today for complete in¬ 

formation about the whole PiB family of microminiature relays. 

FL SERIES SPECIFICATIONS 
Contact Arrangement DPDT 

Shock: 100 g for 11 milliseconds with no 
contact openings. 

Vibration: .'95; max. excursions, 10 to 55 
cps. 30 g from 55 to 2«(X) cps. No contact 
openings. 

Linear Acceleration: 400 g mini-num with 
no contact openings. 

Pull-In: 150 milliwatts, approx, island »rd) 
at 25''C. coil temperature. 

80 milliwatts, approx, (sensitive) at 25 ‘C. 
coil temperature 

Operate Time: 3 milliseconds max at 
nominal voltage at 25 '-*C. coil tempeiature 

Dimensions: .485' high. 1.100’ long. .925' 
wide 

Printed circuit board using 4 FL 
relays was designed by :he Martin 
Company. Orlando, as part of 
ground support equipment for a 
major missile project. 

CRYSTAL CASE RELAY 

FOR YOUR PROJECT 

Diode in relay case is used for arc suppres¬ 
sion in special applications Four diodes form 
fall-wave bridge rectifier for 400 cycles. 

Non-laiching or latching relays in 
conventional crystal cases with or 
wiihout shoulder brackets, studs or 
mounting plates. All types of ter 
minais are available. 

Terminals spaced on .200’ grids are 
available on all P&B microminiature 
’elays. These carry a “G" suffix 
SCG and SLG and are .890" high. 
.800" wide, .400" deep. max. 

These J relays are shown slightly reduced in size. 

PAB STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONICS PARTS DISTRIBUTOR 

® POTTER 6- BRUMFIELD 
DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY • PRINCETON, INDIANA 

IN CANADA: POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED. GUELPH, ONTARIO 



calibrate 
AC measuring 
instruments, 

design servo or gyro 
equipment, or 

evaluate magnetic 
properties. .. 

The KIN TEL Model 601 A AC Voltage 
Standard is an exceptionally stable 
and accurate AC calibration source. 
It produces AC at 60, 400, or 1000 
cps, from 1 to 501 volts. Voltage 
accuracy is within 0.1% or 5 milli¬ 
volts; short-term stability, 0.01%. 
The frequency is stable within 1.0%, 
and harmonic distortion is less than 
0.3%. Output capability is 5 amps 
up to 5 volts, 25 watts above 5 volts. 
The output is floating and guarded. 
Price: $4500. 

Representatives in all major cities 

ELECTRONICS, INC. 

5725 Kearny Villa Road, San Diego 11, California 
Phone: BRowning 7-6700 

i ■■'i i iTj Industrial 
Engineering Notes 
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EIA Symposium 
A live demonstration of FM stereo 

transmission and reception all but stole 
the show at the EIA symposium on the 
subject of the new radio broadcasting art 
in Chicago last week. The demonstration 
was staged in the Palmer House grand 
ballroom which many thought too large for 
an effective display of stereo’s ability to 
produce the effect of listening to a live 
musical concert. The separation of right-
and left-hand sections of the orchestra was 
so perfect that none in the audience of 300 
had the slightest difficulty in distinguish¬ 
ing stereophonic from monophonic trans¬ 
mission during repeated tests of the equip¬ 
ment by William Beaubien, Manager of 
Planning for the General Electric Co. The 
demonstration followed optimistic pre¬ 
dictions for EM stereo’s future from a 
panel of speakers headed by Federal Com¬ 
munications Commissioner Robert E. Lee 
and John F. Meagher, National Associa¬ 
tion of Broadcasters Vice President for 
Radio. Commissioner Lee qualified his 
optimism with a “xery serious word of 
caution" when he said: “The Commission 
is requiring the stations broadcasting this 
new technique to adhere to xery high 
standards in order to provide the public 
with the type of service that they are en¬ 
titled toexpect from this new and probably 
relatively expensive equipment. All this 
will go to naught if the receiving equip¬ 
ment does not match those high standards 
and I hope the heat of competition will not 
result in killing the g<M>se that will lay a 
beautiful golden egg." Mr. Meagher re¬ 
ported that 185 stations, or 48 per cent of 
those responding to a NAB questionnaire 
of two weeks ago, plan to engage in stereo 
broadcasting. Seventy-seven stations plan 
to start the service this year, he said. 

Governmental and 
Legislative 

A survey of FM radio members of the 
National Association of Broadcasters 
shows that a total of 79 stations will be 
airing stereophonic FM programs by the 
end of this year and 178 by the end of 
1962. On June 27. NAB mailed a question¬ 
naire to nearly 600 EM radio members 
asking their plans for stereo broadcasting. 
Replies from 64 per cent of the stations 
queried produced the following results: 
185 stations reported they plan to begin 

* The data on which these Notes are based 
were selected by permission from IFeeWy Report, 
issue of July 21, 1961, published by the Electronic 
Industries Association, whose helpfulness is grate¬ 
fully acknowledged. 

stereo broadcasting; 140 stations reported 
they do not plan to go into stereo EM at 
all; 32 stations had not decided what to do 
about stereo broadcasting; 24 stations use 
AM /EM stereo with no indication of FM-
only stereo planned. Of the 185 stations 
that replied th.it they would go into stereo 
broadcasting, two are already doing it, 46 
will start in 1962, seven plan to start in 
the years following 1962, and 77 said they 
would begin before the end of this year. 
An inquiry also was made as to the pro¬ 
posed number of hours stations would be 
on the air with stereo programs. Responses 
varied from 2 to 130 hours per week. Of the 
stations going into stereo broadcasting, 19 
said they would l>egin operations as soon 
as equipment is available, or as soon as 
stereo equipment has passed FCC ap¬ 
proval. Stations that would delay starting 
said the scarcity of FM stereo receivers is 
the main deterrent. Meanwhile, three 
more stations reportedly went into FM 
stereo operation recen tlv. They were 
KLSN Seattle, K1XL-FM Dallas, and 
\\ DTM Detroit. 

Military and Space 
The operation and maintenance part of 

the projected fiscal 1962 Department of 
Defense budget “continues to reflect the 
increasing impact of electronics in mili¬ 
tary activities," according to a report by 
the EIA Marketing Data Department. The 
analysis, prepared for the Military Mar¬ 
keting Data Committee, initially identifies 
nearly SI .6 billion in electronic expenditures 
planned for the current fiscal year. “How¬ 
ever, strong in-house capability may have 
reduced the prospective industry share to 
about S1.2 billion.’’ The report sees O&M 
for communications alone programmed at 
S344 million, compared with $258 million 
in fiscal 1960. 

Engineering 
Sponsors of the 1962 Electronic Com¬ 

ponents Conference scheduled for May 8 
through 10 at the Marriott Twin Bridges 
Motor Hotel in Washington last week 
asked for technical papers for the 12th 
annual event. Deadline for 500-word sum¬ 
maries is October 9. Authors will Im? noti¬ 
fied of acceptance by November 20. Final 
papers are due on January 15. The con¬ 
ference is sponsored by EIA, AI EE, and 
IRE, with ASQC and SNT participating. 
Summaries max be sent to Henry A. Stone, 
Chairman, Technical Program Committee, 
Bell Telephone Laboratories, Murray 
Hill, N.J. 
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Sub - miniatures — hermetically sealed Body size only .140 x .300 inches 

For Use Where Space is at a Premium 
Tron fuses are so small they can easily be 
used as an integral part of circuit —to protect 
miniaturized devices —or gigantic multi-circuit 
electronic devices — without sacrifice of space. 

Fuse elements hermetically 
sealed. Tron fuses may be potted or 
encapsulated without danger of sealing 
material affecting operation. They are 
not affected by atmospheric conditions. 
They are designed for installation in high 
shock and vibration ambients. 

They are self-protecting and operate 
without exterior flash or venting, so 
they can be installed anywhere in 
the circuit. Likewise, they may be 
teamed in one capsule or replaceable 
unit with such components as resistors 
or condensers. 

Available in ratings from */2o 
to 5 amps, for use on circuits of 
125 volts or less where available fault 
current is not over 50 amps. Color cod¬ 
ing indicates ampere rating and assists 
in final inspection of fused circuits. 
Made with Axial pigtails that are 

adapted to feed through automatic wire 
forming machines or with right angle 
pigtails conveniently spaced for assem¬ 
bly on printed circuit chassis. 

Get the full story: — 
Write for BUSS Bulletin TRON 

your every need 
... plus a companion line of clips, blocks and holders. 

TRUSTWORTHY NAMES IN 
ELECTRICAL PROTECTION 

BUSSMANN MFG. DIVISION, McGraw-Edison 

UNIVERSITY AT JEFFERSON, ST. LOUIS 7, 

In the BUSS line, 
you’ll find the type and size fuse to fit 

Co., 

MO. 
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Complete your reference bookshelf 
with these liberally-illustrated 

technical handbooks 

POWER TRANSISTOR HANDBOOK 
A 200 page manual with 9 chap-

x, ® ters covering: Semiconductor 
", electronics, transistor charac-

teristics, power amplifiers, 
switching applications, ignition 

* _ systems, special circuits, power 
“ supplies, testing and specif ica-
— tions. Written by Motorola's 

Applications Engineering De¬ 
partment. Price $2.00. 

ZENER/RECTIFIER HANDBOOK 
.a««*« A new 185 page gu'de to basic 

aT theory, design characteristics 
and applications of zener di-

Ull odes and rectifiers. The second 
edition of the popular zener 
handbook first published in 

VC- 1959. Price $2. CO. 

ORDER TODAY — You can obtain these hand¬ 
books from your local Motorola Semiconduc¬ 
tor distributor or by sending $2 (check or 
money order) for each book to Motorola 
Semiconductor Products Inc., 5005 East 
McDowell Road, Phoenix 10, Arizona. Please 
specify handbook desired. No purchase or¬ 
ders, please. 

AA MOTOROLA Semiconductor Products Inc. 

a SUBSIDIARY OF MOTOROLA. INC. 

Section 
Meetings 

llllllllllllllllllllllllllllllllllllllll^ 

Atlanta 

" The All Electric Home,'’ Jack Adams, West 
inghouse Elec. Corp.; Election of Officers. 6/23 61. 

C HICAGO 

“Radio Astronomy, a New Science,” G. W. 
Swenson, Jr., Umv. of Illinois. 4/14 61. 

“A Very Low- Frequency Super-Power Trans¬ 
mitter for Polaris Command Communication,” 
J. O. Weldon, Continental Electronics Mfg. Co. 
5/12,61. 

China Lake 

“Project MORAY,” C. E. Jenkins, l'S Naval 
Ordnance Test Station. 5/25/61. 

COU MBUS 

Tour of WOSU-TV Studios. 5 8 61. 
“Introduction to Reliability,” J. L. Easterday, 

Battelle Memorial Inst. 5/11/61. 
“Circuit Analysis," D. G. Mark, Battelle Me¬ 

morial Inst. 5/18/61. 
“Parts Procurement,” N. E. Nitschke, IBM. 

5/24 61. 
“Economic Factors," Hall Cary, Battelle Me¬ 

morial Inst. 6/1/61. 
“History of the Half-Page," Jim and Mary 

Baker. Evening Dispatch Newspaper. 6 8 61. 

CONNECTICt T 

“Analog Simulation in a Training Device,” 
R. P. Freedman, General Dynamics Corp. 6/15 61. 

Dayton 

“Sound Through The Ages,” David Dean Ohio 
Bell Tel. Co. 1/5/61. 

“The Nature of Command & Control,” W. Ter¬ 
hune, Command & Central D v. 2/2/61. 

“Parametric Amidification,” M. R. Currie, 
Hughes Res. Labs. 3/2/61. 

“Radar Altimeters,” Harold Goldberg, Emer-
tron, Inc. 4/6/61 . 

El Paso 

Election of Officers. 6/22/61. 

Emporium 

“Thermoplastic Record ’ng," Howard Lester, 
GE; “Some IRE Statistics & Activities,” A. B. 
Bereskin, Director of Region IV. 5 16/61. 

“Organic Semi-Conductors & Other Applica¬ 
tions of New High Polymers,” H. Mark, Brooklyn 
Polytechnic Inst. 6/27 61 . 

Florida West Coast 

“Dyna Soar Telemetry,” Judson Strock, Elec¬ 
tro-Mechanical Res. Inc. 6/21/61. 

Fort Huachuca 

“Some Recollection of Military TV in World 
War II ” J. J. Lamb, Ramo-Wooldridge; Election of 
Officers. 6/27/61 

Fort Wayne 

"Tunnel Di<xles,” Erich Gottlich, GE. 4/27/61. 
“IBM 1620 Data Processing System,” B. J. 

Jeltema, IBM. 5 25/61. 
“World Communication,” A. G. Kandoian, 

ITT Federal Labs. 6/15/61. 

Fort Worth 

“Computers & You,” H. J. McMains, AT&T. 
5/26/61. 

Huntsville 

“Why & How of Space Exploration,” Wernher 
von Braun, G. C. Marshall. Space Flight Center. 
Joint meeting with ARS. 6/27/61. 

“Expected Life Forms In Other Worlds," Bill 
Green, ARGMA; Election of Officers. 6/29 61. 

Israel 

“New Treads in Radio & Television in I SA,” 
— Informal Discussion, W. Lukas, Emerson. 6 5 61. 

Los Angeles 

“Electronics in the Space Age,” Dr. L. V. Berk¬ 
ner IRE President; Election of Officers. 6 13 61. 

Mobile 

“Computers—Capabilities & Limitations,” 
James Jones, IBM. 3/31/61. 

“Purposes & Uses of Range Instrumentation,” 
H. L. Lacey, USAF. 4/28/61. 

New Orleans 

Business meeting. 7/13/61 

Northern Alberta 

Tour ol Alberta Government Telephones’ Ed¬ 
monton Microwave Terminal. 4/18/61. 

“The History of the Growth of the IRE," J. F. 
Byrne, IRE Vice President. 7/13/61. 

Northwest Florida 

“A New Approach to Space Navigation,” 
Frank Sites, APGC. 4/27 61. 

“What Can You Do With Passive Networks,” 
B. J. Dasher, Director of Region 111. 5, 25/61. 

“Design of Log Periodic Antennas,” Vito 
Minerva, Collins Radio Co. 6/29/61. 

Oklahoma City 

“Simplification of Cost Reduction of Color TV 
Trans. System,” William Hughes. Okla. State Univ. 
4/10/61. 

Ottawa 

“The Tape Recorder as a Too) in the Electronic 
Music Studio,” Hugh LeCaine, Nat l. Res. Council; 
Election of Officers. 5/19 61 . 

Pittsburgh 

“Measurement of Ultra-High Vacuum by Ion 
Pressure Gauges " R. G. Fleischman, Univ, of Pitts 
burgh; “Measurement on Microwave Cavities,” 
James Hett, Carnegie Inst, of Technology. 5, 1 61. 

“The Most Important Component in Elec¬ 
tronics," George Sziklai, Westinghouse Elec. Corp. 
6/5/61. 

Portland 

“Precision Impedance Measurements in the 
Frequency Range from 30 kc to 12 Gc," R. A. Soder-
man. General Radio Co. 4/13/61. 

“Physical Limitations to Missile Designs,” 
W. F. Cartwright. 4/20 61. 

“Student Paper Competition. ” Election of Offi¬ 
cers. 5/11/61. 

“Recent Advances in Microwave Power 
Tubes," C. W. Carnahan, Director of Region VII. 
5/18/61. 

“Human Learning & Instructional Automa 
tion," R. F. Mager, Varian Associates. 6/14/61. 

(Continued on l'âge 42el) 
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ANOTHER ADVANCED MICROWAVE TUBE DEVELOPMENT 
FROM RAYTHEON'S SPENCER LABORATORY 

New K-band O-type BWO’s extend 
Raytheon compatible line to 26.5 kMc 
Advanced design provides 40 mW minimum power 
output in extremely rugged and compact package. 
Size and weight of these two new Raytheon backward wave 
oscillators are barely half that of units now in use. 
The QKB 890 and QKB 891 are designed for such applica¬ 
tions as swept local oscillators in ECM receivers and test 
equipment, driver tubes in frequency diversity radars, and 
pump tubes for broadband parametric amplifiers. Both tubes 
utilize PM focusing and have grids for low-voltage pulsed 
operation. For equipment designs requiring close mounting, 
only two-inch spacing between tubes is necessary. 
Write today for detailed technical data or application service 
to Microwave and Power Tube Division, Raytheon Company, 
Waltham 54, Massachusetts. In Canada: Waterloo, Ontario. 

TYPICAL OPERATING CHARACTERISTICS 

QKB 890 QKB 891 

Frequency Range . 12.4-18 kMc 18-26.5 kMc 
Power Output. 40-180 mW 40-180 mW 
Delay Line (tuning) 400-1270V 600-2100V 
Anode Voltage (fixed) 125V 150V 
Cathode Current . 17-21 mA 21-32 mA 
Filament Voltage . 6.3 Volts 6.3 Volts 
Waveguide Coupling RG91/U RG53/U 

RAYTHEON COM PA N Y 

MICROWAVE AND POWER TUBE DIVISION 



Section 
Meetings 

(Continued front page 40 A) 

Princeton 

“Problems & Expectation of Space Research,-’ 
Thomas Gold, Cornell Univ. 5/11/61. 

Annual Dinner- Dance. 5/26 61. 

Sacramento 

“Introduction to Transistors," L. H. W illiams, 
RCA; Election of Officers. 6 22/61. 

San Francisco 

“Computer Design from the User Standpoint,"* 
W. F. Bauer, Ramo-Wooldridge. Joint meeting 
with Student Branch of US Naval Postgraduate 
School. 4/21/61. 

“America & World Leadership " C. JI. Knoles, 
Stanford Univ. 6 15 61. 

Annual Field Trip—Naval Torpedo Station. 
6/17,61. 

Syracuse 

“The Tape Recorder as a Tool in the Elec¬ 
tronic Music Studio,” Hugh I>e Caine, Nat'l Res. 
Council. 5/19/61 . 

T UCSON 

“A Facility for Investigation of Radio Inter¬ 
ference Problems,” L. F. Babcock, Bell Aerosys¬ 
tems. 6/14/61 . 

Twin Cities 

“Materials & Techniques in the Manufacture 
of Printed Circuit Boards,” T. J. Skotnicki, Minne¬ 
sota Mining & Mfg. Co.; “Basic Steps in Producing 
Printed Circuitry,” Marv Larsen, Bureau of En¬ 
graving, Inc. Joint meeting with AIEE. 5/9/61. 

“Thermoelectricity—Past, Present & Future,” 
E. O. Abel, Minnesota Mining & Mfg. Co.; Election 
of Officers. 5 18 61. 

The low noise figure of Traveling Wave 
Tubes over the required band of frequencies 
makes them useful in recently developed 
Radiometric systems. Huggins Laboratories 
also provides TWT’s specially designed for 
this application with the small signal gain 
characteristic essentially independent of 
frequency. Increasing uses for TWT’s in 
micro-wave system engineering are contin¬ 
ually being discovered and to meet these de¬ 
mands, research and production facilities 
at Huggins continue to expand. Qualified 
engineers . . . electronic and vacuum tube 
technicians are invited to submit resumes. 

LABORATORIES, INC. 

MM 
999 East Arques Avenue • Sunnyvale, California 

TWX Sunnyvale, Calif. 116 REgent 6-9330 
laboP-^ 

co 

c? 

r.anufacture 

development 

enqtneerinc 

design 

research 

Washington 

“Compatible FM Stereo Broadcasting," IL B. 
Moore, Advance Product Dev. Engrg. 

Carl G. Eilers, Zenith Radio Corp.; Election of 
Officers. 6/12/61. 

Winnipeg 

Tour of Winnipeg Airport. 5/13/61. 
Tour of Winnipeg General Hospital Electronic 

Lab. 6/6/61. 
“The History of the Growth of the IRE,” J. F. 

Byrne, Vice President. 6/14/61. 

SUBSECTIONS 

Buenaventura 

“Underwater Television” Demonstrated, F. G. 
Jameson, Underwater Engrg. Corp. 6/14/61. 

Eastern North Carolina 

Tour of Westinghouse Meter Plant. 5/12, 61. 

Santa Ana 

“Adaptive Control Systems,” John Truxal, 
Polytechnic Inst, of Brooklyn. 4/18/61 . 

“The Current Status of Optical Maser," George 
Birnbaum, Hughes Aircraft Co. 5/9, 61. 

Western North Carolina 

“The Voice of America," M. A. Swoboda, US 
Information Agency. 6/16 61. 
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MEETING THE COMPUTER INDUSTRY'S NEED FOR STANDARDIZED MEMORY COMPONENTS 

NEW FEffflOXCÜBE 4-WIHE CONCH 
CURRENT MEMm PLANES AND STACKS 
B H B 

OFFER UNMATCHED RELIABILITY ■ COMPACTNESS ■ AVAILABILITY & ECONOMY 
Many are the features that set Ferroxcube memories apart from all others; unquestionably, the most note¬ 
worthy is reliability. All array terminal connections are multiple wire wrapped and dip soldered to eliminate 

FERROXCUBE CORPORATION OF AMERICA ■ SAUGERTIES, N.Y. 

the fallibility of hand soldering. All memory cores are 100% precision tested on all electrical parameters both 
before and after assembly in the 

cad ibilities. Economy follows as a 
^H^M:tion and the elimmatio^M^Mly hand 

by wir-
»ility is 
!SUlt of 

ing memory cores on 50 mil c< 
continuously assured by Ferro» 
Ferroxcube’s high volume produ' 
soldering. For complete infima 

ieved by wafer construction! 
jns in stack dimensions. Avai 

ube i unmatched manufacturi 
:tion. highly adaptable framed 
o^Brite for Bulletin PS-löB 

jj^trix. Compactness of designed 
iters — makes for substantial reduct 

64 x 64. 

4-WIRE, 

COINCIDENT 
CURRENT 

MEMORY PLANE. 

COMPACTNESS 
OF MATRIX 

REDUCES STACK 

DIMENSIONS. 

FOREMOST 

IN THE FIELD 

koF FERRITE 

PROCEEDINGS Of THE IRE September, 1961 43A 



Blcde Stopi 

Alta« Paper 

For the first time . . . ultra high speed 
and precision accuracy in binary graphic 
display ! 660 inches/second recorded at 
40 lines/inch. Sweep information is 
amplitude measured at .010' against a 
grid generated at recorder. 

Endless loop Electrode 

Poper Advonce 

Renient Helix 

Exclusive Alden graphic recording tech¬ 
niques make it simple to synchronize a 
recording helix with any of a variety of 
sweep, time-base, sampling, or other 
sensing applications which involve proc¬ 
essing information on a sequential basis. 

SAMPLE APPLICATIONS 

RADAR — Direct graphic record ng from radar or tapes at 
radar rate or sampling of racar return for range information, 
azimuth, target identification. 

FREQUENCY ANALYSIS — Radio astronomy output re¬ 
cords sweep of receiver with dynamic tone shade response 
identifying frequencies of interest. 

INFRA-RED — Integration by Alfax Fape- suppresses ran¬ 
dom noise functions ntegrates repeat s gnals. 

ULTRASONICS — Specific flaw detector on 1 to 1 basis 
with wide printout available to 4 ' width. 

SONAR — Echo-ranging, echo-sounding. ASW active & 
passive systems, etc. 

SPECIFIC SONAR APPLICATION 

A trigger pulse generated by 
the Alden recorder and a 
sweep rate based on 4800 ft. / 
second (sound travel) estab¬ 
lish the interval to be recorded. Var able paper feed rate 
provides integration of signal return. 

PRECISION GRAPHIC 
RECORDER.. • an example 
of complete system develop¬ 
ment. The Aldes 419PGR 
operates at 12 discrete speeds, 
presents 20 fm to 3000 fm full 
scale for flexible program¬ 
ming of underwater sound 
recording. 

Write for complete Information Dept. E3 ; 

Dr. John R. Pierce (S’35-A’38 SM’46-
1’48), Director of Research in Communi¬ 
cations Principles of Bell Telephone Lab¬ 
oratories, received the honorary degree of 
Doctor of Engineering on June 8, 1961, at 
the 45th commencement exercises of 
Newark College of Engineering, Newark, 
N. J. 

He joined the Bell Laboratories in 
1936, shortly after receiving the Ph.D. 
degree from the California Institute of 
lechnology, Pasadena. He had previously 
received the B.S. and M.S. degrees from 
the same institution in 1933 and 1934, re¬ 
spectively. 

At the Laboratories, he has specialized 
in the development of electron tubes and 
in microwave research. During World 
II he concentrated on the development of 
electronic devices for military applica¬ 
tions. He has been granted 55 patents for 
his inventions in electron tubes and com¬ 
munications circuits, especially electron 
multipliers, electron guns, and microwave 
tubes. 

He became Director of Electronics Re¬ 
search at Bell Laboratories in 1952, Di¬ 
rector of Research in Electrical Communi¬ 
cations in 1955, and assumed his present 
post in October, 1958. 

For his research leading to the develop¬ 
ment of the beam traveling wave tube, 
he was awarded the 1947 Morris Liebmann 
Memorial Prize of the IRE, and in 1960 
received the Stuart Ballantine Medal of 
the Franklin Institute. 

In 1954, he analyzed the possibilities 
of radio relay by way of artificial satellite 
and in 1955, two years before the first 
satellite was actually raised by Russia, 
offered the first concrete proposals for 
satellite communications in the journal, 
Jet Propulsion. The Bell Laboratories’ work 
on the now famous “Project Echo,” com¬ 
munications satellite launched on August 
12, 1960, was carried out in his department. 

He is the author of three books: 
“Theory and Design of Electron Beams” 
(1949), “Traveling Wave rubes” (1950), 
and “Electrons, Waves and Messages” 
(1956), and with E. E. David is co-author 
of “Man’s World of Sound” (1958). 

Dr. Pierce is a Fellow of the American 
Physical Society, the Acoustical Society 
of America, and the British Interplane¬ 
tary Society, and is a member of the Na¬ 
tional Academy of Sciences. He is also a 
member of Sigma Xi, Tau Beta Pi, and 
Eta Kappa Nu fraternities. 

The appointment of Kermit B. Karns 
(A’49-M’53-SM’61) as Staff Engineer to 
the Establishment Electronic Engineering 
Section of the Federal Aviation Agency at 
Kansas City, Mo., has been announced. 

He previously was Chief of the Navi¬ 
gation Aids Electronic Engineering Unit. 

For the past several years he has been 
engaged in that field. I Ie has developed 
the theory of cancellation of reflected 
radio waves and has engineered techniques 
to apply that theory to cancelling the in¬ 
terfering radio wave reflections associated 
with VHF Omniranges and Instrument 
Landing Systems. 

Mr. Karns is a member of the American 
Institute of Electrical Engineers. 

Raymond Kendall (A’41 M’45 SM’57) 
has been appointed Manager of Research 
and Engineering Programs at Itck Lab¬ 
oratories, Lexing¬ 
ton, Mass. 

I Ie is a graduate 
of Case Institute of 
Technology, Cleve¬ 
land, Ohio, and has 
taken special courses 
in marketing and 
managerial eco¬ 
nomics at the Uni¬ 
versity of Chicago, 
Chicago, III. 

He is a register¬ 
ed professional en¬ 
gineer in Ohio and holds offices in the 
American Institute of Electrical Engineers. 
He is Vice Chairman of the IRE Profes¬ 
sional Group on Engineering Writing and 
Speech. A member of the Alumni Council 
at Case Institute of Technology, he belongs 
to the National Pilot’s Association and 
the Bay State Flying Club. He has had 
several articles published and presents pa¬ 
pers frequently. 

Coming to Itek Laboratories from 
Raytheon Co., Mr. Kendall has also 
worked for Motorola, Collins Radio Com¬ 
pany and Kendall Radio Company. 

Appointment of Rollin H. Koontz 
(A’53) as Chief Engineer of Airtron-Pa-
cific, a division of Litton Industries, has 
been announced. 

Prior to joining 
Litton, he was a 
specialist in the 
microwave com¬ 
ponents section of 
the Radiating Sys¬ 
tems Division of 
Electronic Spe¬ 
cialty Company. 
He also was Senior 
Development En¬ 
gineer at Kearfott 
Company, Inc., and 
was with Sandia Corporation, handling 
design and evaluation of microwave cir¬ 
cuits, and in the Electronic Defense Lab¬ 
oratory there as a microwave circuit de¬ 
signer. 

( C- 'lit limed fil t'use 46.4) 

II. Kooxrz 
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METAL FILM RESISTORS OFFER 5 
DISTINCT TEMPERATURE COEFFICIENTS 
TO MEET ALL CIRCUIT REQUIREMENTS 

RUGGED END-CAP 

CONSTRUCTION 

FOR LONG TERM 

STABILITY 

EXCEPTIONAL 

RESISTANCE TO 

MOISTURE AND 

MECHANICAL DAMAGE 

SURPASS MIL-R-10509 

PERFORMANCE 

REQUIREMENTS 

Providing close accuracy, reliability and 
stability with low controlled temperature 
coefficients, these molded case metal-film 
resistors outperform precision wirewound 
and carbon film resistors. Prime character¬ 
istics include minimum inherent noise level, 
negligible voltage coefficient of resistance 
and excellent long-time stability under rated 
load as well as under severe conditions of 
humidity. 

Close tracking of resistance values of 2 
or more resistors over a wide temperature 
range is another key performance charac¬ 
teristic of molded-case Filmistor “C” Re¬ 
sistors. This is especially important where 
they are used to make highly accurate ratio 
dividers. 

Filmistor “C” Resistors are automatic¬ 
ally spiralled to desired resistance values by 
exclusive Sprague equipment. The metallic 
resistive film, deposited by high vacuum 
evaporation, bonds firmly to special ceram¬ 
ic cores. Noble metal terminals insure low 
contact resistance. 

The resistance elements, complete with 
end caps and leads attached are molded in 
dense, high temperature thermosetting ma¬ 
terial to form a tough molded shell for max¬ 
imum protection against mechanical dam¬ 
age, moisture penetration and repeated 
temperature cycling. 

Filmistor “C” Resistors, in Vs, 14, Vi 
and 1 watt ratings, surpass stringent per¬ 
formance requirements of M1L-R-10509C, 
Characteristic C. Write for Engineering 
Bulletin No. 7025 to: Technical Literature 
Section, Sprague Electric Co., 235 Marshall 
Street, North Adams, Mass. 
For application engineering assistance write: 

Resistor Division, Sprague Electric Co. 
Nashua, New Hampshire 

SPRAGUE COMPONENTS 

RESISTORS 

CAPACITORS 

MAGNETIC COMPONENTS 

TRANSISTORS 

INTERFERENCE FILTERS 

PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS 

PULSE-FORMING NETWORKS 

HIGH TEMPERATURE MAGNET WIRE 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 

SPRAGUE 
THE MARK OF RELIABILITY 

'Sprague' and are registered trademarks of the Sprague Electric Co. 
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PRODUCTS 
FOR MODERN 
LIVING 

INVERTERS 
A. C. Household Electricity 

Anywhere ... in your own car! 

Tape Recorders • TV Sets 
Dictating Machines • Radios 
Public Address Systems 

• Electric Shavers • Record Players • Food Mixers • and 
Emergency Lighting. NET 
6U-RHG (6 V.) 125 to 150 W. Shp. Wt 27 lbs. $66.34 
12U-3HG (12 V.) 150 to 175 W. Shp. Wt. 27 lbs. $66.34 

Auto Plug-in Home-type Portable 

/Tri battery 
w Ul^CHARGERS 

i NO INSTALLATION . . . PLUG NO INSTALLATION PLUG INTO 
CT ï CIGARETTE LIGHTER RECEPTACLE! 

Keeps car battery fully charged in 
your own 8a âge! Needed more 
now than ever before— makes 

V 'MF motor starting easy! Operates di-
redly from standard 110 volts A.C.current. 

612CA4 (4 amp.) 6/12 V. Shp. Wt. 6 lbs. net $19.46 
612CA6 (6 amp.) 6 /12 V. Shp. Wt. 8 lbs. NET $22.46 
612CAlO(10amp.)6/12 V, Shp. Wt. 10 lbs, NET $27.71 

y-fTTY ELECTRONIC 

CULTURE PROTECTORS 

"Keep Clean-Shaved! Plugs into Ciga¬ 
rette Lighter Receptacle. Keep in 
Glove Compartment. Operates Stand¬ 
ard AC. 
• ELECTRIC SHAVERS 
• Small Timing Devices ... Tn CARS, 

Buses, Trucks, Boats, or Planes. 
6-SPB (6 V.) 15 W. Shp. Wt. 21/? lbs. NET $7.97 
12-SPB (12 V.) 15 W. Shp. Wt. 2*/z lbs. NET $7.97 

Will Double or triple the life of all types of electronic tubes. 
Including TV picture tube. 

Automatic in operation, for use with any electronic 
equipment having input wattage 
of 100 to 300 watts. Fuse protected, 
enclosed in metal case for rugged / IT-—' '"TV\ 
construction and long life. (■J — . ILr 
MODEL 250 (Wall Model) 115 V. 
A.C. Shp. Wt.l lb. 
DEALER NET $2.63 

Clock Specifications: 
• Genuine Telechron Move¬ 

ment. 
• Self-Starting . . . Never 

Needs Winding, Oiling, or 
Regulating. 

• Simplified Clock Controls 
for Radic and Sleep Switch. 

• 1100 Watt Controlled Outlet. 
• Automate Buzzer Alarm. 
• Gold-Plated Bezel and 

Numerals on Large Bone-
White Dial. UL Approved. 

MODERN TABLE 

<© RADIOS 
Trim, modern clock radio 
in ebony or ivory plastic. 
Powerful 5 lubes including 
rectifier AM radio chassis 
with built-in "Magna-Plate” 
antenna. Full-toned 4" PM 
speaker. Popular features 
include: Musical Alarm-
radio turns on automatically 
at any pre-set time; Sleep 
Selector— lulls user to sleep : 
Automatic Appliance Timer 
—outlet on back of radio 
times any electric appliance 
automatically (up to 1100 
watts). Cabinet 10*4 in. 
wide, 5 in. high, 5*4 in, 
deep. WL approx. 8 lbs -

/Tpl HAND WIRED-NO PRINTED CIRCUITRY 
’’TILT- A-STAND” RADIO 

MOUNT ON THE WALL-UNDER A SHELF-OR SET ON A 
TABLE. PERFECT for every room in YOUR home. 

Power-packed 5 tubes includ¬ 
ing rectifie' chassis. Built-in 
loop antenna. Automatic vol¬ 
ume contrcl. Full 4" Alnico 
5 speaker. Distinctive Roman 
numerals on dial. Size: 914* 
W X 4" D X 5*/r H. AC/DC. 
ILL. approved. Beautiful bake¬ 
lite cabinet —Resists heat. 
Shipping Weight 514 lbs. 
Model T-91 Clock Radio, Black .... NET $22.45 
Model T-91 Clock Radio, Ivory .... NET 23.15 
Model T-87 (Tilt- A- S ta nd). Black . . . NET 17.47 
Model T-87 (Tilt-A-Stand), Red . . . . NET 18.10 

Quality Products Since 1931 
ST. PAUL 1. MINNESOTA-U.S.A. 

ATR ELECTRONICS, INC. 
■ Formerly American T elevision 4 Radio Co 

See your Electronic Parts Distributor 
Write Factory for Free Literature 

IRE People! 
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(Continued front page 44.4) 

A graduate of the University of Mis¬ 
souri School of Mines and Metallurgy, 
Rolla, with the B.S. degree in physics, 
Mr. Koontz is a member of ran Beta Pi, 
Sigma Pi Sigma, and Phi Kappa Phi. 

I'he Technical Materiel Corporation 
oi Mamaroneck, X. Y., manufacturers of 
communications equipment, announces 
the appointment of B. D. Pritchard S'59-
M’61) as Chief Engineer. 

He has had considerable experience in 
electronic research. 
I Ie comes to TMC 
from Montana State 
College, Bozeman, 
where he was Sen¬ 
ior Research Engi¬ 
neer and also acted 
as a consulting en¬ 
gineer for TMC. 
He holds the 
B.S. E. E. degree, 
and is a member of 
Tan Beta Pi and B- 1’• I’kitchard 
Sigma Xi. 

Wilson S. Pritchett (S’-H A’44 M'50-
SM’53) has joined Hallikainen Instruments, 
Berkeley, Calif, as C hief Electric.il Engi¬ 
neer in charge of all 
electronic and elec¬ 
trical aspects of in¬ 
strument develop¬ 
ment and design. 
For the past four 
years he has been 
C hief Engineer of 
Knopp, Inc., Oak¬ 
land, Calif. Prior to 
this he was Associ¬ 
ate Professor of 

W . S. PrITCH! TT Electrical Engineer¬ 
ing at the Univer¬ 
sity of California in Berkeley. 

Mr. Pritchett has served as T reasurer 
and as Secretary of the San Francisco Sec¬ 
tion of the IRE. 

Joseph Reed (SM’51) has been named 
Executive Enginner in the Systems De¬ 
partment of the Adler Electronics Military 
Products Division. T he Division develops 
and markets transportable and fixed 
communications and ground support sys¬ 
tems. He was formerly Principal Engineer 
.it General Precision Laboratories. 

Mr. Reed isa member of the American 
Institute of Electrical Engineers, of Sigma 
Xi, and is a former Chairman of the West¬ 
chester Subsection and the Xew York Sec¬ 
tion of the 1 RE. 

Rogell Associates has been formed to 
sell technical electronic products to in¬ 
dustrial customers 
York, Connecticut, 
Long Island, West¬ 
chester County, 
and northern Xew 
Jersey. The com¬ 
pany is headed by 
Paul S. Rogell 
(S’47 -A’49 - M’55), 
who was most re¬ 
cently with the 
CBS Laboratories 
Division of the 
Columbia Broad¬ 
casting System, 
where he was Sales 
tron Tube Department. 

He received the Bachelor of Science 
degree in electrical engineering in 1944 
from Iowa State College, Ames, and the 
Master of Science degree in electrical en¬ 
gineering, as well as the Professional de¬ 
gree in electrical engineering from the 
California Institute of Technology, Pasa¬ 
dena. 

From 1948-1951 he was a develop¬ 
ment engineer with the Hazeltine Elec¬ 
tronics Corporation, Little Neck, N. Y. 
In 1951 he became Sales Managet in Gov¬ 
ernment Sales for the Philco Corporation, 
Industrial Division, in Philadelphia, Pa. 
brom 1954-1959 hr was with the Westing¬ 
house Electronic Tube Division, Elmira, 
X. Y., and held the positions of Sales En¬ 
gineer, Field Salesman, and Product 
Sales Engineer. 

In August, 1959, Mr. Rogell joined the 
CBS Laboratories as Sales Manager oi the 
Electron Tube Department, with responsi¬ 
bility for sales, direction of manufactur¬ 
ers’ representatives, advertising, market 
analysis, commercial literature and sides 
promotion for photomultiplier, special 
photosensitive and display tubes. In 
March, 1961, he became Sales Manager 
for Memory Devices with responsibility 
for ferrite core memories and subsystems. 

A. B. Reiss, President of Stelma, 
Inc., Stamford, Connecticut, has an¬ 
nounced the appointment of Robert L. 
Plouffe (S’50 A’51 SM’56) as Vice Presi¬ 
dent, Engineering. 

He joins Stelma, designers and manu¬ 
facturers of telecommunications equip¬ 
ment, after several years as Director of 
the Digital Systems Laboratory of ITT 
Federal Laboratories, a division of Inter¬ 
national Telephone and Telegraph. At 
IT T, he directed research, development, 
and systems engineering activities for com¬ 
munications networks. 

He was instrumental in the organiza¬ 
tion and direction of the 465-L Strategic 

(Continued ini page 48 A) 
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A compelling challenge — to assist 
the orthopedically handicapped in 
performing the simple and rewarding 
manual functions that lead to richer, 
more useful lives. 
Working with orthotic and prosthetic 
specialists in hospitals and medical 
schools, Fairchild Research and De¬ 
velopment personnel have done con¬ 
siderable experimentation in this 
field with strain gauges, special as¬ 
semblies and Micrologic components. 
Using these elements as sensing, 
logic, control, and feedback buildling 
blocks, it is thought that human 
mechanisms for commanding and 
verifying body motions may be close¬ 
ly approximated. 
Problems are myriad. The challenge 
great. The rewards immeasurable. 
We believe it a worthy goal to unlock 
doors in the Human Horizon. If you 
would like to share in a challenge 
such as this, and yours is a relevant 
background, we would like very much 
to hear from you. 

HUMAN 
HORIZONS 

/ 



reliability 
Because it never varies from birth to death, a fingerprint is 

the most reliable method of personal identification. 
NAE silicon devices have fingerprint reliability because they 

never vary in performance, even under extreme conditions of 
temperature, shock or humidity. Test our semi conductor 

devices. You can count on them to perform with reliability. 
These hermetically sealed, corrosion resistant units perform 

at full capacity for the life of the equipment. W herever 
reliability is important specify NAE. 

Here, at North American Electronics, Inc., we manufacture 
Silicon Rectifiers, Controlled Rectifiersand Voltage Regulators 

to exclusive specifications. These give them the finest 
characteristics available. In process, reliability is further 

assured by 100% testing to all specified parameters. 
Cet acquainted with N AE devices. \\ rite for specifications, 

data and details. 

ERICAN ELECTRONICS, INC. 
71 Linden Street, West Lynn. Mass. 

TWX Lynn, Moss. 805U AFFILIATE OF 

IRE
(Continued from page 46.1) 

Air Comm.ind Control System and Pro¬ 
ject I N ICOM, and served as a consultant 
to IT I CS on the Air Force 480-L com¬ 
munication support system program. The 
465- L project involved the development 
among other things, of a large-scale 
stored program digital computer for 
message switching. In the UNICOM pro¬ 
ject. he directed ITT activities as well as 

Holder of 15 patents in pulse and digi¬ 
tal communications, Mr. Plouffe has 
made significant contributions to the art 
of data transmission. He has published 
several papers on data communications 
systems, is a member of several profes¬ 
sional organizations, and a graduate of the 
Massachusetts Institute of Technology, 
Cambridge. 

The appointment of Robert L. Sink 
(S’37 A H SM’48 E’60) as M.mager of 
Engineering for Burroughs Corporation’s 
Military Electronic 
Computer Division 
in Detroit, Mich., 
has lieen announced. 

He joins Bur¬ 
roughs after 15 
years with Consol¬ 
idated Elect rody-

I namics CorjM ration, 
where his last posi-

I tion was Manager 
of Engineering. In 
his new position he 

! is responsible for 
all engineering activity at MECI), re¬ 
porting directly to the General Manager. 

Mr. Sink received the Bachelor of Arts 
degree, and after graduate study, the 
Electrical Engineer’s degree, from Stan¬ 
ford University, Stanford, Calif. 

Dr. Richard C. Sirrine (M’57) has 
joined United Aircraft Corporation’s Nor¬ 
den division as Assistant Chief Applied 
Physics Branch, it 
was recently an¬ 
nounced. 

He comes to 
Norden from Gen¬ 
eral Electric Com¬ 
pany’s Advanced 
Semiconductor Lab¬ 
oratory where he 
was Manager of 
the surface studies 
group. I Ie received 
the Bachelor of Sci¬ 
ence and Master of 
Science degrees, both in physics, from 
Rensselaer Polytechnic Institute, Troy, 
N. Y., and the Ph.D. degree in electrical 
engineering from the University oi Illinois, 
Urbana. He also attended the RCA Insti¬ 
tutes, New York, N. Y. 

R. C. Sirrin i 

(Continued on fuge 52.1) 
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ULTRASTABLE MICROWAVE SIGNALS... 
their generation and the measuring 
and analyzing of their perturbations 

by PETER P. JORRENS 
Engineer, Instrument Division 

LABORATORY FOR ELECTRONICS, INC. 

At frequencies over 2 Gc/s. the generation 
of extremely stable microwave signals is a 
substantial problem. And even more vexing 
is the problem of determining just how 
stable a signal is, once a very stable signal 
is believed to have been achieved. Such 
problems have become important since 
microwave signal sources are now needed 
in many diverse fields wherein stability to 
a few' cycles per second is necessary 
or desirable. 

For all critical applications, two kinds of 
instability are of primary concern: residual 
frequency modulation, periodic or non¬ 
periodic, as well as its cause, which we call 
short-term instability; and drift, which 
long-term instability. 

frequency control 

Oscillator Block Diagram 

Figure 1 

The best commercially available signal 
generators have these specifications: residual 
fm of approximately five parts in 10s or 
better; drift, one part in 10° per hour 
under ordinary environmental conditions. 
As shown in Figure 1, a reflex klystron is 
employed as the generator, part of whose 
output is fed to a dual-mode invar reference 
cavity acting as a frequency discriminator. 
After rectification, any error signal is 
greatly amplified and employed to keep the 
klystron closely locked to the mean frequen¬ 
cy of the dual-mode cavity. 

However, this is not all. Rugged mechanical 
design, de on all critical electron tube 
heaters, broadband crystal mounts with high 
sensitivity, and electronically regulated 
power supplies as W’ell as years of produc¬ 
tion experiences are required to permanently 

Figure 2 

subdue some nasty problems and to meet 
the specifications mentioned. 

The only commercially available instrument 
capable of checking ultrastable oscillators 
to such specifications is arranged as shown 
in Figure 2, and employs a unique quantiz¬ 
ing circuit to detect f-m modulation and 
frequency drift. Up to the point of detec¬ 
tion. the circuit is basically that of a double 
superheterodyne receiver of extraordinary 
stability and refinement. There is one differ¬ 
ence however: because of extreme limiting 
in the 2nd i-f amplifier, a sinusoidal input 
signal is converted to very steep-edged 
square waves. These are differentiated, and 
the positive-going spikes are used to trigger 
a multivibrator which, by means of a delay 
line, generates one constant-energy pulse for 
each cycle of input to the 2nd i-f amplifier. 
Each pulse has a constant amplitude E and 
constant width t. 

The average output voltage is Eo = E t f 
where f, the 2nd i-f frequency, is the only 
variable. By using a d-c, zero-center volt¬ 
meter. with graduations in kc/s, plus or 
minus frequency drift can be measured 
around the initial frequency of the oscillator 
under test. 

If frequency modulation exists, there is an 
a-c component superposed on the average 
d-c level whose magnitude is dEo = E t df. 
To recover this component for display, the 
quantized pulse train is filtered to remove 
the 120 kc/s carrier and frequencies over 
20 kc/s, amplified, rectified, and applied 
to a meter calibrated to read peak frequency 
deviation. 

This particular instrument, with a bandpass 
from 15 cp/s to 20 kc/s, has drift scales 

of ± 5 and ± 50 kc/s, eight peak devi¬ 
ation ranges from 10 to 30,000 cps. Mini¬ 
mum measurable f-m deviation varies from 
0.3 cps at L-band to 2 cps at Ku band. 

LFE makes both of these instruments: the 
814 Series of Ultrastable Oscillators and 
the Model 5024 Stability Tester. Figures 
3 and 4 illustrate typical X-band peak 
deviation versus output and disturbance 
frequencies respectively, and figure 5 shows 
both a Model 814 oscillator and a Model 
5024 stability tester. The small instrument, 
also shown and available, is a Model 240 

Figure 5 

tunable filter for spectrum analysis of 
disturbance frequencies. 

An interested reader can obtain much more 
detailed information by requesting Bulletins 
814 and 5024. For these bulletins, or the 
answers to particular questions, write Mr. 
Perry Pollins at the address below. 
LABORATORY FOR ELECTRONICS. INC. 

Instrument Division 
714 Beacon Street, Boston, Massachusetts 
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Individual unit assembly is first step in 
construction of antenna. Here four dipole 

Completed quadrant elements, ready for placement on pedestal 
mount. Each quadrant is pre-assembled in exactly the same manner. 

antennas mounted on ground screen are 
being connected to one end of Foamflex 
feed lines. Special Phelps Dodge con¬ 
nectors are used to link the lines to the 
dipoles and four-way power dividers. 

Completed quadrant elements are raised to platform for placing 
into position on pedestal mount. 

An example of a center element unit that 
can be inserted into the Avien-Bogner array. 
This element forms a separate unit that can 
also be used as a portable ultra high fre¬ 
quency antenna. 

Foamñex Coaxial Cable helps put and keep 
this advanced antenna system on the track! 
A feed network of W , 50 ohm Foamflex coaxial 
cable is a critical part of the fully automatic Avien-
Bogner acquisition and tracking antenna that repre¬ 
sents an advance in the state of the antenna art. 
The efficient operation of this sensitive antenna is 
greatly increased by the low loss, high phase stability 
and electrical uniformity of its weatherproof Foam¬ 
flex feed line assemblies. Special connectors, de¬ 
signed and fabricated by Phelps Dodge, link the 
Foamflex lines to double-tuned, strip-line, four-way 
power dividers in each quadrant element of the 
antenna. 

Designed for Edwards Air Force Base, this modu¬ 
lar array is assembled from identical quadrants, each 
equipped with power dividers, dipole antennas and 
cigar elements. In contrast to the heavier, fixed-type 
paraboloids, the lighter, smaller Avien-Bogner model 
costs less, yet has high acquisition capability for 

telemetry information through the use of three auto¬ 
matic tracking modes. Quadrant elements may easily 
be replaced when changes are desired in frequency 
bands, due to the simple design and construction of 
this antenna. 
The feed system was planned, fabricated, cali¬ 

brated and installed by A-T Electronics, New 
Haven, Conn. Accurate uniformity of electrical 
length for each cable was maintained from cable to 
cable within one degree at 2200 megacycles after 
bending. 
The outstanding qualities of semi- flexible, alumi-

num-sheathed Foamflex have been proved in a 
number of applications where low loss, long oper¬ 
ating life and a low noise to high signal level ratio 
are essential. If your specifications call for a coaxial 
cable of the highest efficiency, we recommend you 
investigate the capabilities of Foamflex. 
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CORPO RATI O N 

300 Park Avenue, New York 22, N.Y. 

PHELPS DODGE COPPER PRODUCTS 

Self-tracking Avien-Bogner acquisition array 
has capability to telemeter data from vehicles 
traveling in the far reaches of space. 

Center element unit is connected to the junction 
box of the Avien-Bogner antenna. 
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PHOTOGRAPH COURTESY OF WESTERN ELECTRIC COMPANY 

Angelica Uniforms and Victor Gloves 
Help Prevent Clean-Room Contamination 

UNIFORM COMPANY 
1427 Olive St. , St. Louis 3, Mo. 
107 W. 48th St., New York 36. N. Y. 
177 N. Michigan Ave., Chicago 1, Illinois 
1900 W. Pico Blvd., Los Angeles 6. Calif. 
317 Hayden St., N. W.. Atlanta 13, Ga 

Victor Monofilament Nylon Gloves 
Angelica has been appointed the only 

distributor of Victor Gloves, the finest protective 
gloves made. Victor’s non-contaminating gloves 
of monofilament nylon with plastic coated 
palms, have maximum touch sensitivity for 
precision operations. Victor Gloves Inc. collab¬ 
orated with Bell Laboratories, Inc., in develop¬ 
ing these gloves and Bell is currently using them 
in the assembly of select devices sensitive to 
physical and chemical contamination. 

Other models include ambidextrous gloves 
and gloves for LOX parts. 

Static-Free Dacura* Uniforms 
Angelica’s coveralls and frocks, of com¬ 

fortable moisture absorbent Dacura (Dacron** 
polyester and rayon), are non-linting, acid 
resistant and static-free. The tight weave of 
continuous filament yarns resists passage of 
contamination from the skin or undergarments. 

There is a complete “engineer designed” 
line of Dacura, Dacron, or nylon uniforms and 
accessories by Angelica and Victor Gloves Inc. 

Mail this coupon to the nearest Angelica 
office below. 

•Reg. T.M. H. P. Ogden Co. 
••Reg. T.M. of Dupont ¡ . 

Send literature on White Room Uniforms I 
and Gloves. j 

I 
I Name- —Title._ 

I Company_ __ _ _ 

Address 

IRE People^ 

(Continued from page J8A) 

A native of Port Henry, N. Y., he 
served with Anny Signal Corps and the 
Anny Air Corps during World War II. He 
was engaged in research engineering as¬ 
signments with Battelle Memorial Insti¬ 
tute, Columbus, Ohio, from 1950-1952, 
joining General Electric in the latter tear. 

Dr. Sirrine holds memberships in the 
Electrochemical Society and the Ameri¬ 
can Physical Society. 

Roger L. Sisson (S’48-A’50-M’51), 
noted management consultant in the field 
of information technology, has been ap¬ 
pointed to direct 
advanced programs 
at Auerbach Elec¬ 
tronics Corpora¬ 
tion of Philadel¬ 
phia, Pa., and New 
York, N. Y. 

He will be re¬ 
sponsible for initi¬ 
ating new programs 
and directing spe¬ 
cial projects in the 
field of information R. L. Sisson 
technology. He also 
will serve as a technical consultant and 
advisor on management systems projects 
and long range corporate planning. Auer¬ 
bach Electronics Corporation is a systems 
organization in the information processing 
sciences, with complementary services in 
systems engineering, equipment design, 
programmed teaching and product and 
market planning. Mr. Sisson will be lo¬ 
cated in the Philadelphia headquarters. 

Previously, he was Manager of Pro¬ 
gram Analysis at Aeronutronic, a division 
of Ford Motor Company, where he also di¬ 
rected system design and programming for 
the Army Tactical Operations Central. 

In 1950, he joined the Electronic En¬ 
gineering Company. As an engineer, he 
was engaged in the design, development 
and testing of data processing equipment. 
Beginning in 1951, he served as an engi¬ 
neer with National Cash Register Corpora¬ 
tion. Later he became Manager of the 
firm’s Customer Computing Services, an 
activity which he organized. 

From 1954-1958, he was a partner in 
the management consulting firm of Can¬ 
ning, Sisson and Associates, working on all 
facets of electronic data processing and 
business systems. He analyzed computer 
market potentials and designed production 
control, accounting, and inventory con¬ 
trol systems for manufacturing, railroad, 
and retail firms, to mention a few. 

From 1954-1956, he served as a lec¬ 
turer in the Business School of the Uni¬ 
versity of Southern California. He also per¬ 
formed operations research studies for the 
University of California, at Los Angeles, 
from 1954 to 1958. An active lecturer and 
writer, he founded the Data Processing Di¬ 
gest, is co-author of a book on management 
decision simulation, and has published ex¬ 
tensively in technical publications. 

(Continued on page 56A ) 
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SEALED 
IN A 
SECRET 
SILO 
Somewhere in a wasteland, the Air Force Minuteman 

will keep its lonely vigil all through a thousand nights. 
Buried and untended, it must be ready to spring to life if 
the button is ever pushed. 
Minuteman poses a real challenge to the New Reliability 

— reliability which must guarantee successful firing at any 
moment in the far future. Each of the missile’s systems, 
each of its thousands of electronic components, must func¬ 
tion perfectly at that given moment. For once the missile 
is lowered into its silo, no human hands again need touch it. 
The Minuteman's critical guidance and control system 

has been entrusted to Autonetics. We are proud to be a 
member of this United States Air Force missile team. 

Electromechanical Systems by Autonetics ; Division of North American Aviation 
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/I fresh 

NEW look 

in instrumentation 



NEW additions to a proven Une of R-F equipment. .. 

BORG-WARNER CONTROLS' 

TEST INSTRUMENTS 
New styling ... new convenience... 
new versatility. .. new accuracy! 

Now, a fresh new approach to precision lab¬ 
oratory test instruments ... designed and engi¬ 
neered by Borg-Warner Controls to meet the 
most demanding needs of industry. The result 
of 15 years of leadership in high-power radio¬ 
frequency equipment, these new instruments 
are superior in styling... in convenience and 
versatility ... in accuracy and performance. 

Clean, functional design. Handsome two-tone 
brown and beige color schemes. Simplified con¬ 
trols— no crowding or confusion of knobs. Fin¬ 
est quality meters for quick, clear, accurate 
readings. Most important of all, better reso¬ 
lution due to improved design. Don’t buy any 
laboratory quality test equipment until you’ve 
examined these advanced new models! 

FOLD-AWAY 
CARRYING HANDLES 

WIND-UP 
POWER CORD 

VERSATILE! All instruments 
can be used on bench, 
or rack-mounted 

BORG-WARNER 

Vacuum Tube Voltmeter (10 CPS/4 MC)... 
Volt-Ohm Meter (20 CPS 700 MC) VSWR Indicator 
... R-F Power Meter ... R-F Signal Generators 

covering HF. VHF, CHF and SHF. For your 
convenience, local sales representatives are available 

for demonstration and consultation in your area. 

BORG-WARNER CONTROLS 
DIVISION OF BORG-WARNER CORPORATION 

P. O. Box 1679 • Santa Ana, California 
Phone Kimberly 5-5581 • Teletype S Ana 5291 

CONTROLS 



FOR PUBLIC 
ADDRESS, RADIO, 
and kindred fields, 

JONES .t?.?. 
PLUGS t SOCKETS 

of proven quality! 

P-406-CCT 

S-406-AB 

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 cops with baked 
crackle enamel. 2, 4, 6, 8, 10, 12 contacts Cap or panel 
mounting. 

Information on complete line, in Jones Catalog 22. Elec¬ 
trical Connecting Devices, Plugs, Sockets, Terminal Strips. 
Write 

FERRITE 
ISOLATORS 

|PÊMORNAY(fo^ j BONARD I | 

DE MORNAY BONARDI 
780 So. Arroyo Parkway, Pasadena, Calif. 

by 
-for exceptionally 
high performance... 
a full range of sizes 
... 30-day 
deliveries 

Delay Lines 
fabricated of 
PHELPS DODGE 

STYROFLEX SPIRAFIL 
FOAMFLEX COAXIAL CABLE 

A-T can supply Delay 
Lines fabricated of 
any Phelps Dodge 
coaxial cable from 
%“ diameter through 
i%" diameter in 
compact packages 
to suit your needs. 
Here is accuracy 
within +.02 nano¬ 
seconds ... broader 
band operation . . . 
lower attenuation 
and greater stability. 

Write for 
free catalog 

A-T ELECTRONICS. INC. 
15 Lawrence Street. New Haven 8, Conn. 

FABRICATORS— DISTRIBUTORS 
OF PHELPS DODGE 
COAXIAL CABLE 

See pages 50A-5IA 

IRE People^ 
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Mr. Sisson received the Bachelor of 
Science and Master of Science degrees in 
electrical engineering from the Massachu¬ 
setts Institute of Technology, Cambridge. 
He is currently a member of the National 
Administrative Committee of the IRE 
Professional Groupon Electronic Comput¬ 
ers. He has been active in the Association 
for Computing Machinery, the Institute 
of Management Sciences, and the Opera¬ 
tions Research Society of America. 

Ferdinand H. Soufal (A ’54) has been 
promoted to District Sales Manager in the 
midwest by Motorola Semiconductor Pro¬ 
ducts, Inc., it was recently announced. He 
had been a sales representative for the 
firm. 

Before joining Motorola in 1960, he 
was Project Engineer for Stewart Warner 
Electronics in charge of redesigning, test¬ 
ing, and repackaging equipment for pro¬ 
duction. 

In his new capacity, he will have re¬ 
sponsibility for Motorola semiconductor 
component sides in eastern Iowa and south¬ 
eastern Wisconsin. He will have his head¬ 
quarters at the firm’s area office in Chi¬ 
cago, III. 

Mr. Soufal is a graduate of the Ameri¬ 
can Telev ision Institute of Technology. 

has been named 
Erie-Pacific, I Hvision 
Corporation, Haw¬ 
thorne, Calif., ac¬ 
cording to a recent 
announcement. 

He will bring a 
strong background 
of electronic knowl¬ 
edge and exper¬ 
ience to his new 
position. Prior to 
joining Erie- Pacific, 
he was Engineering 
Su pen isor of a 
Minuteman Test 
Requirements and 
North American 

A’51-M’56) 
Manager of 

Erie Resistor 

G. W. Spencer 

Evaluation Group at 
\viat ion’s Autonet ics 

George W. Spencer (A *50 
Engineering 

of 

Division in Downey, Calif. Earlier, he was 
Chief Project Engineer on medium-size 
Military and Commercial Data Systems 
at Beckman Systems Division in Ana¬ 
heim, Calif., and Project Engineer for the 
General Electric Atlas Missile Data Cen¬ 
ter in Syracuse, N. Y. 

In his work on the Erie-Pacific line of 
digital counting and control systems, he 
will be responsible for all engineering de¬ 
velopment including basic circuitry, logic 
design and mechanical engineering. 

Mr. Spencer holds the B.S.E.E. degree 
from Oregon State College, Corvallis, and 
has taken advanced work at Syracuse 
University, Syracuse, N. Y. He isa mem¬ 
ber of AIEE, ISA, and Phi Kappa Phi. 
Sigma 'fan, Eta Kappa Nu and Pi Mu 
Epsilon, honorary fraternities. 

(Continued on paffe 58A) 
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KLYSTRON 
AND TWT 

ACCESSORIES 
FOR LITTON AND OTHER TUBES 

Klystron Focus Coils 
TWT Solenoids 
Water Loads 

Radiation Shields 
Cathode Sockets & Fingers 

Litton microwave tube accessories have largely been confined in 
the past to those required by Litton tube users. Now, Litton develops 
and produces a variety of tube accessories to customer specifications, 
regardless of tube manufacturer or application. 

Focus Coils and Solenoids: Foil or wire wound in any size — from 
low-noise TWT’s to super-power klystrons. Epoxy impregnated by 
vacuum or pressure. One terminal board. One coolant input/output 
manifold. Leak-resistant cooling systems. Integral lead shielding. 
Water Loads: For L through C bands. Seamless aluminum guide 
construction. Light, short, versatile. Excellent pressure integrity 
to 50 psia. Super or medium power. Low VSWR with high peak and 
average power ratings. Typical L-band unit tested to 20 megawatts 
peak power, 50 KW average power. 

Other Litton tube accessories are radiation shields, differential 
thermopiles, and cathode sockets and contact fingers. 

For more data, write to: Litton Industries, Electron Tube Division, 
San Carlos, California. Or telephone LYtell 1-8411. 

LITTON 
Electron 

INDUSTRIES 
Tube Division 

MICROWAVE TUBES AND DISPLAY DEVICES 
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ANNOUNCING Spir-O-foam ! 

NEW Aluminum Sheathed, 
Semi-Flexible Coaxial Cable 

Low-loss Broadband Performance Quality Assured by Prodelin . . . 
Designers and Manufacturers of “Job-Packaged” Antenna Systems 

Spir-O-foam a cellular polyethylene insulated coaxial cable, with its companion 
Spir-O-lok connector, now answers industry’s demand for truly matched perform¬ 
ance. Spir-O-lok connectors are backed by years of service-proved features, 
including simple field assembly without special tools, to provide improved 
reliability for economical maintenance-free service. The development of Spir-O-
foam with Spir-O-lcR connectors demonstrates the single source capabi ity of 
Prodelin. offering complete product line versatility without equal. 
Spir-0 foam is supplied on non-returnable reels, at no extra charge, to eliminate 
two-way freight costs and laborious record keeping. Immediate delivery — 
Stocked from Coast to Coast. Send for Catalog 598 

■ TELEVISION ■ TELEMETRY ■ MOBILE ■ MICROWAVE ■ MARINE ■ 

Main Off ce: 3C7 Bergen Ave., Kearny, N. J. • WY 1-8600 • California Engineering Offices & Warehouse 
Stock: 427 W. 5th St., Los Angeles 13 • MA 8-3451 • 870 Tennessee St., San Francisco 7 • AT 2-8472 

(Continued from fage 56.1) 

Henry P. Steier (M’54-SM’56) has 
been appointed as Regional Sales Manager 
for Intercontinental 
tion, it was recently 
announced. He will 
be responsible for 
sales and customer 
relations in the 
Washington, D. C., 
Maryland and Vir¬ 
ginia area. 

Known as IX-
TEC, the company 
is an affiliate of 
Compagnie Gener¬ 
ale de Telegraphic 
Sans Fil (CSF) and 
produces electronic 
air traffic control. It also designs and man¬ 
ufactures airborne radar and ground sup¬ 
port equipment and UHF communications 
systems. 

Prior to joining INTEC, Mr. Steier was 
District Representative for Maxson Elec¬ 
tronics Corporation, Old Forge, Pa. Pre¬ 
viously he was associated with former 
Federal Aviation Agency Administrator, 
E. R. Quesada, in Washington, D. C., as 
Special Assistant for Technical Informa¬ 
tion. 

He is a member of the Aviation W rit¬ 
ers’ Association. 

Electronics Corpora-

11. P. St i 1er 

eauioment used in 

Edwin M. Stryker (A 54-M 59) ha 
joined the Univac Communications De 
part ment as a development engineer su 
pervisor, it was re¬ 
cently announced. 
He will have super¬ 
visory responsibil¬ 
ity for the develop¬ 
ment of new com¬ 
munications prod¬ 
ucts. 

Before joining 
St. Paul Univac, 
he spent ten months 
with the General 
Mills Mechanical E. M. Stryker 
Division, Minnea¬ 
polis, as a technical specialist. From 1953-
1960, he was an Engineering Group Head 
at Collins Radio Company, Cedar Rapids, 
Iowa; and from 1951 1953 he was a video 
engineer with the Illinois Bell Telephone 
Company. 

Mr. Stryker received the Master’s de¬ 
gree in electrical engineering from the 
University of Illinois, Urbana in 1951. He 
is a member of Eta Kappa Xu, honorary 
electrical engineering society. 

Armand R. Tanguay (S’49 V51-
SM’56) has joined Electro-Optical Sys¬ 
tems, Inc., as a principal scientist in the 
Advanced Electronics and Information 
Systems Diy ision. He will be responsible 
for the Division’s sy stems analysis and de-

(Contimicd ''H l'âge 62.4 ) 
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Model PC 2-33 
Positioner Control 

Model PI 3-11 
Position Indicator 

Model APR 23 
Rectangular Recorder 

Model 402C 
Receiving System 

Heart of most modern antenna 
test ranges is a Scientific-Atlanta 
receiving and recording console, 
similar to the one shown. Among 
the many ranges instrumented by 
Scientific-Atlanta are those at 
Boeing-Wichita, at MIT’s Lincoln 
Laboratory, Douglas El Segundo, 
Wright-Patterson Air Force Base, 
Emerson and Cuming, and 
Ryan Aeronautical Company. 

Bolometer and 
Pen Function 
Amplifiers 

Model RT 2D 
Signal Source 

Remote Tuning Unit 

Model API 1 
Pattern Integrator 

Model APR 34-S36 
Polar Recorder 

I . 1 

I For Complete Antenna 
I Instrumentation Systems 
I 

Recording, Receiving, Transmitting 
and Control Equipment, Antenna 
Positioners, Micro wave Components, 
and Recorder Supplies 
PATTERN RECORDERS—Two basic pattern recorders are avail¬ 
able: the Series APR 20 Rectangular, and Series APR 30 
Polar. They can be combined to form the popular APR 
20/30 Polar-Rectangular Recorder. Pen responses include 
logarithmic, linear, and square root. 
Features include servo control with tachometer feedback, 
a noise compression circuit, an electric pen lift, and a three-
axis synchro input selector. The rectangular recorder has 
an automatic chart-cycle advance, illuminated chart, three 
chart scale expansions with forward-reverse, and chart 
position control. The polar recorder features a recording 
diameter of 7 and 13 inches, a turntable slip-clutch, pen 
standby and load switch, calibrated turntable, and chart 
center light. 
WIDE RANGE RECEIVING SYSTEM —A double conversion super¬ 
heterodyne receiver, the Scientific-Atlanta Series 402 
covers the range from below 30 me to more than 100 kmc. 
Features include a sensitive AFC circuit which prevents 
the receiver from losing track during transmitter frequency 
drift. One coaxial cable eliminates costly lossy wave guides 
and rotary joints Antennas can be located up to 75 feet 
away with negligible loss in sensitivity, or more than 200 
feet away with low loss cables. Reception of cw signals from 
simple sources eliminates need for precise modulation. 
Excellent employment opportunities exist for electronic, microwave, 
and mechanical engineers. An equal opportunity employer. 

Modification P-4 adds 20 db to the normal 40 db dynamic 
range providing 1 db linearity over a full 60 db dynamic 
range. Modification Z adds a precision IF attenuator and 
VTVM appreciably reducing the number of components 
and instruments required for level, gain, and isolation 
measurements. 
ANTENNA POSITIONERS —Scientific-Atlanta offers medium and 
heavy duty azimuth and multi-axis antenna positioners. 
Standard models range from the PMA-3 medium duty 
azimuth positioner designed for a maximum vertical load 
of 200 pounds with a maximum bending moment of 200 
foot pounds to the large PAEA 29 H azimuth over eleva¬ 
tion over azimuth for vertical loads of 15 tons and a bend¬ 
ing moment of 30,000 foot pounds. 
Features include use of Kaydon four-point contact bear¬ 
ings which minimize sliding friction, weather and dust 
proof design, and 1:1 and 36:1 speed synchros for each 
axis of rotation. Slip rings, rotary joints, and limit switches 
can be provided in any axis of any positioner. 
MICROWAVE COMPONENTS —Scientific-Atlanta also offers a co¬ 
axial rotary joint for de to 16 kmc at speeds up to 2000 
rpm, a series of coax to waveguide adaptors, standard gain 
horns, crystal mixers, transmitting antennas, polarization 
positioners, model range towers and recorder supplies. 

WRITE FOR OUR NEW CATALOG 

Ask your Scientific-Atlanta engineering representative for 
a copy of our new catalog or write directly to the factory. 

SCIENTIFIC 
ATLANTA, INC. 
2162 Piedmont Road, N.E. • Atlanta, Georgia 
375-7291 „ 
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HOW TO BUILD THE PEREECT KLYSTRON: 

Perfect a highly convergent electron gun that teilt 
confine electron Hou so that your klystron 
trill be stable anil hare the longest life possible. 
(Only Eimac has done it— with the Heil gun.) 

Devise a modulating anode that trill slash the power 
required to precisely control the klystron beam. ( Eimac'S 
already done it ... making super power radar practical.) 

Design your klystron with either an internal, 
an external. or a combined internal-external 
cavity to meet all pon er and frequency 
needs. (Only Eimac is able to do it today.) 

Build and pul into successful pulse and CIE 
service more than three thousand high-power klystrons 
to prove your ideas. (Eimac s already done it ... 
with more klystrons than any other manufacturer.) 
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• Take ten years or more to perfect advanced 
materials processing techniques including fifty 
foolproof metal-ceramic seals and the first 
output windows made with BeO—to give yourself plenty 
of design freedom. (Eimac’s already done it.) 

Do your work in the world’s most complete tube 
development and production facility, one 
that includes a DC power supply twice as big as 
any other. (That’s Eimac ... where the new 
power supply provides 325 KV at ten amps D.C.) 

/• Short Cut: Just bring your power and frequency 
needs to Eimac and get your “perfect” 
klystron fast ... from the factory or the 
development lab. Test our reaction time by 
writing or phoning: Power Klystron Marketing, 
Eilel-McCullough, Inc., San Carlos, California. 
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IS YOUR COMPANY ON 
THE OFFENSE FOR DEFENSE? 
SIGNAL is your introduction to the men who control the grow¬ 
ing $4 billion dollar government radio-electronics spending 
_ _ _ 

Never before have our armed forces so badly needed the thinking and 
products of the electronics industry. Advertising in SIGNAL, the official 
journal of the Armed Forces Communications and Electronics Association, 
puts you in touch with almost 10,000 of the most successful men in the 
field— every one a prospect for your defense products! 

Share in the defense and the profits! 
Company membership in the AFCEA, 
with SIGNAL as your spokesman, puts 
you in touch with government decision¬ 
makers ! 

SIGNAL serves liaison duty between the 
armed forces and industry. It informs 
manufacturers about the latest govern¬ 
ment projects and military needs, while 
it lets armed forces buyers know what 
you have to offer to contribute to our 
armed might. SIGNAL coordinates needs 
with available products and makes de¬ 
velopments possible. 

But SIGNAL is more than just a maga¬ 
zine. It’s part of an over-all plan! 

A concerted offensive to let the govern¬ 
ment. which has great faith in industry 
and the private individual producer, 
know exactly what’s available to launch 
its far-sighted plans. Part of this offen¬ 
sive is the giant AFCEA National Con¬ 
vention and Exhibit (held this year in 
Washington, D.C., June 6-8). Here, you 
can show what you have to contribute 
directly to the important buyers. Your 
sales team meets fellow manufacturers 
and military purchasers and keeps “on 
top” of current government needs and 
market news. 

Besides advertising in SIGNAL which 
affords year-round exposure by focusing 
your firm and products directly on the 
proper market . . . besides participation 
in the huge AFCEA National Conven¬ 
tion and Exhibit . . . the over-all plan of 
company membership in the AFCEA 
gives your firm a highly influential organ¬ 
ization’s experience and prestige to draw 
upon. 

As a member, you join some 175 group 
members who feel the chances of win¬ 
ning million dollar contracts are worth 
the relatively low investment of time and 
money. On a local basis, you organize 
your team (9 of your top men with you 
as manager and team captain), attend 

monthly chapter meetings and dinners, 
meet defense buyers, procurement agents 
and sub-contractors. Like the other 55 
local chapters of the AFCEA, your team 
gets to know the “right” people. 

In effect, company membership in the 
AFCEA is a “three-barrelled” offensive 
aimed at putting your company in the 
“elite” group of government contractors 
—the group that, for example in 1957, for 
less than $8,000 (for the full AFCEA 
plan) made an amazing total of 459.7 mil¬ 
lion dollars! 

This “three-barrelled” offensive consists 
of 

(1) Concentrated advertising coverage in 
SIGNAL, the official publication of 
the AFCEA; 

(2) Group membership in the AFCEA. 
a select organization specializing in 
all aspects of production and sales in 
our growing communications and 
electronics industry; and 

(3) Attending AFCEA chapter meetings, 
dinners and a big annual exposition 
for publicizing your firm and display¬ 
ing your products. 

If you’re in the field of communications 
and electronics . .. and want prestige, con¬ 
tacts and exposure ... let SIGNAL put 
your company on the offense for defense! 
Call or write for more details—now ! 

Wm. C. Copp & Associates 
72 IFcsf 45th Street, 
New York 36, New York 
MUrray Hill 2-6606 
Boston • Chicago ■ 
Minneapolis • Los 
Angeles • San Francisco 

m.i 

IRE People^ 

(Continued from feige 58A) 

velopment programs, which include vari¬ 
ous ground-based electro-optical-mechani¬ 
cal projects as well as sounding rocket and 
satellite subsystems and systems. 

Prior to joing EOS, he was Director of 
Advanced Programs and Program Man¬ 
ager, payload system projects, for Aerolab 
Development Company, Pasadena, Calif. 
In this position he was responsible for de¬ 
veloping and directing new programs in 
space systems technology, with emphasis 
on space payloads, advanced sounding 
rocket applications, electric propulsion 
testing and advanced electronic tech¬ 
nology. 

Before joining Aerolab. he was Head of 
the Systems Research Department, Re¬ 
search Division of Radiation, Inc., in 
Orlando, Florida. He was one of the 
founders of this division and was respon¬ 
sible for program development and 
management of space vehicle systems and 
guidance studies, tactical missiles, and 
research in automation. Earlier, at Cornell 
Aeronautical Laboratory, he was engaged 
in missile and aircraft systems develop¬ 
ment. 

Mr. Tanguay received the B.S.E.E. 
degree from the University of Massa¬ 
chusetts, Amherst, graduating magna cum 
laude in 1950, and received the M.S.E.E. 
degree from Massachusetts Institute of 
Technology, Cambridge, in 1951. He is a 
senior member of the American Astronau-
na Utica I Society, and a member of the 
American Rocket Society, Sigma Ni. Tau 
Beta Pi, and Phi Kappa Phi. 

Lt. Robert B. Taylor, USNR (M’57-
SM’59) has been appointed Commanding 
Officer of the U. S. Naval Research Re¬ 
serve Company 3-4, 
Rochester, N. Y., 
according to an 
announcement by 
Vice Admiral C. 
Wellborn, Comman¬ 
dant, Third Naval 
District. 

Lt. Taylor en¬ 
tered the Navy in 
February, 1943, 
and served in the 
South Pacific with 
the 7th Fleet, spe¬ 
cializing in anti-submarine warfare. He is 
an electrical engineering graduate of the 
University of Rochester, Rochester, N. Y., 
and is associated with General Dynamics/ 
Electronics in the Research Division as 
Manager, Engineering Services. 

The Naval Research Reserve’s mission 
is to provide individuals qualified in the 
conduct and administration of scientific 
research and is accomplished by maintain¬ 
ing a roster of Naval Reservists which re¬ 
flects their professional training, experi¬ 
ence, and naval qualifications. General 
Dynamics/Electronics has had several em¬ 
ployees active in NRRC 3-4. 

Lt. R. B. Taylor 

(Continued on page 64A) 
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NORAD ON THE ALERT 
Inputs from BMEWS Provide Instantaneous Missile Data Direct to NORAD Headquarters 
From our vast outer defense perimeter, over thou¬ 
sands of miles, to the nerve center of the North 
American Air Defense Command at Colorado 
Springs, the most advanced concept of data han¬ 
dling and checkout is being utilized in the BMEWS 
system. The stakes are high, for the purpose is 
defense of the North American Continent. 

At BMEWS installations operated by USAF Air 
Defense Command, computers read out missile 
tracking data from giant radars. This information 
is simultaneously relayed to NORAD’s Combat 
Operations Center. 
The Radio Corporation of America is prime 

systems contractor for BMEWS. At the COC, 
RCA’s Display Information Processor computing 
equipment automatically evaluates missile sightings, 
launch sites and target areas. By means of data 
processing and projection equipment installed by 
RCA and a team of other electronics manufacturers, 
the findings are displayed on huge, two-story high 

map-screens in coded color symbols, providing the 
NORAD battle staff with an electronic panorama 
of the North American and Eurasian land masses. 
The handling of BMEWS inputs at NORAD is 

an example of how RCA data processing capabili¬ 
ties are assuring the high degree of reliability so 
vital to continental defense. 

Out of the defense needs of today a new generation of RCA 
electronic data processing equipments has been born. For, 
tomorrow's needs RCA offers one of the nation's foremost 
capabilities in research, design, development and production of 
data processing equipment for space and missile projects. For 
information on these and other new RCA scientific develop¬ 
ments, write Dept. 434, Defense Electronic Products, Radio 
Corporation of America, Camden, N. J. 

The Most Trusted Name in Electronics 

RADIO CORPORATION OF AMERICA 



How to “air condition” 
solar cells in space 
Bausch & Lamb optical/electronic/mechanical 
capabilities boost power-pack efficiency 
Silicon solar cells provide energy for space craft by converting solar 
radiation into electricity. Only about 10% of the sun’s energy is 
utilized. The rest is unwanted heat that can reduce the efficiency 
of the cells and jeopardize the vehicle’s instrumentation. 

Bausch & Lomb solar cell coatings, by selective absorption and 
reflection, enable the solar power pack to achieve 
optimum efficiency. (See typical curves.) Count on B&L 
experience—in vacuum deposition of precison coatings 
on all kinds of cover glass substrates as well as on the cells 
themselves—to tailor the coating to specific requirements. 
Write for technical reports on B&L capabilities in design, 
development and production. Bausch & Lomb Incorporated, 
Military Products Division, 99821 Bausch Street, 
Rochester 2, New York. 

(Continued from page 62A) 

Jay R. Wolff (S’47-A’49-M’55) Tech¬ 
nical Director, Radiation Instrument 
Development Laboratory, Inc., Northlake, 

as oeen ap¬ 
pointed Vice Presi¬ 
dent in charge of 
long range technical 
planning. He re¬ 
ceived the B.S.E.E. 
and M.S. E. E. de¬ 
grees from Purdue 
University, Lafay¬ 
ette, Ind., and has 
been on the staff of 
RI DL since 1956. 

It will be his re¬ 
sponsibility to se¬ 
lect and e\ ahiate ne 

J. R. Wolff 

. instrument ideas for 
presentation to management for product 
development. He will set specifications on 
existing equipment and make technical 
surveys in the field for the expansion of 
the RIDL instrument line. 

George P. Walling (S’48-A*50-M’55-
SM’55) has been appointed Senior Market¬ 
ing Representative responsible for the re¬ 
cently-established 
Motorola, Inc., Re¬ 
gional Office in 
Boston, Mass., ac¬ 
cording to a recent 
announcement. 

Prior to his as¬ 
signment to Boston, 
he was Regional 
Marketing Repre¬ 
sentative at Motor¬ 
ola’s Dayton, Ohio, 
office. 

Following his 
graduation from Northwestern University, 
Evanston, Ill., he joined Motorola in 1949 
as a development engineer in the Commu¬ 
nications and Electronics Division at 
Chicago. 

In 1953 he was appointed to the 
Company’s Military Electronics Division 
held engineering force and was assigned to 
Wright- Patterson Air Force Base, Ohio, 
where he represented Motorola in tech¬ 
nical liaison on the AN/A PS-23, -64 Air¬ 
borne Bombing and Navigational Radar 
System. 

After four years’ service in field engi¬ 
neering, he joined the Company’s Market¬ 
ing Department and was located at the 
Dayton Regional Representa tive’s office. 

He also draws from experience gained 
in his sen ice in the U. S. Signal Corps and 
Air Force as a radar repairman in the 
South Pacific during World War II. 

In addition to his formal education in 
electrical engineering at Northwestern 
University, in 1942 he completed the 
Enlisted Reserve Corps Electronics and 
Microwave Program conducted at the 
American Television Laboratories and the 
U ni versit y of Chicago. 

He is affiliated with the IRE Profes¬ 
sional Groups on Engineering Manage-

G. P. Wallin«; 

(Continued on l'âge 66A) 
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STABILIZED SUPERMU 30" LAMINATIONS 

JO -60 -40 -20 O +20 + 40 +60 -80 +100 +120 
TEMPERATURE OF LAMINATIONS (DEG.C) 

Expected range of values of ratio of permeability 
at indicated temperature to permeability at 25 C. 
Stabilized Suoermu “30” tested at 40 gausses, 60 cycles. 

from Magnetic Metals . . . 

THERMALLY STABLE TRANSFORMER LAMINATIONS 
If you’re designing a transformer or reactor that 
must maintain constant inductance under the 
blazing desert sun or in the sub-zero cold of 
the Arctic or outer space, you need our thermally 
stable Supermu “30” laminations. They’re the 
only temperature-stabilized laminations avail¬ 
able anywhere. 

Special composition and the ultimate in anneal¬ 
ing control stabilize over a wide temperature 
range the permeability of thermally stable Supermu 
“30” laminations. Meticulous care in stamping 
eliminates burrs and preserves absolute flatness. 

With performance characteristics effectively sta¬ 
bilized, thermally stable Supermu “30” offers the 
only available solution to thermal design prob¬ 
lems, and is also of particular value where you 
want to miniaturize components. 
Laminations of thermally stable Supermu “30” 

are made in all standard sizes and thicknesses. 
Count on two-week delivery. Custom designs are 
available on special order. Our engineers are ready 
and well qualified to help you make the most of 
this exceptional lamination material. Write or 
call today. 

V/Eagtnetic 

Æh ETALS 
Magnetic Metals Company 
Hayes Avenue at 21st Street, Camden 1, N.J. 
853 Production Place, Newport Beach, California 
transformer laminations • motor laminations • tape-wound cores 
powdered molybdenum permalloy cores • electromagnetic shields 
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Radio Frequency Interference 

. •. and What to Do About It (Continued from paye 64 A) 

1CFS personnel brave the elements as they run 
a series of tests for one of their customers. 

APLANE, flying on autopilot, 
mysteriously veers off course 

and causes a tragic mid-air collision. 
Premature second-stage firing spoils 
a multi-million-dollar missile launch¬ 
ing. A switch transient on the power 
line to a computer fouls up the digi¬ 
tal pulse and suddenly two and two 
equal five! These are typical mani¬ 
festations of radio frequency inter¬ 
ference—major problem of elec¬ 
tronic designers and engineers! 

Until recently, controlling inter¬ 
ference was a cut-and-try, retrofit 
operation —time-consuming, often 
unsatisfactory, almost always highly 
expensive. But now modification of 
existing equipments has given place 
to relatively precise prediction and 
pre-control of interference in the 
design phase! 

Sprague's unique Interference Con¬ 
trol Field Service is the leading 
exponent of this far more efficient, 
economical technique. Active in the 
field of interference since World War 
II, Sprague takes a bilateral ap¬ 
proach to interference control prob¬ 
lems. In 3 Sprague laboratories, 
strategically located in various parts 
of the country, interference measure¬ 
ment and prototype facilities are in 
constant use by customers who bring 
their equipment for evaluation, modi¬ 
fication and qualification. And in 
addition, Sprague puts competent 
Interference Control Specialists at 

the service of companies whose 
products must meet stringent inter¬ 
ference specifications, but who can¬ 
not be sure that they will. 

Interference prediction techniques 
developed over a period of years are 
successfully applied by Sprague 
specialists. Studying electrical sche¬ 
matics and mechanical layouts at 
customers’ plants, Sprague engineers 
design into these pre-prototype plans 
the suppression and shielding which 
assure compliance with interference 
specifications. This activity usually 
costs far less than conventional mod¬ 
ification of existing equipments. 

Current assignments of Sprague 
Interference Control Specialists in¬ 
clude a leading aircraft company, a 
nationally known manufacturer of 
radio telescope control mechanisms, 
the producer of an important missile 
component, and a huge corporation 
engaged in developing data link and 
telemetry systems for the Dyna-Soar 
program. 

Whether your interference prob¬ 
lem involves military or commercial 
electronic equipments, Sprague’s In¬ 
terference Control Field Service can 
speed and simplify solution. Pre¬ 
liminary discussion involves no 
obligation. For full information, 
contact the Sprague Interference 
Control Field Service Department, 
Sprague Electric Company, 235 
Marshall St., North Adams, Mass. 

ment, Aeronautical and Navigational Elec¬ 
tronics, and Military Electronics. 

Other technical societies in which Mr. 
Walling holds membership are the Ameri¬ 
can Institute of Electrical Engineers, 
American Rocket Society, the Armed 
Forces Communications and Electronics 
Association, and Eta Kappa Nu, Electrical 
Engineering Honorary Society. 

Stanley E. Benson (A’33-M’55) has 
been appointed manager of long range 
planning in General Dynamics/Electronics’ 
Marketing Divi¬ 
sion, it was recently 
announced. 

He joined Gen¬ 
eral Dynamics/Elec¬ 
tronics about a year 
ago as systems staff 
manager in the Mili¬ 
tary Products I >ivi-
sion. Priortojoining 
the company he 
served on the tech¬ 
nical staff of the 
Advanced Research 

S. E. Benson 

Projects Agency in the Department of De¬ 
fense, Washington. Previously he had been 
manager of microwave communications 
engineering for the Philco Corporation, 
and earlier held engineering and manager¬ 
ial positions with the New York Telephone 
Company, Connecticut Telephone & Elec¬ 
tric Company, Telemark Corporation, and 
several other firms. 

Mr. Benson holds the M.S.E.E. degree 
from the Rensselaer Polytechnic Institute. 
He is a member of Sigma Xi, and the 
American Rocket Society. He is currently 
a member of the IRE Professional Groups 
on Microwave Theory and Techniques, 
and Engineering Management, and in 
1941-42 he served as Chairman of the 
Indianapolis Section. 

The appointment of Julian L. Bern¬ 
stein (A’47-M’55) to head the Audio Tech¬ 
nology Department of the New York 
Resident School of RCA Institutes was 
recently announced. 

He has been with RCA Institutes for 
eight years, serving as technical writer 
and instructor in the Advanced Technol¬ 
ogy course. For the past five years he has 
been in charge of the Audio Laboratories 
of the School. He developed the first for¬ 
mal technical course in Video Tape Re¬ 
cording to be presented to the public. He 
is the author of several technical articles 
and a book, “Video Tape Recording. " 

Mr. Bernstein holds the B.S. degree in 
physicsand mathematics, and isa member 
of the Society of Motion Picture and Tele¬ 
vision Engineers. 

(Continued on page 68A) 
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TU^G-SOL 

6977 
subminiature 
indicator triode 
saves display space 

Here’s an indicator triode for computer and 
business machine applications that will re¬ 
place neon lamps in computer circuits. It has 
the advantage of low voltage drain with great 
economy of display area. 
The Tung-Sol 6977 is a fdamentary, high, 

vacuum, subminiature triode with a fluores¬ 
cent anode. Especially advantageous in tran¬ 
sistorized circuits, its high input impedance 
and small signal requirements do not load 
these circuits. 

Tung-Sol design and manufacturing skills 
are being applied constantly to the problems 
of improving componentry in all fields where 
industrial and special purpose tubes find 
their specialized uses. 

If you have questions regarding the appli¬ 
cation of type 6977, or any tube type, you 
are invited to bring them to Tung-Sol. You 
will be pleased with the results. Tung-Sol 
Electric Inc., Newark 4, N. J. twX:NK193 

TYPICAL OPERATION 

Heater Voltage0 AC t.O Volts 
Anode Voltage DC 60 Volts 
Grid Resistance 100.000 Ohms 
Grid Supply Voltage for max. light output O Volt 
Grid Supply Voltage at zero light output - 3 Volts 

TECHNICAL ASSISTANCE IS AVAILABLE THROUGH: Atlanta. 
Ga.; Columbus. Ohio; Culver City. Calif.; Dallas, Tex.; Denver. 
Colo.; Detroit. Mich.; Irvington,. N.J.; Melrose Park, III.; Newark. 
N. J.; Philadelphia, Pa.; Seattle. Wash. In Canada: Abbey Elec¬ 
tronics. Toronto, Ont. 

® TUNG-SOL 

1.5" 
MIN, 

2k 



M: 

BINDING POSTS AND PLUGS 
Miniature binding posts, plates and plugs are 
available in addition to the regular line of 
standard size units. The plates, plugs, and in¬ 
sulated binding posts are available in black 
or red. The plugs and plates are also available 
in low loss mica filled phenolic. 

JAMES MILLEN MFG. CO., INC. 
MALDEN 

MASSACHUSETTS 

IRE People 

( ( ' iitiHucd from l'âge 66A) 

I he appointment of Gail E. Boggs 
(M’52) as Director 
velopment at Page 
gineers, Inc., has 
Ixen recently an¬ 
nounced. 

Mr. Boggs, for¬ 
merly an Assistant 
I )irector of R & D, 
joined the company 
in 1956. Since that 
time, he has been 
engaged in system 
design studies on 
the potential use of 
both active and 
passive satellites for 
reliable long distance communications in¬ 
cluding consideration of satellite detection 
and tracking problems. 

He has also been engaged in signal de¬ 
tection and diversity performance studies 
and has made substantial contributions to 
new instrumentation techniques permit¬ 
ting quantitative study of the performance 
of binary systems. He also directed Page 
research on multipath and anti-multipath 
modulation techniques, modulation stud¬ 
ies, experimental instrumentation, and 
communications system design. 

Additional projects to be directed by 
Boggs in his new position include space 
and satellite communication experiments, 

of Research and De¬ 
Comm unications En-

G. E. Boggs 

iono- and troposcatter propagation stud¬ 
ies, quantum electronics research, inter¬ 
ference studies, prototype development, 
and others. 

Prior to joining Page, a subsidiary of 
Northrop Corporation, Boggs was head of 
the rime-Division Multiplex Section in 
the Department of Defense. 

For over five years, he was group leader 
at the National Bureau of Standards, 
where he organized, equipped, and admin¬ 
istered a complete instrumentation lab¬ 
oratory. Several patents have been issued 
on his NBS developments. 

He received his B.S.E.E. degree from 
George Washington University and his 
M.S. degree from the University of Mary¬ 
land. 

He is a Registered Professional En¬ 
gineer in the District of Columbia. 

I'he appoint nent of Ralph Braverman 
(A’5O-M’55) to the newly created position 
of technical assistant to the president was 
recently announced 
by Babcock Elec¬ 
tronics Corpora¬ 
tion. 

He formerly held 
the position of Sen¬ 
ior Systems Man¬ 
ager at Lear, 
Inc.. Santa Monica, 
Calif., and had di¬ 
rect responsibility 
for autopilot sys¬ 
tems for pilotless R. Braverman 

aircraft, his most recent program being 
the Navy’s DASH helicopter. 

He holds the B.S.E.E. degree from 
Drexel Institute of Technology and at¬ 
tended the University of Pennsylvania in 
preparation for his Master’s degree. 

Mr. Braverman has over twenty years 
of engineering experience, having started 
his career with the B treau of Ships in 1940. 
He is a member of the Institute of Aero¬ 
nautical Sciences. 

Dr. Charles J. Breitwieser, (A’35-
VA 39 SM’56-F’58) a co-founder and di¬ 
rector of Cubic Corporation, has been 
elected Executive 
Vice President and 
General Manager 
of the company, 
it was announced 
recently. Dr. Breit¬ 
wieser has main¬ 
tained close contact 
with Cubic since its 
launching, both in 
an advisory and in 
a consulting capac¬ 
ity. in his new post, 
he will direct most 

C J. Breitwieser 

major activities of the firm. 
He began his career as an instructor at 

the University of North Dakota in 1931. 
His subsequent positions include: Presi¬ 
dent, C. J. Breitwieser Co., 1932-37; Vice 
President and Chief Engineer, Caldo 
Corp., 1937-40; Manager, De Forrest Re¬ 
search Laboratories, 1940 42; Chief Elec-

(C' abutted on page /"dAJ 
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To Contractors and Subcontractors on U. S. Government Projects 

Western Electric 
offers the high reliability 
JAN 2N1195 Transistor 

The JAN 2N1195 is a diffused base germanium mesa transistor for video, radio frequency, and switching 
applications.This transistor is not selected from a broad distribution of electrical values. Laureldale’s con¬ 
trolled manufacturing conditions assure the circuit designer of uniform lot-to-lot transistor characteristics. 

MAXIMUM RATINGS AT 25°C 

Power dissipation in free air 225 MW* 
Collector breakdown voltage 30 Volts 
Emitter breakdown voltage . 1 Volt 
Maximum junction temperature . 100°C 

TYPICAL ELECTRICAL CHARACTERISTICS 

fab .  750 MC 

Reh¡e (250 MC) .   55 Ohms 

C (dep) . 1*2 ppf 
hfb (1000 cps) . .98 

•Conservative —300 MW capability has been established 

RELIABILITY 

Lot by lot hie tests have established a failure rate of less than 0.1% for 
1000 hours at 100‘ C. 

This chart illustrates results obtained at high storage temperatures and 
demonstrates the inherent reliability of the JAN 2N1 195 transistor. 

nsec 

HIGH SPEED SWITCHING 

Output of 160 MC multiplexer using JAN 2N1195 transistors. 

The JAN 2N1195 transistor can be purchased in quantity from Western Electric’s Laureldale Plant. 
For technical information, price, and delivery, please address your request to Sales Department, Room 106, 
Western Electric Company, Incorporated, Laureldale Plant, Laureldale, Pa. Telephone — Area Code 
215- WAlker 9-9411. 
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Netic and Co-Netic foils are universal y used as an evaluation tool; ultimately, as a production 
solution. Available in continuous lengths on rolls up to 15’ wide ... for human production line 
or to fit automated existing reels of your tape serving machinery. Furnished in final annealed 
state ready for you' operation. 

HOW YOU SAVE SPACE, WEIGHT, TIME, MONEY 
Minimum weight and displacement shielding designs are possible due to the 
magnetic shielding effectiveness of Co-Netic and Netic foils . . . foils can be 
supplied FROM .002", even thinner if you desire. Ordinary scissors cut foil 
easily to exact contour and size required. Foil can be wrapped quickly around 
hard-to-get-at components, saving valuable time, minimizing tooling costs. 

HOW TO INCREASE RELIABILITY 
Guard against performance degradation from unpredictable magnetic field con¬ 
ditions to which your equipment may be exposed. Eliminate such failure or 
erratic performance possibilities with dependable Co-Netic and Netic protection 
. . . assuring performance repeatability for your device over a wider range of 
magnetic field conditions. 
Co-Netic and Netic alloys are not affected significantly by dropping, vibration 

or shock. They are characterized by low magnetic retention and do not require 
periodic annealing. When grounded, they effectively shield electrostatic as well 
as magnetic fields over a wide range of intensities. 

Every satéli te and virtually all guidance devices increase reliability with Netic 
and Co-Netic magnetic shielding alloys. Use these highly adaptable foils for 
saving valuable space, weight, time and money ... in solving your magnetic 
shielding problems for military, commercial and laboratory applications. 

PHONE YOUR NEAREST SALES OFFICE TODAY: 

BALTIMORE, MARYLAND, HOpkins 7-3766 

UNION CITY, NEW JERSEY, UNior 4-9577 

MERIDEN, CONNECTICUT, BEverly 7-9732 

MIAMI, FLORIDA, Highland 4 1118 

DALLAS. TEXAS, FLeetwood 1-1615 

ALBUQUERQUE, NEW MEXICO. AMherst 8-6797 

LOS ANGELES, CALIFORNIA. WEbster 1-1041 

PALO ALTO, CALIFORNIA. DAvenport 1-5064 

SAN DIEGO, CALIFORNIA, ACademy 4-1717 

SEATTLE, WASHINGTON, EAst 3-8545 

PHOENIX, ARIZONA. AMhurst 4-4934 

HOUSTON, TEXAS, Homestead 5-7780 

WESTMOUNT, MONTREAL, QUEBEC 
Wellington 7-1167 

MAGNETIC SHIELD DIVISION 
Perfection Mica Company 

1322 N. ELSTON AVENUE, CHICAGO 22, ILLINOIS 
ORIGINATORS OF PERMANENTLY EFFECTIVE NETIC CO-NETIC MAGNETIC SHIELDING 
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tronics and Engineering Laboratories, 
Convair, 1940 50; Director of Engineering 
and I lead of Central Research and Kngi-
neering Laboratories, I*. R. Mallory &Co., 
1951-54; Vice President and General Man¬ 
ager for Research and Development, Lear, 
Inc., 1954-57; and President, Metrolog 
Corp., 1957-61. 

Breitwieser, who holds the M.S. degree 
from California Institute of Te< hnoiogv 
and the I). Sc. degree from the University 
of North Dakota. He received the Ameri¬ 
can Institute of Electrical Engineers’ First 
Papers Award in 1945. He has served as 
C hairman of the I RE’s Professional Group 
on Engineering Management. He isa mem¬ 
ber of Sigma Xi, Phi Delta Gamma, the 
American Rocket Society, the American 
Ordnance Association, the Institute of the 
Aerospace Sciences (formerly Institute of 
Aeronautical Science), and the Society of 
Automotive Engineers. 

Ihe appointment of Dr. Ernest G. 
Brock (SM’56) as manager of the Quan¬ 
tum Physics Laboratory of General Dy¬ 
namit s/Electronics Research Division was 
recently announced. Dr. Brock joined 
General Dynamics/Electronics about three 
years ago, and was a principal scientist in 
the Basic Science Laboratory at the time 
of his new appointment. Previously he 
served as a research associate in the Gen¬ 
eral Electric Research Laboratory in Sche¬ 
nectady, and as a group leader at Linfield 
Research Institute, McMinnville, Orc. 
I Ie is a graduate of the University of Notre 
Dame, from which he received bachelor’s 
and doctor’s degrees in physics. He is a 
member of the American Physical Society, 
the American Association for the Advance¬ 
ment of Science, and the Research Engi¬ 
neering Society of America. 

Col. Kirk R. Buchak iSM’58), U. S. 
Army Signal Corps, (Ret.) and former 
Chief, Plant Engineering Division, for the 
Defense Communi¬ 
cations Agency, has 
joined Page Com¬ 
munications Engi¬ 
neers, Ine., a Nor¬ 
throp Corporation 
subsidiary. 

In his new posi¬ 
tion, he will assume 
management re¬ 
sponsibilities for the 
construction and 
installation of com¬ 
munication systems 
projects undertaken by the firm. 

As Chief, Plant Engineering Division, 
from September 1960 until his retirement 
recently, Buchak was responsible for the 
Defense Communication System's engi¬ 
neering and installation standards, as well 
as standardization for equipment, main¬ 
tenance practices, and service test proce-

K. R. Buchak 

(Continued on page 72A) 
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Follow progress across the Atlantic through Wireless 
World — Britain’s leading magazine for electronics, radio 
and television, with by far the largest readership among 
British scientists and technologists. Regular contents include 
authoritative articles on theory and practice, circuit and 
equipment design, scientific and manufacturing applica¬ 
tions ; reviews of new products ; reports of conferences and 
exhibitions; industrial and professional news. 

Electronic Technology is Britain’s foremost authority 
on advanced developments in radio, radar, television and all 
forms of telecommunications. Original papers, both theo¬ 
retical and practical, are contributed by leading scientists 
and technologists. For all who must have the latest infor¬ 
mation on British and European research, Electronic 
Technology is an indispensable medium. 

Model of the ¡oo-foot television 
k and radio-telephony tower now 

rising over Central London 
for the General Post Office. 

Wireless World 
ELECTRONICS • RADIO ■ TELEVISION 

SHU 

WHAT’S 
HAPPENING 
IN LONDON? 

B 
i 

Electronic 
technology 

MAIL THIS COUPON TODAY TO: BRITISH PUBLICATIONS INC., 30 EAST 60TH STREET, NEW YORK 22, N.Y. 

Please enter my our subscription to Wireless World Electronic Technology for: — NAME . 

WIRELESS WORLD 
12 MONTHS (12 ISSUES) $5.50 

WIRELESS WORLD 
36 MONTHS (36 ISSUES)... $ 11.00 (A SAVING OF $5.50) 

ADDRESS . 

ELECTRONIC TECHNOLOGY 
12 MONTHS (12 ISSUES) S9.50 □ ELECTRONIC TECHNOLOGY 

36 MONTHS (36 ISSUES). ..$19.00 (A SAVING OF $9.50) 

BILL ME LATER ENCLOSED CHECK/M.O. FOR S 

CITY . 

ZONE. STATE. . 
PRO.IRE 



diameters 

Rhodium, Gold 

the greatest rePability. 

may be plated with 

Platinum ... Electrical 

Special equipment, 

built in our own plant, 

permits us to plate wire 

continuously. .. Our electroplates 

are consistently uniform and well 

bonded to the base wire... Wires for 

electrical contacts — in a range 

contacts for handling currents 

at very low voltages, can be 

made from our wire, with 

SIGMUND COHN CORP. OF CALIFORNIA • 151C N. Maple St., Burbank, Cal 

SIGMUND COHN mfg co, inc. 
121 SO. COLUMBUS AVE., MOUNT VERNON, N. Y 

YOUR ARRAY 
OF TERMINALS IN EECO’S 
PLUG-IN TEST SOCKETS 
NOW AT STANDARD PRICES 
New techniques now make possible: Sockets 
for rapid testing of solder-terminal compo¬ 
nents, such as relays, transformers, capaci¬ 
tors, etc., furnished by EECO to your 
requirements at standard socket prices! 
Dual, isolated contacts for each terminal on 
header eliminate solder joints or clip leads. 
AS Series adapter sockets, $15.00 + .50 per 
pin in lots of 1-4. Substantial price breaks 
on quantity orders. More than 50 standard 
configurations available for immediate 
delivery. 

SEND FOR CATALOG AS-1 

®
 Automation Division 
Electronic Engineering Company 
1601 East Chestnut Avenue • Sarta Ana, Calif. • Kimberly 7-5501 

of California 
• TWX: S ANA 5263 

EE 1-26 
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dures. His division was also responsible for 
technical rex iew of communication pro¬ 
jects for conformity to Defense Com¬ 
munications Agency Standards. 

From February 1957 to September 
1960, he was Signal Officer, Third Army, 
where he was the Senior Adviser to the 
Army Commander on all communications-
elect rouies problems. He was responsible 
for planning and installation of fixed plant 
radio, telephone, and electronics projects 
and operation of the communication net¬ 
works in Third Army area stations in seven 
southeastern states. He was also respons¬ 
ible for planning, programming, engineer¬ 
ing, and installation telephone and hf, \ hf, 
and microwave radio systems for operation 
of Army field exercises. 

Earlier, as Chief, Combat Develop¬ 
ment Department, Army Electronic Prov¬ 
ing Ground, he directed operations re¬ 
search projects and electronic computer 
application studies in the field of com¬ 
munications, and pioneered the use of war 
gaming and mathematical model tech-
niques for the solution of communications 
problems. 

Previously, Buchak directed communi¬ 
cations operations for the first atomic 
exercise in 1951 in Nevada, and evaluated 
the effects of atomic bursts on electronic 
equipment. As Corps Signal Officer, Japan, 
he dexeloped a simple technique for rou¬ 
tine use of the obstacle-gain principle in 
routing \ hf circuits oxer mountainous 
radio paths in northern Japan. 

W hile serving as Commanding Officer, 
Signal Corps Plant Engineering Agency . 
he direc ted the engineering and installation 
of fixed plant communication projects in 
the L’nited States and oxerseas Army sta¬ 
tions. 

Buchak receixed the B.S.E.E. from the 
L'nixersity of Minnesota. He is a Regis¬ 
tered Professional Engineer in the State 
of Georgia and is a member of the O|x*ra-
tions Researc h Society of Americ a. 

John B. Chatterton (M’56) has been 
appointed to the staff of the Research Di¬ 
vision of PRD Elec tronics, Inc., Brooklyn, 
N. Y. as senior project engineer, it xvas 
announced recently. 

He joins PRD from Moeller Instru¬ 
ment Co., Inc., Richmond Hill, N. Y., 
XX here, during the past three years as c hief 
engineer, he xvas instrumental in establish¬ 
ing the Electronics Division of this firm. 

From 1949 to 1958, Mr. Chatterton 
xvas associated with the Aero and Surface 
Armament Divisions at Sperry Gyroscope 
Co., Great Nec k, N. Y., as a senior engi¬ 
neer. He has also been assoc iated xvith the 
Naxal Experiment Station, Annapolis, 
Md., and Chance Vought Airc raft, Strat¬ 
ford, Conn. In 1946, he xvas an engineering 
officer in the U. S. Navy. 

He receixed the B.E.E. degree from 

(Continued on page 74A) 
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ALITE* HIGH-ALUMINA 
HERMETIC SEALS AND BUSHINGS 

PRECISION TOLERANCES 

II 
‘ LU 1 J J • HIGH TEMPERATURE AND 

HEAT-SHOCK RESISTANCE 

HIGH RESISTANCE TO 
NUCLEAR RADIATION 

RELIABLE ELECTRICAL 
CHARACTERISTICS 

• SUPERIOR 
MECHANICAL STRENGTH 

Looking for ways to improve reliability, reduce 
maintenance problems? The unique advantages of 
Alite high-alumina ceramic-to-metal seals may be 
just what you need! 

VACUUM-TIGHTNESS 

With maximum working temperatures in the 
range 1300°-1600°C., Alite can be metallized and 
brazed to metal parts to form rugged, 
vacuum-tight seals which, in turn, can be welded 
into final assemblies. 

From design to finished part, every manufacturing 
step — including formulating, firing, metallizing 
and testing — is handled within our own plant and 
carefully supervised to assure strict adherence to 
specifications, utmost uniformity and reliability. 

Over 100 standard sizes of Alite bushings in a range 
of types are available to simplify design problems 

Write for FREE Helpful Bulletins 
Bulletin A-7R provides de¬ 
tailed description and specifi¬ 

cations of Alite. Bulletin A-40 
describes Alite facilities and 

complete line of standard 

bushings. 

ALITE 

DIVISION 

and speed delivery. However, when special units 
are called for to meet unusual requirements, a team 
of Alite engineers stands ready to help you take 
advantage of Alite’s superior properties. 

U. S. ST ¡WARE 
ORRVILLE, OHIO BOX 119 

New York Office 

60 East 42nd St. 
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WHY 
MAJOR C. R. TUBE MFGRS. 

RECOMMEND VAI/CQ 
SYNTRONIC lUIxtu 
Syntronic yoke procedure originated the 
industry standard for specification cor¬ 
relation between yoke, c. r. tube and 
circuitry. For a helpful, time-saving 
checklist covering all physical and 
electrical yoke parameters and their 
determining conditions, request 
ELECTRONICS reprint #12-59. Thor¬ 
ough correlation enables Syntronic to 
guarantee accepted specifications. 

Call your nearest SYNTRONIC REP today 
Boston-New Eng.: NOrwood 7-3164 
New York Area: Oxford 5-0255 
Phila. Area: MOhawk 4-4200 
Wash.-Balt. Area: APpleton 7-1023 
Indianapolis: Victor 6-0359 
Los Angeles: Cumberland 3-1201 

syntronic 
INSTRUMENTS, INC. 

100 Industrial Road, Addison, Illinois 
Phone: Klngswood 3-6444 

The industry's broadest yoke line . . . already tooled 
for quantity production. Or, yokes can be custom de¬ 
signed to your precise requirement. 

IRE People^ 
- — _ —— : . MJWt 
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Yale University, and the M.S. and pro¬ 
fessional electrical engineering degrees 
from Columbia University, and is pres¬ 
ently a Professional Engineer in New York 
State. 

Mr. Chatterton is a Member of the 
AIEE. 

Dr. James C. Fletcher (A’52 M’57) 
was appointed president of Space-General 
Corporation recently. Ue was previously 
the president and co-founder of Space 
Electronics Corpor¬ 
ation which has 
been consolidated 
into Space-General. 

Dr. Fletcher is 
experienced in the 
field of missile sys¬ 
tems development 
and space electron¬ 
ics. He has had 
more than 19 years’ 
experience in the 
areas of underwater 
sound, shock waves, 
magnetic studies, radar, cosmic ray re¬ 
search, guidance, instrumentation, and the 
administration of large scale research and 
development programs in missile/space 
technology. Before forming SEC, he was 
director of the Electronics Laboratory of 

1. C. Fletcher 

the Ra mo-Wooldridge Space Technology 
Laboratories; here he was responsible for 
the systems engineering and technical di¬ 
rection of all electronics for the Air Force 
ballistic missile program and also was in¬ 
strumental in the development of new con¬ 
cepts for manned and unmanned space 
flight. Prior to this, Dr. Fletcher was as¬ 
sociated with the Hughes Aircraft Com¬ 
pany where he headed the Systems Lab¬ 
oratory of the Guided Missile Division. 
In this capacity, he bore major responsi¬ 
bility for the development of the balcon 
air-to-air missile. 

In addition to his administrative func¬ 
tions, he devoted considerable research 
and engineering time to company projects, 
particularly in the areas of earth current 
communication, satellite systems, and 
ballistic weapons guidance system devel¬ 
opment. 

Dr. Fletcher was a teaching fellow and 
Eastman Kodak Fellow at the California 
Institute of Technology where he received 
his Ph.D. in physics. He also has been 
associated with Princeton, Harvard, and 
the Navy Bureau of Ordnance as an in¬ 
structor and research physicist. Dr. 
Fletcher has served as a consultant to the 
President’s Science Advisory Committee, 
as chairman of the DOD ad hoc group on 
air-to-surface missiles, and as a member of 
the NACA Sub-Committee on Stability 
and Control. In addition, he is a member 
of the American Rocket Society, the 
American Physical Society, and Sigma Xi. 

(Continued on l'âge 76A) 

PORTABLE 
REGULATED 
VC POWER SUPPt y 

Large 
Capacity 
Low-priced 

model L3501 
6” x 8” X 8" 

onlyA

$1995° 
• CONSTANT VOLTAGE 0-35v, 0-1 A. 
• CONSTANT CURRENT 0-30v, 0 1A. 
• Fully transistorized — regulated 5 mv. 

N.L. to F.L. or 10% line change. 
• Remote programming & current limiting. 
• Ripple 250 microvolts rms. 
• Several units may be paralleled. 
• Transient response 50 microseconds. 
• 150 other models available. 

Universal Electronics 
1720-22nd St. / Santa Monica, Calif. 

“BEAMED-POWER” ANTENNAS 
NOW MAILING! PL88 - technical 
data, pricing bulletin describing 

Advanced-design commercial and 
citizen-band base-station antennas 
and accessories. Includes Tower, 
Rotator, “Baluns,” Masting and 

Transmission line data, plus nice-
to-have-around “info.” Request 
your copy, today; no obligation. 

LABORATORIES 

WORLD RENOWNED AND RESPECTED 
PERFORMANCE -6 to 1500 MC. 

_ Communication 
I and TV Antennas 

rex_ 
ASBURY PARK 46, NEW JERSEY, U.S.A. 
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124 completely 
hermetically sealed 
Microwave Mixer 
and Video Diodes 

ALL ARE DIRECTLY SUBSTITUTABLE 

FOR CONVENTIONAL DIODES 

TO ASSURE UNPRECEDENTED 

SYSTEMS RELIABILITY. 

Microwave Associates has answered your need 
for truly hermetically-sealed diodes. For the first 
time, both fixed-base and reversible polarity types 
have CERAMIC-TO-METAL SOLDER SEALS plus SOLDER 
END SEALS. 
Whatever the requirement- from 1 Me to 18 

kMc, a new diode is available to replace the 
present diode — extra high burnout types for 
high signal level circuits and behind radar du¬ 
plexers new low-noise types for doppler receivers. 
The MA-458F, for example, replacing the 

1N23E, has a calculated overall noise figure of 
7.0 db — the lowest noise figure available for 
high reliability applications. 
These diodes (and coaxial case and subminia¬ 

ture glass packaged diodes) assure military and 
commercial applications the reliability essential 
to uninterrupted service for exceptional time spans. 
They perform to 150 C and meet the applicable 
environmental requirements of MIL-ST9500. 

MICROWAVE ASSOCIATES, INC 
SEMICONDUCTOR DIVISION 

BURLINGTON, MASSACHUSETTS • WESTERN UNION FAX 

TWX: BURLINGTON, MASS. 942 • BROWNING 2-3000 

Export Sales: Microwave International Corp. 
36 W. 44th St., N.Y.C., N.Y., U.S.A. Cable: Microken 

SILICON MIXER DIODES 
1 Me — 4,000 Me 
CARTRIDGE CASE 

Improved Types 
For low noise superheterodyne mixer performance 

1 • Replace 1N21 series 

Calc. 
1 Fixed Base Tvoes Matched Pair Overall 

Reversib‘4 Rec'r Burnout 

1 Noise Rating 

Forward Reversed Forward Forward I 
Types Figure 

N < 1 5db 
(ergs) 

Polarity Polarity Pair s leversed ' (db) 

MA 449B MA449BR MA-449BM MA449BMR MA-459B 10.3 5.0 

MA-449C MA 449CR MA 449CM MA449CMR MA-459C 8.3 5.0 

MA-449D MA449DR MA449DM MA 449DMR MA-459D 7.3 5.0 

MA449E MA449ER MA449EM MA449EMR 1N21WE 7.0 5.0 

MA-449F MA449FR MA449FM MA449FMR MA459F 6.0 5.0 

I Higher Burnout Types 
I For use in pulse radars or other receivers exposed to high RF radiation fields. ■ 

I • Interchangeable with 1N21 series 
I MA4127 I MA4127R I MA4Í27M 1 MA 4127MR | MA4132 1 83 1 10 

I Lower Noise Types 
I For best signal-tonoise performance in low frequency IF doppler systems. 1 

MA 4126 MA 4126R MA4126M MA4126MR MA-4131 - 2.0 

MA4126A MA 4126AR MA4126AM MA 4126AMR MA4131A - 2.0 

4,000 Me — 10,000 Me 
I Improved Types 
1 For low noise superheterodyne mixer performance. 
a Replace 1N23 series 

MA-451B MA 451BR MA451BM MA451BMR MA-458B 11.4 2.0 

MA 451C MA-451CR MA 451CM MA451CMR MA458C 9.8 2.0 

MA 451 D MA451DR MA 451 DM MA451DMR MA-458C 8.2 2.0 

MA-451E MA451ER MA451EM MA45LEMR IN23WE 7.5 20 

MA-451F MA451FR MA 451FM MA-451FMR MA-458F 7.0 2.0 

1 Higher Burnout Types 
d For use in pulse radars or other receivers exposed to high RF radiation fields. I 
I * Interchangeable with 1N23 series 

I MA 4133 I MA4133R 1 MA.4133M 1 MA4133MR 1 MA-4134 9.8 

I Lower Noise Types 
1 For best signal-to- noise performance in low frequency IF dcppler systems. 1 

MA4125 MA 4125R MA-4125M MA 4125MR MA-4130 — 2.0 

MA 4125A MA 4125AR MA 4125AM MA4125AMR MA4130A — 2.0 

10,000 Me--18,000 Me 
COAXIAL CASE 

1 Improved Types 
1 For low noise superheterocyne mixer performance. 

• Replace 1N78 series 

MA-433 MA-443R MA-443M MA443MR — — 0.6 

MA-443A MA443AR MA 443AM MA443AMR —— 9.8 0.6 

MA 443B MA 443BR MA443BM MA4433MR — 8.8 0.6 

MA445 MA445R MÄ-445M MA 445MR — — 1.0 

MA445A MA445AR M’A 445AM MA 445AMR — 9.8 1.0 

MA 445B MA-445BR MA445BM MA4458MR — 8.8 1.0 

I Lower Noise Types 
I For best signal-tonoise performance in low frequency IF doppler systems. 1 

MA4124 MA4124R MA4124M MA4124MR — 0.6 

MA-4124A MA4124AR MA4124AM MA 4124AMR — — 0.6 

SILICON VIDEO DIODES 
1 Me-- 10,000 Me 

1 Improved Types For high tangential signal-to noise sensitivity in 

1 simplified beacon receivers, test equipment and ether uses 

1 • Replace MA-408 series CARTRIDGE CASE 

Fixed Base Types i 
Reversible Riirnmit 9 

1 Forward Reversed Polarity (ergs 1) 
■ Polarity Polarity 1 1 

I MA-452 IMA-452R MA-461 1.0 
■ MA452A IMA452AR MA461A 1.0 
■ MA452B NA452BR MA461B 1 1.0 

1 Higher Burnout Wide Dynamic Range Types 
H For use in video receivers exposed to high RF radiation fields. 
■ • Interchangeable with MA-408 series 

J MA 4128 MA4128R MA4129 5.0 
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new, high-speed 

micro¬ 

microammeter 

The new Keithley Model 415 micro-
microammeter offers high speed of re¬ 
sponse, accuracy, and zero suppression. 
A speed of response of less than 600 

milliseconds to 90% of final value at 
10 12 ampere is possible where external 
circuit capacity is SO^f. Accuracy is 
±2% of full scale on IO-3 through 10"8 
ranges and ±3% on ranges below. Zero 
suppression permits full scale display 
of one per cent variations of a signal. 
The 415 is ideal for use with ion 

chambers, ionization gages, gas chroma¬ 
tography, mass spectrometry. 

Input capacity is 35 wf. One major hori¬ 
zontal division equals 200 milliseconds. 

SPECIFICATIONS 

Ranges: 10’ 12, 3x I0 12 , IO 1', 3x 10 », 
etc. to 10"3 ampere f.s. 

Accuracy: ±2% f.s. IO-3thru 10-samp; 
+ 3% f.s. 3x 10 9 thru I0* 12 amp. 

Zero Drift: Below 2% of f.s. per day. 

Input: Grid current below 5x 10 uamp. 

Output: I V f.s. up to 5 ma. Noise less 
than 20 mv. 

Rise Time: On I0-12 amp range — at 
50, 150, 1500 maT Cin — rise time is .6, 
.8, 2.5 sec. respectively to 90% of final 
values; decreasing to .001 sec. on all 
ranges at 3 x I0-9 amp and above for 
stated input capacitances. 

Price: Model 415 . $800.00 

12415 EUCLID AVENUE 

CLEVELAND e. OHIO 

(Continued from fage 74 A) 

Appointment of Ira Kamen, (M AS¬ 
SAFS?) electronics systems authority, as 
Executive Vice-President of Teleglobe 
Pay- TV System, 
Inc., New York, 
was announced re¬ 
cently. He will su¬ 
pervise the tech¬ 
nical and engineer¬ 
ing phases of the 
over-the-air com¬ 
mercial test of the 
Teleglobe Pay-TV 
System of Central¬ 
ized Metering and 
Billing, in accord¬ 
ance with Federal 
Communications Commission regulations. 
I lis responsibility will be the development 
of the diversified Teleglobc Pay-TV Sys¬ 
tems, which are suitable both for over-the-
air and coaxial cable installations, to¬ 
gether with the related electronic equip¬ 
ment. 

Kamen was most recently President 
of Portland Industries Corp, and head of 
its multi-plant space electronic facilities, 
which were recently acquired by Ward 
Industries. 

He wrote “Pay As You See TV,” the 
only book on the subject, “TV Master An¬ 
tenna Systems,” “Scatter Propagation 
Theory and Practice." He designed the 

basic TV outlet systems now standard 
equipment in all 'TV master antenna sys¬ 
tems in apartment houses and in com¬ 
munity antenna systems. 

Prior to becoming president of Port¬ 
land Industries Corporation, he was vice 
president of General Bronze Corp, for ten 
years and served as consultant to earlier 
proponents of subscription TV, as well as 
RCA, Temco, Jerrold, and other elec¬ 
tronics companies. During World War II, 
he served as supervisor and engineer with 
the Third Naval District, New York, in 
charge of radio, radar, and sonar. He was 
( ited twice for outstanding performance 
by the Commandant of the New York 
Navy Yard, and by the Bureau of Ships. 

Mr. Kamen is a member of the Radio 
Pioneers. 

Lawrence J. Kelly 
moted to the new p 
Sales Manager in the 
States by Motorola 
Semiconductor Pro¬ 
ducts, Inc., it was 
recently announced. 

In his new ca¬ 
pacity, he will man¬ 
age Motorola’s two 
semiconductor sales 
offices in Silver 
Spring, Md. and 
Orlando, Fla. He 
pre\ iously had been 
«i District Sales 
Manager in the Sil-

(A’55) has been pro¬ 
position of Regional 
southeastern F ni ted 

(Continued i n page 7SA) 

Engineers who know 

-SPECIFY 

SUPERFINE 

LOW-LOSS RF LACQUER 
* Q max, an extremely low loss dielectric 
impregnating and coating composition, is 
formulated specifically for application to VHF 
and UHF components. It penetrates deeply, 
seals out moisture, provides a surface finish, 
imparts rigidity and promotes stability of the 
electrical constants of high frequency circuits. 
Its effect upon the "Q" of RF windings is 
practically negligible. 
• Qmax applies easily by dipping or brush-
ing, dries quickly, adheres well; meets most 
temperature requirements. Q max is indus¬ 
try's standard RF lacquer. Engineers who 
know specify Q max! Write for new catalog. 

•Registered Tredemerk 

Q-max Corporation 
MARLBORO • NEW JERSEY 

Telephone: HOpkins 2-3636 

RELIABILITY DELIVERED 

screw-on type. 
We, at MICON, 
have prepared 
an evaluation 
kit which is 
available on 
request. 

NEW 
SUBMINIATURE 

COAXIAL 
R F CONNECTORS 

SMALLEST, LIGHTEST, MATCHED 
IMPEDANCE SUBMINIATURE 
CONNECTOR AVAILABLE 

MICON, new as a company, old in 
experience, makes available the 
industry’s most extensive line of 
uniquely designed bulkhead, 
chassis, line and printed wiring 
board connectors of the 50 ohm 

MICON ELECTRONICS, 1NC . 
ROOSEVELT FIELD, 

GARDEN CITY. L. I.. NEW YORK 

a wholly owned subsidiary of Metalcraft, Inc. 
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jolly well 

RMC “JL” discaps 

PROCEEDINGS OF THE IRE September, 1961 

Type JL DISCAPS are engineered for applications where 
capacitors must exhibit minimum capacity change over wide 
variance in temperature. Between -60° and +110° C Capacity 
change is only ±7.5/1 of capacity at 25° C. Type JL DISCAPS 
are rated at 1000 V.D.C. and are available with capacity 
tolerances of ±107< or ±207 at 25° C. Write on your 
letterhead for information on these and other high 
quality DISCAPS. 

77 A 



THERE’S A WORLD 
OF EXPERIENCE 

IN 
EVERYTHING 
MARCONI’S DO 

The Post and Telegraph Authorities 

of more than 80 countries rely on 

Marconi telecommunications equipment 

SURVEYS* Marconi's telecommunica¬ 

tions survey teams are at work in many 

parts of the world. Marconi’s is the only 

company maintaining a permanent re¬ 

search group working entirely on wave 

propagation. 

INSTALLATION * Marconi's instal¬ 

lation teams undertake complete re¬ 

sponsibility for system installation, in¬ 

cluding erection of buildings and civil 

engineering works as well as the instal¬ 

lation of the telecommunications equip¬ 

ment and auxiliary plant. 

PLANNING* Marconi's vast experience 

is reflected in the quality of its system 

planning organisation which is constantly 

employed on planning major telecom¬ 

munications systems for many parts of 

the world. 

MAINTENANCE* Marconi's provide a 

complete system maintenance service 

and undertake the training of operating 

and maintenance staff, either loca ly or 

in England. Marconi's will also establish 

and manage local training schools for 

Post and Telegraph Authorities. 

IRE People^ 

(Continued from page 76A) 

ver Spring office. He will continue to have 
his headquarters at the linn’s district of¬ 
fice in Silver Spring, Md. 

Before joining Motorola in 1959, he 
was a manufacturer’s representative for 
major electronic component manufactur¬ 
ers in the eastern area. Previously he had 
been associated with the Martin Company 
as an electrical standards engineer respon¬ 
sible for application, evaluation, and 
standardization of electronic components. 

Mr. Kelly studied electrical engineering 
at the University of Hawaii, Honolulu, 
and 1 he Johns Hopkins University, Balti¬ 
more, Md. 

Dynamics Corporation oí America 
announces the appointment of William J. 
LaHiff (M’59) as General Manager of its 
Farmingdale Divi¬ 
sion, Farmingdale, 
N. J., a develop¬ 
ment and manu¬ 
facturing facility 
added recently to 
accommodate ex¬ 
panded DCA pro¬ 
duction in the 
fields of broadcast¬ 
ing and communi¬ 
cations equipment, 
transformers, elec- W. J. LaHiff 
trical appliances, 
and electronic medical instruments. He was 
pre\ iously Sales Manager in charge of Re¬ 
search and Development for Budd Elec¬ 
tronics Company. 

In his new post he is charged with re¬ 
sponsibility for production of selected 
products for four DCA subsidiaries and 
divisions, new products research and de¬ 
velopment, and sides supervision of certain 
of the I >CA lines. 

A native of New York City, Mr. La¬ 
Hiff attended the RCA Institute and, dur¬ 
ing World War II, served as a radio oper¬ 
ator in the Merchant Marine. He is a mem¬ 
ber of the Single Side-Band Amateur 
Radio Association, Armed Forces Com¬ 
munications and Electronics Association, 
and American Radio Relay League. 

MARCONI» 
GOMPLETE COMMUNICATIONS SYSTEMS SURVEYED, PLANNED, INSTALLED, MAINTAINED 

COMMUNICATIONS DIVISION, MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, 

CHELMSFORD, ESSEX, ENGLAND. 

MR. J. S. V. WALTON, MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED 

SUITE 1 941, 750 THIRD AVENUE, NEW YORK 17, N.Y. U.S.A. 
H2B 

Frank W. Lehan 
becomes executive vic 
General Corporation 
vice president of 
Space Electronics 
Corporation, a firm 
he helped to found 
with Dr. James 
Fletcher. 

Mr. Lehan has 
had more than 16 
years’ experience in 
the areas of guided 
missile and space 
vehicle research and 
development. He 
has lieen a contrib¬ 
utor in the geiieni 

(S’41-A’46-SM’52) 
3 president of Space-
after three years as 

F. W. Lehas 

Is of space elect ron-
( Continued on page SOA ) 
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TAKE A SECOND LOOK 

IT’S THE 2N174— PART OF DELCO RADIO S POWER TRANSISTOR FAMILY WHICH HAS 

PROVED ITS STUFF FOR YEARS IN HUNDREDS OF MILITARY AND INDUSTRIAL APPLICA¬ 

TIONS: MISSILES, COMMUNICATIONS, DATA PROCESSING, AND ULTRASONICS. TO NAME A FEW. 

THIS MULTI-PURPOSE PNP GERMANIUM POWER TRANSISTOR HAS THE HIGH PERFORMANCE AND 

VERSATILITY TO MEET OR EXCEED THE MOST RIGID ELECTRICAL AND ENVIRONMENTAL 

REQUIREMENTS. I DESIGNED FOR GENERAL USE WITH 28-VOLT POWER SUPPLIES. THE 2N174 

MAY ALSO BE USED WITH 12 VOLTS WHERE HIGHER RELIABILITY IS DESIRED. MAXIMUM 

EMITTER CURRENT— 15 AMPERES. MAXIMUM COLLECTOR DIODE RATING—80 VOLTS. THERMAL 

RESISTANCE— BELOW ,6°C/W AND MAXIMUM POWER DISSIPATION— 50 WATTS AT 71°C. MOUNTING BASE TEM¬ 

PERATURE. THE 2N174 S LOW SATURATION RESISTANCE PROVIDES HIGH EFFICIENCY IN SWITCHING OPERA¬ 

TIONS. <1 LIKE ALL DELCO TRANSISTORS. EVERY 2N174 MUST PASS AT LEAST A DOZEN ELECTRICAL 

AND ENVIRONMENTAL TESTS—BEFORE AND AFTER AGING—BEFORE IT LEAVES DELCO RADIO'S 

LABORATORIES. THIS 200 PERCENT TESTING. COMBINED WITH FIVE YEARS OF REFINEMENTS IN 

MASS PRODUCTION. MEANS CONSISTENT UNIFORMITY IN THE PRODUCT ... AT A LOW PRICE. 

< THE 2N174 IS JUST ONE OF MANY DEPENDABLE TRANSISTORS PRODUCED BY DELCO RADIO TO 

SUPPLY ALL YOUR TRANSISTOR NEEDS. FOR MORE DETAILS OR APPLICATIONS ASSISTANCE ON 

THE2N174OR OTHER DELCO TRANSISTORS. CONTACT YOUR NEAREST DELCO RADIO SALES OFFICE. 

Union, New Jersey 
324 Chestnut Street 
MUrdock 7-3770 

Santa Monica, California 
726 Santa Monica Blvd. 
UPton 0-8807 

Chicago, Illinois 
5750 West 51st Street 
Portsmouth 7-3500 

Detroit, Michigan 
57 Harper Avenue 
TRinity 3-6560 

Delco 
■ 

RADIO 
DIVISION OF GENERAL MOTORS • KOKOMO. INDIANA 
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Write for Catalog Sheet No. 180 

No. 3 of a series of FXR's new pre¬ 
cision microwave components 
designed to meet the ever-growing 
needs of the microwave industry. 

FREQUENCY RANGE: 0.6 KMc to 
12.4 KMc 

ATTENUATION VALUES: 3, 6, 10, 
20 db 
CONNECTORS: Type N - male one 
end, female the opposite end 

FXR's Broadband Fixed Coaxial At¬ 
tenuators are extremely useful and 
completely dependable in applica¬ 
tions requiring isolation between RF 
components and extending power 
meter ranges. They may also be used 
for the calibration of directional 
couplers, in obtaining antenna char¬ 
acteristics and for similar applica¬ 
tions. These attenuators have excep¬ 
tional stability and are capable of 
withstanding appreciable overloads 
and peak power with no change in 
characteristics. They have high shock 
and vibration resistance and exhibit 
a negligible change of attenuation 
under humidity and temperature 
cycling . 

FXR *. il a division o* 

Amphenol-Borg Electronics Corp. 

25-26 50th Street/ RA. 1-9000 
Woodside, N. Y./TWX: NY 43745 

Model 
No. 

Frequency 
KMc 

Max. 
VSWR 

Frequency 
Sensitivity 

db Price 

N180A .6-11.0 1.3 ( - .3) 
(+ .5) 

$42.00 

N180B 1.0-11.0 1.3 ( - .6) 
(+ .7) 

42.00 

N180C 1.0- 2.0 
2.0-11.0 

1.35 
1.30 

( -1.2) 
(+1-3) 

42.00 

N180D 2.0- 3.0 
3.0-11.0 
11.0-12.4 

1.35 
1.30 
1.40 

( -1.3) 
(+1.9) 

42.00 

# IRE 

(Continued from page 78A) 

ics, radio-inertial guidance, instrumenta¬ 
tion, telemetry, control systems, antennas, 
communication theory, modulation and 
demodulation theory, counter-counter-
measures radar, systems reliability, and 
quality control. Before helping to form 
SEC, he held the position of associate di¬ 
rector of the Electronics Laboratory at 
Ramo-Wooldridge’s Space Technology 
Laboratories. In this capacity, he was re¬ 
sponsible for the systems engineering and 
technical direction of the Ihor, Titan, 
Atlas and Minuteman programs and also 
was program director for the Pioneer lunar 
probe project. Previously, he served as 
chief of the Electronics Division of the 
Jet Propulsion Laboratory where he pio¬ 
neered the development of EM /EM and 
Microlock telemetry systems, directed the 
development of the radar guidance system 
for the Corporal, and contributed signif¬ 
icantly to the planning of the Sergeant 
system. 

Mr. Lehan was vice president and a 
member of the board of directors of Space 
Electronics Corporation. Besides his ad¬ 
ministrative functions, he participated di¬ 
rectly in many of the company’s projects 
at an engineering level. He pioneered, with 
Dr. Eletcher, the application of earth cur¬ 
rent techniques to hardened communica¬ 
tions sy stems and is recognized as a tech¬ 
nical authority' in the ALE communica¬ 
tions field. I nder his direction the I Hgilock 
telemetry sy stem, designed for deep-space 
missions, has been successfully dev eloped. 
Other projects, such as Sanis (Search and 
Rescue using Satellites) and Simicor 
(Simultaneous Image Correlation), have 
l)een largely conceived and implemented 
under his immediate supervision. 

Mr. Lehan graduated from the Cali¬ 
fornia Institute of Technology with the 
B.S.E.E. degree. He has served as co-chair¬ 
man of the DOD ad hoc group on air-to-
surface missiles and as a member of the 
Research and Development Working 
Group on Telemetry. He is a member of 
Tau Beta Pi, Sigma Xi, the American 
Rocket Society, and is serving on the Na¬ 
tional Advisory Committee, Professional 
Group on Information Theory of the IRE. 
He is also a member of the AI EE and is 
a Registered Professional Engineer in 
California. 

To meet the increasing need for tech¬ 
nical planning and coordination at the 
corporate level, Dr. Samuel W. Levine 
(SM’54) has been appointed to the newly 
created post of Technical Assistant to the 
President’s Office of Eairchild Camera and 
Instrument Corporation. In this position, 
he will l>e responsible for the review and 
coordination of technical development pro¬ 
grams which are jointly sponsored by two 
or more divisions of the Corporation. 

In addition, Dr. Levine will aid in the 
evaluation of research and development 
programs currently underway and planned 
in all Eairchild divisions. He will also be 
concerned with the appraisal of the tech¬ 

nical capabilities of companies being con¬ 
sidered for acquisition. 

Dr. Levine joined Eairchild in 1953 and 
was appointed Director of Research for the 
Graphic Equipment Corporation in 1954. 
In 1959, he was appointed Director of En¬ 
gineering and Research for the Defense 
Products Division, a post which he held 
until his new appointment as Technical 
Assistant to the President’s Office for the 
parent company. 

During the past seven years, in addi¬ 
tion to his normal duties, Dr. Levine has 
been available to the Corporation as an 
engineering consultant for photo-optics, 
electronics, and instrumentation tech¬ 
niques. Prior to joining Eairchild, he had 
been associated with the bisher Scientific 
Company of Pittsburgh as Director of Re¬ 
search and Development and with Atlantic 
Relining Company of Philadelphia where 
he performed research in radioactive 
tracer applications. 

Dr. Levine served with the Army and 
Air Force during the Second World War 
as a Radar Officer and also did radar re¬ 
search at M.LT. Radiation Laboratory . 
Prior to World War II, he taught thermo¬ 
dynamics and mechanics at A & M Col¬ 
lege of Texas. 

He received his doctorate from M.LT. 
and both his Master’s and Bachelor’s de¬ 
gree from A & M College of Texas. In 
addition, he has also completed Nuclear 
Instrumentation studies at the Oak Ridge 
Institute of Nuclear Studies. 

Dr. Levine is a member of the Optic al 
Society oi America, Institute ol Physics, 
American Chemical Society, Technical 
Association of Graphic Arts, and the 
American Ordnance Association. 

Dr. Nathan Marcuvitz S'36 A 37 
VA’39-M’55-SM’57-E’58), Professor of 
Electrophysics and Vice President for Re¬ 
search at the Polytechnic Institute of 
Brooklyn, Brooklyn, N. Y., has been 
named Acting Dean of Polytechnic’s Long 
Island Graduate Center in Earmingdale, 
t was announced by Dr. Ernst Weber, 
President. 

Dr. Marcuvitz was Director of Poly¬ 
technic’s Microwave Research Institute 
until his appointment as Research Vice 
President earlier this year. 

As Acting Dean, he will coordinate the 
academic planning and the basic research 
programs attendant on the Master’s and 
Doctor’s programs. He retains his post as 
Vice President for Research. 

He received the Bachelor’s, Master’s 
and Doctor’s degrees in electrical engineer¬ 
ing from the Polytechnic. He worked as a 
development engineer for the Radio Cor¬ 
poration of America (1936-1940), and 
served as a graduate fellow at the Poly¬ 
technic (1940 1941). During World War H 
he was a Research Associate at the Radia¬ 
tion Laboratory at the Massachusetts In¬ 
stitute of Technology, Cambridge, (1941-
46) where radar was perfected. He has 
been at the Polytechnic since 1946. 

Author of “Waveguide Handbook” 
(McGraw Hill-Mi l Sereis), Dr. Marcu¬ 
vitz is a member of the American Phy sical 
Society , Tau Beta Pi, Eta Kappa Nu, and 
Sigma Xi. 

(Continued on page 84.-1) 
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low-cost Tektronix Oscilloscopes with 5-inch CRT’s 
...require only 7 inches of standard rack height 

Tektronix Type RM 561 

Besides the 5-inch rectangular crt, otner fea¬ 
tures of the Iroicator Unit include: 3.5 KV ac¬ 
celerating potential, 8 cm by 10 cm viewing area, 
Z-axis input, 6 calibrated square-wave voltages 
from 1 mv to 100 volts (available at the front 
panel), regulated de heater voltage thru sepa¬ 
rate regulator circuitry, regulated de supply— 
which operates between 105 to 125 volts or 210 
to 250 volts, 50-50 cycles to provide 85 watts of 
power for the olug-in units. 

The plug in units drive the crt deflection plates 
directly, house approximately % of the circuitry, 
contain minimum components and controls. 
Eight plug-in units are presently available. 
These include two time-base units—one with 
21 calibrated sweep rates from 1 gsec/cm to 5 
sec/cm, 5X magnifier, extremely adaptable 
triggering facilities, external input to sweep 
amplifier, 1 v/cm sensitivity—and also six signal¬ 
amplifier units. The signal-amplifier units range 
from basic units (with passbana from de to 400 
kc al maximum sensitivity, sensitivity approxi¬ 
mately 1 v/cm with attenuation provided by 
variable potentiometer at the input) to more 
complex units including those for differential¬ 
input, dual-trace, and wide-band applications. 

In addition, plug-in units under development in¬ 
clude those for pulse-sampling, four-trace work, 
high-gain measurements, strain -gage and other 
transducer applications. 
You can even design your own circuitry into 
skeleton units available. 

3 db 

cali 
from 

Vertical and Horizontal Amplifiers 
Frequency Response—de to 450 kc (at 
down). 

Sensitivity— 1 mv/cm to 20 v/cm in 14 
brated steps, variable uncalibrated 
1 mv/cm to 50 v/cm. 

Differential input and constant input impc 
dance at all attenuator settings. 

Sweep Range and Magnification 
Linear Sweeps—1 gsec/cm to 5 sec/cm in 21 
calibra:ed rates, variable uncalibrated from 
1 gsec/cm to 12 sec/cm. 

Sweep Magnification—2, 5, 10, 20, or 50 times. 

Tiiggering Facilities 
Fully automatic, recurrent, or amplitude-level 
selection on rising or falling slope of signal, 
with AC o-- DC coupling, infernal, external, 
or line. 

Tektronix Cathode-Ray Tube 
5-inch crt at 3KV accelerating potential pro¬ 
vides bright trace on 8 cm by 10 cm viewing 
area. 

Amplitude Calibrator 
500 mv and 5 mv peak-to-peak square-wave 
voltages available. 

Regulated Power Supplies 
All critical de voltages—and the inout-slagc 
heaters of both amolifiers—are electroni¬ 
cally regulated. 

Tektronix Type RM 503 
A new, rack-mount, laboratory oscilloscope— 
basically an Indicator which accepts a wide 
range of plug-In units in both channels— 
the Type RM561 offers the type and degree of 
performance demanded for particular applica¬ 
tions in the dc-to-4 me region. 

Indicator Unit. f.o.b. factory . $450.00 
(without plug-In unit»—which range from $50 for a basic amplifier 
to $250 for the versatile dual-trace unit.) 

A new, complete-unit, rack-mount oscillo¬ 
scope, the Type RM503 features practically 
identical' horizontal and vertical amplifiers, 21 
calibrated sweeps five degrees of sweep mag¬ 
nification, extremely adaptable triggering fa¬ 
cilities. 
A differential-input X-Y Oscilloscope, the Type 
RM503 ideally suits curve-plotting applications 
using the X-Y method of operation, as well as 
most other laboratory applications in the dc-to-
450 kc region. 

Type RM503. ..... f.o.b. factory . ... .$640 

For a demonstration of either of these versatile low-cost rack-mount oscilloscopes, 
please call your Tektronix Field Engineer. 

Tektronix, Inc. P 0 BOX 500 • BEAVERTON. OREGON ! Mitchell 4-0161 • TWX BEAV311 ■ Cable: TEKTRONIX 

TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. • Atlanta, Ga. • Baltimo’e (Towson) Md. • Boston (Lex ngton) Ma-s. • Buffalo, N.Y. • Chicago (Park Ridge) III. • Cleveland, Ohio • DaUas Texas • Dayton, Ohio 
Denver, Colo. • Detroit (Lathrup Village) Mich. • Endicott (Endwell) N.Y. • Greensboro. N.C. • Houston. Texas • Indianapolis, Ind. • Kansas City (Mission) Kan. • Los Angeles. Calif. Ar^a (East Los Angeles. 
Encmo • West Los Angeles) • Minneapolis. Minn. • Montreal, Quebec. Canada • New York City Area (Albertson L.I.. N.Y. - Stamford. Conn. • Union. N.J.) • Orlando. Fla. • Philadelphia, Pa. • °hoenix (Scottsdale) Anz. 
Poughkeepsie, N.Y. • San Diego, Cahf. • San Francisco, Calif. Area (Lafayette, Palo Alto) • St. Petersburg, Fla. • Syracuse, N.Y. • Toronto (Willowdale) Ont., Canada • Wash. ngton D.C. (Annandale, Va). 

TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics: Portland, Oregon; Seattle. Washington • Kentron Hawaii Ltd., Honolulu, Hawaii. Tektron x is represented in twenty overseas countries 
by Qualified engineering organizations. 

In Europe please contact Tektronix International A.G., Terrassenweg 1A. Zug, Switzerland, Phone (042) 4-91-92, *or the address o‘ the Tektronix Representative in your country. 
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Now you can monitor 

directly, continuously 

... .on operating 

Solid State 344AR Noise Figure Meter 

NOISE FIGURE METER 
MODEL S*4*” 

hp 
»»CC TO - • »> » 

Compact V 344AR Noise Figure Meter 
assures you that your radar is continu¬ 
ously operating at peak performance, 
and you are enjoying maximum range. 
The instrument’s fast meter response 
lets you optimize or adjust the system 
during operation or maintenance. Model 
344AR is designed for the utmost in 
dependability— it is militarized, solid 
state, very compact and very rugged. 

On this sturdy õW” high instrument sys¬ 
tem noise figure is measured on a time-
shared basis with the radar scan. The 
unit has high sensitivity to minimize sig¬ 
nal and transmitter losses; the noise 
source may be decoupled 20 db from the 
main transmitter line. Two alarm func¬ 

tions give visible and electrical indica¬ 
tion when an allowable noise figure is 
exceeded, or a noise source malfunctions. 

High voltage on antenna slip rings is 
eliminated with a remote noise source 
modulator operated with low voltage 
triggers. Other features include quick, 
easy front panel calibration, and remote 
metering and alarms if desired. 

FREE APPLICATION NOTES INCLUDE 
CONSIDERATIONS FOR AUTOMATIC 
MEASUREMENT OF NOISE FIGURE 
ON A CONTINUOUS BASIS 

Write $ direct for Application Note 43—“Continuous 
Monitoring of Radar Noise Frequency". Discussion in¬ 
cludes description of $■ 344AR and its application to 
radar systems. 
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noise figure 

and automatically 

radars! 

Separate Modulator, Noise Source SPECIFICATIONS 
Versatile 344AR Noise Figure Meter operates on either 
a 25 or 30 MC IF frequency. It is designed for pulse 
radars with repetition rates of 90 to 500 pps; also, its 
high sensitivity and compact design make it very valu¬ 
able in all radars, including high PRF and CW Types. 
In its free-run mode it measures receiver noise figure 
without turning on the transmitter or radar timing cir¬ 
cuitry. Thus periodic measurement and maintenance 
procedures are simplified. 
The 344AR’s noise source and modulator are separate 
units which may be mounted on the antenna mast or 
in an aircraft. In the first case, high voltage connections 
are short and beyond slip rings. In the second case, you 
save weight and space and measure noise figure on the 
ground through low voltage connections. 

Operation 
The 344AR measures noise figure by operating a 
standard noise source and comparing the noise output 
of equipment under test when the noise source is off 
to the noise output when the noise source is on. Since 
the 344AR measures in synchronism with the radar, 
the noise source and measuring circuitry are triggered 
by a pulse from the radar’s timing circuit, occurring at 
the end of the radar scan. 

344AR Noise Figure Meter 

Input Frequency: 
Bandwidth: 
Input Sensitivity: 

Input Impedance: 

Return Loss: 
Accuracy : 

Repetition Rate: 
Total Duty Factor: 
Input Trigger: 
Output: 

Temperature Range: 
Humidity : 
Power : 

25 or 30 MC, as specified 
1 MC 
Requires 35 db ± 5 db gain be¬ 

tween noise source and 
344AR input 

75 ohms nominal. Passive ter¬ 
mination during radar scan 

20 db from 20 to 40 MC 
± 0.5 db. 0 to 12 db; ± 1 db, 12 

to 20 db 
90 to 500 pps, as specified 
0.075+ (100/xsec) X (PRF) 
3 V pos. peak, 3 /¿sec duration 
100 ,uamp into 2,000 or 3,000 
ohms 

0 to 52° C 
95 'Ti¬ 
lls V ± 10%, 50/1,000 cps, 20 

to 40 watts (depending on 
noise source and duty cycle) 

Dimensions: 
Price: 

34OB/342A Noise Figure Meters 

5%" high, 19" wide, 8" deep. 
$1,600.00 approximate. De¬ 
pends on options and modifi¬ 
cations. 

General-purpose instru¬ 
ments making possible, 
in minutes, receiver and 
component alignment 
jobs that once took hours. 
Simplify accurate align¬ 
ment; encourage better 
maintenance; better per¬ 
formance. 

$ 340B automatically measures, continuously displays noise 
figure of IF amplifiers or microwave devices with output at 
30 or 60 MC. Other frequencies on special order. Operates 
both temperature limited diodes or $ 347 Waveguide Noise 
Sources. $715.00 (cabinet) $700.00 (rack). 

V 342A, similar, operates on 30, 60, 70, 105, 200 MC. 30 MC 
and 4 other frequencies between 38 and 200 MC on special 
order. $815.00 (cabinet) $800.00 (rack). 
(Note: Models 340B and 342A available only in the U.S.A, and Canada.) 

i, 343A VHF Noise Source, temperature limited diode broad¬ 
band source, 10 to 600 MC, 5.2 db excess noise, $100.00. 

V 345B IF Noise Source, 30 or 60 MC (others to order); 4 im¬ 
pedances, 5.2 db excess noise. $100.00. 

if 347A Waveguide Noise Source. Argon gas discharge tubes 
in waveguide sections; for bands S, G, J, H, X, P, 2.6 to 18.0 
KMC, 15.2 db excess noise. $200.00 to $300.00. 

if 349A UHF Noise Source, 400 to 4,000 MC (wider range with 
correction), 15.2 db excess noise, $325.00. 

HEWLETT-PACKARD COMPANY 
1044D Page Mill Road Palo Alto, California, U.S.A. 
Cable ■HEWPACK” DA venport 6-7000 

Field representatives in all principal areas 
6426-R 

Data subject to change without notice. Prices f.o.b. factory. 
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STANDING WAVE RATIO INDICATOR 
The TMC Model SWR-1 K (IM-166/URT) is a multi-purpose instrument 

which will instantaneously provide visual indications of Forward Power, 
Reflected Power, and Voltage Standing Wave Ratio. 

The SWR-1 K may be used in any 50 or 70 ohm unbalanced transmission 
system covering 2-30 MCS with average powers up to 1000 watts. 

The SWR-1 K is used as an operational and maintenance tool at trans¬ 
mitter stations and in electronic plants for production testing of transmitters 
and in laboratories for RF transmission system measurements. 

For additional information about the SWR-1 K and other test equipment, 
please contact TMC Test Equipment Division, Mamaroneck, New York. 

THE TEST EQUIPMENT DIVISION OF 

THE TECHNICAL MATERIEL CORPORATION 
World Wide Suppliers of Electronic Communications Equipment 

and Subsidiaries MAMARONECK, NEW YORK 

OTTAWA, ONTARIO • GARLAND, TEXAS • ALEXANDRIA, VIRGINIA 

phazor^^H 
Z- —► 

'PHASEMETER 

• Readings not affected by noise and harmonics 
• Frequency range 15 CPS —30KC 
• Accuracy to .01 degree with simple circuit techniques 
• High sensitivity on input & reference channels 
• Can measure in-phase & quadrature voltage component 

For further information contact your nearest 

Manufacturers of: 

PHASE 
METERS 

NULL 
DETECTORS 

IMPEDANCE 
COMPARATORS 

POWER 
OSCILLATORS 

FREQUENCY 
STANDARDS 

AUTOMATIC 
HI-POT 

representative or write for brochure 

£ INDUSTRIAL TEST EQUIPMENT CO. 
i, 55 E 11th ST • NEW YORK 3 • GR. 3-4684 

Other Electronic 
Test Equipment 

Visit BOOTH #213, NEC SHOW, International Amphitheatre, Chicago, Oct. 9-11, 1961 

(Continued from faye 80/1 ) 

Ronald B. Hirsch i M’57) has organized 
a new company 
dent. The new firm, 
Laboratory, Inc., is 
engaged in the de¬ 
sign and manufac¬ 
ture of RF systems 
and components. 
Mr. Hirsch was for¬ 
merly employed as 
a Staff Engineer at 
Instruments for In¬ 
dustry, Hicksville, 
N. Y. where he 
worked on low noise 

he will be presi-
RHG Electronics 

of which 

front ends and R. B. Hirsch 
wideband, state-of-
the-art amplifiers. 

His field is filter design, and he has 
written several papers on the subject 
among which is his article on Triple Tuned 
Bandpass Transformers, which is consid¬ 
ered a standard reference in the field. 

John I. Mika (M’51 > has been named 
Director of Ordnance Engineering for the 
Ordnance Operation ol Avco's Electronics 
and Ordnance Divi¬ 
sion. He has been 
an Avco employee 
for seven years. 

He went to work 
for the Ordnance 
Development Div i-
sion of the National 
Bureau of Stand¬ 
ards in Washington, 
D. C., following 
graduation with the 
Bachelor of Science 
degree from St. 
John’s University. While in the nation’s 
capital he continued his studies at George 
Washington University. 

His work with the National Bureau of 
Standards included a contribution to the 
development of an early proximity fuze 
for bombs, and then, from 1949-1950, he 
was an electronics engineer with the Elec¬ 
tronics Office of the Philadelphia Naval 
Shipyards, where he was in charge of 
radio interference studies. Front 1950 
1955 he was with the Electronic Fuze De¬ 
partment of the Frankford Arsenal in 
Philadelphia, where he was associated in 
various capacities with the development 
and production of proximity fuzes, includ¬ 
ing the fuzes used in such Navy missiles as 
Terrier and Sparrow, and the Loki and 
Honest John missile for the Army. During 
his last year at the Frankford Arsenal he 
was named Chief Engineer for develop¬ 
ment and product design of all proximity 
fuzes for non-rotating missiles, and he 
served as a member of the Joint Armv-
Navy Subcommittee on Guided Missile 
F uzes. 

At Avco, he has been directing the en¬ 
gineering and production effort on behalf 
of a number of classified arming ami fuzing 

J. I. Mika 

(Continued < n page 86A) 
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GENERAL INSTRUMENT SILICON 
PLANAR EPITAXIAL TRANSISTORS 

'H 

SOURCE FOR SILICON PLANAR EPITAXIAL TRANSISTORS: 2N 1613 2N696 2N697 2N698 

2N699 2N171 1 2N1252 2N1253 2N1410 2N1893 2N1958 2N1959 2N1990 □ 2N914 

2N706*2N706A 2N706B 2N707 2N708 2N743 2N744 2N753 2N783 2N784 2N834 

GENERAL INSTRUMENT SEMICONDUCTOR DIVISION 
GENERAL INSTRUMENT CORPORATION • NEWARK 4, NEW JERSEY 

■ 0 
* available to Mil 
specification 
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and special ammunition and ordnance proj¬ 
ects. Among these has been the arming 
and fuzing of the famous Polaris missile 
used by the U. S. Navy. 

Mr. Mika is a member of the Research 
Society of America and the Fuze Com¬ 
mittee of the American Ordnance Associa¬ 
tion. 

I'he appointment of Alden C. Packard 
(SM'56), formerly Deputy Director of the 
Federal Ax nation Agency Bureau of Re¬ 
search and Devel¬ 
opment, was re¬ 
cently announced 
by Babcock Elec¬ 
tronics Corpora¬ 
tion, Costa Mesa, 
Calif. He will as¬ 
sume the position 
of Manager of Wea¬ 
pons Systems in the 
recently created 
Advanced Develop¬ 
ment Division, 
which specializes in 
new product and systems development. 
His appointment becomes effective upon 
retirement July 1 asa Captain, U.S.N. 

Before his assignment with the F.A.A. 
in 1959, he organized and was Director of 
the Navy’s Anti-submarine Warfare Lab¬ 
oratory at Johnsville, Pa. His prior as¬ 
signments have included a broad variety 
of administrative posts in guided missile 
and other research activities. 

Mr. Packard is an Associate Fellow of 
the Institute of Radio Aerospace Sciences. 
He holds the B.A. degree in mathematics 
from Pomona College anti the M.S. degree 
in communications engineering from Har¬ 
vard Universitv. 

Allen H. Schooley (A’35 SM'47 1'54), 
Associate Director of Research for Elec¬ 
tronics at the U. S. Naval Research Lab¬ 
oratory, Washington, D. C., has been se¬ 
lected to participate in a work-study pro¬ 
gram at the Scripps Institution of Ocean¬ 
ography, University of California, La 
Jolla. The purpose of the course is to make 
a tietailed study of problems in oceanog¬ 
raphy and outline future research experi¬ 
ments of interest to the Navy. 

Subjects of the study will include theo¬ 
retical physics, meteorology, marine phys¬ 
ics, hydromechanics, optics, infrared, 
thermodynamics, surface chemistry, phys¬ 
ical oceanography, and marine biology. 
Some twenty-five scientists with an out¬ 
standing background in one of the subjects 
of interest have been invited by the Uni¬ 
versity to conduct the study. The session 
will begin on July 10, 1961, and will run 
for two months. 

Mr. Schooley is formerly of Terril, 
Iowa. He attended the local schools; Iowa 
State College, Ames; and Purdue Univer¬ 
sity, Lafayette Ind. He was previously 
given a leave of absence from the Labora-

(Continued on page 88 A) 
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Accurate and flexible enough to use as a scientific instrument, 
yet rugged and reliable for everyday use, 

SELENIA WEATHER RADAR 
is the choice of many European weather services. 

Write today for 
the New Selenia Weather Radar Catalogue. 

HELP AIRCRAFT 
AVOID STORMS, TURBULENCE 
AND HEADWINDS 
Selenia high-pcwer. low-cost weather radar detects 
storm formations at great distances. 
The combination of the Pencil-Beam antenna, 
flexible scanning modes and calibrated iso-echo gain control 
quickly determines the altitude and extent 
of the zones of dangerous precipitation and turbulence. 
Up-to-the-minute en route weather information 
can thus be forwarded to pilots in the area. 

Inexpensive weather balloons can be automatically tracked 

with Fire-Control accuracy 
to determine wind speed and direction at various altitudes. 
The most economical cruising altitude 
is readily determinec lor all routes. 
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MUCON 
SUBminiature 

CERAMIC CAPACITORS 
designed for your 
SMALL SPACE 

THINLINE — f 
Any value, SQUARE 
or RECTANGULAR, made from any 
one of the following CERAMIC bodies. 
As small as .100" square maximum 

SUPER-K for MAX. CAPACITANCE 

HIGH-K for BETTER TEMP. CURVE 

STABLE-K ... FLAT within 10% 

LOW-VAR ’. /. FLAT WITHIN 8% 

9 ADDITIONAL CERAMICS for 
TEMPERATURE COMPENSATION 
or LOWER CAPACITANCE VALUES 

N2400 N4S0 N150 
N1400 N330 N080 
N750 N220 NPO 

NARROW-CAPS^. 
NARROW DESIGN TO FIT 1/10" |í||| 
MODULAR SPACING Intermediate | 
values quickly obtainable. 

19 STOCK VALUES below 

RIBBON LEADS 
FOR HIGHER SELF- CUL 0=30 
RESONANT FREQUENCY and 0 O-

Par* No.|CaPad7 nCe mmf. 
Tolerance 

Working 
Volts D. C. 

NC-5 5 15% 50 
NC-7.5 7.5 15% 50 
NC-10 10 15% 50 
NC-15 15 15% 50 
NC-22 22 15% 50 
NC-33 33 15% 50 
NC-47 47 15% 50 
NC-68 68 15% 50 
NC-82 82 15% 50 
NC-100 100 20% 50 
NC-250 250 20% 50 
NC-500 500 20% 50 
NC-750 750 20% 50 
NC-1000 1000 20% 50 
NC-1500 1500 25% 25 
NC-2000 2000 25% 25 
NC-3000 3000 30% 25 
NC-4000 4000 30% 25 
NC-01 10000 30% 10 

STANDOFFS pi 
EXTREMELY LOW SERIES INDUCTANCE^ 

SPECIALS a 0 © 
RIBBON, WIRE, TAB LEADS <* H 
POSITIONED AS REQUIRED i_ j | H 

MUCON 
CORPORATION MITCHELL 2-1476 
9 ST. FRANCIS ST., NEWARK 5, N. J. 

IRE People^ 
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tory, from January, 1956, to March, 1957, 
to assist the Brazilian Xavy in establishing 
a Brazilian Naval Research Institute. 

Gerald C. Schutz (M’46 SM’50) has 
been named Vice President of Vitro Elec¬ 
tronics, a division of Vitro Corporation of 
America. He will be in charge of engineer¬ 
ing and sales activities for this precision 
electronics manufacturer. 

He was formerly with Bendix Systems 
Division, Ann Arbor, Michigan, where 
he held the position of Associate Technical 
Director. He has been in the electronics 
field for some nineteen years. Previous to 
Bendix, he was General Manager of the 
Electronics Division of Gruer Industries 
and had been Director of Engineering for 
Gibbs Manufacturing and Research Cor¬ 
poration. Duringand immediately following 
World War H, he was in charge of a section 
applying electronic techniques to weapon 
system problems at the Aircraft Radiation 
Laboratory, W right-Patterson AEB. 

Mr. Schutz received his B.S.E.E. de¬ 
gree from the Cniversity of Illinois in 1942. 
He is a member of l au Beta Pi and the 
American Ordnance Association. 

SWING ARM LAMPS 
FOR EVERY 

SUPER 

SWING-O-LITE 

work 
INSPECTOR 

magnifying lamp for precision 
• Used with printed circuits, 

blueprints, schematics, 
microminiatures, quality 
control inspection, etc. 

• Shadow free fluorescent 
light. 

• 5" precision polished mag¬ 
nifying glass 

• 45" arm reach . . . ad¬ 
justs to any position 

• Choice of colors and 
mounts 

• Exclusive convenience 
electric base outlet 
(optional) 

WRITE FOR LITERATURE ON 
OUR COMPLETE LINE 

• Casts light over wider area 
• Adjusts to any position 
• Choice of colors and mounts 
• Exclusive “Cool Aid” shade 
• U.L. Approved 

Dealer & Distributor 
Inquiries Invited 

Reps Wanted—Choice 
Territories Oper 

13 MOONACHIE ROAD HACKENSACK, N. J. 

INC. 

FINEST ALL-PURPOSE 
INCANDESCENT 
LAMP 
Model SS 45 

45" arm reach 

$20’’, 
Less bulb 

The appointment of Philip Stein (M’59) 
to head the Physics Department of the 
New York Resident School of RCA Insti¬ 
tutes was announced recently. 

He has been with RCA Institutes since 
1945 and has served as instructor, faculty 
advisor to the Ahimni Association and 
Head Counsellor, a position he retains. He 
was recently appointed Chairman of the 
newly formed Curriculum Revision Com¬ 
mittee at the school. 

Mr. Stein holds the B.S. degree in 
physics from Adelphi College, Garden 
City, where he teaches an electronics 
course in the E veiling Schcxil. He is a 
mendier of the American Association of 
Physics Teachers. 

Microwave 
non need the 
Stromsted (M’55) 
Microwave Semi¬ 
conductors. 

Previous to his 
appointment, he 
was a Senior Sales 
Engineer in the 
Semiconductor I >ivi-
sion,and specialized 
in Microwave Sem¬ 
iconductor Sales, 
including Micro¬ 
wave mixers, video 
diodes, varactor di¬ 

lue., has an-
of Erik A. 
Manager for 

Associates, 
appointment 

as Sales 

odes, and other 
specialized RE detectors. 

Prior to joining Microwave Associates 
in 1955, he served with the United States 
Navy as Electronics Division Officer and 
Airborne Air Observer in anti-submarine 
Warfare Squadron VS-24 of the Atlantic 
Fleet. 

Mr. Stromsted was graduated from 
Harvard University, Cambridge, Mass., 
in 1951 with the Bachelor’s degree in 
physics. I Ie is a member of Sigma Alpha 
Epsilon, President of King Phillip’s Ama¬ 
teur Radio Society of Sudbury, and is on 
the Board of Trustees of Groton Commun¬ 
ity Hospital. 

Aaron H. Sullivan, Jr. (M’48-SM’5O) 
formerly Vice I‘resident of Engleman & 
Company, Inc., and Project Director of 
C-E-I-R; Inc., has 
been named Di¬ 
rector of Advanced 
Systems I )evelop-
ment at Frederick 
Research Corpora¬ 
tion. 

A graduate of 
Cornell University, 
Ithaca, N. Y., he 
has a broad back¬ 
ground in both mil¬ 
itary and industrial 
electronics fields. 

A. II. Sullivan, Jr. 

During World War II he was responsible 
for radar systems and countermeasurers 
planning for SHAEF and later directed 
the electronics intelligence activities of 
Headquarters, I . S. Air Fones in Europe. 
He left military service in 1945 as a 
Lieutenant Colonel. From 1955 1958 he 
was Executive Engineer with Bendix A\ ia-

(Continucd on l'âge 90A) 
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AUTOMATION...in RFI MEASUREMENT 
(Radio Frequency Interference) 

Autoscan with the 
STODDART NM-62A 

(AN/URM-138) 

The Stoddart NM-62A with AUTOSCAN cuts your measurement time. The operator can 
analyze and correlate data while the NM-62A automatically scans frequency range of 
1 to 10 gc. Additional information, such as the amplitude, visual and aural character¬ 
istics of the signal can also be simultaneously recorded. 
The NM-62A is the ONLY RFl Measuring Equipment operating within the 1 to 10 gc 
range, designed under contract to the Bureau of Ships, to meet the approval and re¬ 
quirements of ALL government services and industry. 
For completely Automatic Spectrum Signatures, the NM-62A incorporates: 
• X-Y OUTPUT — for accurate recording of amplitude vs frequency of incoming signals 
• AUTOSCAN (Automatic Frequency Scanning) over the entire range 1 to 10 gc with 

variable speed forward/reverse motor drive system 
• AUTOMATIC BANDSWITCHING — 1 knob changes output, input and voltage connec¬ 

tions with NO TUNING HEADS to change 
OPERATING SPECIFICATIONS INCLUDE: 

Sensitivity: 2 to 4 microvolts with 500 kc bandwidth; 6 to 12 microvolts 
with 5 me bandwidth 

Bandwidths: 500 kc; 5 me 
VSWR: 1.5 to 1 with 50 ohms input impedance 
Oscillator Radiation: 18 micromicrowatts 
Case Shielding: 90 db 
Outputs: Remote Meter, Headphones, Video, 60 me IF, Recorder, FM 

and, of course ... X-Y Output 

FOR SALE NOW 

Send for complete information STODDART 
AIRCRAFT RADIO CO., INC. 
LEADER IN REI CONTROL 
6644 Santa Monica Blvd. • Hollywood 38, California 

Hollywood 4-9292 
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SPRAGUE 
PIEZO¬ 

ELECTRIC 
CERAMIC 
ELEMENTS 

ELEMENTS 
FOR ALL 

APPLICATIONS 
AS WELL AS 
COMPLETE 

TRANSDUCER ASSEMBLIES 
FOR MOST APPLICATIONS, 
SUCH AS UNDERWATER 

SOUND AND 
VARIOUS ORDNANCE AND 

MISSILE DEVICES. £ 

Sprague-developed mass production 
and quality-control techniques assure 
lowest possible cost consistent with 
utmost quality and reliability. Here 
too, complete fabrication facilities 
permit prompt production in a full, 
wide range of sizes and shapes. 

Look to Sprague for today's most 
advanced ceramic elements — where 
continuing intensive research prom¬ 
ises new material with many proper¬ 
ties extended beyond present limits. 

YOUR INQUIRIES 

15, ARE INVITED 

WRITE FOR 
*5^ LITERATURE 

SPRAGUE ELECTRIC COMPANY 
235 Marshall Street. North Adams, Mass. 

SPRQGUr 
THE MARK Of RELIABILITY 

IRE People^ 
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t!on Corporation, and prior to that was 
with the government as Assistant for 
Plans and Operations with the Air Tech¬ 
nical Intelligence Center of the Air Force 
and later as a technical consultant in 
Washington. 

In his new position with the Corpora¬ 
tion, Mr. Sullivan will direct activities per¬ 
taining to advanced aspects of information 
transfer, communications, intellectronics, 
and cybernetics. 

Ralph M. Tidball (SM’59) has been 
promoted to the rank of senior engineer in 
International Business Machines Corp.’s 
engineering center 
at San Jose, Calif. 
He is manager of 
machines and sys¬ 
tems engineering in 
the General Prod¬ 
ucts Division De¬ 
velopment Labora¬ 
tory. 

He joined IBM 
in Sacramento upon 
graduation from 
Montana State Col¬ 
lege in 1949. He 
earned the B.S. degrees in mechanical and 
industrial engineering from the Bozeman 
institution. Three years later, as a design 

R. M. Tidball 

DISPLAY NUMBERS, WORDS, 
COLOR, and SYMBOLS 

Ideal for computers, electrical and 
electronic test equipment, control 
systems, and annunciation boards. 
Price complete from $18.00. Write 
today for complete detailed speci¬ 
fications and quantity prices. 

Industrial Electronic Engineers, ik. 
5528 Vineland Ave., North Hollywood, Calif. 

engineer, he went to Endicott, N. Y. After 
his transfer to San Jose in 1956, he ad¬ 
vanced to project engineer and product 
engineer in the engineering program. 

The appointment of E. J. Venaglia 
(M’46 SM’58) as manager of a program 
to modernize anti expand the Atlantic 
Missile Range has 
been announced 
by Sperrt- Rand 
Corporation. In the 
new position, he 
will direct Sperry’s 
activity in the pro¬ 
gram which calls for 
the conversion of 
two 11,000-ton 
troop carrier ships 
into mobile missile¬ 
tracking stations. 

He joined Sperry 
in 1942, and prior to assuming his present 
responsibility was manager of Sperry’s 
Microwave Electronics Company. Earlier 
he had both engineering and management 
responsibility for large shipborne radar 
programs. He directed the development of 
the Army’s first searchlight control radar, 
the Navy’s first operational air-to-air mis¬ 
sile guidance system and a portable radar 
that reveals enemy movements to the 
front-line foot soldier. 

Mr. Venaglia is a member of the Amer¬ 
ican Ordnance Association. 

Appointment of Dr. F. Karl Willen-
brock (S’46-A’51-M’55) of Harvard Uni¬ 
versity as Senior Consultant of the Sperry 
Rand Research 
Center to be dedi¬ 
cated later this year 
in Sudbury, Mass., 
was announced re¬ 
cently. He will also 
act as Research I >i-
rector during the 
summer university 
recess and return to 
Harvard in the fall 
where he is Asso¬ 
ciate Dean of En¬ 
gineering and Ap¬ 
plied Physics. Dr. \\ illenbrock will help to 
shape the advanced scientific programs 
row being formulated for the Sperry Rand 
science center. 

Dr. W illenbrock received his M.S. de¬ 
gree in applied physics from Harvard in 
1947 and was awarded the Ph.D. in elec¬ 
tron physics from the University three 
years later. After serving on the institu¬ 
tion’s faculty for 10 years, he was ap¬ 
pointed to his present position last year 
when he also was named director of the 
laboratories, Division of Engineering and 
Applied Physics. 

Immediately following his graduation 
from Brown University with the B.S.E.E. 
degree in 1942, Dr. Willenbrock joined the 
Naval Ordnance Laboratory where he was 
engaged with underwater acoustics re¬ 
search. He later became a Navy specialist 
in electronic equipment used in anti-sub¬ 
marine warfare. He is now a consultant to 
the director of the Naval Research Group 

(Continued un l'âge 92A) 
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New Bourns Precision Potentiometer 
Resolves the Quality-Price Dilemma! 

NUMBER 18- NEW PRODUCT SERIES 

Here is military reliability in a competitively-priced industrial 
potentiometer. Bourns wirewound IC-turn Model 3500 meas¬ 
ures just %" in diameter by 1" long—shorter by %" than units 
avai able elsewhere—yet has a resistance element 20% longer 
than that of comparable potentiometers. 
F illy meeting military requirements for steady-state humidity. 
Model 3500 can also be provided at a 10% oremium to meet 
the cycling humidity specs of MIL-STD-202. Method 106. It s 
the only % "10 torn potentiometer guaranteed to meet this spec. 
Its puolished characteristics incorporate wide safety margins. 
Reliability insurance is provided by the exclusive Bourns Silver-
weld® oond between terminal and resistance wire. Virtually inde¬ 
structible under thermal or mechanical stress, tnis termination 

eliminates a chief cause of potentiometer failure. In adcfition, 
a specia' close tolerance rotor almost completely does away 
with backlash. 
Model 3500 is alsc subjected to the rigorous double check of 
Bourns' exclusive Reliability Assurance Program. In short, every 
possible step is taken to ensure that the performance you spe¬ 
cify is the performance you get. Write for complete data. 

Resistances 
Linearity 
Power rating 
Operating temp. 
Meeh, life 

500!! to 125K, * 3%, std. (to 250K spl.) 
±0.25% std. 
2w at 70 C 
-65° to -4-125 C 
2,000,000 shaft revolutions 

Manufacturer: Trimpot® potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, Iowa, and Toronto, Canada 
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BWO calls signals for 3500 tube team IRE 

(Continued from page 90 A) 

There are over 3500 tubes, diodes, and semiconductors in the new 
FPS-26 radar, each playing an essential role in the operation of 
this vital link in the SAGE continental air defense chain. But the 
responsibility of generating the signal that eventually beams sky¬ 
ward to measure the height of an incoming trespasser is entrusted 
to a single tube, a Stewart Backward Wave Oscillator. 

The designers of the FPS-26 radar, the Electronics & Ordnance 
Division of Avco Corporation, selected a Stewart BWO because 
it showed up best in competition with other tubes, and because 
it was the only BWO available which would do the job. The pa¬ 
rameters included extreme reliability, 1 kc short-term stability in 
the multi-Gc range, and off-the-shelf availability. 

Stewart, the only manufacturer devoted predominantly to the 
technology of BWOs, is geared to deliver production quantities 
of a full line of backward wave oscillators in the range from 1 to 
40 Gc. Oscillators covering partial, octave, and greater-than-oc-
tave handwidths can be supplied to meet your special require¬ 
ments. Currently in development are permanent-magnet-focused 
tubes and metal-ceramic tubes, as well as conventional solenoid-
focused oscillators. Write for details. 

STEWART ENGINEERING COMPANY 
Santa Cruz 3, California 

FPS-26 Radar installation at MacDill Air Force Base, Florida. Photo courtesy of Avco Corporation. 

of the Office of Naval Research, as well as 
Sperry’s Electronic Tube Division. His 
major areas of interest are microwave 
physics and solid state electronics. 

Dr. \\ illenbrock is a member of the 
American Physical Society, the American 
Society for Engineering Education, Sigma 
Xi and Tan Beta Pi. 

I'he election of Frederic C. Young 
(SM’49) as President of the Rochester En¬ 
gineering Society was recently announced. 
He is the Senior 
Partner of Young 
Associates anti \ ice-
President of De¬ 
signers for Indus¬ 
try. He was for¬ 
merly Development 
Engineer, Engineer 
in charge of Tele¬ 
phone Laboratory, 
Chief Engineer, 
Vice-President in 
Charge of Engi¬ 
neering and Re-

F. C. Young 

search and Company Director of the 
Stromberg-Carlson Company where he 
worked from 1922 to 1945. 

Mr. Young studied electrical engineer¬ 
ing at the Rensselaer Polytechnic Institute 
and is a Licenced Professional Engineer in 
the State of New York. He is a Fellow of 
the A1EE, a member and First \ ice-Presi¬ 
dent of the Rochester Engineering Society 
and a member of the Inter-Professional 
Council. 

Ä Professional . j 

Group Meetings 3

Aerospace and Navigational 
Electronics 

Dayton—September 8 

“Ade anee System Planning," Col. F. 
A. Holm, WADD, Ohio. 

Metropolitan New York June 8 

“The Use of \'OR/DME for Referenc¬ 
ing Doppler Self-Contained Navigational 
Systems," N. Baverman, Federal Aviation 
Agency, Washington, D. C. 

Metropolitan New York—April 13 

“ITT Nutley Space Tracking Station," 
A. Alma, ITT Federal Labs., Nutley. 

Oklahoma City -April 24 

“U. S. Weather Bureau Severe Storms 
Project," J. I • Lee, U. S. Weather Bureau. 

(Continued on page 96A) 
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Sîrtriplex 
WIRE & CABLE CO. 
SUBMARINE CABLE DIVISION 
Portsmouth, New Hampshire 
Executive Offices: Cambridge, Mass. 

But there’s a lot more 
to the exciting story of 
Simplex Submarine Cable 
Division capabilities. 
Read it in the new 
illustrated brochure, 
free on request. 
Address inquiries to: 
General Manager, 
Submarine Cable Division. 

For fixed U. S. undersea 
coastal defense projects 
since World War II, 
Simplex Submarine Cable 
Division has provided 
both power and 
communications cable. 
More than one quarter 
million miles of conductor 
contained in over 5,000 
miles of cable represent 
Simplex’s contributions 
to the ASW effort. 

Vital Factor 

in fixed ASW Projects 

... Simplex 

Submarine Cable 

PROCEEDINGS OF THE IRE Sepferrber, 1961 93A 



EM-778 
Frequency: 
5- ri Gc 
Gain : nOub 
Power: 
1 watt 

EM-779 
Frequency: 
5-11 Gc 
Gain: 30db 
Power: 
1 watt 

EM-1OO6 
Frequency: 
2-4 Gc 
Gain: 4Odb 
Power: 
1 watt 

EM-1O1O 
Frequency: 
4-8 Gc 
Gain ; 60db 
Power: 
1 watt 

EM 1O11 
Frequency: 
4-8 Gc 
Gain: 3Odb 
Power: 
1 watt 

EM-1O15 
Frequency: 
4-8 Gc 
Gain: 60db 
Power: 
3 watts 

EM 1016 
Frequency: 
4-8 Gc 
Gain: 30db 
Power: 
3 watts 

EM-1O25 
Frequency: 
4-12 Gc 
Gain: 40db 
Power: 
1 watt 

Now a new family of high-performance 
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EM-1O3O 
Frequency: 
7-11 Ge 
Gain: 60db 
Power; 
5 watts 

EM 1031 
Frequency: 
7-11 Gc 
Gain: 30db 
Power: 
5 watts 

EM 1045 
Frequency: 
8-12 Gc 
Gain: 60db 
Power: 
1 watt 

EM1O46 
Frequency: 
8-12 Gc 
Gain: 30db 
Power: 
1 watt 

EM 1050 
Frequency: 
8-12 Gc 
Gain: oodb 
Power: 
3 watts 

EM-1O51 
Frequency: 
8-12 Gc 
Gain: 30db 
Power: 
3 watts 

EM 1060 
Frequency: 
2.5-11 Gc 
Gain: 30db 
Power: 
1 watt 

TWT’s from Eimac! Today : fifteen traveling-wave tubes (and more 
on the way) built with Eimac’s know-how, Eimac’s dependability. Each one is ruggedized 
to take even the toughest military environment in its stride. And each one is available in only 
30 to 60 days delivery time ! For more details, more technical data, write today 
to: Microwave Marketing, Eitel-McCullough, Inc., San Carlos, California. 
Several key positions are open now for senior level microwave design engineers. Address inquiries to Personnel Department. 

PROCEEDINGS OF THE IRE September, 1961 95A 



0.1 |ipa to 1 amp. 
1O-13 TO 1 CURRENT RATIO 

1 pv to 1000 volts 
IO'9 TO 1 VOLTAGE RATIO 

OUTPLT 

Sensitive DC Meter 

FULL SCALE 

K) 30 ioO 

MODEL 95A 

PRICE $495 

0.1 to 1 amp. in 25 ranges 
1 to lOOOv in 17 ranges 

Simplicity of range switching 

Drift: ±2 juv/day max. 
Fast response 
Floating input 

10 megohms constant input resistance on all voltage ranges 

Also Available Rack Mounted on a 5%" x 19" Panel. Price $520. 

SENSITIVE DC METER 
MODEL 95A 

Boonton ELECTRONICS Corp. 

Boonton ELECTRONICS Corp 
Morris Plains, New Jersey • JEfferson 9-4210 

FLOATING OUTPUT 
CHASSIS LEVEL 

METER ZERO 

RANGE 

. BUB . 

Ä . Professional a 

Group Meetings 3
irr.fi« • .z,u  i **. nwnii • ■ — ■ «- . ^*4 

(Continued from page 92 A) 

Philadelphia—May 25 

“Electronic Communication and Nav-
I igation Equipment,” A. R. Applegarth, 

Natl. Aeronaut cal Corp., Eort Washing-
I ton, Pa. 

' Antennas and Propagation 

Day ton—March 2 
“Extended Range Communication 

Techniques,” D. E. Sukhia, Martin Co., 
Baltimore, Md. 

San Francisco—June 7 
“Interactions of a Plasma with Micro¬ 

waves—-Some Recent Experiments,” Prof. 
R. S. Elliot, University of California at 
Los Angeles. 

Antennas and Propagation 
Mic rowave Theory and 
Techniques 

Columbus—-May 16 
“An Engineering Approach to Electro¬ 

magnetic Theory,” Dr. G. Sinclair, Uni¬ 
versity of Toronto and Sinclair Radio 
Labs., T oronto. 

Columbus—April 18 
“Microwave Radiation Hazards," \\ . 

i W. Mumford, Bell Telephone Labs., Mur¬ 
ray Hill, N. J. 

Orange Belt—June 15 

“Advances and Future Requirements 
of Microwave ami Antenna Systems for 
Outer Space Communications,” R. Stevens 
and P. Potter, Jet Propulsion Labs. 

Syracuse—June 6 
“Masers: Microwave Through Opti¬ 

cal,” Dr. G. K. Wessel, General Electric 
Syracuse. 

Audio 
Baltimore—June 8 

“Transistors in High Fidelity Audio,” 
R. Bodholt, Transis-Tronics, Calif. 

Chicago—April 12 

“The Coupled Speaker Hoax—or 32 
i Cheapies vs. 1 Goodie,” J. Novak, Jensen 

Mfg. Co., Chicago. 
Tour of Allied Radio’s facilities. 

Chicago—March 10 

“Transient Distortion in Loud 
Speakers,” R. J. Larsen and A. J. Adducci, 
Jensen Mfg. Co., Chicago. 

Chicago—February 8 

“Acoustic Testing and the Flight Ve¬ 
hicles,” J. A. Hill, North American Avia¬ 
tion, Inc., Columbus, Ohio. 

(Continued on page 100A) 

96A WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS Of THE IRE September, 1961 



Yes, they are available... from OHMITE 

Tan-O-Mite®Series TS 
Capacitors Meet All 
Requirements of 
CHAR. "C" 
MIL-C-3965B 

TANTALUM SLUG CAPACITORS 

Ohmite can supply all three sizes of “hat shape” capacitors for use in equip¬ 
ment requiring M1L-C-3965B units. The 29 basic stock values as listed at 
right are the uninsulated type, CL44, with an “S” tolerance of — 15 +20%.* 
They are available also from stock as insulated units, CL45, with plastic 
sleeves. A “T” tolerance of —15+50% can be supplied on both types. 

Standard tolerance “K,” + 10%, is offered on commercial units. Special 
closer tolerances also furnished. 
Ohmite manufactures a big, full line of tantalum slug, foil, and wire 

capacitors for all pertinent MIL specifications as well as commercial appli¬ 
cations. Complete details are covered in Bulletins 148, 152, and 159. Why 
not write for a set now? 
*"S" tolerance, as furnished by Ohmite, is closer than the MIL "S" tolerance of-15+30%. 

OHMITE MANUFACTURING COMPANY 

3617 Howard Street, Skokie, Illinois 

Rheostats Power Resistors Precision Resistors 
Variable Transformers Tantalum Capacitors 
Tap Switches Relays R. F. Chokes 
Germanium Diodes Micromodules 

BASIC STOCK 
MIL VALUES 

Mid 
DC 

Rated Volts 
Case 

Size 
MIL 

Designation 

30 
140 
330 
25 
20 
100 
250 
15 
70 
170 
10 
8 

40 
100 

5 
25 
60 
4 
20 
50 
3.5 

15 
¿0 
2.5 

11 
30 
1.7 
9 
25 

4 
4 
4 
5 
7 
7 
7 

10 
10 
10 
17 
20 
20 
20 
33 
33 
33 
40 
40 
40 
50 
50 
50 
70 
70 
70 
85 
85 
85 

T1 
T2 
T3 
T1 
T1 
T2 
T3 
T1 
T2 
T3 
T1 
T1 
T2 
T3 
T1 
T2 
T3 
T1 
T2 
T3 
T1 
T2 
T3 
T1 
T2 
T3 
T1 
T2 
T3 

CL44CB300SP3 
CL44CB141SP3 
CL44CB331SP3 
CL44CC250SP3 
CL44CD200SP3 
CL44CD101SP3 
CL44CD251SP3 
CL44CE150SP3 
CL44CE700SP3 
CL44CE171SP3 
CL44CG100SP3 
CL44CH080SP3 
CL44CH400SP3 
CL44CH101SP3 
CL44CJ050SP3 
CL44CJ250SP3 
CL44CJ600SP3 
CL44CK040SP3 
CL44CK200SP3 
CL44CK500SP3 
CL44CL3R5SP3 
CL44CL150SP3 
CL44CL400SP3 
CL44CN2R5SP3 
CL44CN110SP3 
CL44CN300SP3 
CL44CP1R7SP3 
CL44CP090SP3 
CL44CP250SP3 
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RCA/SILICON ... BASIC TO PREMIUM DESIGNS 

NOW... 150 

FROM RCA 
NEW ECONOMIES 75 

IN 200° C 
SILICON POWER 
TRANSISTORS 

40 

25 

5 

+ 25 C CASE TEMPERATURE + 200'C 

2N1768 
2N1769 

2N2015 
2N2016 

2N1483 
2N1484 
2N1485 
2N1486 
2N1701 

2N1479 
2N1480 
2N1481 
2N1482 
2N1700 

2N1487 
2N1488 
2N1489 
2N1490 
2N1511 
2N1512 
2N1513 
2N1514 
2N1702 
2N1703 

0 
-65 C 

Now Beta-Control Up To 10 Amperes ... Extremely Low Saturation Resistance... 
Power To 150 Watts At Prices Starting As Low As Comparable Germanium Power Types 

Check out the outstanding features of these 24 RCA N-P-N 
diffused-junction silicon power transistors, immediately 
available at low prices to meet your industrial and military 
applications requirements: 

• Maximum operating temperature —up to 200°C. 

• Maximum dissipation capability —up to 150 watts 

• Very low thermal resistance— as low as 1 17°C/watt max. 

• Very low saturation resistance —as low as 0.25-ohm max. 

• High minimum beta 

• Narrow Beta Spread 

AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 

Call your RCA Field Representative today for complete sales 
and price information. For further technical information, write 
for RCA Technical Bulletins on these types. For detailed appli¬ 
cation information on the design of military and industrial 
equipment using RCA Silicon Power Transistors, send for 
new 28-page Application Guide on 
RCA Silicon Power Transistors — 
(Price: 50 cents per copy). Write to 
RCA Semiconductor and Materials 
Division, Commercial Engineering, 
Section I-35-NN, Somerville, N. J. 

RCA FIELD OFFICES . . EAST: Newark, N. J., 744 Broad St., HU 5-3900 • (Camden, N. J. 
area), Erl*on, N. J., 605 Marlton Pike, HA 8-4802 . Syracuse, N. Y., 731 James St.. 
Room 402, GR 4-559! . Baltimore. Md , EN 9-1850 • NORTHEAST: Needham Heights 94, 
Mass , 64 A St., HI 4-7200 • SOUTHEAST: Orlando, Flo., 1520 Edgewafer Drive, 
Suite #1, GA 4-4768 • EAST CENTRAL: Detroit 2, Mich., 714 New Center Bldg., 
TR 5-5600 • CENTRAL: Chicago, III., Suite 1154, Merchandise Mort Plaza, WH 4-2900 • 
Minneapolis, Minn., 5805 Excalsiar Blvd., WE 9-0676 • WEST: Los Angeles 54, Calif., 
Bom 54074, RA 3-8361 • (San Francisco area), Burlingame, Calif., 1838 El Camino Real, 
OX 7-1620 • SOUTHWEST: Dallas 7, Te«os, 7905 Carpenter Freeway, Fl 7-8167 • GOV’T: 
Dayton, Ohio, 224 N. Wilkinson St, BA 6-2366 • Washington, D. C„ 1725 “K" St. 
N.W., FE 7-8500 
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Poles and Zeros 

tern employing radio waves. 

Radio. According to Web¬ 
ster, the word “radio” as a 
noun means “radiotelegraphy, 
radiotelephony, or other sys-
A radio message.” As an adjec¬ 

tive, Webster states, “Of or pertaining to, employing, or 
operated by. radiant energy, specifically that of electric 
waves; ...” How did the word “radio” come into being? 
I'he Editor's curiosity was aroused, concerning the origin of 
the word, by copies of correspondence that crossed his desk 
in which the origin of the word “radio” was discussed by 
Managing Editor Gannett and Secretary Pratt. 

A cursory investigation made clear that the origin is ob¬ 
scure and a more thorough exploration yielded some interest¬ 
ing bits of information, some directly relevant to the word as 
we use it today, others perhaps irrelevant, but nevertheless 
interesting. The earliest use of “radio,” in the communications 
art, was as a prefix. Though not directly related to our usual 
understanding of the term. E. Mercadier. in 1880. proposed 
the term “radiophone” as a general term signifying an apparatus 
for the production of sound by any form of radiant energy. 

The earliest disclosure of the prefixial use of the term, in a 
context pertinent to the communications art and leading 
directly to later usage, appears to have occurred in 1898. The 
magazine “Tit-Bits,” in May 1898, made reference to “M. 
Branly, whose ‘radioconductor' or ‘coherer’ is used by Mar¬ 
coni in his wireless telegraph.” The word “radiotélégraphie” 
appeared in Nature in September 1902; “radiotelegram” was 
used in the Scientific American Supplement of November 15. 
1902; and “radiotelegraph” appeared in Nature on April 23, 
1903. 

It is quite clear that during the period from approxi¬ 
mately 1895 to 1908, the terms most commonly used were 
“wireless” or “electric wave” telegraphy. The Germans, in 
1903. called an international conference which is recorded 
historically as the “International Conference on Wireless 
Telegraphy." This was an unsuccessful conference, but its suc¬ 
cessor conference was named the “International Radiotélé¬ 
graphie Conference of Berlin of 1906.” It was at this latter 
conference that the term “radio” was suggested as the mark of 
wireless telegrams. Evidence is also available to show the in¬ 
creasing use of the prefix “radio” from the year 1906 on. 

As an example of the trend away from “wireless” towards 
the use of “radio,” a perusal of J. A. Fleming's text is in¬ 
structive. The first edition of “The Principles of Electric 
Wave Telegraphy” was published in the year 1906. The index 
of this edition does not contain a single item using the term 
“radio.” A new impression of this text, with additions, ap¬ 
peared in 1908. The author’s note to the new impression 
calls attention to extending and bringing up to date the section 
of the last chapter dealing with Directive Radiotelegraphy; 

in the original edition this chapter was called Directed Elec¬ 
tric Wave Telegraphy. The new impression also contained in 
the index the words “radiogoniometer” and “radioteleg¬ 
raphy.” The second edition of Fleming’s book, which ap¬ 
peared in 1910. contained twelve index items using “radio” 
as a prefix. 

Another illustration of 1906 as the beginning of the trend 
toward “radio” is afforded by the formation or establishment, 
on September 15, 1906, of the Amalgamated Radio-Telegraph 
Co. This appears to have been the first company to have used 
“radio” in its name. 

The origin of the independent use of the word “radio” is 
also difficult to identify. Perhaps the fact that the 1906 Berlin 
Conference suggested “radio” as the mark of wireless tele¬ 
grams was its true origin. A Dictionary of Americanisms 
notes that “radio” was adopted in 1912 by the U. S. Congress 
in accord with the Berlin Conference suggestion. Another 
source cites the year 1915 as marking its first independent 
use. It is evident, however, that the use of the word “radio” 
by IRE’s founders in 1912 may have been one of the earliest 
applications of its use as a word in its own right. 

That the transition from “wireless” to “radio” was not a 
readily accepted one is emphasized by the many years that 
“wireless” remained the accepted term in England, and is 
further emphasized in the annals of IRE. The Preliminary 
Report of the Committee on Standardization of the IRE, 
dated September 10, 1913, contains the following definition: 

Radio Telegraphy and Radio Telephony, burther divisions 
of radio communication. It is proposed that the term “wire¬ 
less” shall be entirely eliminated, as inaccurate and inap¬ 
propriate. 

The Editor makes no pretense that this Poles and Zeros 
item constitutes as thorough a study of the neological problem 
as might be desirable. Comments and suggestions on the sub¬ 
ject will be appreciated. 

Musical Chairs. In April 1960, Poles and Zeros announced 
IRE acquisition of the building at 984 Fifth Avenue. Renova¬ 
tion and restoration have been completed, and by September 
1. 1961. 75 members of IRE headquarters' staff will be housed 
at 984. For those who visit headquarters, herewith instruc¬ 
tions as to how to find your favorite people. Professional 
Groups Secretary L. G. Cumming has moved from the fourth 
to the fifth floor of 5 E. 79th Street; Managing Editor E. K 
Gannett has moved from 5 E. to the third floor of 1 E. 79th. 
Executive Secretary George W. Bailey and Office Manager 
Emily Sirjane will be found holding forth at their usual loca¬ 
tions in 1 E., and Chief Accountant John B. Buckley still 
handles the finances from the third floor of 5 E. Hope no one 
gets lost during his next visit.—F. H., Jr. 



A. B. Bereskin 
Director, 1961 1962 

Alexander B. Bereskin (A'41-M'44-SM’46-F’58) was born in San Francisco, Calif., on 
November 15, 1912. He received the E.E. degree in 1935 and the M.S. degree in engineering 
in 1941, both from the University of Cincinnati, Cincinnati, Ohio, where he is presently 
Professor of Electrical Engineering. He is also active in consulting engineering and is a Regis¬ 
tered Professional Engineer in the State of Ohio. 

In the interval between 1935 and 1939 he was employed by the Champion Paper and 
Fibre Company, the Commonwealth Manufacturing Corporation, and the Cincinnati Gas 
and Electric Company. In 1944 -1945 he was employed by the Western Electric Company 
as Field Engineer. 

He has published work on vacuum tube and transistor audio power amplifiers, low-level 
transistor audio amplifiers, video amplifiers, regulated power supplies, and power factor 
meters. He has also done work in the fields of special RC oscillators, frequency selective ampli¬ 
fiers, low jitter multivibrators, special stabilized power supplies, and transistor pulse ampli¬ 
fiers. 

Professor Bereskin is a member of the Administrative Committee of the PGA. He has 
been National Chairman of the PGA, Editor of IRE Transactions on Audio, and a member 
of the Education Committee, the Professional Groups Committee, and the Sections Com¬ 
mittee. He has also been Institute Representative at the University of Cincinnati, and Chair¬ 
man, Vice Chairman, and Treasurer of the Cincinnati Section. He is a member of AI EE, 
Sigma Xi, Etta Kappa Nu, and Tau Beta Pi. 
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Scanning the Issue_ 
The IRE International Activities Committee (McFarlan, 

p. 1376)—The I RE is one of the few technical societies in the 
world that does not have the name of a country in its title. 
The omission was deliberate. The founders intended that this 
society should be international rather than national in scope. 
The IRE has been privileged to have members from abroad 
for nearlv half a century, Sections outside the I . S. for 35 
years, and distinguished engineers from other countries on its 
Board of Directors for 30 years. Todas there are some 7000 
members and two dozen Sections located outside the I . S. 
Half of these are in Canada and enjoy full representation and 
participation in IRE affairs as the Canadian Region of IRE. 
The remainder are scattered over four continents. East year 
they were provided a more direct representation on the Board 
of Directors with the creation of the office of Vice President 
residing elsewhere than in North America. This January the 
Board took a further significant step by establishing an Ad 
Hoc Committee on IRE International Activities Outside of 
ICxisting Regions. Five IRE Fellows from three countries, in¬ 
cluding three past presidents, were appointed to serve by 
President Berkner. Early this summer this distinguished 
group made an unprecedented trip abroad on behalf of the 
IRE. Their itinerary included the I nited Kingdom. France, 
the Netherlands, Denmark. Norway. Sweden. Germany. 
Switzerland, and Italy. Their mission was to explore with 
officials of major societies and leading engineers in each coun¬ 
try how the IRE might better serve the professional interests 
of its many members who reside outside North America, by 
such means as increased Section and Professional Group 
activity and through cooperative efforts with national en¬ 
gineering societies abroad. A preliminary report has been pre¬ 
pared for the issue by the Chairman of the International 
Activities Committee which describes in abridged form the 
objectives of the trip and what was accomplished. Its two 
pages add an important chapter to the history of IRE’s 
growth as a major international organization. 

Reflections of a Communication Engineer (Golay, p. 1378) 
—The diversity of science is amply demonstrated by the 
many technical fields of endeavor it has fathered, each field 
in turn producing its own several and separate branches of 
specialization. It is well that we be reminded, too, of the 
unitv of science. One such occasion presented itself last 
March when the following three events took place: A com¬ 
munication engineer addressed a meeting of chemists. A win¬ 
ner of the IRE Harry Diamond Memorial Award received a 
high award from the American Chemical Society. An engineer 
spoke of information theory and cosmology in one breath. In 
reality, the three events took place at one time and involved 
the same person. His remarks covered a wide range of sub¬ 
jects. culminating in an absorbing discussion of whether man 
possesses the intelligence to surmount a staggering challenge, 
namely, to prevent the eventual total decay to which our uni¬ 
verse is apparently doomed. I he talk was first published in 
the ACS journal Analytical Chemistry. Although it is not the 
general policy of the Proceedings to reprint articles, we believe 
every reader will find this article to be a most stimulating and 
well-justified exception. 

An Analysis of the Modes of Operation of a Simple Trans¬ 
istor (Gibbons, p. 1383) - 1 his paper discusses the fact that a 
simple transistor oscillator can operate in more than one 
mode, a matter which has been causing some confusion re¬ 
cently. The author deals principally with two modes; with 
the transistor operating as a three-terminal element in one 
case, and as a so-called transit-time diode in the other case. 
The transit-time mode, although first recognized some time 
ago, escaped attention until recently when it was found that 
oscillations could be obtained at frequencies considerably 

higher than the maximum frequency specified for the three-
terminal mode. This strange behavior, which has been com¬ 
mented on recently in the literature, is made a good deal less 
strange by an illuminating analysis that clarifies the distinc¬ 
tion and the relation between the two modes. The paper thus 
ties together a number of scattered and inadequately ex¬ 
plained phenomena that have been puzzling people lately. 
It also provides practical design information and may stimu¬ 
late further discoveries in the application of transistors in the 
kilomegacycle region of the frequency spectrum. 

Actual Noise Measure of Linear Amplifiers (Kurokawa, 
p. 1391)—Few subjects have generated more discussion, less 
agreement and greater interest than the quest for a meaning¬ 
ful, usable, unambiguous, quantitative measure of the noise 
performance of an amplifier. The advent of tunnel diodes, 
parametric amplifiers and masers added more fuel to the long-
smoldering fire by bringing into the picture circuit conditions 
which were not adequately covered by earlier definitions and 
concepts. The situation was perhaps pointed up best by the 
July letter to the Editor which called attention to the rise of 
a new sport, which its author called “noisemanship.” Despite 
the confusion, sound progress has been made recently' in de¬ 
veloping improved methods of expressing noise performance, 
especially in the introduction of a new quantity called “noise 
measure” in 1958. This paper proposes a new “noise measure" 
which differs from the earlier one in that it includes the contri¬ 
bution from the noise originating in. and reflected back to, the 
load. The difference becomes of practical significance when 
dealing with devices having negative input or output im¬ 
pedances and, hence, having unmatched input or output cir¬ 
cuits. conditions particularly pertinent to tunnel diodes, 
parametric amplifiers and masers. 

IRE Standards on Radio Interference: Methods of Meas¬ 
urement of Conducted Interference Output to the Power 
Line from FM and Television Broadcast Receivers in the 
Range of 300 kc to 25 Me (p. 1398)—If the foregoing title is 
the longest of any Standard published by the IRE. it is more 
than justified by the fact that it supercedes and replaces three 
previous Standards. Moreover, it concerns a subject of con¬ 
siderable practical interest. High-level signals such as arise in 
the IF or horizontal deflection system of FM or TV receivers 
are frequently potential sources of interference to other re¬ 
ceivers. This Standard specifies how to measure the interfer¬ 
ence conducted by the power line from these sources. 

The Delay-Lock Discriminator: An Optimum Tracking 
Device (Spilker and Magill, p. 1403)—The delay-lock dis¬ 
criminator described in this paper provides an improved tech¬ 
nique for estimating the delay difference between a continu¬ 
ous. random transmitted signal and its reflection from a tar¬ 
get. using a sy stem which employs a form of cross-correlation 
along with feedback. It differs from ordinary FM radars in 
that it avoids the so-called fixed error, is free of much of the 
ambiguity common to periodically modulated systems, and 
can discriminate between multiple targets on the same bear¬ 
ing from the antenna. It appears to be especially suited 
to tracking rapidly moving targets under poor SNR condi¬ 
tions. 

A Sequential Detection System for the Processing of 
Radar Returns (Galvin, p. 1417)—In dealing with very-high-
velocity targets, the problem arises of detecting a narrow-band 
radar return within a wide-Doppler-band environment. This 
can be done by monitoring the spectrum with a sufficient 
number of narrow-band matched filters to cover the Doppler 
band. However, the number of filters required to do this can 
reach into the thousands. This paper presents a two-step de¬ 
tection process, coarse and then fine, which greatly reduces the 
number of filters required for this important task. 
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The IRE International Activities Committee* 
R. L. McFARLAN, Chairman, fellow, ire 

IN RECOGNITION of the professional interests of its thousands of members outside of North America, 
the increasing membership and Section activities 

abroad, and a demand for greater accessibility to IRE 
services and publications the IRE Board of Directors, 
at its meeting ol January 4, 1961, authorized President 
Lloyd \ . Berkner to appoint a committee to consider 
ways and means lor more effectively serving these mem¬ 
bers. The Board further outlined the scope of this com¬ 
mittee The 1961 Ad Hoc Committee on IRE Inter¬ 
nation. il Activities Outside of Existing Regions -to in¬ 
clude: 

1) I'he development, establishment and operation of Sec¬ 
tions. 

2) Affiliation with qualified societies. 
3) Extension of Professional Group activities internation¬ 

ally. 
4) Potential development of Regions. 
5) Visual-Audio aids to Sections. 

President Berkner, accordingly, has appointed the 
following members of this committee: 

Dr. R. I.. McFarlan, Consultant, Chairman 
I960 President IRE 

Mr. E. Finley Carter, President, Stanford Research Institute 
Director-at-large IRE 

Dr. John T. Henderson. Principle Research Officer, Canadian 
Research Council, Ottawa 

1957 President IRE 
Ir. H. Rinia, Director of Research, Philips Research Lab¬ 
oratories, Eindhoven, Netherlands 

1956 Vice- President I RE 
Dr. Ernst Weber, President, Polytechnic Institute of Brook¬ 
lyn 

1959 President IRE. 

IRE recognizes that its members outside of North 
America are also members of the appropriate profes¬ 
sional societies of the countries in which they live, and 
that IRE services to these members must not be given 
at the expense of or in interference with the activities 
of these national professional societies. Therefore, the 
resolution of the IRE Board yvhich established this 
committee emphasized clearly that IRE is not attempt¬ 
ing to compete with national societies, nor does it have 
any desire to replace them. The IRE interest is simply 
to establish a mechanism whereby those tiesiring to 
form a Section in any particular area outside North 
America, whether it be Europe, South America, the 
Orient, or elsewhere, would find it convenient to take 
the necessary steps toward such formation. These steps 
would be taken yvith the full knoyvledge and invited 
cooperation of the appropriate national society. 

* Received by the IRE, July 24, 1961. 

IRE membership and publication records show an in¬ 
creasing interest on the part of European national socie¬ 
ties in the establishment of IRE activities in their coun¬ 
tries. This may be due to the success of existing IRE 
Sections in Europe- Benelux, Italy, Switzerland — 
and to the cooperative spirit displayed by these Sec¬ 
tions towards national societies. Not only are any pos¬ 
sible earlier misgivings about the IRE attitude being 
dispelled, but also these societies are beginning to real¬ 
ize the benefits yvhich IRE can bring to their countries. 
1'hese benefits not only include IRE's world-yvide tech¬ 
nical publications—Proceedings, Transactions, and 
so forth -but also cooperatively sponsored interna¬ 
tional symposia and forums. IRE's many Professional 
Groups can be especially helpful in these areas. In 
addition, IRE wishes to ensure that qualified scientists 
and engineers from all over the world are brought to the 
attention of its committees as candidates for annual 
awards and Felloyv membership. 

In order to discuss possible affiliation arrangements 
yvith some of the great electronic professional societies 
in Europe, and through discussions yvith IRE members 
in Europe and their representatives, the IRE Interna¬ 
tional Activities Committee as a yvhole visited, during 
the early summer of 1961, those countries in Europe 
yvhere there is an appreciable IRE membership. Ex¬ 
tensive discussions were held yvith IRE members and 
yvith electronic and engineering leaders throughout 
Europe. Since the IRE International Activities Com¬ 
mittee is not a negotiating body, any understandings 
resulting from conversations yvith representatives of the 
various national professional societies are subject to 
subsequent review and modification by the I R IC Board 
of Directors. The countries visited are listed below in 
the same sequence as they yvere visited by the I RIC In¬ 
ternational Activities Committee. 

United Kingdom 

A meeting with the liaison committee of the Institution of 
Electrical Engineers resulted in a proposal to establish an I RE 
Advisory Committee of I RFC members resident in the United 
Kingdom, and an 1EE-IRE liaison committee composed 
equally of a small number of I EE and IRE members. This 
liaison committee yvould be given the task of yvorking out the 
details of IEE-IRE cooperation in the United Kingdom. 

France 

Conversations yvith the officers and directors of the Société 
Française des Electriciens et des Radioelectriciens confirmed 
an earlier decision by the SEER to support the formation of 
an IRE Section in France. The Section organizing committee 
comprises M. George Gaudet. M. Jean Lebel, and Mr. Joseph 
R. Pernice. 
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The Netherlands 

The members of the Benelux Section Executive Committee 
met in Den Haag with the IRE International Activities Com¬ 
mittee to discuss problems connected with Section operation, 
and also future plans. The desirability of establishing a Re¬ 
gion 9 in Europe was considered in detail. 

Denmark 
A luncheon conference with the Director of the Danish 

Engineering Society, the President of the Electrotechnical 
Section, and Prof. Rybner, included discussions on the poten¬ 
tial IRE role in Denmark. There was some indication that the 
Society of Danish Engineers would welcome IRE cooperation 
with and through their Electrotechnical Section. 

Norway 

Conversations with the officers and other representatives of 
the Norwegian Society of Engineers and the Norwegian Elec¬ 
trotechnical Society resulted in the proposal to establish a 
joint liaison committee charged with the development of 
better ways to serve IRE members in Norway. It is proposed 
to name three individuals—including two IRE members— 
to serve on a liaison committee with the Norwegian Society 
of Engineeers and the Norwegian Electrotechnical Society. 

Sweden 

Considerable interest was evidenced in IRE activities, and 
in the possible formation of an IRE Section in Sweden. Dr. 
Grampist. 1958 IRE Vice-President. arranged for some very 
productiv «discussions with theofficersof theSwedish Engineer¬ 
ing Society , and contributed considerably to their success. 

Germany 
A great deal of interest exists in Munich, Germany in form¬ 

ing an IRE Section, and the visit to Munich of the IRE Inter¬ 
national Activ ¡ties Committee probably has helped to hasten 
the formation of such a Section. The officers and other repre¬ 
sentatives of the German Engineering Society were most co¬ 
operative. 

Switzerland 
A meeting of the Geneva Section was held at which a panel 

composed of the members of the International Activities 
Committee undertook to discuss future trends in electronics. 
Discussions with various officers and members of the Geneva 
Section considered various problems of Section operation and 
the desirability of forming a Region 9 in Europe. 

Italy 

Since the Italy Section has strong groups in both Milan 
ami Rome conferences were held with IRE members in both 

cities. Unlike the Benelux and Geneva Sections the Italy 
Section uses the Italian language for its meetings. A formal 
Section meeting in Rome was well attended. 

In general, it can be said that a strong interest in I RE 
exists in Europe today, and there is every reason to ex¬ 
pect this interest to increase in the future. As a result 
of its visits, discussions, and meetings in Europe, the 
IRE International Activities Committee has arrived 
at certain general conclusions regarding the interna¬ 
tional activities of the IRE. 

1) The initiative for forming new Sections or Regions is the 
prerogative of the membership involved. It is a function 
of the International Activities Committee to assist and 
support any such actions. 

1) Setting up a new Section requires the maximum trans¬ 
mission of information from existing Sections. As soon 
as new Sections are formed the new Chairmen and Sec¬ 
retaries should be invited to meet with the Chairmen 
and Secretaries of existing Sections. 

3) All Section Chairmen should be kept as fully informed 
as possible, especially regarding the reasons behind 
Executive Committee and Board of Directors decisions. 

4) Information sent to the Section Chairmen should also 
be supplied to IRE delegates and liaison chiefs in coun¬ 
tries where liaison committees with national professional 
societies have been established. 

5) In view of the national character of the IRE Sections in 
Europe, and those being formed, as well as IRE Sections 
elsewhere outside North America, some modifications in 
Section and Region organization and procedures may 
be found to be necessary. Until more experience is gained 
a certain degree of flexibility may be required. 

In conclusion, mention should be made of the very 
many gracious acts of hospitality and courtesy which 
were shown the IRE International Activities Committee 
in all of the countries where it visited. To mention by 
name all of the individuals who contributed to the work 
and pleasure of the Committee would unduly extend the 
length of this brief report. To all of these individuals the 
IRE Committee on International Activities expresses 
its deep appreciation. And finally, as Chairman. 1 should 
like to mention my own personal appreciation of the 
hard work, keen insight into international problems, 
and understanding tact of my fellow committee mem¬ 
bers on this truly international committee. 
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Reflections of a Communication Engineer* 
MARCEL J. E. GOLAYf, fellow, ire 

In March, of this year, the American Chemical Society heard an address by the re¬ 
cipient of its Sargent Award in Chemical Instrumentation. The recipient, however, 
was not a chemist; he was a comm tin ¡cation engineer, I RE Fellow, and holder of the 
Harry Diamond Memorial Award. And he did not speak on chemistry. Indeed, his 
remarks were so thought provoking and of such broad interest to Proceedings read¬ 
ers that the text has been reprinted below from the ACS journal Analytical Chemistry. 

—The Editor 

It AN NO 1 I ELL A LIE— 1 am not a chemist. That 
is why 1 have decided to change the subject of my 
talk. Others will tell you, more competently than 1 

could, about the physical chemistry of chromatography. 
It is as a communication engineer that I will talk to you. 
And it the things I say increase in strangeness as I go 
along, I will ask you to remember two things. 

I he first is this: Many of the recent advances in sci¬ 
ence are due to the cross-fertilization of, at first view, 
separate and distinct fields. 
And the second is this: Of all the disciplines guilty of 

such fruitful incests, communication engineering is the 
guiltiest of them all, with its inroads in physics and 
chemistry, in biology, in sociology through automation, 
in philosophy through information theory. Communica¬ 
tion engineering—or should I say communication phi¬ 
losophy—appears as an octopus, with its tentacles 
stirring thought here, there, and everywhere, an octopus 
intimately linked to the development of social man, and 
to the reflections of individual man. 

1 owe the good fortune oi being with you today to the 
accident of having noted that, in a simplified form, the 
chromatographic partition process could be described 
by the telegrapher’s equation. Nothing more would have 
happened if my friends at The Perkin-Elmer Corp, had 
not asked me to stick numbers in the equation after 
all, a consultant must earn his keep. This led to the 
finding that the packed chromatographic column of five 
years ago had a basic efficiency, as measured by the 
Performance Index, of around 0.01 per cent. This find¬ 
ing led in turn to the idea ol making a column which 
had the form of the simple model adopted for the the¬ 
oretical study namely, an open tube coated with a re¬ 
tentive layer. That is all. 

I said 1 would talk as a communication man about 
communication philosophy and the strange lands where 

* Reprinted with permission of the American Chemical Society 
from Analytical Chemistry, vol. 33, pp. 23A-31A; June, 1961. 

f Consultant, The Perkin-Elmer Corp., and the Philco Corp., 116 
Ridge Road, Rumson, N. J. 

it may take us. It is not every day that 1 have the op¬ 
portunity of addressing a kindly inclined and nearly 
captive, well guarded audience about my extracurricu¬ 
lar thoughts, and I will start with a reminiscence. I will 
reminisce about a time when I was a little boy, going 
shopping with my mother, walking alongside, and try¬ 
ing to digest something metaphysical I had read, which 
1 was probably too young to read. Yet all of a sudden, 
all my thoughts came into a focus, and 1 started to spec¬ 
ulate: Suppose there had been nothing at all, no time, 
no space, no matter, no people. But there is something 
and I am part of this something, ¡»laying my role in it. 
There was rain falling on the ¡lavement on that day and 
1 remember that, too. 

Surely the simple thought that there is a universe 
and that we should not be indifferent to our privilege of 
playing our part in it has been the underlying incentive 
to the building and the evolution of our philosophy and 
cosmology. 
The beginnings of our cosmology appear naive in re¬ 

trospect. Some of you may recall learning in your his¬ 
tory class about the early mythological world, flat and 
carried by a large elephant, with his feet on four turtles 
swimming in a sea of milk. Little by little these notions 
became purified. We made a notable step forward when 
we accepted a universe not centered in our little earth. 
Eor a long time the concepts associated with the origin 
of our universe oscillated between an instinctive belief 
in a beginning, a creation, and a scientific opinion that 
we lived in a static universe with time stretching indefi¬ 
nitely’ backwards and forwards. And then, last century, 
budding phy sical chemistry led us to a real difficulty’. 

It was in the early part of the last century that Car¬ 
not formulated what became accepted as the second law 
of thermodynamics. As further developed by I lelmholtz, 
this layv stated, in effect, that there is a continuous de¬ 
generacy, a continuous decay of energy. You can mix 
hot and cold water, but you cannot unmix them. 
When you extend this principle to our whole universe 

—and it is the virtue of any principle that you can do 
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so with it you come to the metaphysical conclusion 
that this irreversibility of nature’s processes demands 
that there be a definite beginning, a creation. But the 
semireligious concept of a creation, with the corollary 
concept of a ( reator, was scientifically inadmissible, so 
it was thought, and matters stayed in that impasse 
through three generations of scientists. In order to get 
out of this difficult}, as able a philosopher as Poincaré 
made intellectual somersaults worthy of a devil caught 
in the holy fonts. He surmised, for instance, that if time 
marched forward in one part of the universe, this was 
made up by time going backward in some other regions, 
which is, of course, inadmissible. The clock cannot run 
backward. 

Static Universe Concept Is Untenable 

Things were in this impasse when two additional dis¬ 
coveries, taken together, made the concept of a static, 
uncreated universe completely untenable. The first was 
the discover} of radioactivity. Many natural radioac¬ 
tive isotopes such as thorium, uranium, and potassium 
have a ver}’ low rate of decay, and the fraction remain¬ 
ing toda} establishes a rough epoch for their creation, 
of the order of several billion years ago. 

The second discover}’ was made by the astronomer 
Hubble in an entirely different domain. Hubble ob¬ 
served that man}’ large galaxies are receding from us at 
a high speed. Galaxies are assemblies of from a billion 
to a quadrillion stars, and as the} recede from us their 
characteristic color is shifted towards the red. Hubble 
observed that the farther the galaxies, the greater the 
red shift. But we are not in the center of the universe. 
The universe has no center in the sense that an orange 
has a center. Thus ever}’ galaxy must be receding from 
ever}- other. This can only mean that we have a general 
explosion, and Hubble calculated that galaxies receded 
from each other as if this general explosion started at 
roughly the same epoch airead}’ determined by a stud}’ 
of the rate of deca} of our radioactive minerals. 

It was a Belgian cleric, the Abbé Lemaitre, who cut 
the Gordian knot by saying: “Let us postulate that the 
whole universe started several billion years ago with a 
single enormous atom.” And it turned out that his dar¬ 
ing h} pothesis led to fewer difficulties than an}’ other. 
This is the decisive test of an}’ physical theory. The 
postulate of Lemaitre is generail} accepted today, and 
you will find in the scientific literature quite serious 
speculation as to the state of the universe two minutes 
after its creation, for instance. 

\ ou ma}’ well ask: But what was there before and 
why did it all start? And of course, the question remains 
unanswered. 
You ma}’ well ask also: Did it start with a pinpoint of 

matter of no size and infinite density? This is an interest¬ 
ing question to think about, for the following reason. 
When we permit two masses to come together by gravi¬ 
tational attraction, like a mass of water falling towards 
the earth center through a hydroelectric plant, we derive 

useful energy at the expense of the negative gravita¬ 
tional potential energy of these two masses. And when 
we calculate the total negative gravitational energy for 
the entire universe, using available astronomical data, 
we find that it is of the order of magnitude of the total 
positive energy in the form of masses, radiation, kinetic 
energy, and so forth. So we are led to ask: Could it be 
that the total energy of the universe is actually zero, 
that the positive energy we have in the form of mass 
and radiation is merely the result of a trade for nega¬ 
tive gravitational energy? Then, if this is so, perhaps 
the Creator did not require the enormous mass of all 
the stars that we see, but required merely the intelli¬ 
gence to trigger the process, after which it kept going. 
We shall come back to this, but let us, for the time be¬ 
ing, remember that some ten billion years ago a quite 
extraordinär}’ event took place, beyond which the veil 
of history is forever closed to us. 

First Protozoic Life 

Xow let us look at another historical puzzle, of a com¬ 
pletel} different order. Some two billion years ago, when 
our universe was airead}’ several billion years old, an¬ 
other extraordinary event took place on this earth. It 
was nothing as spectacular and grandiose as the crea¬ 
tion of our macrocosm. It was microscopic in nature, but 
ma}’ turn out to be the most significant thing in the 
histor} , not of just our little earth, but of our entire uni¬ 
verse. 1 refer, of course, to the appearance of the first 
protozoic life. After its creation, life evolved, and culmi¬ 
nated in the appearance of man. Last century this proc¬ 
ess of evolution, especially in its last stages, was a sub¬ 
ject of debate and controversy. Much ado was made 
about missing links, but toda} we think we understand 
better this evolution process, and why few ancestral 
forms, not just of man, but of most living creatures, are 
ever found. What we do not understand is the ver} be¬ 
ginning of the process: what produced this first mole¬ 
cule? We may be tempted to be superficial and shrug 
off the question by saying that the first living molecule 
was produced by chance, but let us give this problem a 
second look, in the light of information theor} . 

Xew Discipline-Information Theory 

Information theor} is a recent addition to our family 
of disciplines and it deals with a subject which is dosel}’ 
related to the second law of thermodynamics, the ver}' 
law which states that the passage of time is marked by 
a deca}’ of energy, and hence that there must have been 
a beginning to our universe. In man}’ respects informa¬ 
tion theor}’ constitutes that chapter of communication 
theor}’ which has had, and will continue to have, an 
impact on metaphysics and philosoph} . 
The beginnings of information theor}’ are curious. 

Xearly a century ago Maxwell expressed his impatience 
with the second law of thermodynamics by inventing a 
little demon. Maxwell's demon, which was to haunt two 
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generations of scientists. As you know, Maxwell’s de¬ 
mon is perched by a trapdoor in a wall separating two 
identical gas masses, and every time a molecule comes 
from the first gas mass in the direction of the trapdoor 
he opens it for an instant and lets that molecule pass 
through to the second gas mass. After a while you have 
more molecules and more gas pressure in the second gas 
mass than in the first, and that extra gas mass can ex¬ 
pand into the first and produce useful work, while cool¬ 
ing. This constitutes a violation of the second law be¬ 
cause useful work has been obtained from the heat of 
two gas masses originally in temperature and pressure 
equilibrium. A good paradox deserves a good answer, 
and a clever demon deserves a clever exorcism, and it 
was not until 1929 that this was done by the physicist 
Szilard, who said that .Maxwell’s demon cannot operate, 
because he does not have the information as to when to 
open his trapdoor. 

For some 15 years Szilard's article remained unappre¬ 
ciated by almost everyone, including Szilard himself. 
His original manuscript had been noticed on his desk 
by friends, who persuaded him to let them mail it to 
their scientific journal; otherwise it might have re¬ 
mained unpublished. But shortly after the last war, cer¬ 
tain statistical aspects of the theory of communication 
became of interest simultaneously to several research¬ 
ers. In 1948 Shannon published his classic article, which 
became the foundation of information theory. In this 
article he noted the similarity between the entropy of 
the thermodynamicist and the negentropy of informa¬ 
tion. If you will pardon a personal reference, 1 heaped 
the last indignity on the poor demon when I showed 
that even with the most efficient transmission system, 
the energy required to communicate to the demon the 
information he needs would at least equal the useful en¬ 
ergy he could retrieve by operating his trapdoor. So, 
even if the information the demon needed were avail¬ 
able at no cost, it could not be communicated to him, 
without destroying his raison d’etre. 

I am talking at length about information theory be¬ 
cause of the dualism between the second law and infor¬ 
mation theory on the one hand and the dualism between 
the creation of the universe and the creation of life on 
the other hand. It is information theory, and the new 
scientific attitude produced by information theory, 
which has revealed some interesting aspects of living 
molecules and living cells. 

Information theory has taught us how to deal quanti¬ 
tatively with structure, with pattern, with what the 
Germans call Gestalt. There is even speculation about 
the admission of beauty and esthetics to the community 
of scientific concepts by information theory. 
We can place within the scope of information theory 

the following problem, which was examined by the 
mathematician Von Neumann. Suppose we wanted to 
build a machine capable of reaching into bins for all of 
its parts, and capable of assembling from these parts a 
second machine, just like itself. What is the minimum 

amount of structure or information which should be 
built into the first machine? The answer came out to be 
of the order of 1500 bits 1500 choices between alterna¬ 
tives which the machine should be able to decide. This 
answer is very suggestive, because 1500 bits happens to 
be also the order of magnitude of the amount of struc¬ 
ture contained in the simplest large protein molecule 
which, immersed in a bath of nutrients, can induce the 
assembly of these nutrients into another large protein 
molecule like itself, and then separate itself from it. 
1 hat is what the process called life consists of, and un¬ 
less and until we discover a new process in which simpler 
molecules have semilife properties, the inquiry into the 
birth of life can be reduced to an inquiry into the possi¬ 
bility or probability of the spontaneous assembly of 
such a molecule, out of a bath of its essential constitu¬ 
ents. And this is exactly where we run into an interest¬ 
ing difficulty. 

Spontaneous Greation of Life? 

By making the most favorable assumptions as to the 
conditions in which this spontaneous creation of life 
could have occurred on this earth, we do not come any¬ 
where near the spontaneous assembly of 1500 bits; we 
can account for perhaps one-tenth that number. Do not 
shrug this off as being only one order of magnitude off. 
This involves a factor of 10 in the exponent, and there is 
a vast difference between the probability of 1 part in 
2l5O and 1 part in 2,5"°. Then you might say: But it could 
have happened in many places in our universe, and if it 
had not happened here, we would not be here to talk 
about it. 

Very well, multiply 2W0 by the number of stars that 
is, by the number of potential solar systems, in the uni¬ 
verse—and you obtain 222 ", still short of the mark. And 
yet, life did begin, and looking back in time, we see two 
mysteries, or at least two highly unlikely events. The 
first, the creation of the universe, of space, of time, of 
matter. The second, the creation of life, from which we 
evolved as a matter of course almost, with such unlikely 
beings as chemists and engineers in our midst, producing 
in the laboratory improbable assemblages such as a liter 
ot liquid helium, or saying such unlikely things as what 
1 am now saying to equally unlikely assemblies of mole¬ 
cules as my listeners. We may even have some day an 
unlikely biochemist who will assemble, radical by radi¬ 
cal, an unlikely large molecule which can reproduce it¬ 
self. But this would not resolve the historical mystery of 
the creation of the first living molecule. 

Two Big Questions of the Future 

All 1 have said so far has been to prepare the ground 
for two big questions, dealing with what could be called 
the two basic mysteries of the future. 
The first big question is philosophical, and can be 

stated fairly simply. With his intelligence, with his 
ability to make experiments and to process information, 
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does man have the potentiality of ever acquiring full 
information about the basic laws of our physical uni¬ 
verse? 

1 am sure all of us have asked ourselves this, or a simi¬ 
lar question. Some of us believe that the final answer 
will always escape us, even though ever}- discover}-, 
ever}- extension of present physical theory brings us 
closer to it. Others of us believe that when we run into 
integral numbers, such as the number of protons and 
neutrons in a nucleus, we are approaching the ultimate 
physical knowledge. 

Tied to this first big question, there are other tempt¬ 
ing questions. For instance, we have an information 
theory which has established a measure for the amount 
of information we can communicate to each other. 
To be sure it is a brutal measure. To gauge meaningful 
information in terms of bits—the bits of information 
Maxwell’s demon lacks—would be as meaningless as 
evaluating a work of art with a yardstick or a weight 
scale. All the information contained in all the books of 
the world, some 26" bits, would not suffice for the sepa¬ 
ration of one milligram of air into its slow and fast 
molecules, and the information content of a thought¬ 
fully filled time capsule would not suffice for a pico¬ 
gram. Hemmed in as we are by finiteness -the surmised 
finiteness of our universe, of our brain cells, of our 
thoughts, and of our life span we strive for infinitude 
in the higher values, the intellectual, artistic and spir¬ 
itual values. We are loath to admit the possibility of a 
measure of these, and would welcome a proof of the im¬ 
possibility of such a measure. Should we, some day, have 
a measure of intelligence, or will intelligence always 
transcend a definition of itself? And even if we succeed 
in defining and measuring intelligence, ma}- we even¬ 
tually prove mathematically the impossibility of intelli¬ 
gence reaching the ultimate truth, just as the mathe¬ 
matician Godel has proved the existence of undemon-
strable theorems and the openness, the infinitude of 
number theory? Shall we perhaps come to the para¬ 
doxical proposition that a supreme intelligence should 
disprove the possibility of its very existence? 

I do not want to linger on these speculations, no 
matter how fascinating the}- ma}- be. I want to come 
to the second big question. 

While we do not know whether or not we shall be able 
some da}- to unravel the last shred of mystery surround¬ 
ing the truth of the universe we live in, we do know, 
from the second law of thermodynamics, that the clock 
cannot run backward, and that our universe is con¬ 
demned to eventual total deca}-, to end, as T. S. Eliot 
has put it, not with a bang but with a whimper. Shall 
we sit helpless!} by watching that process, until even 
the modest wants of life as we know it can be no longer 
supplied? 

Alternatively, is there a possibility that human in¬ 
telligence will have the capability of doing something 
radical about the situation? 
At first glance, the answer would seem to be “no”; 

the second law drives the universe inexorably to even¬ 
tual decay, and regeneration is ruled out. It is at this 
point that I would interject a very timid “but.” Re¬ 
member that the world ma}- well have been triggered 
into existence by a highly intelligent act producing a 
highly unlikely event remember that the total energy 
of the universe ma}' be ver}- small, ma} be even zero, the 
creation of mass having proceeded at the expense of 
negative gravitational energy. Gould it become man’s 
role to be the author of a similar highly intelligent act, 
before the clock of his universe becomes unwound? 

Matter-Negative Gravitational 
Energy Exchange 

I admit this sounds fantastic, because we have today 
no inkling of the mechanism involved in an}- trade of 
positive energy in the form of matter for negative 
gravitational energy. 1 must ask you to remember that, 
so far, physicists have not succeeded in performing a 
single experiment which connects gravitational phe¬ 
nomena with electrical phenomena, because electrical 
forces between elementar}' particles are some 40 orders 
of magnitude larger than gravitational forces. We are, 
therefore, at the point where metaphysical arguments 
must take over from physical arguments. That is, we 
may assume yet undiscovered mechanisms, while being 
careful not to violate airead}' established physical prin¬ 
ciples. 

1 have pointed out before that we, men, these highly 
unlikely but intelligent creatures, have produced such 
unlikely things as a liter of liquid helium, something 
never produced spontaneously before anywhere in our 
universe. 

Suppose now that our colleagues, the nuclear chem¬ 
ists, were to succeed in engineering a relatively heavy 
neutral particle, of extremei}' small volume, and of ex¬ 
tremei}' low probability of spontaneous generation, 
just like the liter of liquid helium. Keep on supposing 
that this new particle has sufficient interaction with 
ordinär}’ matter as we know it, and once produced in 
some supercosmotron, trickles gently toward the center 
of the earth, where it coalesces with others like itself 
into a very small mass of extraordinaril}' high density. 
The manufacture of these particles continues, and in a 
little while this small mass has the size of an electron. 
Later on, after many more particles have been produced 
and assembled, this small mass acquires the size oi a 
molecule. But this is an important project, and several 
million years later (there is a cooling problem) a few 
millionths of our earth mass have been thus trans¬ 
formed and poured in the ground, to reassemble in 
the earth’s center into a tiny sphere, one wavelength of 
light in diameter. Some ver}- interesting things could 
begin to happen by then. Remember that space is 
curved by mass. Oh, very little. But on the mass sur¬ 
face, this effect is in inverse proportion to the radius of 
that mass. And I have postulated a very, very small 
size of extraordinarily high density. By the time our 
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small but enormously heavy mass has reached a wave¬ 
length of light in diameter, it has almost wrapped its 
own space around itself, and has become very close to 
what 1 would call a gravitational “crit. ” I believe we 
are about to have a gravitational explosion. 

Before it is too late, let us review our calculations. 
I ake a certain mass and distribute it in the physical 
space of a universe which has the shape of a three-
dimensional spherical bubble within a four-dimensional 
cosmos. Then stipulate that the total mass-energy of 
the system, which is equal to the initial mass-energy 
plus the relativistic increase due to the speed of expan¬ 
sion, is also equal to its total negative gravitational en¬ 
ergy. I his is the same as stipulating that the total en¬ 
ergy of the system is zero, and no simpler stipulation can 
be made. Write this down as an equation, for which we 
need only the initial mass, the gravitational constant, 
and the speed ol light. Solve this equation and examine 
the solution you obtain. 1 This solution represents an 
explosion which proceeds with nearly the speed of light, 
with a continuously increasing mass but also a continu¬ 
ously decreasing density. .And if you substitute the age 
of the universe today lor the time appearing explicitly 
in this solution you obtain a density of the order of It)-30 
gram per cc. I his is the density oi our present universe, 
within the margin oi observational error. And if von 
like, make the initial mass Iront which you started, zero, 
and the solution is hardly affected. Xo known physical 
law has been violated in this calculation, but a yet un¬ 
known mechanism has been postulated for the trade of 
positive mass-energy lor negative gravitational energy. 

This is an intriguing result, which leads to the follow¬ 
ing picture. 

Imagine a two-dimensional plane intersecting our 
three-dimensional universe within the four-dimensional 
cosmos 1 have assumed. I'his is similar to a plane inter¬ 
secting a two-dimensional sphere within a three-dimen¬ 
sional space, and if this plane is the blackboard, we 
have a circle which expands. But we have chosen a 
plane which passes through the center of the earth, and 
here there is an increased curvature as we approach our 
tiny, enormously heavy mass. The experiment con¬ 
tinues, the mass increases in weight, the curvature of 
space increases on both sides, and a critical point is 
reached when it wraps its own space around itself, 
shearing itself from its mother-universe, and beginning 
to expand on its own. 

This picture may induce some final soul-searching 
questions, before fabricating the additional billion tons 
or so of our heavy particles, which will produce a gravi¬ 
tational crit in the center of our beloved planet. 

1 M. J. E. Golay, “On a connection between Mach’s principle and 
the principle of relativity, ’’ The Observatory, vol. 79, no. 912. pp. 
189-190. 

Destruction of Universe Unlikely 

W ill this supreme experiment destroy our old uni¬ 
verse while creating a neyv one? Probably not. Any 
annihilation of the universe would require its collapse, 
and anything resembling a return to the beginning im-
plies an unlikely- turnabout of the clock. 

Will it create a local disturbance, of the order of a 
supernova, hardly felt in other solar systems of our 
galaxy, and barely observed from neighboring galaxies? 
Or yvill it produce only a cosmic seed yvhich, yvrapping 
its oyvn space around itself, yvill make a clean break with 
the old universe, becoming a new and lull-fledged three-
dimensional universe of its own, within the four-dimen¬ 
sional cosmos containing all there is? A completely- sep¬ 
arate neyv universe, having no phy sical connection yvith 
the old, and producing its oyvn stars and its oyvn living 
and thinking creatures, yvho shall knoyv of us no more 
than we shall knoyv ol them, like these ephemeral in¬ 
sects yvho never coexist yvith their parents and their 
offspring. 
At this point 1 would like to ask you not to take too 

literally some of the things I am saying. I admit their 
fantasy makes them sound like science fiction literature. 
I could say nothing about the mechanism involved. In 
the absence of any physical experiment connecting elec¬ 
trical phenomena yvith gravitational phenomena, I 
could only assume the existence of such a mechanism 
based on the probably nonlinear character of the field 
equations yvhich should eventually connect electrical 
and gravitational phenomena, while being careful not 
to violate known layvs; a mechanism yvhich may operate 
actively only for a few seconds, or even picoseconds, if 
indeed our concept of time is applicable to it. 1 have 
glossed over such serious difficulties as those yvhich 
arise ii yve have the possibility of multiple creation, yvith 
several junior universes blowing up like smaller soap 
bubbles within the mother bubble, first interacting and 
then beginning to interfere yvith each other. I have not 
discussed what meaning can be attached to a yvorld mass 
yvhich consists almost entirely of the incremental rela¬ 
tivistic mass of a vanishingly small initial mass. I have 
no good answer for several sound logical and even em¬ 
barrassing questions about these and other points. I can 
only plead for a measure of license, when speculating 
about a nonrepugnant alternative to a philosophically 
repugnant once and for all universe, doomed to eventual 
decay, or to a physically untenable infinite universe 
stretching indefinitely backyvard and fonvard in time. 

1 said I would not talk about chromatography, and I 
think 1 have succeeded in that. 1 hope to have suc¬ 
ceeded also in giving you an idea of the strange lands to 
yvhich yve may be led by communication philosophy, 
and by speculation about the clock-rewinding task 
yvhich may challenge the intelligence of man. 
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An Analysis of the Modes of Operation 
of a Simple Transistor Oscillator* 

J. F. GIBBONSf 

Summary—A simple transistor oscillator circuit is analyzed in 
an illuminating way. The analysis predicts oscillation in either of 
two modes and provides a means of determining the maximum fre¬ 
quency of oscillation in each. The two modes are identified as 
‘•three-terminal ' or “two-terminal " according to whether RF current 
is required in the base lead to produce the oscillations. The relation¬ 
ship between these modes is developed and visualized in a “fre¬ 
quency portrait” for the transistor which serves to unify the principal 
results of the paper. 

IN TROD! (T1ON 

I HE Cl RCU1T show h in Fig. 1 is a simple transis¬ 
tor oscillator. Exclusive of biasing networks, it 
consists of one transistor and two uncoupled im¬ 

pedances. Depending on the frequency of operation 
required, the two impedances may be LC tanks, trans¬ 
mission lines with sliding shorts, or resonant cavities. 

Fig. 1—Basil oscillator circuit. 

I lie circuit has two operating modes: the collector-to-
base impedance can be inductive, in which case the 
transistor is operating as a three-terminal element (t.c., 
with RF current flowing in all three leads); or the col-
lector-to-base impedance can be an open circuit (to RF), 
in which case the transistor is operating as a two-
terminal element or “transit-time” diode. 
An analy sis which applies to both of these modes can 

be constructed on the basis of a polar plot of (1 —a) for 
the transistor, and the maximum frequency' for each 
mode can be obtained from a simple application of 
trigonometry . The results of this analysis are: 

1) The circuit is capable of operating at frequencies 
up to 

./max \ Ja ( r (1) 

in the three-terminal mode with a uniform-base 
transistor.1

* Received by the IRE, September 8, I960; revised manuscript 
received, March 13, 1961. 

t Electronics Labs., Stanford Cniversity, Stanford, Calif. 
1 That is, a transistor with uniform doping density throughout 

the base, and hence no built-in drift field. 

2) The circuit may be capable of oscillating at fre¬ 
quencies greater than the/IIinx quoted in (1), yvhen 
it is operated in the tyvo-terminal mode, if the 
parasitic impedances in the transistor structure 
are low enough. 

3) At any frequency less than the maximum, approxi¬ 
mate circuit O’s required for oscillation in either 
mode may be obtained. 

Both of the results listed in 1) and 2) above have been 
obtained previously'. Pritchard2 deduced the formula for 
/max given in (1) by finding the frequency' at which the 
maximum available poyver gain of a simple transistor 
amplifier is unity. Hoyvever, since his analysis is con¬ 
cerned yvith amplifier gain, it only sets an upper bound 
on the oscillation frequency and does not suggest an 
oscillator circuit yvhich is capable ol achieving the 
bound. 

Shockley,3 in an article which yvas somewhat before 
its time, recognized the capabilities of a p-n-p structure 
as a “transit-time” diode and calculated the frequency' 
bands in which various structures of this type would 
exhibit tyvo-terminal negative resistance. Experimental 
yvork at the Bell Telephone Laboratories4 confirmed his 
theory-, though yvith a transistor yvhich gave a maximum 
oscillation frequency- of about one megacycle. 
The practical significance of the “transit-time” mode 

seems to have been lost in the onrush of transistor tech¬ 
nology- until recently, yvhen several experimenters5 ob¬ 
tained yveak oscillations at about 2 kMc from transistors 
yvith an /m„x of about 500 Me. These results may be 
satisfactorily explained using a transit-time argument; 
noyv, transistors yvhich have been purposely- made and 
mounted to maximize this effect have provided several 
milliyvatts of power at frequencies of 2 kMc and higher.6
The analysis of the circuit shown in Fig. 1 is, there¬ 

fore, of considerable interest since it not only provides 
design information for the oscillator circuit compo¬ 
nents but also serves to integrate the existing literature 
on maximum frequency of oscillation in a simple way. 

2 Pritchard, R. L., “Frequency Response of Grounded-Base and 
Grounded-Emitter Transistors,” presented at AIFF W inter Meeting, 
New York, N. Y.; January, 1954. 

3 Shockley, W’., “Negative resistance arising from transit-time in 
semiconductor diodes,” Hell Svs. Tech. J., vol. 33, pp. 799 826; July, 
1954. 

4 d'he experimental work was done by G. W cinreich in the latter 
part of 1954. 

5 For example, V. \ odicka of the Lenkurl Electric Co., San 
Carlos, Calif. See also Section IV of this paper. 

6 Personal communication from R. Zuleeg, Hughes Semiconduc¬ 
tor Div., Hughes Aircraft Co., Newport Beach, Calif. 
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Some new results on /max for drift transistors are a by¬ 
product of the analysis. 
The paper is divided into four parts. In Section I, the 

basic expression to be used in the theoretical develop¬ 
ment is obtained, and the two special modes of operation 
mentioned above are distinguished. 

Section II contains the theory for the frequency 
ranges in which the transistor should be used as a three-
terminal element. It is highlighted by the proof that the 
simple circuit shown in Fig. 1 will oscillate at the maxi¬ 
mum frequency which a uniform-base transistor will 
allow for any circuit configuration in which RI' current 
flows in all three leads. 

Section III contains the theory for the frequency 
ranges where the transistor should be used as a two-
terminal element, or “transit-time” diode. In this mode, 
no RF current flows in the base lead; hence, r¿ does not 
appear in the formulas of this section. The maximum 
frequency of oscillation depends principally upon para¬ 
sitic resistances in the emitter and collector. 

Numerical examples and some experimental results 
are given in Section IV, along with an interesting divi¬ 
sion of the frequency scale into bands, each of which is 
labelled as 1) belonging to the “three-terminal” class, 
2) belonging to the “two-terminal” class or 3) being a 
frequency band over which oscillations cannot be pro¬ 
duced with this circuit. 

Section I 

The attack to be used in developing the theory is to 
calculate the impedance which the circuit shown in Fig. 
1 produces at the terminals -IB. The phase of this im¬ 
pedance determines whether the circuit can be made to 
oscillate at the frequency in question. If 

I Arg Zin (jœ) I = I Arg [i’(»/í(jw)] I >90°, (2) 

then the real part of the impedance seen looking in at 
the terminals .IB is negative, and oscillations can exist 
(with a tuned circuit of appropriate Q). Whether the in¬ 
equality can be achieved at any given frequency is a 
function of both the transistor parameters (principally 
the wo, rb' and Cc of the transistor model) and the im¬ 
pedance function selected for Z. Of course, even for the 
optimum choice of Z, there may be a frequency /„,ax be¬ 
yond which the inequality can no longer be obtained, 
and this frequency, if it exists, is the “maximum fre¬ 
quency of oscillation.” 
The manner in which the transistor parameters 

affect the calculation of depends to a large extent 
upon the model which one chooses to represent the 
transistor. For example, one may wish to include emitter 
and collector spreading resistances and lead inductances, 
as is done in the model of Fig. 2. These parameters play 
an important role in determining the maximum fre¬ 
quency of oscillation and may be included in the theory. 
However, for simplicity of exposition, these elements 
will be initially neglected, and their effects on the for¬ 
mulas estimated at a later point. It will also be assumed 
at the outset that the emitter transition capacitance Ct

Fig- 2—Possible transistor model for use in calculating Z,„(ja). 

is small compared to Ce, the diffusion capacitance for the 
emitter-base region. (A moderately large forward bias 
may be required to achieve this condition in drift tran¬ 
sistors.) This latter assumption allows us to consider the 
reCe parallel combination as being part of the external 
circuit connecting emitter and collector, and thus to ac¬ 
count for the loss associated with the equivalent series 
resistance of this combination in a simple way. 
Under these assumptions, the part of the transistor 

model as yet unaccounted for is shown in Fig. 3(a). The 
problem now is to calculate the impedance produced at 
the terminals CD due to the transistor action. ( Termi¬ 
nals CD are equivalent to terminals .IB with the ap¬ 
proximations given above.) I he “calculation” may be 
done by inspection oi l ig. 3(a) and 3(b). It is apparent 
from these figures that 

Zcd = (1 — a)Z' (3) 

where Z' is defined in Fig. 3(b). The inequality (2) ap¬ 
plied to Zcd yields the basic condition for oscillation: 

| Arg [(1 - a)Z']| >90°. (4) 

One important conclusion can be drawn immediately 
from (4): Since the argument of (1 —o;) is always less 
than 90° in magnitude, the argument of Z' and the argu¬ 
ment of (1 a) should be of the same sign if it is desired 
to meet the inequality at all. 

I o expand upon this point, typical phasor diagrams 
of a and (1 — a) are shown in Fig. 4. The plot of (1 — a) 
is divided into two parts by the solid and dashed seg¬ 
ments. For frequencies hing on a solid portion of the 
curve (i.e., 0<w<wj, • • • ), (1 —«) has a 
positive argument; hence Z' should have a positive argu¬ 
ment to achieve negative resistance at the terminals 
CD. Tor Z' to have a positive argument, however, we 
must connect an inductive impedance Z between base 
and collector. In this configuration, RF current flows in 
all three leads and the maximum frequency of oscillation 
corresponds closely to the estimate given by Pritchard.2

Tor frequencies lying on a dashed portion of the 
(1 ot) curve (i.e., Wi<o;<W2, - • • ),a nega¬ 
tive argument of Z' is required. This may be readily ob¬ 
tained by making Z an open circuit at the RI' frequency, 
so that Z' is purely capacitive. This achieves the maxi¬ 
mum negative argument possible for Z':90°. In this 
configuration, no RI-’ current is required in the base lead 
to produce negative resistance at the terminals CD 
(though the base lead must still be used for biasing pur¬ 
poses). The transistor is now behaving as a two-
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Fig. 3—Simplified transistor model for calc ulating Zzziffw). 

terminal negative resistance (with some associated re¬ 
actance), and the extrinsic base resistance does not 
directly affect the maximum frequency of oscillation. 
This is the transit-time mode studied by Shockley.3
Phasor diagrams for voltage and current which illus¬ 

trate the oscillation conditions may be readily con¬ 
structed from the phasor diagram of (1 —a), as in Fig. 5. 
To study the operation of a three-terminal mode oscil¬ 
lator at frequency w„, we construct the plot shown in 
Fig. 5(a). i is used as the reference (1 ampere at zero 
phase). The current (1— a)i is the phasor whose end 
point rests on the (1 — a) curve at the frequency The 
voltage 17 i, is then a phasor of length | (1 —a)Z'\ at an 
angle of [Arg Z' + Arg (1— a)] from the reference. Fcd 
has a real part I cor and an imaginary part Fcdí- The 
magnitude of the negative resistance provided at the 
terminals CD is 1 Feo, J since i is 1 ampere. The circuit 
connected to the points CD of Fig. 3 should have a Q 
of I FcnFI corl for the circuit to oscillate at the 
frequency w„. 

Since both Arg Z' and Arg (1 —a) decrease as the fre¬ 
quency is increased, Icd, will decrease as the frequency 
is increased and the circuit will ultimately cease to 
oscillate. In the absence of parasitic resistances in the 
emitter and collector, the maximum frequency of oscil¬ 
lation is obtained when [Arg Z'+Arg (1—a) | is equal 
to 90°. 

Operation in the two-terminal mode at a frequency 
wi, yields the plot shown in Fig. 5(b). Arg Z' for this 
mode is always —90°, so that I’cßr is always finite. The 
circuit Q which must be presented at the terminals CD 
is once again I Fra, Fcor | • The maximum frequency of 
operation for this mode is determined by finding the 
frequency at which I F< «r| is equal to the parasitic re¬ 
sistances in the transistor’s emitter and collector plus 
the effective series resist a nee of the external tuned circuit. 

(a) (b) 
Fig. 5—Phase plots of 17/, and i which meet the requirements for 

oscillation, (a) Typical plot of Fez; and / for three-terminal mode 
of operation, (b) Typical plot of 17 n and i for two-terminal mode 
of operation. 

For both modes of operation, we could postulate a 
collector voltage which produces an avalanche multi¬ 
plication factor M at the collector junction. The phasor 
plot oi a is then multiplied by M, and the phasor plot of 
1 — a is replaced by a phasor plot of 1— Ma. This in¬ 
creases the high-frequency capabilities of the circuit, 
though in a somewhat unsatisfactory way since the sta¬ 
bility of the oscillation frequency depends on the con¬ 
stancy of M.1

Section 11 

We now consider in more detail the operation of the 
transistor as a three-terminal element in the circuit of 
Fig. 1. In this configuration, the condition for oscillation 
requires Z' to have a positive phase angle, or, equiva¬ 
lently, it requires Z to be an inductive impedance. When 
an inductive impedance is connected between base and 
collector, a phase angle-vs-frequency curve similar to 
that shown in Fig. 6 will be obtained. The maximum 
value of 0(=Arg Z') is always less than 90°, though it 
may approach 90° arbitrarily closely- at low frequencies. 
The high frequency maximum of </> is severely restricted 
by the presence of Cr and rb', and it is this restriction to¬ 
gether with the properties of (1 — a) which gives rise to 
a maximum frequency of oscillation for the transistor as 
a three-terminal element. 

It is reasonably obvious that, as long as one remains 
in a frequency range where a positive angle for Z' is 
possible, <p may be maximized at any given frequency 
by an appropriate choice for Z. It is also apparent that 
this choice always requires Z to be a pure reactance, 
Z =jX. I n anticipation of a later need, we will now calcu¬ 
late the optimum value for A’ and the associated maxi¬ 
mum phase. 

After some manipulation, the reader can verify that 
the tangent of the phase angle of Z' may be written as 

-V(l — XœoC,,) — r^^C, 
tan<> =- (5) 

rú 

~ A similar proposal has been suggested by II. X. Statz and R. A. 
Pucel, “Negative resistance in transistors based on transit-time and 
avalanche effects,” Pttoc. IRE (Correspondence), vol. 48. pp. 948 
949; May, 1961). 
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Fig. 6—Illustrative plot of </> and 0m!ix vs u. 

where A' represents the value of the inductive reactance, 
to be chosen for Z. The maximum positive value of tan 
at a given frequency coo is obtained when 

and the inaxiinum is 

I he reactance represented by (6) is, of course, not re¬ 
alizable in a fixed inductance except at one frequency. 
However, for our purposes, it is legitimate to consider 
“adjusting” L to its optimum value for each frequency 
wo, and thus achieve the </>„lox given by (7) at any given 
value of wo. 
We are now in a position to give a simple graphical 

interpretation of the requirement expressed by (4). Fig. 
7(a) shows hypothetical plots of x and the Arg (1 —a) 
as a function of frequency; when |</>,„ ax +Arg (1— a)] is 
greater than tt 2, oscillations can exist. 
Of course, the relative positions of the </>„lax and 

Arg (1 —a) curves depend on the relationship between 
wa and the Cerk product. However, for most practical 
transistor structures, the relationship will be that shown 
in Fig. 7, where the zero value of </>,„ax is well beyond the 
first maximum of Arg (1 — a) on the frequency axis. 
To compute the maximum frequency of oscillation 

for the circuit in general terms, we require an expression 
for Arg (1 — a). Furthermore, this expression need not 
be accurate for radian frequencies exceeding 1 2Ccrk , 
since oscillations beyond this frequency are impossible 
anyway because of the nature of </>,„ ax . Hence, while the 
hyperbolic secant expression for a is certainly more 
exact than the one or two pole expressions frequently 
used, these latter expressions normally provide suf¬ 
ficient accuracy in the range where it is required to 
justify their use in calculating a maximum frequency of 
oscillation for three-terminal operation. |See Fig. 7(b).] 
We therefore illustrate the method of calculating Jmax 
with a single pole expression for a and at the same time 
produce the standard formula for fmM . 

Letting a be expressed by 

a = 1 (1 + ;w/wa) (8) 

where w„ is the radian “cutoff frequency” for a, we 
obtain 

Arg (1 — a) = 90° — tan-1 (w/w„). (9) 

Fig. 7 Illustrative plots of .nul Arg (I— a) for determining 
maximum frequent \ of oscillation in three-terminal mode. 
(a)a = sech w/Lp\ 1 ^-jwTp. (b) One and two-pole approximations 
to a«sech w/Lp\ 1 -^jwTp. 

I sing (7) and (9) in the inequality (4), we obtain 

as an inequality which w, the desired frequency of oscil¬ 
lation, must satisfy. The maximum frequency of oscilla¬ 
tion permitted by the inequality (2) is 

. 

/max — A/ ~ ' I 1 2) 
V SirC,ri, (1 + biaCcrk ) 

For many types of transistors, w„Ccr(,'«l, so the expres¬ 
sion 

/n, ax — T (13) 
1 8rrC crk

is close to the maximum value given by (12). Since the 
purpose of such calculations is to serve only as a guide 
to performance, (13) represents a reasonably good esti¬ 
mate, and is frequently used as a figure of merit for a 
transistor structure. Both of the estimates (12) and 
(13) fail to account for the equivalent series resistance 
of the emitter r,Cr combination, but this precision is 
usually not justified by the use of a one-pole expression 
for a. 

It is interesting to note that (13) is the same as that 
obtained by Pritchard using a power gain criterion for 
establishing /II1UX . It may also be established in other 
ways, each of which does not rely on a particular cir¬ 
cuit configuration for the calculation. Therefore, it fol¬ 
lows that with an appropriate selection for Z, the simple 
circuit shown in Fig. 1 is capable of oscillating at any 
given frequency up to essentially the maximum allow¬ 
able in a three-terminal mode.8

8 The phrase “essentially the maximum’ is used here to indicate 
that other circuit conligurations which consider the parasitic ele¬ 
ments in the circuit design may be capable of producing a slightly 
higher maximum frequency. 
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A somewhat more sophisticated and possibly better 
estimate of the maximum frequency of oscillation than 
that given by (13) may be obtained by the use of a two-
pole approximation for a:9

(14) 

the second factor in the denominator accounting ap¬ 
proximately for the so-called “excess phase” oi a. The 
argument of (1— a) may now be written as 

Arg (1 - a) = 90° + tan"1 — - tan"1- — 
8a?„ 1.1/ wo 

— tan-1 - - (15) 
6.83a'„ 

1 sing (15) and (7) in the inequality (4) as before, one 
obtains 

Ü) / 1 \ 
tan-1 - F tan 1 1 — — uCfrf j 

Sus, \4o)C,r„ / 

> tan -1 - 1- tan-1  (16) 
1.1 /œo 6.83wo 

as the inequality which o> must satisfy. If we assume 
that 

1 
- » biCsi,' 
4uCrri,' 

inequality (16) can be put in the iorm 

by use of the formula for the tangent of the sum of two 
angles. Inequality (17) gives 

fu^ = I . —, • (1«) 
I / ir(. rri, 

This result is interesting and possesses a simple in¬ 
terpretation: the extra phase provided by the two-pole 
approximation for a allows inequality (4) to be main¬ 
tained to a higher frequency than is indicated by the 
single pole approximation for a. [Refer again to Fig. 7 
(b). | 
This fact also leads one naturally to a calculation of 

the maximum frequency of oscillation for a drift 
transistor, where the phase characteristic ol a is even 
more favorable for obtaining high frequency oscilla¬ 
tion. Once again, the a for three-terminal operation can 
be moderately well approximated with a two pole func¬ 
tion.9

9 For the derivation of this two-pole approximation, see, for 
example, J. G. Linvill and |. F. Gibbons, “Transistors and Active 
Circuits,” McGraw-Hill Book Co.. Inc., Xew York, X. Y.; 1961. 

1 
(19) 

W \ / bl \ 
i+; )U+j — ) bill \ abl\/ 

where the factor a depends on the ratio of the base dop¬ 
ing at the emitter to the base doping at the collector, 
Nde/^dc- If we define 

n = w/wi, (20) 

then 

Arg Z' Arg (1 — a) = 90° => >;nl„x4 + (a- + a + 1 )ïy,„„x-

— (it” + a) 4o>iC>6' = 0. (21) 

When a and the uiCcrh' product are known, (21) can be 
solved for and hence œmox . 
As an example, the Crrh' product for a 2X502 is about 

13 gjusec with an fa of about 290 me for particular bias 
conditions. If we assume that a = 2 (corresponding to 
Nde A7di =100), (19) yields wa = 0.84 «i. Using these 
values, we have 

ifmax = 2.1o>i 

/max = 2.5/„ = 725 me. (22) 

Since N de Ndc, and hence a, depend on the actual base 
width, one can achieve a relatively wide range of values 
of /„ax by varying the bias conditions. Experimental re¬ 
sults on such measurements will be discussed in Section 
IV. 
There is one interesting point in connection with (21) 

which is worth mentioning. From (19) it is apparent 
that as a—><», a becomes a single-pole function with 
wi = w„. Eq. (21) yields, as a—»*, 

However, for finite values of a,fmux cannot be simply ex¬ 
pressed in such a form, and will be smaller than the 
number one would calculate from the standard expres¬ 
sion. Of course, these conclusions rest on the adequacy 
of a two-pole expression for a, but such a form is suffi¬ 
ciently accurate for many bias conditions to suggest 
that, at least for the circuit of Fig. 1, 

, _ / /«_ 
/max 4/ , „ 

F ^rfC. 

is not an exceptionally accurate figure of merit for a drift 
transistor. 10 " 

10 W hen the calculation lor /III1X is artificially cast in such a form 
for a 2X502, one finds 

where h is a bias-dependent factor that ranges between 1.5 and 3 foi 
typical conditions. 

11 Excellent phasor plots of a for a 2X502 have been published 
in J. 1). McCotter, X. J. Walker, and M. M. Fortini, “A coaxialk 
packaged MADT for microwave applications," IRK Irans, on 
Electron Devices, vol. ED-8, pp. 8-12; January, 1961. 
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To review briefly, (13), (18), and (22) represent esti¬ 
mates of the maximum frequency at which negative re¬ 
sistance may be produced at the terminals CD in big. 
5; we have loosely labelled these estimates as the maxi¬ 
mum frequencies of oscillation for the various transistor 
models used. For several types of transistors, however, 
the maximum frequencies thus estimated are seriously 
in error in that they do not accurately give the maxi¬ 
mum frequency at which negative resistance may be 
produced between emitter and collector terminals; i.e., 
terminals AB of Fig. 1. Hence, it is appropriate at least 
to mention the major causes of departure from the first-
order theory and to estimate the effects of these depar¬ 
tures on /max . 
One cause of departure already discussed is the posi¬ 

tive resistance introduced by the series equivalent of 
the emitter resistance r„. The effect of this resistance 
max’ generally be reduced by increasing the de emitter 
bias level, though there are obvious limitations on how 
far this can go. I ncreasing the emitter bias level also has 
a salutory effect on the CrJCt ratio, which we have as¬ 
sumed to be infinite (see Section I). The effect of emit¬ 
ter bias current is especially noticeable on drift tran¬ 
sistors, and indeed the maximum frequency of oscilla¬ 
tion in such cases depends in an important way on 
emitter bias currents when these currents are less than 
about 3 ma. 

Spreading resistance in the emitter (re') is also directly 
in series with the negative resistance produced at ter¬ 
minals CD and thus decreases the actual value of /,„ax . 
The emitter region is general!} doped very heavily, so 
that this resistance is relative!} small, and its effect is 
of second-order importance. Lead inductance in the 
emitter circuit is generally also of second-order im¬ 
portance, though the effect of header capacitance from 
emitter to base magnifies the importance of this para¬ 
sitic element. Generally speaking, advanced packag¬ 
ing techniques minimize this effect by getting it out of 
the frequency range of interest. 

Since the doping level in the collector may not be 
high, the resistance associated with the collector body 
and lead, together witli the collector lead inductance, 
generally represent an important effect. Analysis which 
accounts for this effect is straightforward but somewhat 
uninteresting for the purpose of this article. Hence, 
we shall be content with the observation that to a first 
approximation reduced values of rc' and Lc' may be in¬ 
cluded with Z. The effect of L,.' is thus not particularly 
important, while the reduced r¿ adds directly to rb. For 
a one-pole a and rb equal to rc',fmax is reduced by about 
12 per cent from the value given in (13). 

Section 111 

We turn our attention now to the use of a transistor 
in the “transit-time” mode. To study such operation, it 
is first necessary to recognize that while a one- or two-
pole expression for a is adequate for studying the three-
terminal connection for the reasons stated above, these 
approximations to a do not permit us to study the 

transit-time mode at all, since neither approximation 
allows Arg (1 —a) to be negative. We must, therefore, 
resort immediately to the phasor diagrams of a and 
(1 —a) which arise from the distributed transport func¬ 
tions. 12 Two such plots are shown in Fig. 8; part (a) 
gives the a for a p-n-p drift transistor with a Nd (emit-
ter)/ND (collector) = 100; part (b) shows (1 —a) for the 
same transistor. The doping gradient in the base is as¬ 
sumed to be exponential, so that a constant drift field 
is produced. Only drift transistors will be considered 
since the phase of a for this type is most favorable for 
transit-time operation. 

In Section I it was observed that the phase angle of Z' 
for this mode ol operation could be —90° at an}’ given 
frequency by merely making Z an open circuit to RI'. 
Hence, the plot of [<^„,ax+Arg (1— a)] becomes ex¬ 
tremei}’ simple (see Fig. 9), and the condition for oscil¬ 
lation is also simply stated: Whenever Arg (1— a) is 
negative, oscillations in the transit-time mode are pos¬ 
sible (neglecting parasitic losses, of course). 

Eq. (3) gives the input impedance at the terminals 
CD as 

1 — a 
Zcd = (1 — a)Z’ = —- (23) 

K 
which may also be written by inspection from Fig. 3. 
Since no lateral current is required in the base, rb does 

12 The “excess phase" approximation for « does allow the phase 
of (1—a) to become negative, and can be used for approximate 
calculations, though considerable accuracy in the Arg (1 —«) is re¬ 
quired, and the distributed transport functions, or even better, meas¬ 
ured data, are preferable. 

(a) (b) 
Fig. 8—Polar plots of a and (1 —a) for a drift transistor with 

Ni>b/Rix: — 100 and wa ~-P>/ HV. 

Fig. 9—Illustrative plots of <t>,n:,x and Arg (1—a) for determining 
oscillation frequency bands in two-terminal mode. 
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not appear in (23). The calculation of ZCd, therefore, 
amounts to substitution of the transcendental expres¬ 
sion for a which applies for the given biasing conditions. 
Erom a physical viewpoint, we may profitably con¬ 

sider a limiting case of the transistor which serves to 
emphasize the reason for labelling this mode of opera¬ 
tion as the transit-time mode. The limiting case con¬ 
sists of a transistor which has infinite minority-carrier 
lifetime in the base. Minority carriers are assumed to 
move across the base by pure drift, reaching the col¬ 
lector in a time t. Hence, 

a = (24) 

and (23) becomes 

Eq. (26) is the familiar form of result for a transit-time 
diode. 13

I'he effect of parasitic elements on this mode of opera¬ 
tion is readily visualized. The effect of rf is essentially 
removed. rr', Lf , r/ and Lr' are now directly in series 
with the terminals AH. A bias condition which causes 
C,!Ci to be very large is still required, but, given this 
condition, the r,Cr combination is also in series with the 
termin.ds . 1 B. 

SECTION IV 

To clarify some of the points made above, we now 
give some numerical examples. Eor these examples we 
shall suppose that a p-n-p drift transistor with an ex¬ 
ponentially graded base and Nde Xdc =100 is to be 
used in the oscillator circuit shown in Eig. 1. I'he tran¬ 
sistor is assumed to have an fa of 200 Me (or an 
wo = 2Z>p llv of 2tt.5O me), Cc = 0.5 ^pf and ^' = 30 ÍL 

In a three-terminal mode, the maximum frequency 
of oscillation of the circuit should be, from (21), 

/...ax = 500 me. 

If the circuit is to be operated at 250 Me (5o>..), then 
from Eig. 8(b) we obtain 

(1 - a) = 1.2e”‘° 

and from (6) and (7) we obtain 

/ 1 
<t> = tan 11- — 

13 This is a limiting form of a result derived in Shockley, op. cit., 
which also may be found in vacuum tube diode literature. 

Hence, the impedance seen at the terminals CD of Eig. 
4 is 

Zin = (1 - a)Z = 1.2 X 1340e'M3° 

= (-148 + JI 600) «2. 

A negative resistance of 150 12 is more than adequate to 
compensate for the parasitic losses in the transistor and 
still provide enough negative resistance at the termi¬ 
nals AB to make the circuit oscillate. The circuit Q 
only needs to be about 10. 

Eor the transit-time mode example, we consider 
operating at /=22.5/o= 1.125 kMc. Z must now be a 
parallel resonant circuit at this frequency. (Header ca¬ 
pacitance will be a part of this tank circuit and will 
also affect the value of L which will produce 640 12 of 
inductive reactance in the preceding example.) Once 
again we obtain from Eig. 8(b) 

( 1 - a) = 1.05f->w

so that 

(1 — a) 
Zin =- = (-21 - j2W) 12. 

A negative resistance of —21 ohms would probably 
be enough to make a transistor with low parasitic re¬ 
sistances oscillate in the transit-time mode. Unfortu¬ 
nately, the 21-ohm figure is somewhat too encouraging, 
since measured data on several transistor types indi¬ 
cate that the actual phase angle of (1 —a) is not as great 
as that indicated by the computed curves of Eig. 8. 
However, with circuits of sufficient Q and transistors 
with low parasitic resistances, oscillations in the 1-2 
kMc range can be produced in this mode. 
The experimental setup used for verifying the general 

features of this theory is shown in Eig. 10, and consists 
of a pair of General Radio coaxial transmission lines 
provided with sliding shorts and arranged in such a 
way that the transistor can be mounted directly on a 
set of brass plugs fitted to the lines. While this arrange¬ 
ment could be improved, it is simple and easy to manip¬ 
ulate and actually serves its purpose quite well. 

I'he formulas in Section II can be checked to some 
degree with existing transistors. Eor example, a 2X502, 
which is roughlv equivalent to the hypothetical trau-

Fig. 10—Experimental arrangement used for 
verifying the theory. 
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sistor assumed above, can readily be made to oscillate 
up to 500 Me in this setup, some oi them continuing to 
oscillate strongly up to 850 Me under proper biasing 
conditions. 1’sing measured parameters for these units, 
one calculates maximum frequencies of oscillation from 
(21 ) which are within 15-30 per cent of those measured. 
As a second check, the relevant portion of the phasor 

diagram for a was measured under various bias condi¬ 
tions, and calculations from these plots were compared 
with experimental data." The agreement was within 
about 10 per cent in all cases tested. It is also apparent 
from these plots that a two-pole approximation for a 
is reasonably good for some bias conditions and rather 
poor for others. Hence, the error involved in calculating 
/max from (21) may be appreciable in some cases. 

I he transit-time mode is difficult to observe with the 
setup given in Fig. 10. One important factor contribut¬ 
ing to this difficulty is that the measured (1— a) char¬ 
acteristic first has —4° phase at about 2 kMc for the 
2\5O2's used, so that the negative resistance produced 
should be slightly less than —10 ohms. After account¬ 
ing for parasitic losses in the transistor, the net nega¬ 
tive resistance is quite small and hence a high Q circuit 
is required to produce oscillations. Operation in the 
transit-time mode has been observed with this setup, 
though an improved experimental arrangement is re¬ 
quired to produce significant power output at these fre¬ 
quencies. 14

In addition to operation in either of the two modes 
just described, the circuit was experimentally found to 
have a third mode of operation which is of possible 
technological significance and deserves some comment. 
I he transmission lines can readily be adjusted so that 
they provide the three-terminal oscillating conditions at 
some basic frequency, such as 400 Me, and except for 
parasitic losses would also provide the oscillating condi¬ 
tions at the fifth harmonic, 2 kMc. In such a case, the 
power output at 2 kMc may be within 10 db of that at 
400 Me, while all other harmonics are much below this 
(50-60 db in some cases). I his behavior could arise if 
the 2 kMc mode was almost in an oscillatory condition 
of its own, so that the fifth harmonic of the 400 Me 
signal could produce sustained ringing. 15 The power 
output at 2 kMc can be several milliwatts; so with 
some improvements this effect could also provide a 
small source of power at kilomegacycle frequencies. 16

C(>N( Lt SION 

It has been shown in this paper that a phasor dia¬ 
gram of (1 —a) may be conveniently used to distinguish 
between the three-terminal and “transit-time” modes of 
operation for the oscillator circuit of Fig. 1. Further-

" I lie transistors described by Zuleeg. <>/>. eil., are mounted di¬ 
rectly in strip transmission line. 

15 I his is not the only way to explain such behavior, though it is 
a promising candidate, and hence, seems to deserve mention in the 
context of this paper. 

1B I he interested reader should see E. A. Brand and G. E. I lamble-
ton who report a similar observation in Electronic Desirn, pp. 148 149; 
August 17. 196(1 

more, the phasor diagram of (1— a) together with val¬ 
ues for C r and rT are all the information that is required 
to select appropriate oscillator circuit components. 
Finally, when mathematical approximations to a are 
made, estimates of the maximum frequency of oscilla¬ 
tion allowed by each approximation are obtained. 
A convenient summary of the theory and experiment 

is given in Fig. 11(a) and 11(b). In this figure, the fre¬ 
quency scale is divided into bands, each band being 
labelled as belonging to the three-terminal mode, to the 
two-terminal mode, or being a dead space. Part (a) of 
the figure is constructed for a hypothetical transistor 
with all parasitic resistances, including rT, equal to zero, 
l or such a case, (7) indicates that at anv frequency a 
positive phase angle of +90° is attainable, an intui¬ 
tively obvious result. I he maximum frequencies of 
oscillation given in Section II are all infinite, although 
the circuit itself changes its operating mode back and 
forth between the three- and two-terminal modes. 

Fig. 11 Illustrating the division of the frequency scale into oscilla-
tioi bands for the circuit of Eig. I. (a) Hypothetical transistor 
with iio parasitic resistances, (b) Typical portrait for a real 
transistor. 

A ty pical transistor will have a protrait more nearly 
like that shown in Fig. 11(b). There will usually be a 
dead space separating the first two oscillation bands 
which is principally due to the effect of rú in limiting 

Parasitic resistances in both the transistor and the 
external circuit elements will not allow an oscillatory 
condition in the first part of the first two-terminal band, 
and the high end of this band will also be limited by 
these parasitic losses. Transistors which have a high 
collector body resistance (normal mesa transistors, for 
example) may never produce oscillations in the transit¬ 
time mode, and the first three-terminal frequency band 
will also cut off at a loyver frequency than that expected 
from a consideration of r^ alone. 
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Actual Noise Measure of Linear Amplifiers* 
K. KUROKAWAf, member, ire 

Summary—Haus and Adler defined a noise measure M. and 
proposed to use the optimum value of the noise measure as a 
valid measure of the absolute quality of amplifier noise performance. 
However, neither M, nor includes the contribution from the 
noise originating in, and reflected back to, the load. 

It is the aim of this paper to propose a different noise measure 
M, which includes the noise contribution from the load, and hence 
enables us to compare the performance of two different amplifiers 
which are not necessarily optimized. 

It is shown that the optimum value Mol„ of M is equal to M 
and most of the conclusions Haus and Adler obtained for M,. opt 
hold equally well for M.„„. But the meaning of M is quite different 
from that of M . A detailed discussion about this difference is given 
in the final section, and it is shown that for practical amplifiers, M is 
a more appropriate measure of the quality of the noise performance. 

I. INTRODUCTION 

A QUANTITATIVE measure to express the noise 
Z-A performance of an amplifier has been the subject 

of debate for a long time. First, a rather vaguely 
defined signal-to-noise ratio at the output was the most 
popular one, and then the concept of noise figure took its 
place. In 1958, Haus and Adler1 extensively studied 
linear-noisy networks and, as the result, they proposed 
a newly defined quantity “noise measure” as the most 
suitable measure for the noise performance of an ampli¬ 
fier. Their excellent treatment clarified a number of im¬ 
portant properties of linear-noisy networks, but the pro¬ 
posed noise measure still left some questions. 

For an ordinary amplifier with matched input and 
output circuits, their noise measure fits our intuition 
very well; on the other hand, for an Esaki-diode ampli¬ 
fier with mismatched input and output circuits, it does 
not fit our intuition2 at all. In fact, Penfield3 recently 
proved that an amplifier with a noisy-negative resist¬ 
ance has the same value for the noise measure irrespec¬ 
tive of the lossless circuit in which the negative resist¬ 
ance is imbedded. This means that, for example, Esaki-
diode amplifiers with and without a circulator have the 
same noise performance. The output noise power of the 
amplifier without a circulator includes the contribution 
from the noise originating in, and reflected back to, the 
load, in addition to the noise from the source and the 

* Received by the IRE, May 12, 1961. 
f Bell Telephone Labs., Inc., Murray Hill, N. J. 
1 II. A. Haus and R. B. Adler. “Optimum noise performance of 

linear amplifiers,” Proc. IRE, vol. 46, pp. 1517-1533; August, 
1958. Also, “Circuit Theory of Linear Noisy Networks,” John Wiley 
and Sons, Inc., New York, N. Y. ; 1959. 

* When evaluating the noise performance of a negative-resistance 
amplifier, we take the noise contribution from the load into account. 
However, from the conventional point of view, one may well at¬ 
tribute this to the second stage, if it exists, anil evaluate correctly the 
over-all noise performance of the system. This has been done by 
Haus (private communication). 

3 P. Penfield, Jr., “Noise in negative resistance amplifiers,” IRE 
Traxs. ox Circuit Theory, vol. CT-7, pp. 166-170; June, 1960. 

diode which is common to both amplifiers; hence, the 
amplifier without a circulator must, in general, be 
worse than the one with a circulator. This point of view, 
however, is not reflected in Haus and Adler's noise meas¬ 
ure. 
This paper proposes a different noise measure, which 

is of greater practical significance. To distinguish the 
new noise measure from the old, the old one will be called 
the “exchangeable noise measure” and expressed by .1/., 
while the term “actual noise measure” and the symbol 
.1/ will be used for the new noise measure which will be 
defined in this paper. This noise measure has a very sim¬ 
ilar form to the one for the exchangeable noise measure; 
the meaning, however, is quite different. It enables us to 
compare the noise performance of two different ampli¬ 
fiers which are not necessarily optimized (corresponding 
more to the practical case). This was not possible with 
the exchangeable noise measure. 

II. Definition of Actual Noise Measure 

An amplifier is a device which amplifies the signal 
coming from a source with an internal impedance, of 
which the real part is positive, and delivers the amplified 
signal to a load which also has a positive real part in its 
impedance. On this basis, the actual gain G (transducer 
gain) of an amplifier is defined by4

Actual signal-output power 

Available signal-input power 

Similarly, the actual noise figure Eis defined by 

Actual noise-output power 1 
F = - — - X — , (2) 

Available noise-input power G 

when the noise temperature of the source is standard 
(290°K). Using (1) and (2), the new noise measure is 
defined by 

F - 1 
M = - — • (3) 

1-
G 

If “actual” is replaced by “available,” G and F be¬ 
come the available gain and the conventional noise fig¬ 
ure, respectively. Further, if everywhere “available” is 
replaced by “exchangeable,” G, F and AI become the 
exchangeable gain G,, the extended noise figure F., and 
the exchangeable noise measure Me, respectively. It is 
worth noting that when the output of the amplifier is 
matched, each corresponding definition gives the same 
value. 

* Meaning of “actual” will be clear from (7) and (16). 
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111. Properties oi Acti al Noise Measi re 

An amplifier is a noisy two-terminal-pair network 
and, therefore, after a certain lossless transformation, it 
can be represented by a “canonical form.” This has, at 
most, two resistances with independent noise voltages. 
I'or an amplifier, at least one of the resistances must be 
negative. I'or the time being, let us assume that both of 
them are negative and investigate the possible range of 
the value of M after the lossless transformation shown 
in Fig. 1. The lossless network has four ports, and for 
each port we define 

Fig. 1—Lossless imliedding of an amplifier. 

Then the lossless transformation is represented by a 
scattering matrix 5 connecting a and b by a relation 

b = Sa, (6) 

«here a and b are column matrices of the four a, and 
lour b,, respectively. 
The power input to either port 1 or port 2 is 

M 2- N 2, ? = i, 2. 

The available power from the input is |ai| 2, and the 
power into the output load is |¿2¡ 2. Therefore, the gain 
G is given by 

Ports 3 and 4 have negative resistances, and so the 
power input to port 3 or port 4 is 

lAja- |a,|= i = 3,4. 

The exchangeable power from the noise source at each 
port is 

P.,= - I a,J-, i = 3, 4. (X) 

’I he total power into the lossless network must be zero, 
and hence 

I o. I2 + I a» I - — I a, I2 — I «4 12 — I ¿>i I2

— I 62 - -f- I 63 12 + I 64 12 = 0. (9) 

This can be « ritten as 

a+Pa - b+Pb = 0, (10) 

«here + indicates the transposed conjugate matrix, and 
P is 

0 0 O’ 

1 0 0 

0-1 0 

Lo 0 0-1 

(ID 

I sing (6), (10) can be rewritten as 

a+(P - S+PS)a = 0. (12) 

Since a is arbitrary, we conclude that 

S+PS = P. (13) 

This is the constraint on the scattering matrix of the 
lossless network. Eq. (13) is equivalent to 

5P-‘5+ = Pl, (14) 

of « hielt the 2-2 element is 

|52i| 2+ |522|2 - |523|2 - IS24I2 = E (15) 

W e are now in a position to compute the noise meas¬ 
ure .1/. l'he noise figure /-'is, by definition, 

I -*>21 I 2 I 01 I 2 + I ^22 I I O2 I 2 + I ¿23 I " I O3 I - + j ¿ 24 j 2 | 0 4 b ’ 

I 52. 121 o. I2

so that 

= 1 =  I 5'22 P I «2 I2 + I ¿23 I2 I «3 I2 + I 524 I2 I «4 I2

^2 d ¿2. 12 - D| o.| 2

G 

(16) 

(17) 
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Using the relation (15), we have finally 

I 522 |2 I Ö2 |2 + , 523 P i Ö3 P + I 524 |2 | Ö4 P 

Î - I 522 I2 + I 523 I2 + I 524 P| I «1 I2

From (17), we see that M is negative if, and only if, 
G = I 5si 12 is smaller than unity. 

Since (15) is the only constraint among the 52i’s, 
|522|2, ¡ 5-23 12 and | 524 12 can vary from zero to infin¬ 
ity arbitrarily provided that — 1 < ¡ — | 52>| 2+| 523 2 

+ |524| 2|<'<. Here we can assume that |aa| 2< |«4 2 

without loss of generality. Then, from (18), the range 
of the value of .1/ is easily found to extend from 

Idol2 |ö3p 

"l-.P tO

through infinity, as shown by the solid line in Fig. 2. 

POSITIVE 

NEGATIVE 

TO 
INFINITY 

i q312
I o, I2

-|0 2|2 

lo.l2

- Pe , min 

k T; B 

TO 
INFINITY 

Fig. 2— Range of value of M, 

Using the equivalent temperatures ( = 290°K) and 
T„ of the input-source resistance and the output-load re¬ 
sistance, respectively, the range becomes from 

To -Pr3
— — to -

T, kTB 

through infinity. 
Referring to (17), the smaller positive value of .1/, the 

better the noise performance. Therefore, the optimum 
noise measure AZopt must correspond to — P,3 kT.H. 

It is always possible to achieve .l/opt with a lossless 
transformation since the transformation which gives a 
canonical form is lossless, and in principle a circulator is 
also lossless; hence, the combination of these two, as 
shown in Fig. 3, will be lossless, and gives J/„pt (see Ap¬ 
pendix I). Fig. 3 can provide an amplifier system of 
high gain, positive input and output resistances, and an 
excess noise figure of -lfop t. 

Fig. 3—Realization of .1/. 

It is quite straightforward to extend the discussion 
to the case of the canonical form with one positive and 
one negative resistance. If we compare the equivalent 
temperatures of the positive resistance and the load 
resistance, and designate the lower temperature by 7’lnin , 
then the range of the value of .1/ is from 

7' • — P * min 1 e 
—- to -

Ti kT.li 

through infinity, where P,- is the exchangeable noise 
power of the negative resistance. The rest of the above 
argument holds equally well in this case. The case of the 
canonical form with only one negative resistance is 
obvious from the above discussion and requires no 
further explanation. 

Next, let us consider the interconnection of many 
amplifiers with an arbitrary passive network. Any 
passive network can be considered as a combination of a 
lossless network and positive resistances (Fig. 4). Some 
of the amplifiers may have a positive resistance in their 
canonical form. Let the lowest equivalent temperature 
among all these positive resistances, including the load 
resistance, be 7',„ in , and the largest (smallest in magni¬ 
tude) exchangeable noise power of the negative re¬ 
sistances in the canonical forms be P, Then a sim¬ 
ilar argument to that used above shows that the range 
of the value of M is from 

T ■ P •* min * e,min 
- to - -

Ti kTJl 

through infinity. The optimum noise measure M„pt 

— — Pr.min/kTfll is achievable by connecting a 3-port 
circulator to the negative resistance with P.,min in a 
manner similar to Fig. 3, anti effectively disconnecting 
all other negative resistances. 
From the above discussion, we conclude as follows: 

1) The smaller the positive value of the actual noise 
measure, the better will be the noise performance 
of the amplifier. 

2) A negative actual noise measure means that the 
actual gain is less than unity. 
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Fig. 4—Passive imbedding of amplifier*. 

3) It is always possible to achieve J/opt with a lossless 
transformation. 

4) It is impossible to achieve a positive value of AI 
less than JA.pt with any passive transformation. 

A noise figure is meaningful only when the gain is 
specified beforehand. On the other hand, since an appro¬ 
priate number of identical amplifiers cascaded through 
ideal isolators5 produces an amplifier system with the de¬ 
sired gain and an excess noise figure almost ecpial to the 
actual noise measure of the component amplifier, the 
actual noise measure is meaningful by itself. The gain 
oi the component amplifier determines the number of 
amplifiers required, but does not affect the over-all noise 
performance. Because ol this fact and the properties 
listed above, .1/ is a suitable measure of the amplifier¬ 
noise performance. 

Since -1/Opt oi any given two-terminal-pair active net¬ 
work determines the lowest excess noise figure that can 
be achieved at high gain with the network by a lossless 
imbedding (no cascade connection is necessary to get a 
high gain in this case), J/O„t is a measure of the poten¬ 
tiality of amplifier-noise performance of the given net¬ 
work. 

in the numerator ol (17), the noise contribution from 

6 I he isolators are introduced to secure the positive real part in 
the source and load impedances of the component amplifier (see 
Appendix II ). 

the source is excluded, whereas the contribution from 
the load is included. The reason for defining .1/ so is as 
follows: I'he noise contribution from the load can be 
eliminated by using a circulator or other matching cir¬ 
cuit. II the noise originating in, and reflected back to, 
the load makes the amplifier poor, it is the responsibility 
of the amplifier designer to correct this the trouble 
should not be attributed to the load itself. On the other 
hand, the noise from the source cannot be eliminated bv 
any means available to the designer. Thus, the noise 
from the source has a quite different property and de¬ 
serves a different treatment, even though both source 
and load are usually given beforehand in the design of 
an amplifier. 

AI is a quantity normalized by but this nor¬ 
malization is not necessary, l or example, the equivalent 
noise temperature of an amplifier can be defined as 

= MT . 

l or an evaluation ol space-communication systems, 
this may be more convenient than the noise measure 
itself. 

IV. Comparison Between the Two 
Noise Measures 

The value of AI,,^ is equal to — Pf.min/^7’,ß, which is 
also the value of Hence, most of the conclusions 
Haus and Adler obtained for AI, ,opt hold equally well for 
the Af(,pt discussed in this paper. In addition, the defini¬ 
tion of AI is very similar to that of AI,. It is therefore 
desirable to make the difference between .1/ and .1/, 
clear. 

.1/ is a measure of the noise performance of an ampli¬ 
fier when we include not only the input circuit but also 
the output load as part of the amplifier, while AIC com-
pletely excludes the effect of the load circuit. 
Now suppose that a source, a load and a two-terminal-

pair active network are given. Let us now connect the 
source to port 1 and the load to port 2 of the two-
terminal-pair network, and examine the noise perform¬ 
ance oi this system. By noise performance, we under¬ 
stand that, il we have two systems with the same signal-
to-noise ratio at the output, the system with a smaller 
gain is the less desirable one, since with it the noise con¬ 
tribution of the following stages will be greater. On this 
basis, the definition oi the noise measure AI was pro¬ 
posed. Then we asked, “Is it possible to reduce the 
value of .1/ by disconnecting the source and the load 
from the two-terminal-pair network, imbedding the net¬ 
work in a passive network and reconnecting the source 
and the load to the resultant network?” In this pro¬ 
cedure, it is understood that the inside of the two-
terminal-pair network cannot be changed. The answer 
was, “There is an optimum value of .1/ designated bv 
2/„Pt ; it is possible to achieve 3/opt by a lossless imbed¬ 
ding, but it is impossible to achieve a positive AI less 
than the AA,Pt by any passive imbedding.” No such 
statement can be made about the noise figure: thus, the 
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proposed M is superior as a measure of amplifier-noise 
performance. This is effectively what we did in the pre¬ 
vious sections. 

Next, let us consider in our language what Haus and 
Adler did. First, a source and a two-terminal-pair net¬ 
work are given. 'Die source is connected to port 1 of the 
two-terminal-pair network, leaving us with a one-port 
network. For simplicity, let us assume for a moment 
that this one-port network has an output impedance of 
which the resistive part is positive. We now connect a 
load and change it in various ways to obtain the largest 
amount of output-signal power. During this process, the 
output signal-to- noise ratio becomes a maximum, since 
the output signal-to-noise ratio attributable to the 
source and the two-terminal-pair network remains con¬ 
stant, but the noise originating in, and reflected back to, 
the load becomes zero. The exchangeable (available) 
noise measure M, is defined to express the noise per¬ 
formance of this final system. In other words, M, ex¬ 
presses a quantity already optimized, and is not a meas¬ 
ure of the quality of the noise performance of a given 
amplifier which consists of a source, a two-terminal-
pair active network, and a load. This is the reason why 
M, cannot be used as a measure of the quality of a given 
amplifier. If the resistive part of the output impedance 
of the one-port network is negative, the above proce¬ 
dure runs into the difficulty that it leads to an infinite 
amount of output-signal power. They accordingly re¬ 
placed the “largest amount” of the output-signal power 
by its “stationary value,” and allowed the use of a nega¬ 
tive resistance in the load to get this stationary value. 
The interpretation of this extension of the definition is 
difficult in our language, since we assumed from the 
start that the load has a positive resistance. However, 
they did extend the definition in this way and asked, “Is 
it possible to improve M, by means of a passive trans¬ 
formation?” 'fhe answer was expressed by 3/,,opt, which 
gives the same value as our 3/opt . 

'I wo different optimizations are made to get JA.op t, 
namely, a load adjustment and a lossless imbedding. 
'I'he first of these is unnecessary in our case, for the 
second one covers the first. 
As the frequency goes up, it becomes increasingly 

more difficult to make a matching circuit without intro¬ 
ducing an appreciable amount of loss, and hence an 
additional source of noise. 'I’he extent to which one suc¬ 
ceeds in making the matching circuit with low loss is in 
practice reflected in the over-all noise performance, and 
accordingly the noise measure should really take this 
into account; this the quantity M, fails to do. For ex¬ 
ample, for an Esaki-diode amplifier, once the diode is 
given, in principle all one has to do is to make lossless-
matching circuits for the input and output; in practice 
this is a major difficulty, but M, does not reflect the de¬ 
gree of success in making these matching circuits loss¬ 
less. In other words, the quantity Me provides no meas¬ 
ure of the achievements of the circuit engineer who 
builds the amplifier. To correct this was the motivation 

of the present work, but it must be emphasized that 
there is nothing wrong with the work of Haus and 
Adler it is only the point of view which is different. 

V. Concu sión 

A new noise measure M is proposed to evaluate the 
noise performance of an amplifier; it includes the effect 
of the noise originating in, and reflected back to, the 
load. In terms of M, it becomes possible to compare the 
noise performance of amplifiers which are not necessar¬ 
ily optimized. 

It is shown that there is an optimum value Mopt 

which is achievable by a lossless transformation, but not 
surpassable by any passive imbedding. 

In designing a practical amplifier, M can be used as a 
measure of the quantity of the amplifier's noise per¬ 
formance. The circuit engineer should not, however, 
necessarily be satisfied with achieving Mopt , since the 
possibility may exist of obtaining a better .1/ by using 
the same components, but changing the connections 
inside the two-terminal-pair active network; further¬ 
more, sometimes better components may be available. 

Appendix 1 

Examples 

For a comparison of the quality of two different 
amplifiers, we have to consider the gain, noise perform¬ 
ance, bandwidth, stability, complexity, etc. For the 
noise performance, we can use either the noise measure 
or the noise figure; the noise measure, however, is 
superior since the noise figure is meaningful only when 
the gain is specified beforehand. This point of view, and 
the difference between J/ and M., will perhaps be clearer 
after discussing some illustrative examples. 

Let us consider an Esaki-diode amplifier with a cir¬ 
culator as shown in Fig. 5. In Fig. 5, — g is the negative 
conductance of the diode, b is the remaining suscep¬ 
tance, P. is the exchangeable noise power ol the diode, 
go is the characteristic admittance of the circulator 
arm; the source g, and the load g/, are assumed to be 
matched and to have the same standard noise tempera¬ 
ture T ( = 290°K). 
The actual gain of the amplifier is found to be 

G = . (19) 
(go ~ g)2 + ** 

The actual noise figure is 

/— PA 4g(ig 
F=l + (- )- —- -, (20) 

XkT/iJ (go + g)2 + 62

whereas the actual noise measure is given by 
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Fig. 5—Esaki-diode amplifier with a circulator. 

The noise measure M is equal to its optimum value 
irrespective of the value of b. One may well ask then why 
we do not use a detuned amplifier. The reason is that 
this would reduce the gain G of the amplifier. Ad¬ 
mittedly, one could build a high-gain amplifier system 
by connecting a number of the detuned amplifiers in cas¬ 
cade, but this adds unnecessary complexity (and cost). 
So we see that the gain, noise measure, and complexity 
serve as independent variables when considering the 
quality of an amplifier. As b increases, the noise-figure F 
decreases, suggesting improved quality. However, this is 
definitely in the wrong direction. W hen b becomes large, 
the gain drops and the noise contribution from succeed¬ 
ing stages, which are necessary to restore the gain, in¬ 
creases; this effect is so predominant that the noise 
figure fails to represent the noise performance properly. 

For this particular example, the input and output cir¬ 
cuits were assumed to be matched, and thus, as men¬ 
tioned in the text, it makes no difference whether one 
uses M or M,.. 

Xext, let us consider an Esaki-diode amplifier without 
a circulator. The equivalent circuit is shown in Fig. 6. 
The actual gain is given by 

G = _ 

(g» - g + gi.Y + b2

The actual noise figure is 

Ig.gi. g\kTß) 

(22) 

(23) 

and the actual noise measure is 

(g. ~ g ~ giV + b2 £ /—PA 

_ ig^_ g\kTß) 

1 _ ~ g + gL^' + b' 
ig.gr. 

(24) 

Fig. 6—Esaki-diode amplifier without a circulator. 

We shall confine ourselves to the case G> 1. If we keep 
the g’s constant, b=0 gives the smallest noise measure, 
and we therefore set b equal to zero. Then, M becomes 

(g. - g ~ giV £ / - PA 

M- ' A» J (25) 

i _ lEZ s i ĝ 2
4g«gt 

Since 

(g. - g - gr.)2 > 0 (26) 

is equivalent to 

g 

t _ (g, ~ g + gr.)2

ig.gr 

provided G>1, we conclude that the smallest positive 
value of M is obtained when, anti only when, 

g. = g + gt and b = 0. (28) 

The optimum value of .1/ is 

(29) 

Large gain is compatible with this optimum noise 
measure (g/.—>0, G—>°o),but the bandwidth and the sta¬ 
bility become poor; for this reason, the Esaki-diode am¬ 
plifier without a circulator is not generally considered 
to be as good. 
The value of M, for this amplifier is —P, kTB irre¬ 

spective of the circuit constants. Thus M, gives no 
guidance on how to improve the noise performance of a 
given amplifier, while A! does, as is shown above. This 
is a major difference between .1/ and .1/,. 

Appendix II 

Cascade Con n e< t i on 

Let us consider a cascade connection of two ampli¬ 
fiers through an ideal isolator as shown in Fig. 7. In this 
figure Z„ and ZL are the source and load impedances, 
respectively. The real part of these impedances is as¬ 
sumed to be positive. Since the isolator provides a posi¬ 
tive real part in the load and source impedances of the 
amplifiers 1 and 2, respectively, the values of M and G 
for each amplifier can be clearly defined. The over-all 
actual gain is given by 
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AMPL I AMPL 2

Fig. 7—Cascade connection through isolator. 

Actual signal power to Zl 

Available signal power from Zg

Actual signal power to isolator 

Available signal power from Z„ 

Actual signal power to Zl 
X- -

Available signal power from isolator 

= G,G-, (30) 

where we used the fact that, in the forward direction, 
the available power from an ideal isolator is equal to the 
actual power into the isolator. Similarly, the over-all 
actual noise figure is given by 

Actual noise power to Zi. 

kTBG 

Available noise power from isolator 

X Ga + kT.BGt(Ft - i) 

kTBG 

kT.BGJA X G- + kTiBGi^'z - 1) 
F = 

kTiBG 

Eq. (32) gives the over-all actual noise measure for 
the cascade connection of two amplifiers through an 
isolator. Note that if the two amplifiers have the same 
value of M, then the resultant amplifier also has this 
value of M, but with a gain of GtG2. Thus, by connect¬ 
ing a number of identical amplifiers in cascade through 
isolators, one can obtain a high-gain amplifier with a 
value of .1/ equal to that of the component amplifiers. 

For the case where the input and output frequencies 
of an amplifier are different, the lossless imbedding dis¬ 
cussed in Section III, and hence most of the results ob¬ 
tained there, have little meaning. However, the defini¬ 
tion of M is still applicable for this case, and (30) and 

(32) hold equally well for the cascade connection of 
such amplifiers through an ideal isolator. 

In many cases, the second amplifier is already built in 
such a way as to provide an adequate gain and the best 
noise measure when the source impedance is equal to the 
characteristic impedance of the input connector. The 
function of the first amplifier is to improve the over-all 
noise performance. Let us consider how to adjust the 
first amplifier to get the best over-all noise performance. 

1) If the output impedance of the first stage has a 
positive real part (for instance, upper sideband up-con¬ 
verters), the best procedure is to insert an isolator 
matched to the input connector of the second amplifier 
and to adjust the first stage to give the smallest positive 
value of 

which corresponds in (32) to the over-all actual noise 
measure with large G«. The output impedance oi the 
first stage is then automatically matched* to the isolator 
and the noise originating in the isolator makes no con¬ 
tribution to the noise output of the resultant amplifier. 
Therefore, elimination of the ideal isolator would not 
result in any better noise performance, and we see that 
the best over-all noise performance is always obtainable 
with the above adjustment. 

2) If the output impedance of the first stage has a 
negative real part (for instance, lower sideband up-con¬ 
verters), the adjustment of the first stage has to be 
made to give the smallest positive My and infinite Gi. To 
obtain the smallest positive it may be necessary to 
cool the isolator to 0°K. One would not expect to obtain 
a better over-all noise performance by any other adjust¬ 
ments, since the above adjustment eliminates all noise 
contributions except that from the first stage, and this 
is adjusted to be the best. I n practice, even if the isolator 
is at room temperature, the over-all noise performance is 
improved through the use of the isolator, since the 
equivalent noise temperature of the input impedance of 
the second stage is generally higher than room tempera¬ 
ture because of the shot noise involved. 
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1. Introduction 

FM and television broadcast receivers are frequently 
potential sources of interference to other FM and tele¬ 
vision broadcast receivers as well as to receivers in 
other services. In the range of 300 kc to 25 Me, this 
interference can arise from high-level receiver signals 
such as the IF and, in television receivers, the hori¬ 
zontal deflection system. This standard defines a 
method for obtaining a measure of the interference con¬ 
ducted by the power line from these various interfer¬ 
ence sources in the frequency range of 300 kc to 25 Me. 
It supersedes and replaces the following three stand¬ 
ards: “IRE Standards on Receivers: Methods of Meas¬ 
urement of Interference Output of Television Receivers 
in the Range ol 300 to 10,000 kc, 1954" (54 IRE 17. SI), 
“IRE Standards on Methods of Measurement of the 
Conducted Interference Output of Broadcast and Tele¬ 
vision Receivers in the Range of 300 kc to 25 Me, 1956" 
(56 IRE 27.SI), and “Supplement to IRE Standards 
on Receivers: Methods of Measurement of Interference 
Output of Television Receivers in the Range of 300 to 
10,000 kc, 1954 (54 IRE 17. SI)” (58 IRE 27. SI). 
This standard describes standard input signals, the 

equipment set-up and measurement techniques. 

2. Equipment Required and Method 
of Instai. i.ation 

2.1 Equipment Required 

To perform the measurements described in this 
standard, the following equipment is required: screen 
room (2.1.1), power line impedance network (2.1.2), 
source of RE signal (2.1.3), a tuned voltmeter (2.1.4), 
and, for television receivers only, a picture carrier IF 
signal source (2.1.5). 

2.1.1 A screen room large enough to meet the re¬ 
quirements of Section 2.2.1 with adequate shielding 
and filtering to eliminate external interference. A typi¬ 
cal size is 7 feet high by 7 feet wide by 10 feet long. 

2.1.2 A power line impedance network. The purpose 
of this network is to present a standard value of power 
line impedance to the receiver under test regardless of 
the local power line conditions. 

2. 1.2.1 The line impedance network is schematically 
illustrated in Fig. 1. The purpose of the one-ohm (non-
reactive) resistor is to limit any possible resonance ef¬ 
fects of the series circuit of the 5-juh inductor and the 
1.0-gf capacitor. I'he purpose of the 1000-ohm resistors 
is to limit the line voltage that may appear at the coaxial 
connectors. 

2. 1.2.2 The impedances of the line network meas¬ 
ured from each side of the receiver receptacle to chassis 
must conform within ±5 per cent to the characteristic 
shown in Fig. 2. (For this requirement the power plug is 
open-circuited and both measurement outlets termi¬ 
nated in 50 ohms as shown in Fig. 3.) 

2. 1.2.3 A suitable method of measuring the magni¬ 
tudes of impedances is shown in Fig. 3. This measure¬ 
ment technique is a substitution method. The reference 

Fig. I Power-line impedance network schematic. 

FREQUENCY Me 

Fig. 2— Impedance magnitude characteristic of line measured from 
either side of the receiver receptacle to chassis. 

Fig. 3—Circuit for measurement of impedance. 

resistor is chosen so that the voltage drop across this 
resistor is equal to the voltage across the line-imped¬ 
ance network at each frequency of measurement. The 
value of the resistor is then taken as the absolute value 
of the impedance. Since the impedance of the line net¬ 
work is considerably less than that of the 470-ohm re¬ 
sistor, the generator impedance has a negligible effect 
on the measurements. The accuracy of the voltmeter is 
unimportant since it is only used to hold the voltage 
constant when the switch is changed. It is important to 
keep the lead lengths as short as possible. 

2. 1.2.4 To minimize variations which might occur 
among different line impedance networks and to permit 
more uniformity in test facilities, detailed construction 
drawings of a suitable network, of which assembly 
drawings are shown in Fig. 4(a) and (b), have been pre-
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- -J" Af¿ * 2 * WMfJ> Am 
tv,?* j>-^>r ^n< rw'i /^cr^^cr. 

(b) 

Fig. 4 (a) Line impedance assembly, (b) Inductor 5 ^h. 

pared.' A network constructed according to these draw¬ 
ings should nevertheless be tested in order to insure 
that it meets the requirement of Section 2. 1.2.2. 

2.1.3 A source oi a standard RF input signal. 
2.1.3. 1 I he RF signal shall be supplied to the re¬ 

ceiver under test through a 20-db 300-ohm antenna 
coupling pad. This network, details of which are shown 
in Fig. 5, is designed to have an impedance of 300 ohms 
bidanced, and 300 ohms unbalanced (impedance be¬ 
tween the two output terminals connected together and 
ground). If the signal generator is not located within the 
screen room, adequate filters should be installed at the 
signal input to the screen room to exclude undesired 
signals in the frequency band of interest. 

It the receiver has a built-in antenna, it shall be dis¬ 
connected from the antenna terminals during these 
tests. If the signal generator does not have a nominal 

1 These drawings may be purchased from The Institute of Radio 
Engineers, Inc., 1 East 79 Street, New York 21. N. Y., at a cost of 
$2.00 per copy. In ordering, refer to “61 IKE 27.S1-A, Construction 
Drawings of IRE Line Impedance Network.” 
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Fig. 5 Antenna coupling pad. (a) Schematic diagram, 
(b) Drawing of typical construction. 

300-ohm center-tapped output impedance, a suitable 
matching network shall be provided between the signal 
generator and the pad. 

Il the receiver is designed for use with an unbalanced 
shielded transmission line, a line having the character¬ 
istics recommended by the receiver manufacturer shall 
be used in place of the twin-lead in Figs. 5 and 7. The 
input terminals of the transmission line are connected 
to the output terminals of the pad. In addition, a re¬ 
sistor is connected in shunt with the output terminals of 
the pad so that the combination of pad and resistor 
matches the nominal input impedance of the receiver. 

2. 1.3.2 For a television receiver, the input signal 
shall consist of simulated sound and picture signals on 
any standard television channel. 

2. 1.3. 2.1 The modulation of the picture signal 
shall consist of the mixture of the following signals as 
shown in Fig. 6 (observed on a double-sideband detec¬ 
tor or equivalent, with a video frequency response that 
is uniform within ±0.5 db up through 3.58 Me): 

a) Pulses of 5 gs width at a repetition rate of 15,750 
pulses per second to represent horizontal synchronizing 
pulses. I he pulse amplitude shall be sufficient to modu¬ 
late the picture carrier so that the level between pulses is 
37.5 per cent of the peak level during the pulses. 

b) A sine wave of 2.0 Me to represent video modula¬ 
tion. 1 he amplitude of this modulation shall be suffi¬ 
cient to produce 1 per cent peak-to-peak modulation 
during the time interval between the synchronizing 
pulses. I his sine wave may be allowed to run through 
the synchronizing pulse period. (A method of obtaining 
1 per cent modulation is to adjust the modulation level 
for 10 per cent to permit observation on an oscilloscope 
and then to reduce the modulating 2.0 Me signal bv 20 
db.) 
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SYNCHRONIZING 
SIGNAL 
15750 CPS 

COLOR SUBCARRIER 
3.579545 MCÎ 10 CYCLES 

ViOEO COMPONENT 
2 MC 

COMPOSITE SIGNAL 

Fig. 6- Modulation of picture signal (see Section 2. 1.3. 2.1). 

c) A sine wave of 3.58 Me to represent color signal 
modulation. The amplitude of this modulation shall be 
sufficient to produce 10 per cent peak-to-peak modula¬ 
tion between the synchronizing pulses. This sine wave 
may be allowed to run through the synchronizing pulse 
period. 

2. 1.3. 2.2 Xo modulation of the sound signal is 
employed. 

2. 1.3. 2.3 The peak level of the picture carrier de¬ 
livered at the output terminals of the 300-ohm antenna 
coupling pad shall be nominally 3200-gv rms open cir¬ 
cuit. I'he open circuit sound carrier level shall be 3 db 
below the peak level of the modulated picture carrier. 

2. 1.3.3 For an I'M broadcast receiver, the input sig¬ 
nal shall be delivered from the 300-ohm antenna cou¬ 
pling pad at a nominal open circuit level of 1000-/zv rms 
at a frequency of 98 Me. Xo modulation will be em¬ 
ployed. 

2.1.4 A suitable tuned voltmeter (field strength 
meter.) 

2. 1.4.1 The tuned voltmeter shall have a nominal 
50-ohm input impedance and be tunable over at least 

the frequency range of interest. I'he nominal band¬ 
width of the voltmeter shall not exceed 10 kc. Means 
shall be provided for either internal or external calibra¬ 
tion. The instrument shall be adequately shielded and 
the power leads filtered to prevent spurious pick-up. 

2. 1.4.2 The tuned voltmeter shall indicate the rms 
carrier level of the signal to which it is tuned. This meas¬ 
urement position is normally designated as “field in¬ 
tensity” or “carrier.” 

2.1.5 For television receivers, a reference picture IF 
signal source. This shall consist of a signal source at the 
nominal picture carrier intermediate frequency. The 
signal is injected into the television receiver as a refer¬ 
ence to facilitate the proper tuning of the receiver as 
described in Section 3.1.1. 

2.1.6 A regidated source of primary input power. Un¬ 
less otherwise specified, the line voltage at the receiver 
receptacle shall be maintained at 117 volts ±2 volts. 
The harmonic content of this line voltage shall be less 
than 5 per cent. 

2.2 Installation of Equipment 

2.2.1 All portions of the receiver under test shall be 
at least 30 inches from the wall of the shielded enclo¬ 
sure. Floor model receivers shall be placed on a non-
metallic platform 18 inches above the metallic floor of 
the shielded enclosure, and table models placed on a 
nonmetallic platform 30 inches above the floor. Il the 
receiver is equipped with remote cables, these should 
be connected to the receiver and terminated either with 
the normal equipment or with a dummy load. They 
should be coiled up and located on top of the receiver. 

2.2.2 I'he power-line impedance network shall be 
located on the floor of the screen room directly below the 
back of the cabinet of the receiver under test. The 
center line of the power line impedance unit shall be 
coincident with the center line of the receiver back. 
Similarly, the RF signal coupling pad shall be mounted 
at the ceiling of the screen room directly above the 
power line impedance network. I'he standard arrange¬ 
ment is shown in Fig. 7. 

2.2.3 I'he power-line impedance network shall be 
connected to the metallic floor by means of four solid 
copper straps as shown in l-'ig. 8. The width-to-length 
ratio of each strap shall be at least 1 to 5, and the thick¬ 
ness of the strap shall be at least 0.025 inch. In the 
unit shown in big. 8, four holes have been provided for 
this purpose. I'he connection from the power-line im¬ 
pedance network to the power source should be kept 
close to the walls or floor of the shielded room when in¬ 
side the enclosure. 

2.2.4 A 50-ohm resistive load shall be connected to 
each of the two coaxial connectors of the line imped¬ 
ance network at all times. The voltages developed 
across these loads represent the conducted-interference 
output of the receiver. A 50-ohm nonreactive resistor, a 
50-ohm input impedance field-strength meter, or any 
combination of field-strength meter and external re¬ 
sistor to equal 50 ohms can be used as the resistive load. 
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Eig. 8—Suggested method for grounding the power-line 
impedance unit to the screen room. 

2.2.5 The power line cord from the receiver under 
test shall be dressed to the power line impedance net¬ 
work through the shortest possible path. The excess 
cord length shall be taken up by wrapping the cord in a 
figure-eight pattern around the two posts provided on 
the top of the unit. The receiver power line cord shall 
be plugged into the receptacle provided in the power 
line impedance network. This is shown in Fig. 9. 
The disposition and length of the RF transmission 

line between the antenna coupling pad and the receiver 
are also important. As shown in Fig. 7, the length of 

f ig. 9—Method of dressing the receiver power line cord. 

transmission line shall be just sufficient to connect the 
receiver antenna terminals to the antenna coupling pad. 

3. Measurement Prix edi re 

3.1 Equipment Assembly and Initial Adjustments 

I he equipment is assembled in the prescribed man¬ 
ner, and the receiver under test is tuned to the appropri¬ 
ate input signals. 

3.1.1 For a television receiver, the correct tuning is 
determined by injecting a signal at the nominal inter¬ 
mediate picture carrier frequency and tuning the re¬ 
ceiver local oscillator for a zero beat with the converted 
input picture carrier. This tuning point simulates nor¬ 
mal operation and the interference developed under 
normal operating conditions, if the receiver employs 
automatic local oscillator tuning means, the frequency 
of the converted IF picture carrier shall be recorded. If 
both manual and automatic tuning are provided, meas¬ 
urements shall be recorded for both conditions. 

3.1.2 For an FM receiver the tuning is adjusted for 
maximum measured interference. 

3.2 Interference Voltage Measurement 

With the tuned voltmeter connected to one 50-ohm 
output ot the power line impedance network, the volt¬ 
age between this side ot the power line and ground is 
measured at the frequencies of interest. The measure¬ 
ment is repeated with the voltmeter connected to the 
other 50-ohm terminal of the power line impedance net¬ 
work. 

3.3 Adjustment of Operating Controls 

I'he customer-operated controls of the receiver, with 
the exception of the tuning adjustments, may be placed 
at any setting. In general, the range of these controls 
should be searched to determine the setting that pro¬ 
duces the maximum interference value at each fre¬ 
quency' of interest. 

3.4 Recording of Measured Data 

The interference voltage is recorded separately for 
each side of the power line at each frequency of in¬ 
terest. 
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The Delay-Lock Discriminator—An Optimum 
Tracking Device* 

J. J. SPILKER, JR-t, MEMBER, IRE, AND D. T. MAGILL f, MEMBER, IRE 

Summary—The delay-lock discriminator described in this paper 
is a statistically optimum device for the measurement of the delay 
between two correlated waveforms. This new device seems to have 
important potential in tracking targets and measuring distance, 
depth, or altitude. It operates by comparing the transmitted and re¬ 
flected versions of a wide-bandwidth, random signal. The discrimina¬ 
tor is superior to FM radars in that it can operate at lower power 
levels; it avoids the so-called “fixed error," and it is free of much of 
the ambiguity inherent in such periodically modulated systems. It 
can also operate as a tracking interferometer. 

The discriminator is a nonlinear feedback system and can be 
thought of as employing a form of cross-correlation along with feed¬ 
back. The basic theory of operation is presented, and a comparison 
is made with the phase-lock FM discriminator. Variations of per¬ 
formance with respect to signal spectrum choice, target velocity, and 
signal and interference power levels are discussed quantitatively. 
The nonlinear, “lock-on" transient and the threshold behavior of the 
discriminator are described. Performance relations are given for 
tracking both passive and actively transmitting targets. Results of 
some experimental measurements made on a laboratory version of 
the discriminator are presented. 

The delay-lock discriminator is shown as it might be 
used in tracking Fig. 1. This tracking problem differs 
from the conventional pulse radar problem in that only 
a single target is to be tracked by each discriminator. 
(There may, however, be several discriminators.) 
The target is tracked continuously as a function of time 
rather than at periodic intervals. (Dispersive effects in 
the target return are to be neglected in this discussion.) 

Fig. 1—Use of the delay-lock discriminator in tracking. 

Introduction 

IN many problems of position measurement, inter¬ ferometry, and tracking, it is necessary to measure 
the delay difference between two versions of the 

same signal, e.g., the transmitted signal and the re¬ 
turned signal reflected from a target. In the domain of 
pulse radar, emphasis in recent years has been placed on 
the improvement of positioning accuracy in the presence 
of noise, and this effort has led to the development of ad¬ 
vanced, matched-filter ami pulse-compression tech-
niques. 1'2
The purpose of this paper is to present an improved 

delay estimation technique which operates on wide-
bandwidth, continuous signals in the presence of inter¬ 
fering noise. The delay-lock discriminator, which is 
described herein, provides an optimum, continuous 
measurement of delay by operating on a wide-band¬ 
width, random, continuous signal. Throughout most of 
this paper, the signal is considered to be either filtered 
Gaussian random noise, or a sine wave randomly modu¬ 
lated in frequency. The signals are usually nonperiodic. 
Operation with pulsed signals is also possible, although 
this possibility is not treated specifically. 

* Received by the IRE, March 23, 1961; revised manuscript 
received, June 23, 1961. 

t Commun, and Controls Res., Lockheed Missiles and Space Co., 
Palo Alto, Calif. 

1 C. E. Cook, “Pulse compression—key to more efficient radar 
transmission,'’ Proc. IRE, vol. 18, pp. 310-316; March, 1960. 

2 Matched Filter Issue, IRE Trans, on Information Theory, 
vol. IT-6, pp. 310 413; June, 1960. 

Although this radar uses a continuous signal, it differs 
from ordinary FM radars’-' in that, first, it avoids the so 
called “fixed error”; secondly, it is free of much of the 
ambiguity inherent in such periodically modulated sys¬ 
tems; and finally, it can operate with multiple targets 
present at the same bearing from the antenna, thus pro¬ 
viding range discrimination. The discriminator can be 
used in a second type of application: it can operate on a 
signal transmitted from the target which arrives via two 
separate receiving antennas. The delay difference in the 
two received signals is then measured by a method sim¬ 
ilar to that of a tracking interferometer. 

Random-signal distance-measuring systems in them¬ 
selves are not new. It is well known that when cross¬ 
correlations are made between the transmitted and re¬ 
ceived waveforms, the time difference can be accurately 
ascertained, if the received signal is sufficiently free oi 
interference. These techniques have limitations, how¬ 
ever, in that if the target is moving rapidly, the cross¬ 
correlation operation has limited useful integration 
time. 
A somewhat different form of distance measuring 

technique employing random signals has been described 
by B. M. Horton6 and was proposed for use as an altim-

3 D. G. C. Luck, “Frequency Modulated Radar,’’ McGraw-Hill 
Book Co., Inc., New York, N. S’.; 1949. 

4 M. A. Ismail, “A precise new system of FM radar,” Proc. IRE, 
vol. 44, pp. 1140-1145; September, 1956. 

6 B. M. Horton, “Noise-modulated distance measuring system,” 
Proc. IRE, vol. 47, pp. 821-828; May, 1959. 
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eter. This technique simply involves the direct multipli¬ 
cation of the transmitted and received signals, followed 
by a frequency-discrimination operation. Basically, this 
is a special type of correlation technique which is capa¬ 
ble of operating over a relatively small range of delay. 
However, this system has a limitation on the dynamic 
range of delay which for many purposes would be overly 
restrictive. 

Correlation techniques can be extended to cope better 
with time varying delays as shown in Fig. 2. A single ele¬ 
ment in the simple cross-correlation process is shown in 
Fig. 2(a). The fixed delay Tm is one of a large set of de¬ 
lays to be tested for maximum cross-correlation. (No¬ 
tice that the time shift T is negative for a real delay.) 
The delay which produces the largest cross-correlation 
voltage Fm is considered the best estimate over a given 
interval of time. However, the integration time t is lim¬ 
ited to relatively short periods of time over which the 
delay ?'(/) does not fluctuate enough to change the 
cross-correlation significantly. This restriction on inte¬ 
gration time can, in some situations, cause severe limi¬ 
tations on the accuracy of the delay estimate in the 
presence of interference. 

Eig. 2—I se of cross-correlation in delay estimation. Reference 
waveforms have: (a) Eixed delays T. (b) Eixed, pins linearly 
varying delays 7',,, +k,J. (c) Time varying delay, T.v(Z)chosen from 
a set of time functions r sec long with bandwidth II . 

A modified cross-correlation process is shown in Fig. 
2(b). Here comparisons are made between the received 
signal and a two-dimensional set of fixed, plus linearly 
varying delays, and the integration time can be in¬ 
creased to time intervals over which the time delay is 
well approximated by a member of this set. Matched 
filter analogs to this technique have been discussed 
in the literature.6

The final stage of accuracy that can be achieved is 
shown in Fig. 2(c), where a multidimensional set of de¬ 
lay functions T¡h(t) of length r sec and bandwidth W 

6 R. M. Lerner, “A matched filter detection system for compli¬ 
ca ted Doppler shifted signals,” IRE Trans, on Information 
Theory, vol. IT-6, pp. 373—385; June, 1960. 

are used as comparison delay functions. It is clear, how¬ 
ever, that to use large dimensions for M would be un¬ 
feasible in most practical problems. 
The delay-lock discriminator provides an approxima¬ 

tion to this last technique by generating its own com¬ 
parison delay function Tm^) through the use of cross¬ 
correlation and error feedback. 

D e la y- Lot K Discriminator 

A block diagram of the delay-lock discriminator is 
shown in Fig. 3. As the figure shows, the discriminator is 
basically a nonlinear feedback system employing a 
multiplier, linear filter, and a controllable delay line. 7 

The controllable delay line can have a number of imple¬ 
mentations, e.g., a ferrite-core delay line with magneti¬ 
cally controlled permeability and delay, or a servo¬ 
controlled electric or ultrasonic delay line. The ultra¬ 
sonic lines are preferable for delays in the millisecond 
range or greater. In practice, it is often desirable to have 
an automatic gain control or limiter to maintain con¬ 
stant power at the discriminator input. 

Eig. 3—Block diagram of the delay-lock discriminator. The symbols 
k, a, are constants. 

Through an analysis similar to that used by Lehan 
and Parks,8 this discriminator, or a slightly modified 
version of it, can be shown to be optimum in that it pro¬ 
vides the maximum likelihood (a posteriori, most prob-
able) estimate of the delay. This derivation has been 
made by Spilker in unpublished work under the assump¬ 
tion of Gaussian random delay and interfering noise. In 
general, the truly optimum discriminator contains a 
second feedback loop which serves to reduce the effects 
of intrinsic or self-noise described in this section. It 
should be pointed out, however, that the maximum like¬ 
lihood discriminator taking the form shown in Fig. 3 re¬ 
quires a nonrealizable loop filter F(p). In this paper the 
configuration of elements of Fig. 3 is retained, but the 
loop filter is constrained to be realizable and is opti¬ 
mized for an important class of target delay functions; 

’ l he output (if a pa ssive, lossless, delay line with an input J(0 i-
actually VI +dT(t)/dt /|< + T(/)] rather than just /[/ + T(/)| as shown 
in Eig. 3. Lhe square root term is present to keep the output energy 
equal to the input energy. However, in most practical problems we 
have the relat ionship di\t}/dt^\, and this effect can be ignored. 

“ E. \\ . Lehan and R. J. Parks, “Optimum demodulation," 1953 
IRE N ational Convention Record, pt. 8. pp. 101 103. 
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delay functions which can be approximated by a series 
of ramps fall into this class. 
The operation of the discriminator can be analyzed 

by examining the multiplier output x(0- The delay error 
may be defined as e(t) = T(t) — T(0. We can then write 
the Taylor series for the delayed signal 

s(l +T) = s(t + T) + ts\t + T) + y s"(j + T) + ■ ■ ■ 

where the primes refer to differentiation with respect to 
the argument, and all derivatives of s(t) are assumed to 
exist.9 Initially, the delay error e(f) is assumed to be 
small so that the Taylor series expansion of s(t+T) 
about s(t + T) converges rapidly. The multiplier out-
put then has the series expansion 

~ = A [.</ + T)s\t + T) + *(/)[?(/ + T)p 

«2(0 -
+ — s"(j + T)s\t + T) + ■ ■ ■] + n(t)s\t + T). (1) 

For convenience, s(0 is normalized to have unity power, 
and thus the received signal power is P, =J 2. The term 
(s')2 has a nonzero average value which will be defined 
as Pd, the power in the differentiated signal, and is de¬ 
pendent only upon the shape of the signal spectrum. We 
can then write [s'(0 1 .s»(/i where st(t) has a zero 
mean. By making use ol this last definition, we can re¬ 
write (1) as 

.r(/) 
— = .1 P„A0 + "AO, (2) 
k 

where the first term is the desired error correcting term, 
and the second term nAO is an equivalent noise term 
caused by the interfering noise n(t) and the remainder of 
the infinite series (distortion and intrinsic noise effects). 
If « is small, nAO has little dependence upon e(t). 

I he delay tracking behavior is evident from (2). Sup¬ 
pose that the input delay 7 (/) is suddenly increased by 
a small amount. The error e(t), assumed initially small, 
will also suddenly increase; the multiplier output will in¬ 
crease, and therefore the delay estimate TO) will in¬ 
crease and tend to track the input delay. The discrim¬ 
inator output is indeed an estimate of the delay. 

fhe representation of the multiplier output given in 
(2) permits the use of the partially linearized equivalent 
network shown in I ig. 4. The closed-loop transfer func¬ 
tion 11 {pi is 

1 + ¿.1 PdFi^/a 

’ RC filtered white noise for example is nondifferentiable. It 
seems, however, that for most physical systems parasitic effects canse 
the signal functions to be differentiable See S. O. Rice, “Mathe¬ 
matical Analysis of Random Noise," in “Noise and Stochastic Proc¬ 
ess,” edited by N. Wax. Dover Publications, New York, N. Y„ pp. 
193-195; 1954. 

where p is the complex frequency variable. This repre¬ 
sentation is equivalent to that shown in Fig. 3 because 
the input to the loop filter F(p) is the same in both in¬ 
stances. The delay estimates thus obtained are identical. 

Fig. 4—Partially-linearized equivalent circuit for the 
delay-lock discriminator. 

Notice that the equivalent transfer function H(p) is 
still nonlinear because it is dependent upon the input 
signal amplitude A. In the initial part of this discussion, 
A is assumed constant, and H{p) is assumed linear. In a 
later paragraph, the effect of AGC or limiting the input 
signal on the loop transfer function is discussed. 
The equivalent input noise nAO is dependent upon 

T(0- However, it can be seen that under conditions of 
small delay error, this effect can be neglected. This lin¬ 
earized equivalent circuit, then, has its greatest use 
under conditions of small delay error, i.e., “locked-on” 
operation. Notice that if nO) is “white,” the interfering 
noise component of nAO is also white. 
To provide a relatively simple yet useful and rather 

general analysis of the discriminator operation, the sig¬ 
nal s(0 " ill be assumed to have the form oi a random fre¬ 
quency, modulated sine wave 

j(/) = n/2 sin [am/ + <M/)] 

V2 sin a!«/ + I coAt'pil' ■ (4) 

The spectrum of this signal can have a wide range of 
shapes"’ depending upon the statistics of uAO, but for 
convenience in calculation, the spectrum of s(J) will be 
taken to be rectangular with bandwidth IL and center 
frequency f0 as shown in Fig. 5. (It is assumed that 
Ils<2fB and that co AO has a zero average value.) Then 
we can write the expressions: 

s'(0 = x/2coA0 cos [o>of + 0(/)] 

P« = 
1 /BA2

(S) 

10 I). Middleton, “An Introduction to Statistical Communication 
Theory," McGraw-Hill Book Co., Inc., New York, N. Y., pp. 604-
625: 1960. 
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SIGNAL 

Fig. 5—Power spectral density of s(t). 

where we have defined w,(/) =Wo+wi(Z). 
Define the quantities a„ = E[s’(f)sM (t) ]. Note that 

an =0 it n is even. 
In general, the input to the linearized equivalent cir¬ 

cuit can be written as the sum of the equivalent inputs 
to the discriminator, signal and three types of interfer¬ 
ence noise terms, 

Signal term = kAP.^t) 

Noise term = kn.(l) = ¿ha(/) + m(t) -f- «„(/)] (6) 

where »,/(/) represents a nonlinear distortion term (it is 
small tor small e); «,(/) is an intrinsic or self-noise term, 
which is dependent upon the carrier characteristics, and 
n„(t) is an external interference term, which is depend¬ 
ent upon external noise at the discriminator input. By 
making use of (4) and (5), these noise terms can be 
evaluated as 

«</(/) 
«’(/) , e’(l) 

+ «5 - + 
3 ! 5.' 

"M = .1 ÿ(/)[(s'(/ + T)Y- - «,] 

+ — - s' (I + T)s (t + T) 

*’(/) , - , I 
+ — - b « + WU + T) - «,] + ■ • 4 

M„(0 = „(/)•*'(/ + T) 

= V2 + T) cos |o>„/ + 0(/ + f)]. (7) 

I he distortion terms are taken as those terms of the 
form e" for n 1. 

Ihe terms in the multiplier output with spectra cen¬ 
tered about w = 2œ„ have been neglected becaus* they 
will be assumed to be above the passband of the loop 
filter. I his is not possible lor low-pass spectra, of course. 

1 he importance of the intrinsic noise term in de¬ 
termining the performance of the discriminator is de¬ 
pendent upon how much of its spectrum passes through 
the low-pass loop filter. Notice that the intrinsic noise 
terms are present even if the interference «(/) is absent. 
It can be seen from (6) and (7) that the intrinsic noise 
effect is relatively small for this type of signal if 

I <•>,(/) I < Rs/ < 1, 

and the bandwidth of the instantaneous frequency 
wAf) is large compared to the closed-loop bandwidth. It 
should be pointed out that the operation of the discrim¬ 
inator is not restricted to the use of fixed envelope sig¬ 
nals. However, the intrinsic noise contributions will 
generally increase if envelope fluctuations of the signal 
are allowed. 

Comparison with the Phase-Lock 
EM Discriminator 

1 he operation of the delay-lock discriminator is anal¬ 
ogous, in several respects, to the operation of the 
phase-lock EM discriminator (see Eig. 6 for a diagram 
of the phase-lock loop). It is desirable to investigate the 
differences and similarities of these two devices. 

ESTIMATE OF 
FREQUENCY 
MODULATION 
a dp/df 

big. 6 Block diagram oí the phase-lock discriminator. 

For pure sine wave carriers (unmodulated carrier 
bandwidth ol zero), delay modulation has a correspond¬ 
ing modulation in phase, i.e., 

sin [a>„/ + <t>(t)] = sin «„[/ + T(t) ] if 0(/) = ^TO). 

1 hus, if pure sine wave carriers are used, the delax line 
and its reference carrier input can be replaced by a dif¬ 
ferentiator and voltage-controlled oscillator. The dif¬ 
ferentiator can be lumped into the loop filter of the 
phase-lock loop. I heoretically, therefore, lor the special 
case ol a pure sine wave carrier, the delay-lock discrim¬ 
inator functions exactly as a phase-lock loop." 

The delay-lock discriminator normally operates with 
a wide bandwidth signal when used as a tracking de¬ 
vice, and with this type of signal there is no longer a 
direct correspondence with the phase-lock discriminator 
operation. As might be expected, however, there are 
analogous features in both discriminators. For example, 
the delay-lock discriminator has a threshold error and 
lock-on performance which are analogous to those in the 
phase-lock loop. 

DlS< R1M1NATOR OPERATING Cl'RVE 

1 hus far, it has been indicated that the discriminator 
will tend to track the delay variations of an incoming 
signal provided that the delay error magnitude, 
4 = I I — T\ , is small. In this section we seek to deter¬ 
mine how small this error must be and what occurs as 
the error becomes larger. 

11 In practice, the delay-lock discriminator uses a delay line with 
restricted dynamic range of delay, Thus, it can be operated only with 
the sine wave carriers having a limited peak phase deviation. 
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Assume that s(/) is a stationary (wide sense), ergodic, 
random variable with zero mean, and that the delays 
7'(/) and T{t) are constant or slowly varying with time. 
Under these conditions, the loop filter when properly 
optimized forms the average of the multiplier output to 
obtain : 

= E\ [.ls(/ + T) + nicks' (J + T)| 

= - kARA'T - T) 

where n(t) and s(J) are assumed independent, and 
R! (t) =d/dr[R,(r)], the derivative of the autocorrela¬ 
tion function of s(t). The important component in the 
multiplier output is not always linearly dependent upon 
the delay error, but, more generally, is functionally de¬ 
pendent upon the error through the differentiated auto¬ 
correlation function, and thereby causes changes in the 
effective loop gain. 

I he multiplier output can be written using (6) and (7) 
as 

= — /I R,’[«(/) I + »,(0 + n„(l) (8) 

where we have used the relationship 

X 
= 22 ^.e/ni. 

A further general statement can be made with respect 
to the effective loop gain for small |e| . The correction 
component of the multiplier output for small |e| is 
kAe(t)ai w here at. in general, is given bx 

and depends only on the shape of the signal spectrum. 

Threshold Error 

To illustrate the nonlinear behavior of the discrim¬ 
inator, some exemplary signal spectra are shown in Fig. 
7 along with their corresponding discriminator char¬ 
acteristics. If s(t) is taken to have a rectangular band¬ 
pass spectrum as shown in Fig. 7(a), then, in the region 
I e| <}/», the discriminator curve is approximately linear 
and has a positive slope. However, if the error exceeds 
the threshold error 12 er, the point at which the slope of 
the discriminator curve first becomes zero, the slope be¬ 
comes negative, and further small incremental increases 
in e in this region produce decreases in T. Thus, the dis-

12 In general, the threshold error it in the fundamental lock-on 
region about e = 0 is given by the smallest value of e which can 
satisfy the equation 

i<AG,.(w) cos ai«/w — 0. 

I'ig. 7—Signal-power spectral density (unity-signal power) and the 
corresponding discriminator characteristics, (a) Rectangular 
band-pass spectrum «t = 1/4/0. (b) Gaussian low-pass spectrum 

exp — (irf/B,?, tT = 1 \/ÏB„ (c) Pure sine-wave 
signal. 

criminator is unlocked and temporarily unstable with 
respect to small noise perturbations. Notice that in 
Fig. 7(a) there are several possible positive-slope lock-on 
regions, it characteristic of band-pass signal spectra. The 
effective loop gain, however, dependent upon the mag¬ 
nitude of the slope in these regions, decreases consider¬ 
ably as the delay error moves several inverse band¬ 
widths away from the origin. 
A Gaussian shape of low-pass signal spectrum is 

shown in Fig. 7(b). The discriminator curve for this sig¬ 
nal spectrum has only one lock-on region, a character¬ 
istic which is also obtained using white noise passed 
through low-pass filters with poles on the negative real 
axis in the p plane. The threshold error for this Gaussian 
spectrum is = These signals with low-pass 
spectra are, of course, assumed to be detected (AM, 
FM, or PM) versions of the actual transmitted RE 
waveform. 
The last spectrum, Fig. 7(c), corresponds to a pure 

sine wave carrier and phase-lock loop type of operation. 
Obviously, there are an unlimited number of indis¬ 
tinguishable lock-on regions here, and each has the same 
loop gain and threshold error. The use of this type of 
carrier in a tracking problem has limitations unless the 
delay variations are restricted to values less than l//0-

Dynamic Range 

The dynamic range of the delay-lock discriminator is 
defined to be the maximum delay excursion ol the con¬ 
trolled delay line, and is determined by the largest delay 
line control input voltage and the delay line gain. Fhe 
maximum control input voltage in turn is determined 
by the signal amplitude, the loop filter de gain, and the 
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peak value of the discriminator curve. Thus, the dy¬ 
namic range 13 ST is 

ST = kgdAF(0)R¡ peak = gRIv^/Pd (9) 

where g-kgdPdA F(0) is the de loop gain. This value of 
ST relates to the fundamental lock-on region. The val¬ 
ues for other regions, if they exist, will be correspond¬ 
ingly less. 

Delay Ambiguities and Interference from 
Other Targets 

If a signal having a band-pass spectrum is used, there 
will exist ambiguities, in many situations, as to which 
lock-on zone the discriminator is using. An exception to 
this statement occurs if the ambiguity can be resolved 
by other means (such as knowledge of the exact target 
position at a certain instant of time, as might be the 
situation in tracking a rocket from its firing position). A 
means for resolving this ambiguity could be to control 
externally the bias on the controlled delay line and to 
observe some characteristic of the discriminator curve, 
e.g., its slope or peak amplitude in a given lock-on re¬ 
gion. The problem, then, is analogous to the resolution 
problem of radar. 
W oodward 14 has defined a measure of time ambiguity 

for radar signals called the time resolution constant Tc. 
This constant is a measure of the width of the envelope 
of the discriminator characteristic; and for a rectangular 
signal spectrum, this time ambiguity has the value Tc 

= \/Bs. It is difficult to determine the correct lock-on 
region from others that are separated in delay from it by 
less than 1 /Bs. 
Of course, if a properly chosen low-pass signal spec¬ 

trum is used, multiple lock-on regions will not exist, and 
hence ambiguities of this sort do not occur. 

Considerations of a similar nature arise when one at¬ 
tempts to compute the interference caused by the pres¬ 
ence of multiple targets. Suppose that the discriminator 
is locked on to a target with delay T, and an interfer¬ 
ing target comes into view with delay Ti and returned 
signal amplitude .1,. Then the multiplier output in the 
discriminator is — 1 R'(T— T) + .1 ,Rs(Ti — t) ], and 
the discriminator will operate so as to minimize the sum 
of these two terms rather than the desired term 
— AR! (T— t) alone. If the relative effect of the interfer¬ 
ing target is to be small, then it is necessary to have the 
ratio 1.1 ,R! ( T,— T)/A R,(T— T) | small for the desired 
accuracy maximum error | T— T|. Thus, if a small ef¬ 
fect only is to be caused by the second target, it must 
be separated from the desired target by a delay 

” Notice that this dynamic range restriction is different from that 
encountered with phase-lock discriminators. Here it is the maximum 
delay excursion which is limited, whereas, with the phase-lock loop, 
the maximum frequency excursion is the quantity limited. The 
reason for this difference is that in the phase-lock loop, the multiplier 
output controls the frequency of the VCO, 

11 P. M. Woodward, “Probability and Information Theory with 
Applications to Radar," McGraw-Hill Book Co., Inc., New York, 
N. Y., pp. 115-118; 1953. 

I Ti— 7'j »1/ßg. It is also desirable that RSt) decrease 
rapidly with increasing t to make up for the differences 
in path attenuations from the target returns caused by 
a relatively close undesired target. Spectra with gradual 
cutoffs are therefore desirable because of the rapid fall¬ 
offs of R.(r) for large r, e.g., if Gs(w)~exp —(w/2B,)2, 
then Rs(r]^exp— (Bst)-. 

Lock-on Performance 

Before a target can be tracked, the discriminator 
must lock on to the target delay so that the discrim¬ 
inator is operating in its linear region. This operation 
can be performed in practice by manually or automati¬ 
cally sweeping the bias on the delay line control 
throughout the expected range of the target delay. An 
alternative approach is to set the delay to correspond to 
the perimeter of some circular region surrounding the 
radar. Then targets will be tracked as they enter this 
region. In this subsection a short analysis is made of the 
nonlinear lock-on transient when the signal is first ap¬ 
plied to the discriminator. 
Two discriminator curves are shown in Fig. 8, one 

tor a band-pass spectrum, the other for a low-pass spec¬ 
trum. Both spectra have Gaussian shapes. If we assume 
that the received signal has a fixed delay T, and that 
the quiescent discriminator delay is zero, the steadv-
state conditions of the discriminator must then satisfy 
the equation 

-gR!(T - t)'P„ = T = (T - t). (10) 

It can be seen that solutions to this equation are given 
by the intersections of — R! (e) and the straight line in 
Fig. 8. Recall that only the positive slope regions are 
stable zones with respect to noise perturbations. 
A typical lock-on transient for the signal with a low-

pass spectrum is as follows: when the input signal is 
first applied to the discriminator at 7 = 0, the error «(/) 
has its initial value e(0+) = T. As a result of this error, 
the loop filter input takes on a positive value, and T 
will begin to increase from zero and rise towards T. To 
describe the exact behavior of the loop, the loop filter 
must be specified. 

If a simple low-pass RC filter is used as the loop 
filter, the lock-on transient is described by a first-order 
nonlinear differential equation. Referring to Fig. 3 and 
(8), and neglecting noise effects, one readily finds the 
differential equation to be 

F 1 dt _*1 F(O) 
— +T = - x(t) = — gR!(T — D/Pd (11) 
dt J a 

where u,Al/RC. If l\t) = T is a constant, and T(0) =0, 
then the transient response can be obtained by integrat¬ 
ing 

dt = dt/u,[-gR!(T - T)/Pd - T(t)]. (12) 
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Notice that the slope dT/dt is proportional to the dif¬ 
ference between — R'(T—t) and the straight line as 
shown in Fig. 8. Thus the slope becomes zero whenever 
the two curves cross. Of course if there are any zero 
slope points in negative discriminator slope regions, they 
are still unstable because of noise considerations neg¬ 
lected in (12). 

If the Gaussian low-pass spectrum of Fig. 7(b) is as¬ 
sumed for the signal, and the loop gain is sufficient so 
that only one zero slope point exists, then the time r 
required for the error to change from t(0) = 7 to 
e(r) =tr. the threshold condition, is given by 

/•' PT 'i dt 

o' " Jo - 7 ) /L - fl 

f ’• 'r P„ dt 
« I - 7- - (13) 
J„ -u/gR, (7' — 7) 

where the List expression assumed — gR' (T — t)~^P,it 
in the region of interest. For the Gaussian spectrum (13) 
becomes 

P., TH. 

2n(n\) tTn, 

w here \à R t. 

Now, by making use ot the series representation 

and the approximation »(»!)»(« + !)! for w»l, then for 
y > 1 we have 

4/L2oj/g Ly2

Thus, with sufficiently large loop gain and the absence 
of interfering noise, the discriminator will eventually 
lock on even if the initial delay error is large. However, 
it e(0) = 7’»1/B„, the lock-on time will become ex¬ 
tremely large and interfering noise effects will become 
of dominant importance. 

Referring to (13) one sees that low-pass signals with 
autocorrelation functions which decrease rapidly with 
delay lor large delays (desirable because of the effects of 
multiple targets) have lock-on times which increase ex¬ 
tremei}' rapidly- with initial delay- error for large initial 
errors, e.g., from (14), 

r ~ e(rn.d 

lor large TB, with the Gaussian signal spectrum. 

A< Cl RACY OF THE DISCRIMINATOR 

In this section we return to the investigation of linear 
discriminator operation and the linearized equivalent 
representation shown in Fig. 4. The objective of this 
section is to determine the accuracy- of the discriminator 
and the threshold value of input SNR. Intrinsic noise 
effects are assumed negligible compared to those caused 
by other error terms. Both band-pass and low-pass sig¬ 
nal spectra are considered. The input signal amplitude 
is assumed fixed. 
The target delay to be used is a ramp of delay- be¬ 

ginning at 7 = 0 and corresponds to a sudden change in 
velocity, i.e., 

T(L) = (I for / < 0 

2v 
= — I t > 0, 

c 

yvhere v is the target velocity', and c the velocity' of light. 
The Laplace transform of the delay' is l\p) =2v/cp"-. 
Although real targets, of course, cannot change velocity 
instantaneously' in this manner, the}' can approximate 
this ramp well enough to make the results of this analy¬ 
sis useful. This sudden ramp of delay' is also important 
in study ing the discriminator response when the return 
from a constant velocity- target is suddenly applied to 
the input. Furthermore, the general behavior of the 
transient errors and the steady-state errors yvith veloc¬ 
ity inputs are of interest by themselves. The linearized 
analysis used here applies only if the delay' error at the 
beginning of the transient e(0) is much less than the 
threshold error. 
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Two loop filters are shown in Fig. 9. The first of 
these, a simple integrator, produces a closed-loop trans¬ 
fer function [obtained from (3) | which is given by 

a / 1 \ 
- — ) (15) 

¿.4Pj\l + p pur 

This filter has zero steady-state error to step inputs of 
delay, but a finite nonzero steady-state error to ramp 
inputs. 1'he second loop filter, shown in Fig. 9(b), is 
composed of an integrator and an RC filter. The closed-
loop transfer function for this filter is 

a 1 + \/2 p/po 
H(p) = - -- - (16) 

kA Pa 1 + \/2 p pu + (p pop 

1'his loop filter has been shown optimum for ramp inputs 
in the presence of white noise, in that it minimizes the 
total squared transient error plus the mean square error 
caused by interfering noise. 15 The frequency pn would 
then be chosen by relative weighting of the two types of 
errors. The frequency here will be chosen from other 
considerations, namely, to keep the peak transient error 
below a set value. This filter produces zero steady-state 
error in response to a ramp input. 
The transient error is defined as the delay error 

T(t) — T(t) for a given delay function T(t) in the ab¬ 
sence of discriminator interference «,(/). The transient 
error for the simple integrator type of loop filter [Fig. 
9(a)] with a ramp of delay as the input is shown in Fig. 
10(a). The corresponding closed-loop frequency re¬ 
sponse is shown in Fig. 10(b). Notice that the error rises 
to a final steady-state value e,( x) = 2v/cpn for a target 
radial velocity v, and a corresponding steady-state tar¬ 
get position error 2v/pa- It is obviously desirable to have 
«,( x) <tr and the position error small enough to obtain 
the required position accuracy. Suppose, then, that we 
choose p» to obtain the desired small steady-state tran¬ 
sient error ed x ), i.e., pn = 2v cet( » ). 

For this value of pn, what is the lowest input SNR for 
which we can keep the delay errors below the threshold 
value «r most of the time? If the equivalent input noise, 

is assumed Gaussian, and produces an rms error 
atn in the delay estimate, then a reasonable condition for 
the discriminator to be said to operate above threshold 
is that <r<„<er/3. For delay errors which are approxi¬ 
mately Gaussian (transient errors are assumed much 
less than er), this condition corresponds to a probability 
of !e| >er of less than or equal to 0.27 per cent at any 
instant of time. 

I'he rms value of noise error for white noise inputs 
can be found from the expression 

G„„(O)/>o/2(.IP rf)î

15 R. Jaffe and E. Rechtin, “Design and performance of phase-
locked circuits capable of near optimum performance over a wide 
range of input signal levels,’’ IRE Trans, on Information Theory, 
vol. IT-1, pp. 66-72; March, 1955. 

I ig. 9— I wo loop filters and their transfer functions. 

big. 10—Discriminator performance with the loop filter of Fig. 9(a). 
(a) Transient error in response to a ramp of delay, (b) Closed-
loop frequency response. 

where Gnn(J) is the power spectral density oí the noise 
term «„(/)• hor the value of chosen, we have 

_ G,.^ 
(17) 

The threshold occurs, then, when G„„(0) has the value 
cer2ti( X )(. 1 P,,)2/9t'. The power spectral density Gn„(0) 
is in turn related to the input noise spectral density. 
For white input noise „(/) and a signal spectrum which 
is rectangular or Gaussian in shape, the spectrum of 
G„„(0 is also white. 

For white interfering noise n(t) with power P„ in a 
bandwidth 2B, (both positive and negative frequency 
regions are used throughout this paper), the amplitude 
of this power spectral density is'6

G„S/) = P^Áf) * GAf) 

and 

G„„(0) = PuPJIR,. (IS) 

This last relation is valid regardless of the shape of the 
spectrum of s(t) and has assumed that the spectrum of 
s'(t + T) is the same as that of s'(O. 
Now by combining (17) and (IS), the threshold input 

SNR can be found 

(SNR) threshold (19) 

16 I’he use of the asterisk indicates convolution in the frequency 
domain. 
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It is seen that, in general, the threshold SNR increases 
as the transient error e, is made smaller for fixed velocity 
v, just as expected. 
To evaluate this expression, the power spectrum of 

s(t} must be specified so that er and IL can be deter¬ 
mined. If.s(/) has a Gaussian low-pass spectrum, 

Vrr IL 
Gs(f) = - exp — (irf IL)2, <z is -

IL \/2ir 

for this spectrum, then 

er = I I’d = (lira)2 = 2B 2. 

Thus the threshold SNR is 

4.5(r/c) 
(SNRjthroshold = - (20) 

ILtA * ) 

As an example, suppose IL = 1 Me, which makes 
er=O.7O7 usee. (,( x ) =0.1 jusec (98.4 ft. transient error), 
» = 2000 mph, and (»/c = 2.99X10 °), then the threshold 
SNR is 1.36X10 'or — 38.6 db. 

I’he transient error lor the loop filter depicted in big. 
9(b) in response to the same ramp input of delay 
1(1} =2(v c}t is shown in Fig. 11(a). Ilie closed-loop 
frequency response is shown in big. 11(b). I’he peak 
transient error for this filter is eff/p^k) =0.91 (» cpu} and 
occurs at time fp( ,k = 1 ■ 11 pn- Because the transient error 
is significant over a limited time interval only (about 
2b«ak) and has a limited rise time, it can be seen that in 
order to have the peak transient error from a real target 
be well approximated by that given in big. 11(a), the 
actual change in target velocity must occur over a time 
interval less than /peak- In other words, the maximum 
target velocity transient considered here is the velocity 
change that can occur in a period of time /pe„k. 
The peak transient error will be set at e»/3, i.e., 

po = 2.72v ct/. Threshold will be said to occur when the 
delay error caused by noise t„ has an rms value a,„ = eT 3. 
For Gaussian e„, this condition corresponds to a prob¬ 
ability of 1 e| >e/ of0.27 percent when there is no tran¬ 
sient error. The probability of |«| >e» at peak transient 
error is 2.3 per cent. 
The mean square delay error caused by a white inter¬ 

fering noise input can be found using (16) as 17

<r<„- = f k2G„„(f)\ H(j^) a\2df 
* X 

- l.(»6G„„(0)/>., (A I’d)2 = (er 3)2. (21) 

Now by using (18), (21) and the relation for pv, the 
threshold input SNR can be found as 

/.l 2\ 13.0(t/c) 
(SNR) threshold = (- I = - ;= " (22) 

\l n/ threshold IL I’di T2

lig. 11 -Discriminator performance with the loop filter of lüg. 9(b). 
(a) Transient error in resfxmse to a ramp of delay, (b) Closed-
loop frequency response. 

If the signal spectrum has a Gaussian shape as before 
a = IL '\/2ir. then (22) becomes 

(SN R) ti.r.-si.oid — 18.4(t c). (23) 

As a second example, suppose » = 2000 mph (v/c 
= 2.99 X 10 '"). 1’hen the threshold (SNR) is 5.5X1O-5 

or —43 db, an improvement of more than 4 db over that 
provided by the first filter. 

Trac king an Actively Transmitting Target 

One of the more important applications of the delay¬ 
lock discriminator is to track a target which is itself 
transmitting a wide-bandwidth, random signal. In¬ 
formation on the target position can be obtained by esti¬ 
mating the delay difference 7 (f) between the signals as 
they arrive at the two antennas as shown in Fig. 12. The 
signal received from one antenna is fed into the dis¬ 
criminator as the reference, and the other received signal 
is fed into the input. By comparing the delay differences 
for three such pairs of antennas, the target position (in¬ 
cluding range) can be determined as the intersection 
point of three hyperboloids. 18 Two pairs of antennas are 
sufficient to provide angular information. 

As it concerns the operation of the delay-lock dis¬ 
criminator, this problem differs from the one just dis¬ 
cussed only in that the noise-perturbed signal received 
in one antenna is used as the reference. As a result, a 
corresponding degradation in accuracy at low input 
SNR is to be expected. By referring to Fig. 13 and (2), 
one can write the low-frequency terms of the multiplier 
output as 

x(t) = A^AJ’dill) + nM) (24) 

where nr(t) is the equivalent linearized interference and 
has the representation 

'MO = .1 t-GpiX/) + zz,(/)| + -liif/ + T)n’(t + T) 

+ djs'O + fjiiAt) + iii(l)n-!((l + T), (25) 

17 This integral has been evaluated using I >. Bierens de Haan. 
“Nouvelles tables d'intégrales defines," Hafner Publishing Co.. New 
York, N. Y„ p. 47; 1957.’ 

18 Actually, there are two intersections of the three hyperboloids, 
one on each side of the plane of the antennas. However, if the an¬ 
tennas are on the ground, it is usually easy to decide which point is 
correct. 
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Fig. 12—Tracking a target which is transmitting a wide 
bandwidth signal. 

used. Then by using (21), (26) and assuming equal SNR 
on both channels, the threshold SN R can be evaluated as 

(SNR) threshold 4- y/h + IP (27) 

where 
h~\^.O(v/c)/B,PdfP, and » is the radial velocity dif¬ 

ference to the antennas. For ¿«1, this relation becomes 
(SNR)thr«hoid= VÃ. As an example, suppose that 
» = 2000 mph. If the signal spectrum is low-pass and 
rectangular, then er=|B«, Pa = (2irB,Y ', and the 
threshold SXR is 4.85 X IO-3 or -23 db. 

pig 13—Operation of the delay-lock discriminator with a noise 
perturbed reference. 

where «¿(f), ni(t) are the distortion and intrinsic noise 
components, respectively. Notice that in addition to 
the noise terms of (6) there are now two additional 
noise terms, another SX-V term (signal times noise 
term) and a .VX.V term. 

In many situations the dominant noise terms are gen¬ 
erated in the two receiver amplifiers, and the noise tei ms 
,h(t) and n2(<) are independent of one another. If the 
spectra of the signal and these noise components have 
bandwidths much greater than the closed loop band¬ 
width of the discriminator, then nAf) can be considered 
to have an approximately white spectrum, and the te-
sults of the previous section can be used to obtain the 
performance of this discriminator. Of course, if Wi(Z) and 
»•>(/) contain components which are not independent, 
any de and low-frequency noise components which 
might then exist must be taken into account. 

If, for example, we take the signal and independent 
noise components to have rectangular spectra with 
bandwidths B„ then the equivalent noise spectrum in 
the low-frequency region is 

G„n(0) = (A P,l„2 + A^PdPn, + 

ArAPPd , , , . 
=- (ri + r2 + rifî) (-6) 

2B, 

where P„i, P.M are the average powers in «i(2), n2\0, 
and rt, r2 are the noise-to-signal power ratios on chan¬ 
nels 1 and 2, respectively. 

If intrinsic noise effects are negligible, then threshold 
input SNR can be obtained by combining (26) with 
either (17) or (21), depending on which loop filter is 
used. Notice that constant k in (15) and (16) now be¬ 
comes ,12. Consider that the loop filter of Fig. 9(b) is 

Effect of AGC or Limiting on the 
Discriminator Performance 

As pointed out earlier, to control the discriminator 
loop gain it is desirable to feed the received data through 
a limiter or an amplifier with strong AGC. The use of an 
ideal AGC serves to maintain a constant average input 
power for the discriminator and has a relatively simple 
effect. Thus, the ideal AG( acts as a variable attenuator 
which produces no distortion of the input, but attenu¬ 
ates the amplitude of the signal component in its output. 
Its only effect is to vary the discriminator loop gain as a 
function of the input SNR. If the total input power to 
the discriminator is .I,2 and only one channel has noise 
added and AGC control, then the effective loop gain is 

kAJ’dgdFW 
loop gain = g = - (28) 

The change in the loop gain, however, is important 
because it affects both the dynamic range of the dis¬ 
criminator and the closed-loop bandwidth. Here we en¬ 
counter the problem: if a time invariant loop filter is to 
be used, what value of the loop gain should be assumed 
in designing the loop filter? 
Once the discriminator has locked onto the signal, 

the most critical phenomenon is the occurrence ot the 
threshold or loss ol lock condition. \\ hile the discrimina¬ 
tor is operating well above threshold at a fixed SNR, 
there is a linear relationship —the closed-loop transfer 
function H(ju)—between the true delay and the delay 
estimate. Thus we can follow the discriminator with a 
linear filter wdth a transfer function II-Ajw), and the 
product Hr(j^) = II(ju)II2(jw) can be chosen so that it is 
optimum in some sense, e.g., Ilrij^ can be chosen as the 
realizable Wiener filter which allows some particular 
value of delay (negative, if a predictor is desired) in 
forming the estimate of the target delay. ( onsequently, 
one reasonable approach to this is to optimize the loop 
filter using the threshold value of loop gain, and then 
to choose a time invariant filter II2(ju), so that HT(ju) is 
optimum in the Wiener sense at large input SNR. 

Now, if we consider that the single noisy channel has 
a limiter preceding the discriminator, it can be shown 
that the dominant effect is the change in the loop gain. 
However, the exact dependence oi loop gain on input 
SNR is not always exactly the same as with perfect 
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AGC, because the limiter input and output SNR are not 
always equal. For example, Davenport 19 has shown that 
the signal power output of an ideal band-pass limiter for 
sine wave plus Gaussian noise inputs is related to the 
total limiter output power by the expression 

Pr 

P*0“‘ - 1 + b(Pn/P.) 

where Pt is the band-pass limiter output power, 
tt/4<6<2, and b depends on the input SNR P,/ P„. The 
loop gain varies with Août roughly in the same manner 
as with AGC. 

If the input to an ideal limiter is a Gaussian signal 
plus independent Gaussian noise, then the discriminator 
operating curve can be obtained using the results of 
Bussgang 20 which show that the cross-correlation be¬ 
tween the input and output of the limiter is propor¬ 
tional to the autocorrelation function of the input. The 
discriminator operating curve can thus be shown to be 

where Pt is the limiter output power, P, is the signal 
power, and R^t) is the autocorrelation function of the 
signal which has been normalized to unity power. In this 
way the loop gain is changed exactly as it was with the 
AGC. The loop gain change may not be the only effect, 
because in passing through the limiter the noise sta¬ 
tistics change and harmonics of the signal are generated. 
In practice, however, the limiting operation can usually 
be done at an IF or RF frequency (before detection if 
s(t) is to be low-pass) so that harmonic content is re¬ 
moved by band-pass filters and is of little concern. 

It is sometimes convenient to limit both received data 
channels at the multiplier inputs; the reference channel 
is differentiated and delayed before amplitude limiting. 
With this type of operation the multiplier inputs are 
both binary random variables, and the multiplier circuit 
can be implemented by using an AND circuit. If both 
inputs to the receiver have stationary Gaussian statistics 
and the noise-to-signal power ratios on the two channels 
are r, and r2, then the discriminator characteristic can 
be shown to be21

2 
— Prsin ' l^'W \/(l + n)(l + rd A(0) K"(0)] 
7T 

where Pt is the output power of each of the limiters, and 
R„(t) is the autocorrelation function of the signal. The 
ratio /</(<> l/x/A(O) /<"(()) is less than unity as can be 

” \V. B. Davenport, Jr., “Signa 1-to-noise ratios in bandpass 
limiters,” J. Appt. Phys., vol. 24, pp. 720-727; June, 1953. 

20 J. J. Bussgang, “Cross-correlation functions of amplitude-
distorted Gaussian signals,” Mass. Inst. Tech., Cambridge, Mass., 
RLE TR No. 216, pp. 4 13; March, 1952. 

21 If .v, and .vj are limited forms of yAs+’h and vAd + mj, 
respectively, then it can be shown that ^^ (t) = Pr |4 Pr (yi(t) >0, 
y-(/+r) >0| — 11. where Pr(y>0) is the probability that y>0. This 
probability can be evaluated by integrating the bivariate normal dis¬ 
tribution to obtain the above result. 

shown using the Schwarz inequality. This discriminator 
characteristic is of roughly the same shape as obtained 
without limiting since sin-lx«x for |x| <1. The peak 
value of the loop gain varies in proportion to 
[(l+n)(l+r2)]-1'2. 

If a band-pass limiter is used on both received input 
channels, then using Price’s 22 (6) we can show that the 
cross-correlation is given by 

v(l + H)(l + n)l 

ml(m — 1)1 

_ P£l(r)_ 

V(1 + nj(T + 

where R,(t)-p,(t) cos [wot+X(t)], i.e., p,(r) is the en¬ 
velope of R,(r). The discriminator characteristic, 
— /^»'(r), is not greatly different in shape from — R '(t). 
The loop gain is again attenuated by both noise-to-sig¬ 
nal ratios n and r2. 

Experimentai, Version of the 
Discriminator 

A laboratory model of the delay-lock discriminator 
has been constructed and tested. The objective of the 
experimental work was to demonstrate the basic prin¬ 
ciples of operation and to provide experimental verifica¬ 
tion of some of the theory of linear operation. Ferrite-
core delay lines with magnetically controlled permea¬ 
bility 23 were used in these particular experiments as the 
variable delay elements. 
A block diagram of the experimental delay-lock dis¬ 

criminator is shown in Fig. 14. In this experimental 
equipment, the reflection and transmission from the 
target were simulated by another delay line similar to 
the one used in the discriminator. An AGC amplifier 
was provided in the signal input channel to maintain 
constant input power to the discriminator. The loop 
filter F(p) consisted of a RC low-pass filter with a time 
constant of 8.8 msec. 
The phase delay vs control current characteristic of 

the delax lines used in the experimental discriminator is 
shown in Fig. 15. Note the nonlinearity and hysteresis 
effect present even for relatively small delay variations. 
Additional measurements have shown the slope of the 
curve (i.e., the delay line gain) to vary as a function of 
carrier frequency approximately +10 per cent of the 
value shown. The group delay (slope of the phase shift 
vs frequency curve) is expected to vary by about this 
same amount from the values shown. 

I’he amplitude spectrum of the carrier measured at 
the output of the AGC amplifier is shown in Fig. 16(a). 

22 R. Price, “A note on the envelope and phase-modulated com¬ 
ponents of narrow-band Gaussian noise,” IRE Trans. ox Informa¬ 
tion Theory, vol. IT-1, pp. 9-12; September, 1955. 

21 II. W. Katz and R. E. Schultz, “Miniaturized ferrite delay 
lines,” 1955 Natl. IRE Convention Record, pt. 2, pp. 78-86. 
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1'ig. 14 Experimental system-block diagram. 

A maximally flat band-pass spectrum with the same 3 
db points as the experimental data is plotted for com¬ 
parison. This spectrum has a center frequency of 1.85 
Me. 

'Die discriminator characteristic obtained from the 
experimental system is shown in Fig. 16(b). The hori¬ 
zontal axis is labelled “approximate delay” since much 
nonlinear distortion was produced by the delay line. 
Note that the delay variation presented is about 2| 
times that shown in Fig. 15. It should be pointed out, 
however, that the operating range for the measurements 
presented is the main lock-on region at the center of the 
oscillogram. This portion of the discriminator charac¬ 
teristic, which is quite linear, extends + 0.12 gsec about 
the e = 0 position. This wave corresponds to a center fre¬ 
quency of approximately 2.1 Me for a symmetrical 
band-pass spectrum. Thus, the major linear region of 
the characteristic extends over a range of delay error 
e that agrees to within 13 per cent of the value predicted 
by the maximally flat band-pass approximation to the 
experimental spectrum. 

l ig. 16— (a) Amplitude spectrum of carrier, (b) Oscillogram 
of discriminator characteristic. 

Measured open-loop and closed-loop amplitude re¬ 
sponses are plotted in Figs. 17(a) and 17(b). respect ively. 
The measured open-loop response coincides well with 
the theoretical response of an RC low-pass loop filter 
with a cutoff frequency of 18 cps. Using a linearized 
equivalent circuit similar to Fig. 4, we see that for such 
a simple filter the only effect of the feedback will be to 
multiply the cutoff frequency by a factor of 1 +g. The 
measured loop gain was g=ll. The theoretical closed 
loop response plotted in Fig. 17(b) is that of a single real-
axis pole with a cutoff frequency of 216 cps. The meas¬ 
ured closed-loop response, plotted also in Fig. 17(b), 
again matches the theoretical curve closely. 

Another check on the theory of linear operation of the 
delay-lock discriminator can be made by measuring the 
transient error for a triangular wave input. Figs. 18(a) 
and 18(b) show the discriminator responses for 13 ma, 
peak-to-peak inputs of frequencies 24 cps and 240 cps, 
respectively. Since a triangular wave is a summation of 
an infinite number of ramps, the transient error to a 
triangular wave can be found from the error to a ramp. 
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Fig. 17 -(a) Open-loop amplitude response. (b) Closed-loop 
amplitude response. 

Krom elementary control theory, using a linearized 
equivalent circuit similar to Fig. 4, it is possible to find 
a simple expression for the delay error «(/) to a ramp 
input of delay. 

at agRC 
= - -i- (i - e-<i+«m»c) (29) 
d + g) a + gr 

where the input is 

T(t) = at, I > 0 

= 0, t < 0. 

If we define t as the peak-to-peak output error in re¬ 
sponse to a triangular wave input, then it can be shown 
that 24

t = 2((t = n 2) (30) 

21 Choose the time origin so that the input function is an even 
function of time. 

(a) 

(b) 

Fig. 18—Oscillograms of discriminator delay-line, control current for 
triangular wave control current in modulating delay line, (a) 24 
cps input, Vertical scale is 2 ma per division, while the horizontal 
scale is 5 msec per division, (b) 240 cps input. Vertical scale is 2 
ma per division, while the horizontal scale is 500 /»sec per div. 

Fig. 19—Loop gain vs input signa l-to-noise power ratio. 

where Tn is the period of the triangular wave input. 
Further calculations using (29) and (30) predict a peak-
to-peak amplitude of 11.6 ma for the 24 cps input, and a 
peak-to-peak amplitude of 8.0 ma for the 240 cps input. 
These predictions are in good agreement with the oscil¬ 
lograms of Figs. 18(a) and 18 (b). 

'1'he measured loop gain as a function of input, SNR 
power ratio, is plotted in Fig. 19. A theoretical curve 
based on (28) is plotted in the same figure and corre¬ 
sponds closely with the experimental points. This curve 
of loop gain is an indirect indication of closed-loop dis¬ 
criminator dynamic range and closed-loop bandwidth. A 
version of this discriminator, with a higher de loop gain 
than that described here, has operated at input SNR 
ratios as low as —40 db. 

Discission 

Un the basis of these results, the delay-lock discrim¬ 
inator appears to have good potential in tracking rapidly 
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moving targets while using very low’, received, SNR 
ratios. It is especially suited to tracking problems where 
the initial target position is known or where tracking is 
to begin only when the target enters a fixed perimeter. 
However, by the use of search techniques, targets of 
unknown initial position can be tracked. 
By properly choosing the signal spectrum shape and 

bandwidth, good performance can be obtained with 
respect both to reducing the ambiguity in target posi¬ 
tion and discriminating against undesired targets. 

In practice, where tracking is required over mod¬ 
erately long distances, the use of servocontrolled ultra¬ 
sonic delay lines seems attractive. Delays in the milli¬ 
second range are attainable using such lines, and the 
linearity of delay vs control voltage can be made quite 
good. However, the response of the servosystem has to 
be taken into account in computing the closed-loop 
response. The presence of this servomotor within the 
loop may require some modification of the loop filter 
depending on the speed of response desired. Other delay 
techniques using such devices as magnetic recorders or 
shift registers might also be useful where long delays are 
desired. 
The delay line also restricts the signal frequency spec¬ 

trum that can be used because of its delay-bandwidth 
product limitations. At present, quartz delay lines can 
function at frequencies up to 100 Me. However, the 
state of the art prevents direct discriminator operation 
at frequencies much above this with delays in the milli¬ 
second region. If transmission frequencies above this are 
to be used (a likely requirement) and delay s are large, 
the transmitted signal can be formed by amplitude or 
frequency-modulating an RF sine wave with low-pass 
random energy. The low-pass random waveform can 
then be synchronously (or nonsynchronously) detected 
at the receiver, and the detected signal fed into the delay¬ 
lock discriminator. If synchronous detection is to be 
used, it should be noted that the phase of the local oscil¬ 
lator used for detection must follow the phase modula¬ 
tion of the carrier caused by the reflection from the 
moving target. 

It is also possible to devise modified versions of the 
delay-lock discriminator which can operate directly on 
I'M deviated signals and use video delay lines. Nou-
synchronous forms of the discriminator can provide de¬ 
lay estimates which are free of the possible ambiguities 
caused by the fine structure of the signal autocorrela¬ 
tion function. In essence, this type of operation is made 
possible by ignoring the fine structure and working only 
with the envelope of the autocorrelation function. If the 
delay-lock discriminator is to be used in an interfer¬ 
ometer, the delay variations generally are in the micro¬ 
second region or less, and the frequency limitations of 
the delay lines become greatly relaxed. 

Further work is being carried out on the problems of 
locking-on and unwanted target discrimination. For ex¬ 
ample, reflections from undesired targets can be dis¬ 
criminated against in both range and velocity by mak¬ 

ing the closed-loop bandwidth relatively small. Then, if 
the undesired target passes rapidly enough through the 
range of the target to which the discriminator is locked, 
the interfering transients which result occur too rapidly 
to affect materially the discriminator output. Adaptive 
filtering techniques seem to be appropriate here; one 
loop filter can be employed during the lock-on transient, 
and another can be used after lock-on is established. 

List of Symbols 

. I = signal amplitude 
Bs=signal bandwidth (cps) 
C = velocity of light (or of sound if sonic prop¬ 

agation is considered) 
e = 2.718 
Æ = expected value of a random variable 
/ = frequency (cps) 
Jo = center frequency of the signal 

F(/>)=loop filter transfer function 
g = loop gain 

G„(/) = signal, noise, power, spectral densities 
It = a constant 

//(/>)= linearized equivalent transfer function 
^=reference signal amplitude 

«(/) = input noise waveform 
n.(0 =equivalent noise 
p = complex frequency 
ptt = filter cutoff frequency in rad sec 

P„ P„= signal, noise-average power 
r = input noise-to-signal power ratio 

Rt(r), R„(r) = signal, noise autocorrelation functions 
s(/)=signal waveform (unity power) 

Z = the variable time 
T(0 = delay 
T(0 = estimate of delay 

a = velocity of the target 
x(0 = multiplier output 

y = i\ variable 
a = relative amplitude of the delay estimate 

{(/) = Dirac delta function 
A7’ = dynamic range of the discriminator 
e(0 = delay error T(t)—f(0 
er = threshold delay error 

p(r) = envelope of the normalized autocorrela¬ 
tion function 

a=standard deviation of à random variable 
r = a variable representing time 

<t>(0 = phase function 
oj= angular frequency 

w,(0 = instantaneous angular frequency 
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A Sequential Detection System for the 
Processing of Radar Returns* 

AARON A. GALVINf, member, ire 

Summary—This paper describes a system which permits a sub¬ 
stantial reduction in the amount of equipment required for the detec¬ 
tion of narrow-band radar returns which may fall into any part of a 
wide, noisy Doppler band. The system utilizes a two-step process; 
the first providing a coarse, high false-alarm indication of range and 
Doppler, and the second providing high-quality detection and pa¬ 
rameter estimation. 

The basic principles are discussed, followed by a description of an 
experimental prototype system. 

Experimental results are presented. 

Introduction 

HEN no a priori knowledge is available about 
the Doppler frequency or time of occurrence of 
a narrow-band return falling in a wide-band 

noisy spectrum (see Fig. 1), an optimum method tor 
real-time detection is to survey the spectrum with a 
parallel bank of a large number of matched filters ar¬ 
ranged as a comb in frequency, and to observe whether 
the output of one or more filters exceeds a preset thresh¬ 
old. In order to be sure that at least one ol the filters in 
the comb is approximately matched to the return, a 
sufficient number of the filters must be used to guarantee 
that one will be excited near its center frequency. The 
number of filters required to do this for a single receiver 
can get into the thousands. 

TRANSMITTED 
FREQUENCY 

Doppler band for a given range of target velocities, 2) 
be designed to handle a larger range of target velocities, 
3) use long-duration, narrow-band signals to achieve 
high-energy per pulse, and 4) have multiple simultane¬ 
ous beams, each of which must be optimally processed. 

Because of the increased cost per incremental db of 
system sensitivity in advanced radars, it is essential to 
use a processing system which provides as close to opti¬ 
mum-signal detectability as is technically feasible. 

Detection Techniques 

A. Detector Plus Video Filter 

The simplest method for achieving reasonably high 
detectability on a simple-pulsed return in noise is to feed 
the IF output into a diode detector whose output then 
feeds a video low-pass filter, matched (or nearly 
matched) to the envelope of the return (see Fig. 2). At 
high IF input signal-to-noise ratios, the detector plus 
video filter very nearly approximates an IF coherent-
matched filter which has been centered on the frequency 
of the return. When the input signal-to-noise ratio is re¬ 
duced, the efficiency of the detector begins to fall off, 
and at an input signal-to-noise ratio of about +3 db the 
rate of signal degradation approaches a point below 
which the use of this technique becomes questionable. 
No information on the Doppler of the signal can be ob¬ 
tained during this process since this information is de¬ 
stroyed by the initial detection. 

“o‘ w Dopp (rno,) w return “o*“ Dopp.<^n°,‘,

Fig. 1—Problem: detection of narrow-band radar return in noisy, 
wide- 1 >oppler-band environment. 

IF 
INPUT 

THRESHOLD 

Fig. 2—Simple method for detection, good at high S/N. 

For an example, consider a radar with a 1-msec pulse, 
operating at 0000 Mcps, and equipped to handle a range 
of target velocities of ±18,000 nautical mph. A comb 
set of matched filters for this radar would contain ap¬ 
proximate!} 2000 filters. 

In recent years, the problem of providing matched 
filtering for radars has become increasingly difficult be¬ 
cause of the tendency for advanced radars to: 1) operate 
at higher-carrier frequencies, which results in a larger 

‘Received by the IRE. March 17, 1961: revised manuscript 
received. June 19, 1961. 

t Lincoln Lab., Mass. Inst. Tech., Lexington, Mass. 

B. Medium-Bandwidth Filters Plus Detectors Plus Video 
Filters 

The inability- of the detector-plus-video-filter com¬ 
bination to function properly- at loyv signal-to-noise 
ratios can be circumvented by using it in a filter system 
which guarantees that, for signals of interest, the de¬ 
tector will always be presented with a high signal-to-
noise ratio. A comb set of medium-bandyvidth predetec¬ 
tion filters (IF filters yvhose bandyvidths are large when 
compared to the signal-spectral yvidth, but small when 
compared to the total Doppler coverage band) raises the 
input signal-to-noise ratio to a value at yvhich the de¬ 
tectors can efficiently- operate. It is then possible to per-
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form the remainder of the narrow banding with the use 
of a simple set of video filters as shown in l-'ig. 3. 
An incidental benefit to the use of this technique is 

that it is possible to get an approximate indication of the 
Doppler of the signal, as will be shown later in this 
paper. 

C. Hank of Narrow-Hand Filters 

A filtering technique that is able to achieve good per¬ 
formance at low-input signal-to-noise ratios is that 
shown in Fig. 4, a comb set of IF coherent matched (or 
nearly matched) filters. It should be noted, however, 
that this method requires a considerably larger number 
of filter channels than does the technique described in 
the preceding paragraph for the same total Doppler 
band. 

D. Millstone Hili' Detection Technique 

I'he Millstone Hill radar represents an early example 
of a radar in which the occurrence of a wide Doppler 
band and a narrow -signal spectrum combine to cause a 
somewhat difficult problem in the processing of the re¬ 
ceiver data. 

I'he following is a list of the parameters of the Mill¬ 
stone Hill radar which, in part, determine the param¬ 
eters of the detection equipment: 

< )perating Frequency : 
Type of Modulation : 
Repetition Rate: 
Pulse width (r): 
1/t: 
Ranged target velocities: 
< orresponding Doppler 
band : 

440 Me /sec 
rectangular pulse, noncoded 
30 pulses per second 
2 msec 
50 cps,. 
± 18,000 nautical mph 

± 25 keps. 

1'he matched filter for Millstone’s two-millisecond 
pulsed sinusoid is a filter w ith the familiar sin x.v selec¬ 
tivity characteristic, centered at the frequency of the 
target return, with a +500 cps first null. In order to pro¬ 
vide matched filtering over the entire 50 keps of Dop¬ 
pler, a large set of sin .v x filters could be arranged as a 
comb in frequency as shown in l-'ig. 4. Based on the Mill¬ 
stone parameters, the matched filters could be spaced 
by 250 cps at the cost of a 1-db loss in signal detectabil¬ 
ity if the return falls midway between two filters. If this 
spacing is chosen, a total of 200 filters are required per 
receiver polarization in order to obtain full coverage in 
Doppler. Although this number of filters is not unrea¬ 
sonable if one uses a simple filter, the amount of equip¬ 
ment becomes prohibitive if one considers using this 
number of matched filters, each of which is highly com¬ 
plex. In order to permit a system which is feasible from 
an equipment standpoint, some deviation from the opti¬ 
mum filter must be allowed. 

1 Lincoln Lab. tracking-radar field site, Westford, Mass. 

Fig. 3—Method lor detection good at medium 5/A. 

Fig. 4—Method tor detection good at low, medium, and high S/N. 

A small deviation (less than 1 db) from the optimum 
filter is allowed in the Millstone Hill detection equip¬ 
ment by the use of a single-tuned approximation. These 
filters are simple and relatively inexpensive, but a large 
number of them are still required in order to guarantee 
that one w ill be excited near its center frequency for any 
signal frequency. 

Although a spacing on the order of 250 cps could be 
used between the filters at Millstone, it was decided to 
reduce this spacing to 160 cps for two reasons: 1) to re¬ 
duce the peak-signal loss which occurs in the mid-range 
between two filters, and 2) to provide a better indication 
of where in frequency the return fell, without requiring 
the additional complexity of frequency-interpolation 
equipment. 

l ig. 5 shows the peak CW response and the response 
at the end of a 2-msec pulsed input for two adjacent 
Millstone filters. It should be noted that although the 
CW filter response has a half-power bandwidth of 200 
cps (the optimum single-tuned bandwidth for processing 
a 2-msec pulsed sinusoid in noise) the pulse-response 
characteristic exhibits an effective bandwidth greater 
than 450 cps. 

Fig. 6 shows part oi Millstone's 628-filter (314 filters 
per receiver polarization) comb set and some associated 
digital-encoding equipment. 

Although the Millstone filtering technique offers con¬ 
ceptual simplicity (an important factor in the considera¬ 
tion of equipment w hich might be used in a production-
model field radar, to be maintained by relatively un¬ 
trained operating personnel) a rather large amount of 
equipment is required for its implementation. Cer¬ 
tainly, if the Doppler band were a few times larger or the 
signal bandwidth a few times narrower, this technique 
would have to be abandoned. 
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Fig. 5 Steady-state and transient-selectivity characteristics of 
two adjacent Doppler filters. 

Fig. 6 -Section of Millstone filter bank. 

Seqi kntiai Detection and Processing Techniqi e 

It was found that considerable economy could be re¬ 
alized by a two-step detection process; i.e., by first per¬ 
forming the job of detection in a coarse, high false-alarm 
manner and then taking the stored IF input and routing 
it to a small comb set of narrow-band filters covering a 
bandwidth only as large as that required to find the sig¬ 
nal with the aid of the original coarse measurements. 
Fig. 7 shows a block diagram of this sequential tech-

*1 threshold 
INPUT ENABLE 

CONVERTER 

I 
2 THRESHOLD 

DIGITAL DOPPLER AND RANGE 

ONE PULSE-WIDTH 
_J F DELAY -LINE 

FINE DETECTION EQUIPMENT 
TINE DOPPLER AND RANGE I .nvA' )R 

COARSE DETECTION EQUIP 
r—— COARSE DOPPLER AND 

I RANGE ESTIMATOR 

BANK Of" 
crystal OSCILLATORS. 

Fig. 7—Sequential detection and processing system. 

nique. When the output of the coarse detection equip¬ 
ment exceeds the first threshold, it initiates a selection 
of one of a bank of crystal oscillators. At the same time 
it gates the stored IF output into a converter which is 
led by a mixing oscillator whose frequency is selected to 
place the converted signal within the band embraced by 
the fine-detection equipment. If the output of the fine 
detector does not exceed the second threshold, the 
original coarse detection is assumed to have been a false 
alarm and it is neglected. If the threshold is exceeded, 
a legitimate hit is assumed to have occurred and pre¬ 
cision parameter-estimation equipment is then put into 
action. 

In addition to using the knowledge of Doppler, gained 
in the first step of the detection process, it is also possible 
to utilize the coarse-range measurement. Instead of 
allowing the fine narrow-band filters to be fed with IF 
noise at all times (even when the signal is not present) 
the delayed signal can be gated into the fine filters using 
a gating signal which encloses the delayed IF signal. 
T his noise-gating process reduces the contribution of the 
presignal noise to the total output noise. The experi¬ 
mental sequential processor, to be described later, 
utilizes this technique. 

.1. Course-Detection Equipment 

T he practicability of the sequential approach depends 
rather strongly on the availability of a simple device for 
performing the job of coarse detection. That is, there 
must be available a simple piece of equipment which can 
operate over the entire Doppler band with a probability 
of detection very nearly the same as a set of matched 
filters, at the price of a high false-alarm rate. At the 
same time, the equipment must be able to give a coarse 
indication of the Doppler frequency and the range of the 
return for use in the second step of the detection process. 

For a simple, rectangular, pulsed-sinusoidal signal 
this can be done as shown in Fig. 8. 
The equipment primarily consists of a set of the 

filters shown in Fig. 3. The outputs of the video low-
pass filters feed a set of diodes all of which have a com¬ 
mon load. The output of this diode load then consists of 
the instantaneous maximum of the output of any one 
of the video filters. The voltage out of the diode network 
then feeds a range estimator which produces a trigger at 
the trailing edge of the return. This trigger is led into the 
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Fig. 8—Coarse detection equipment, course Doppler 
and range estimator. 

“sample” input oi the “greatest oi comparator, wind) 
determines which oi the inputs has the highest instan-
taneous-voltage value. When the “sample” pulse is re¬ 
moved, the output corresponding to the highest input 
stores a positive de voltage, which is used to select a 
local oscillator for use in the conversion of the signal 
frequency into the band covered by the hue-detection 
filters. 

Based on the Millstone Hill parameters it is possible 
to do the complete job of coarse Doppler and range esti¬ 
mation with about one live-inch subrack oi transistor¬ 
ized equipment. 

B. Fine-Detection Equipment 
The hue-detection equipment primarily consists oi a 

set of the hlters shown in Eig. 4. I he outputs oi the 
narrow-band hlters are handled in much the same way 
as were the hlters in the coarse-detection equipment, ex¬ 
cept that the filter outputs also drive an interpolator. 

'Die stabilitv requirements on the center frequencies, 
bandwidths, and insertion losses ot the narrow-band 
hlters are very stringent since in this system these sta¬ 
bilities, in conjunction with the operation of the inter¬ 
polator, determine the basic limits of the no-noise Dop¬ 
pler accuracy. 
Two of the blocks in Eig. 9 are not self-explanatory 

and deserve further discussion : the Doppler interpolator 
and the range estimator. 

C. Doppler Interpolator 
The Doppler interpolator is a device which reduces 

the Doppler measurement quantum to a value below 
that which would be obtained by encoding only the tact 
that the signal fell in a particular hlter. As shown in 
Eig. 10 it is a partially analog, partially digital device. A 
set of selector switches, controlled by signals from the 
fine “greatest of” comparator and range estimator, cause 
a gating into some analog circuitry ol the peak-voltage 
output of the two filters (labeled A and B) adjacent to 
the maximally excited one. I his circuitry produces a 
trigger at a time proportional to the ratio ot the ampli-

SAMPLE J— 

I RANGE 1 
estimator p 

I 
INTERPOLATOR, | 

INTERPOLATED DOPPLER 

Fine detection equipment. line Doppler Fit 

FINE 
►RANGE 
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DELAYED 
IF 

input 

~I 
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FROM 
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COMPLETE 

PEAK OUTPUT OF FILTERS ADJACENT | 
TO MAXIMALLY EXCITED ONE 

LONG 
TIME-CONSTANT 

PEAK switches'*-0 comparator 

Fig. 10 Doppler interpolator. 

tude out of filter A to the amplitude out of filter A plus 
filter B. The time between this generated trigger ami the 
time of application of the two input voltages can be 
shown to be proportional to the frequency difference be¬ 
tween some known frequency in the mid-range between 
filters A and B, and the best estimate of the place where 
the return fell. By choosing the proper clock rate it is 
possible to obtain a gated-pulse train in which each 
pulse represents one cycle per second of Dopplet shift. 

D. Range Estimator 
The purpose of the range estimator, shown in Eig. 11. 

is to make an accurate estimate oi the time of occur¬ 
rence of the return, even though the video output which 
feeds the device has a very long time duration. 

Before the range estimator will put out a range trig¬ 
ger, four different criteria must be met simultaneously: 
the input must exceed a certain preset amplitude thresh¬ 
old: a digital range-enable pulse must be positive: the 
slope of the input waveform must be negative; and the 
“centroid” of the input waveform must be nearly cen¬ 
tered in a video delay-line, which is a means ot avoiding 
gross errors in the estimate ol the position of the tange 
pulse at very low signal-to-noise ratios. At high SX R this 
geometric criterion would not be necessary since it 
would be impossible to get a negative slope at any place 
other than the trailing edge of the target return. 
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Fig. 11—Range estimator (for 2-msec pulse). 

E. Doppler Summarizer 

The Doppler summarizer, shown in I'ig. 12, is a digital 
device which accepts inputs from the fine and coarse 
“greatest of” comparators and the Doppler interpolator 
and encodes and combines these to form a resultant 
digital- Doppler word. 

E XPERIM ENTA L SY ST E M 

I'ig. 13 shows a block diagram of an experimental se¬ 
quential- Doppler processor which has been implemented 
using the Millstone Hill radar signal parameters in 
order to provide a means of testing it in actual target 
tracking operations. 
The following is a description of the system: 
The input is fed at 30 Me from the radar receiver. Two 

channels are driven in parallel; one undelayed and one 
delayed by 2.5 msec using an ultrasonic crystal delay¬ 
line. The undelayed channel is converted down to 200 
keps to feed the 13 filters of the coarse detector, and the 
delayed channel is converted (with a local-oscillator fre¬ 
quency selected by the coarse-detection equipment) 
down to a frequency which will place any target into a 
5-kcps band centered at 200 keps. The output of the 
delayed channel is then gated into a set of 21 narrow¬ 
band filters. If the output of any one of these filters ex¬ 
ceeds a preset threshold, a legitimate echo is assumed to 
have occurred. I'he “greatest of” comparator then deter¬ 
mines which of the filters has the highest peak response 
and controls the Doppler interpolator, which samples 
the amplitudes of the two filters adjacent (higher and 
lower frequencies) to the maximally-excited filter and 
converts this to a digital indication of where in the re¬ 
sponse of the center filter the return fell. 

I'he results of the coarse, fine, and interpolation meas¬ 
urements are summed in the Doppler summarizer and 
then stored in a 16-bit accumulator. 
The following is a discussion of some of the rationale 

behind the choice of the particular type, numbers, band¬ 
widths, and spacings of the filters in the coarse and fine 
filter banks: 

I'he first step was to choose the type, bandw idth, and 

INPUTS FROM COARSE 
DOPPLER "GREATEST OF 

COMPARATORS 

Fig. 12—Doppler summarizer. 

Fig. 13—Experiment.il sequential processor for 2-msec pulse and 
50-kc Doppler band. (Note: only one polarization shown.) 

spacing of the filters in the fine filter bank. Eor simplic¬ 
ity, single-tuned filters were chosen, and since the signal 
pulsewidth was 2 msec, 200-cps filter bandwidths were 
used. A 250-cps filter spacing was chosen in order to pro¬ 
vide a small total number of fine filters with an accept¬ 
able loss in signal midway between filters. 
The second step was to choose the operational fine-

filter threshold, and then to calculate the required IE 
input signal-to-noise ratio to yield a threshold crossing. 
In order to yield a high probability of detection, in ex¬ 
cess of 95 per cent, and a reasonably low false-alarm 
rate, less than one per minute, an output signal-to-noise 
ratio of approximately 14 db was required. A 200-cps 
single-tuned filter in a 50-kc IE bandwidth will yield a 
14-db output signal-to-noise ratio when the input is 
approximately minus 5 db. 
The third step was to determine the required medium¬ 

band filter pre-detection signal-to-noise gain at an input 
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signal-to-noise ratio ol —5 db. An 8-db signal-to-noise 
gain above 1E was required to guarantee that the signal 
would present the detector with a plus 3-db input signal-
to-noise ratio; however, in order to be more conserva¬ 
tive, the requirement was set at a 9.5-db predetection 
gain. 
The fourth step was to choose the type of medium-

band filter. Since the type is not critical once one gets 
above a single-pole filter, a second-order Butterworth 
filter was chosen. 
Once the type of medium-band filter was chosen, the 

required bandwidth and spacing could be determined. 
To achieve a 9.5-db signal-to-noise improvement, a 
bandwidth of 5 keps was required, and in order to yield 
a low loss between filters a 4-kcps spacing was chosen. 
The last step was to choose the total number of coarse 

and fine filters. Since the coarse filters had to cover the 
entire 50 keps of Doppler with 4-kc spacing, a total of 13 
filters were required. Since the line filters onk needed to 
cover a region of frequency slightly larger than the spac¬ 
ing between coarse filters only about 17 fine filters were 
required, but in order to reduce the stability require¬ 
ments on the coarse-filter banks, 21 fine filters were used 
in the experimental system. 

I'he block diagram of Eig. 13 shows only a single IE 

Fig. 14 —Front view of experimental sequential processor. 

input. The experimental system, how ever, accommodates 
two IE inputs, one for each of two orthogonal-receiver 
polarizations. 
The additional polarization is processed as follows: 
A duplicate coarse-filter bank and crystal delay-line is 

driven by the other polarization receiver. A comparison 
of the amplitudes out of the coarse filters from the two 
polarizations gates the stored IE from the polarization 
with the greater signal into the fine processor. 
The procedure is, in essence, to set up the coarse-de-

tection equipment in such a way that it provides infor¬ 
mation on the relative strengths of the signals in each 
polarization in addition to performing its basic func¬ 
tions. 

Eor aid in testing the sequential processor, tw o binary-
to-analog converters, one for the first 8 bits of Doppler 
and another for the next 8 bits, were included in the 
equipment to provide visual indications of Doppler on 
meters or analog recording devices. 
The system can handle multiple targets (nonover¬ 

lapping in range, or overlapping, but in the same coarse-
frequency region) and provides single-pulse measure¬ 
ments, quantized to the nearest one foot per second, to 
signal-to-noise ratios as low as —6 db (at IE). 

Figs. 14 and 15 show a Iront and rear view ol the ex¬ 
perimental system. 

Fig. 15 -Rear view of experimental sequential processor. 
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E.X PER I MENTA I. RESULTS 

Tests were run during satellite tracking operations 
using the sequential processor and the Millstone filter 
bank in parallel in order to obtain a comparison between 
the performance of the two systems. A digital computer 
accepted the data from both systems in real time and 
plotted the hit-by-hit output data. A detailed examina¬ 
tion of these hit-by-hit d.ita indicated that the sequen¬ 
tial processor operated with essentially the same prob¬ 
ability of detection, and false-alarm rate as the full 
filter bank, in spite of the fact that the satellite returns 
were scintillating rather strongly and both systems ex¬ 
perienced a wide range of input signal-to-noise ratios. 

I'ig. 16 shows a segment of data taken from the se¬ 
quential processor during the tracking of a satellite. 

I he data was taken using a moving-pen recorder with 
one pen connected to a digital-to-analog converter fed 
by the eight most significant bits of digital-Doppler out¬ 
put and the other pen, the eight least significant bits. 
Xoise-i ml need jitter in the Doppler measurements can 
be seen modulating the bottom analog recording. 
Computer plots of Doppler-report distributions for 

matched-filter output signal-to-noise ratios of 16 db 
and 49 db (II- signal-to-noise ratios of approximately 
— 4 db and +29 db, respectively) are shown in Fig. 17. 
I he horizontal baselines oi the photographs are 1000 
feet per second, representing two per cent oi the entire 
1 Joppler-coverage band. 

Fig. 16 \nalog conversions of digital-Doppler reports 
obtained while tracking a satellite. 

Fig. 17 Measured distributions of I foppier reports for signal-to-
noise ratios of 16 db (left) and 49 db (right). 

I'ig. 18 shows a plot of the measured standard devia¬ 
tions of Doppler-report distributions as a function of 
2E/N0 (where E is the signal energy and A7,, is the noise 
power per cycle) for the sequential processor. Although 
the experimental curve was plotted from 15 points, with 
each point calculated from a 5000-sample distribution, 
the use of the Millstone computer in real time permitted 
the entire experiment to be run and the curve to be 
drawn in approximately one hour. 
A plot of R. Manasse’s formula for maximum-the¬ 

oretical Doppler accuracy2 is shown for comparison with 
the experimental results. The discrepancy between the 
two curves has not as yet been fully explained and is 
presently under investigation. 

Fig. 18 -Standard deviation of Doppler-report distribution vs 2E .V.,. 

Con< luping Remarks 

1'he experimental prototype system succeeded in 
simulating a set of four-hundred filters with only forty¬ 
seven filters, and operated with essentially no sacrifice 
in performance when compared to the many-filter 
method of detection. I he techniques should be applica¬ 
ble to an extrapolated version of this system for the 
simulation of a much larger filter bank. A sequential 
processor is presently being designed to process 10 msec 
simple, rectangular pulses ( + 100 cps sin x x first null) 
in a Doppler band 1.5 meps wide; a problem which, with 
the use of a conventional narrow-band comb set, would 
require 30,000 filters for its solution. 
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Correspondence_ 

Minimum Time for Turn-Off in 
Four-Layer Diodes* 

It has been shown1 that the minimum 
time T» required to turn off a four-layer diode 
by a linearly-decreasing terminal current 
does not depend on the rate of decrease of 
this current. The period n, rather, depends 
exclusively on the dimensions of the two 
base regions and the minority-carrier con¬ 
stants in these regions as may be seen from 
the following equations: 

Tt — + l)/(r„f 4- Tp), (1) 

w here 

Í = - (»p4p)/(P„4„). (2) 

Ap = (m/Ntitbq2 l)p2pnLp/TpT„npL,A 

• {|1 — cosh (a,,//,,,)] sinh (:;■„//.,,) 

— Ih,./.„r,,//>./.,,r„)sinh (t,,.//.„)! . (3) 

4. = (m/âldôç’/A’W./rpT») 

• Í |cosh (tc„//,p) — 11 sinh («>//,„) 

+ (pJ.prJiipGrp) sinh |. (4) 

A = — iKip I >, 2 D,.) / (t ,,t ,.n ,,t„A 

■|(Hp/,„/r„) sinh (:;-,,/£„) cosh (wjt.p} 

+ (pnLp/Tp) sinh (t;„/£p) cosh («>/£„)]. (5) 

1'he constant m is the rate of decrease of the 
device terminal current. The constants w,. 
and w„ are the widths of the />-type and n-
t\ pe base regions, respectively, and all other 
symbols have their usual meanings. 

I he above expression for n is somewhat 
complicated. The purpose of this note is to 
express r, in an approximate simple form, 
and to plot the dependence of r, on the de¬ 
vice constants. 

In the on mode, the sum of the transport 
factors in the base regions is higher than 
unity’ and less than two. If each of the two 
transport factors is sufficiently close to 
unity, then 

Conditions (6) allow us to write 

sinh (Vp/L„) S (Wp/£,) 

cosh (::>/£„) = 1 

Similar approximations may be made for 
sinh (wn/Lp) and cosh (w./Lp). In \ iew of 
these approximations and (l)-(5), there re¬ 
sults: 

♦ Received by the IRK, April 5, 1961. This work 
was sponsored by Hamilton Standard Div., United 
Aircraft Corp., Broadbrook, Conn., and was con¬ 
ducted at the University of Connecticut, Storrs. 

1 M. A. Melehy, “Theory of turn-off in four-layer 
diodes," to be pub!. shed in IRK Trans, on Ki ectron 
Devices. 

For an explanation, see .1. L. Moll, M. Tanen-
baum, J. Goldey, and X. Holonyak, UP N-P-N tran 
sistor switches," Proc. IRK. vol. 44, pp. 1171 -1182; 
September, 1956. 

where 

X = (p,.lC„T„) iHpWpTp). 

(8) 

Eq. (8) is plotted in Fig. 1 for a number 
of values of (r„/r,, ). It may be observed from 
(8) that for small values of x, (t</tp) ap¬ 
proaches 0.5; and for large values of x, 
Gi/tp) approaches (t„/2tp) or ap¬ 
proaches 0.5. 

M. A. Meleiiv 
Elec. Eng. Dept. 

University of Connecticut 
Storrs. Conn. 

Microwave Amplification in 
Electrostatic Ring Structures* 

The possible use of spatially periodic 
electrostatic or magnetic structures to am¬ 
plify cyclotron waves on electron beams is 
now established. Both quadrupolar' anti 
axially-symmetric structures2-1 have been 
considered. The former amplify by produc¬ 
ing coupling between the fast and slow cy¬ 
clotron waves; these have both opposite 
power flow and opposite polarizations. The 
latter amplify by coupling a cyclotron wave 
with the synchronous wave of opposite 
power flow; this has the same polarization. 
In this case, the axially-symmetric pump 
fields produce equal rotational energy and 
displacement changes on all electrons of an 
input cyclotron wate. An output coupler 

* Received by the IRE, .lune 7, 1961. 
1 E. I. Gordon, “A transverse Held travelling-wave 

tube." Proc. IRE. vol. -IS. p. 1156: .lune. I960. 
2 T. Wessel-Berg and K. Blötekjaer, "Sonie As¬ 

pects of Cyclotron Wave Interaction in Time Periodic 
and Space Periodic Fields." presented at Internat). 
Conf, on Microwave Tubes. Munich, Germany; lune. 
1960. 

3 E. I. Gordon, "Charged particle orbits in varying 
magnetic fields," J. Appl. Phys., vol. 31. pp. 1187 
1190; July. I960. 

will remove all the rotational energy of all 
electrons ami. hence, leave the beam mono-
energetic. By collet tor potential depression 
the conversion efficiency of such devices 
may, therefore, be very high. 

This note describes the main features 
ami some experimental results on amplifica¬ 
tion in the electrostatic ring system of Fig 
1 (see also Gould and Johnson).’ The equa¬ 

tions of motion for a paraxial electron in 
the fundamental component of the electro¬ 
static pump fields and the axial magnetic 
field H¡ =<•>./>; are: 

d2x dv 
— + — —/xsin0z-x = 0 (la) 
de2 dV 

d2y dx 
- p sin 0c - V = 0 (lb) 
d92 dV 

- cos 0: = 0 (1c) 
d»: 0 

where 0—<actt p—rj02Ai Vp/2uE, p = 2vlL, 
and 4i is an amplitude coefficient. For am¬ 
plification, the electron transit time over one 
structure period must equal a cyclotron 
period. Hence, for small pump strengths, sin 
0c = sin 9. A simplified solution of (la) and 
(lb) gives the subsequent displacement of 
an electron in a filamentary fast or slow 
cyclotron wave entering the structure at r. 
<¡> as 

F , pB 4 
|_cosh —cos (0+0)—sinh cos0J (2a) 

r pS 4 
|_cosh — sin (0+0)— sinh -y sin 0J- (2b) 

These equations show that its motion is that 
of an electron in a cyclotron wave grow ing as 
cosh p9/2, coupled with that of an electron 
in a similarly polarized synchronous wave 
growing as sinh p9/2. The profile of the re 
suitant off-centered expanding helical tra¬ 
jectory of any electron in the beam is shown 
in Fig. 1. The cyclotron wave gain is given 
in decibels as 20 log cosh |. 1, l+ir.V/8 Do | 
for an A-electrode structure whose syn¬ 
chronous voltage is U» at zero ring voltage. 
The axial fields produced by an applied ring 

‘ R. W. Gould and C. C. Johnson, “Coupled modi" 
theory of electron beam parametric amplification," 
J. Appl. Phys., vol. 32. pp. 248 258; February. 1961. 
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voltage V« lengthen the electron transit 
time over a structure period and the neces¬ 
sary input beam velocity u (voltage V) to 
give correct synchronism is found by integra¬ 
tion of (1c) as 

2u 

7r\/l + 111 w/l 

A’ is a complete elliptic integral. This ex¬ 
pression decreases to uq as .4 1 goes to zero. 
Since this amplifier couples synchronous 
waves with cyclotron waves an input beam 
of finite thickness expands periodically as 
exp (^0/2) even in the absence of a signal 
wave. I he tube must be designed to accom¬ 
modate this expansion. 

I'he experimental results were obtained 
at a frequency of 1100 Me using a tube 
incorporating Cuccia couplers designed as 
capacitive terminations of balanced and 
screened resona nt -transmission lines, each 
with 1.5 db minimum coupling loss to the 
beam. The ring structure comprised twelve 
thin disks. Its synchronous voltage Vo was 
300 V. Structure gain is plotted in Fig. 2 for 

Fig. 2 Ring-structure gain. 

various fixed beam voltages and its theo¬ 
retical gain curve shown. This curve should 
represent the maximum attainable gain at 
any value of ring voltage and læam voltage. 
I'he turnover points of the different gain 
curves coincide with substantial current in¬ 
terception on the output coupler and the 
differences in turnover point for difference 
beam velocities can be correlated with elec¬ 
tron rotation produced by the gun anodes. 
This can reduce or enhance beam spread 
according to entry conditions at the struc¬ 
ture. I'he amount of spread is in agreement 
with theory. 

I he author wishes to thank Dr. T. E. 
Allibone, C.B.E., F.R.S., Director of the 
Laboratory for permission to publish this 
note. 

J. C. Bass 
Research Lab. 

Associated Electrical Industries, Ltd. 
Aldermaston, England 

Diode Reverse Characteristics 
at Low Temperatures* 

Ihe low-temperature reverse current 
characteristics of a junction diode are found 
to exhibit inductance, negative resistance, 
and multiple crossings of different ambient 
temperature curves. These phenomena may 
be explained in terms of the diode’s self¬ 
heating and the voltage drop across the 
bulk region of the sample external to the 
junction. The observed negative resistance 
differs from previous types of thermal 
“turnover”1 in its origin and in the tem¬ 
perature range in which it occurs. 

Fig. 1 shows the current-voltage charac¬ 
teristics of the d iode ( 1 N696)at ambient tem¬ 
peratures of 35°K, 78°K (liquid nitrogen) 
and, for the sake of comparison, room tem¬ 
perature. I he turnover region is not shown. 
At low voltages, the current is simply the 
sum of the junction saturation and leakage 
currents, both of which increase with tem¬ 
perature; hence, in this region, the diode 
current rise with temperature is monotonic. 
I'he curves, however, intersect at 37 v and 
again at 48 v (a third intersection at a higher 
current will subsequently be discussed). I he 
first crossing results from carrier multiplica¬ 
tion2 setting in earlier in the “colder” diode. 
The second intersection is brought about by 
the temperature dependence of the sample’s 
bulk region resistance, as becomes evident 
by comparing the high current slopes of the 
two curves. 

Large current characteristics (above 
10“1 a) are plotted in Fig. 2 for ambient tem¬ 
peratures of 4°K and 40°K. For the latter 
temperature, two curves are given, illus¬ 
trating the effect of the diode’s internal 
heating. Ihe observed negative resistance 
disappears when, for higher currents, the 
ambient temperature is lowered to compen¬ 
sate for the sample’s own heating, there¬ 
by locally restoring the 40° lx environ¬ 
ment. 

With the sample immersed in liquid 
helium, the negative resistance is more pro¬ 
nounced, as is shown in Fig. 2. A large in¬ 
ductance of thermal origin may also be 
identified in the turnover region. No turn¬ 
over effects were found at temperatures 
above 55°K. 

Ihe explanation of the negative resist¬ 
ance and accompanying inductance is con¬ 
tained in Fig. 3(a) which illustrates two 
low-temperature isothermal current-voltage 
curves. Ihe carrier multiplication regions 
and high current slopes are sketched as 
previously discussed. A pulse which shifts 
the load line from A-A to B-M initially 
moves the operating point from a to a'. 
However, the added dissipation in the sam¬ 
ple increases its temperature resulting in a 
final operating point, b. This behavior is 
incorporated in the small-signal equivalent 
circuit of Fig. 3(b). 

For operation in a helium bath, the in¬ 
ductance and negative resistance are quite 
stable and reproducible, since the sample is 
not subjected to air currents or ambient 

♦•Received by the IRK, June 21, 1961. 
1 See, lor example, A. W. Matz, "Thermal turn¬ 

over in germanium f n junctions,’’ Proc. 1EE, vol. 
104. pp. 555-564; May. 1957. 

■ K. G. McKay, “Avalanche breakdown in silicon.” 
Phys. Kev., vol. 94, pp. 877-884; May 1954. 

temperature variations. Presumably these 
turnover effects may be enhanced by con¬ 
structing a sample with a long bulk region. 
Appreciable negative resistance and induct¬ 
ance may then be expected in a more con¬ 
venient env ironment sue h as liquid nitrogen. 

Fig. I Reverse current vs voltage. 

Fig. 2 Turnover region characteristics. 



Maser Action in Ruby by Off-
Resonance Pumping* 

Strong microwave maser action has been 
obtained in ruby by pumping in the far 
wings of tlie pump transition as much as 
1400 Me from its center frequency, hi a sys¬ 
tematic investigation of the variation of 
population inversion with pump frequency, 
several anomalous inversion peaks were ob¬ 
served as the applied pump frequency was 
moved from the pump transition line center 
into the wings. For a fixed signal frequency 
of 1055 Me, population inversion was main¬ 
tained for a variation in pump frequency of 
2500 Me. 

I'he investigation was made at 4.2°K for 
pink ruby (nominally 0.06 per cent Cr+++ by 
weight) whose Caxis was oriented at 90° to 
the applied magnetic field. The experimental 
structure was similar to that of Geusic, 
et al. 1 This structure permits the direct de¬ 
termination of the population inversion ratio 
by measuring the magnetic emission (pump 
on) and magnetic absorption (pump off) 
over a range of signal frequencies. 

Constant Pump Frequency Measure¬ 
ments: A number of measurements were 
made of the population inversion ratio 
while keeping the pump frequency constant, 
and varying the signal frequency/i? from 800 
to 3400 Me. (The notation ffy refers to the 
frequency spacing between energy levels .v 
and y numbered in order of increasing 
energy.) I'he incident pump power was 
kept constant near 200 mw. The applied 
magnetic held was changed for each signal 
frequency to correspond to the value re¬ 
quired for normal three-level maser opera¬ 
tion. Fig. 1 shows the population inver¬ 
sion ratio as a function of signal frequency 
for a fixed pump frequency fp = 12,465 Me. 
In addition to the peak at /i-. = 215O Me, 
which corresponds to normal three-level 
maser operation, two new, relatively strong, 
inversion peaks are noticed at lower signal 
frequencies. Another inversion peak is ob¬ 
served near /i2 = 3OOO Me. This operating 

* Received by the IRK, May 4, 1961; revised 
manuscript received. June 5, 1961. This is part of a 
Doc toral Dissertation performed at the Polytechnic 
Institute of Brooklyn, X. V. The sup|»ort of the Air 
borne Instruments Lab., Melville, X. Y., is grate 
fully acknowledged. 

.1. Geusic, E. Schulz-Du Bois. R. DeGrasse, and 
II. Scoril, “Three -level spin refrigeration and maser 
action at 1500 Mc sec." J. Appt. Phvs., vol. 30, pp. 
1113 1114; July. 1959. 

point, where was shown to give sig¬ 
nificant gain in a traveling-wave maser.2

Constant Signal Frequency Measurement : 
An interesting measurement of population¬ 
inversion ratio as a function of pump fre¬ 
quency was obtained for a fixed signal fre-
quency /i2 w 1055 Me. 'I'he applied magnetic 
field was kept fixed at its optimum value for 
normal three-level maser operation. Inver¬ 
sion was maintained for pump frequencies 
from 9600 to 12.100 Me a 2500- Me range 
corresponding to more than 40 line widths 
(Fig. 2). Ihe central peak corresponds to 
normal three-level operation Ihe 
inversion peak at/p = 97OO Me corresponds 
to/,®/», which causes saturation of the/n 
line via harmonic spin-couplir.g*”5 since 
/u —2/g» here. Ihe refrigeration valley at 
8700 Me is due to//( =/34 , and can be ac¬ 
counted for by harmonic spin-coupling 

= 2fn). A strong anomalous inversion 
peak is observed at /P = 11,730 Me. 

These and other measurements are sum¬ 
marized in Fig. 3, where pump frequency is 
plotted as a function of signal frequency /i«. 
I'he inversion peaks from the various meas¬ 
urements are shown as solid points. We have 
superimposed lines corresponding to the 
computed energy levels for ruby.6 Inversion 
was obtained at pump frequencies removed 
as much as 1400 Me (23 line-w idths) from 
the/n (or any other) resonance line. 

In order to interpret the observed 
anomalous inversion peaks, other theoretical 
lines corresponding to pump frequencies 
equal to 1 )/i3+/i2 and 2)/34 -|-/ii have been 
superimposed on Fig. 3. I'he lit between 
these lines and the experimentally observed 
inversion peaks is very good. Calculation of 
the expected inversion, on the basis of a 
Lorentzian line shape7 for the pump transi¬ 
tion, accounts for the small inversion ratio 
obtained between the peaks. I'he anomalous 

2 S. Ahern, private communication. Also, J. 
Walling and P. A. Gould, Milliard Res. Labs., Sal-
fords. Surrey, Eng. Rept. 2312; December, 1960. 

* E. Arams, “Maser o|>eration at signal frequencies 
higher than pump frequency." IRE Trass, ox Micro-
wave Theory and Techxiqi es, vol. MTT-9, pp. 
68 72; January, 1961 . 

4 W. II. Higa. «Excitation of an L-band ruby 
maser," in “Quantum Electronics," Columbia Uni¬ 
versity Press, New York, N. Y., p. 298; I960. 

5 J. E. Geusic, “Harmonic spin coupling in ruby," 
Phys. Rev., vol. 118, pp. 129-130; April. I960. 

• W. S. Chang and A. E. Sieg man, “Characteristics 
of Ruby for Maser Applications." Electron Devices 
Lab.. Stanford Univ., Stanford, Calif., Tech. Rept. 
156-2, Eigs. 14, 15; September 30, 1958. Also J. Weber, 
“Masers," Rev. Mod. Phys., vol. 31, pp. 681 710; 
July, 1959. 

7 C. Kittel and E. Abrahams, “Dijxilar broadening 
of magnetic resonance lines in magnetically diluted 
crystals," Phvs. Ret., vol. 90, pp. 238 239; April, 
1953. 
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big. 2 Population-inversion ratio as a function of 
pump frequency for fixed signal frequency 6? = 1055 
Me and fixed magnetic field. 

big. 3 Inversion |>ealcs and their correlation with 
computed energy levels and anomalous lines fp = 6<4-/i 
and fp =/m +/is. 

peaks correspond very closely to frequencies 
at which there is a high probability of mul¬ 
tiple spin-flip processes that conserve Zee-
man energy and involve several energy 
levels. We believe these processes to be 
similar in nature to cross-relaxation processes 
discussed by Bloembergen et al.* for LiF, 
and analyzed by Van Vleck for crystals 
with two magnetic species.9 I'he predomi¬ 
nant, simultaneous triple spin-flip processes 
corresponding to the anomalous peaks are: 
For /p—/in 4-/12, a downward spin-flip at the 
off-resonance pump frequency, and upward 
spin-flips from level 1 to 3 and 1 to 2. For 
fp T/is» n dow nward spin-flip at the off-
resonance pump frequency and upward 
spin-flips from level 3 to 4, and 1 to 2. These 
spin-flips are the most probable at that fre¬ 
quency in the wings where energy transfer 
can occur to the line centers while conserving 
Zeeman energy. A phenomenological treat-

* X. Bloembergen, S. Shapiro, P. Pershan, and J. 
Artman, «Cross-relaxation in spin svstems," Phys. 
Rev., vol. 114, pp. 445 459; April, 1959. 

* J. H. Van Vleck, “Dipolar broadening of mag 
netic resonance lines in crystals," Phys. Rev., vol. 74. 
pp. 1168 -1183; November, 1948. 
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ment, based upon inclusion in the rate equa¬ 
tions of the cross-relaxation terms, shows the 
enhancement in inversion to be expected. 
Reasonable values for the cross-relaxation 
times give calculated results in semiquanti-
tative agreement with the measurements. 

I'he experiments reported here provide 
further evidence of the important role 
played by cross-relaxation in the attainment 
of population inversion in masers. Such data 
may also yield information on cross-relaxa¬ 
tion line shape (since the magnetic field can 
be held constant) and higher-order spin¬ 
flip processes that give line structure. By 
using a pulsed pump it may be possible to 
measure the relaxation times of various 
competing energy transfer processes. 10 11 

Furthermore, the maser technique de¬ 
scribed here appears to be a sensitive tool 
for studying spin-spin processes and the be¬ 
havior of paramagnetics in the far wings 
where the line susceptibility is decreased by 
orders of magnitude. 

F. Arams 
Airborne Instruments Lab. 

Melville, X. Y. 
M. Birnbaum 

Polytechnic Institute of Brooklyn 
Brooklyn, X. Y. 

10 K. Bowers and \V. Mims, “Paramagnetic relaxa¬ 
tion in nickel fluos licate," Phys. Rev., vol. 115, pp. 
285 295; July, 1959. 

11 W. Mims and J. McGee, “Cross relaxation in 
ruby,’’ Phys. Rev., vol. 119, pp. 1233 1237: August, 
I960. 

Reverse Characteristics of Low-
Lifetime Germanium Diodes* 

I'he nonsaturable reverse characteristics 
of p-w junctions in silicon, or in such other 
wide-energy-gap semiconductor materials 
as gallium arsenide, can lx? explained in 
terms of carrier generation in the junction 
depletion region. 1 In this note, the validity 
of this theory is confirmed for germanium 
devices having very low minority-carrier 
lifetimes. 

I'he simple theory of depletion-region 
carrier generation 1 assumes that the life¬ 
times, mobilities, and densities of the mi¬ 
nority carriers on both sides of the junction 
are equal. It is also assumed that there are 
single-level, uniformly distributed recombi¬ 
nation-generation centers located at the in¬ 
trinsic Fermi level. I nder these conditions, 
the ratio of the current generated in the 
space-charge region (Jr„) to the current 
generated in the h and /> regions (J,i) has 

* Received by the IRE, June 8, 1961. 
C. T. Sah, R. N. Noyce, and W. Shockley, “Car¬ 

rier generat ion and recombination in p-H junctions 
and p >i junction characteristics," Proc. IRE, vol. 45, 
pp. 1228 1243; September, 1957. 

been shown to lie1

Jr, ~ Nn t 

Jd - 4.W L, ' 

where N„ is the electron in the n material, 
N¡ is the intrinsic carrier concentration, t is 
the depletion-layer thickness, and Lo is the 
minority-carrier diffusion length. 

By means oí diffusion techniques, low¬ 
lifetime germanium diodes have been made 
having depletion-layer thicknesses of the 
order of one micron and diffusion lengths of 
two microns. Nn for the material used is 
10 16 carriers per cubic centimeter. Thus, the 
ratio J„JJd is of the order of 50, and it may 
be expected that generation in the space¬ 
charge region will lie the mechanism respon¬ 
sible for the reverse current. Furthermore, 
because the depletion-region thickness in¬ 
creases with applied voltage, the reverse 
current of a low-lifetime diode should not 
saturate, but should increase with applied 
voltage. 

Fig. 1 compares the reverse characteris¬ 
tics of a low-lifetime diode with those of a 
diode having one-sixth the junction area 
and using higher-lifetime material. As can 
lx? seen, the low-lifetime diode exhibits the 
voltage dependence expected of saturation 
current generated in the depletion region. 
Fig. 2 shows a similar comparison at a tem¬ 
perature of 80° C. 

Fifi. 1 Diode reverse characteristic al 2S°C (A) 
Conventional diode. (B) Low-lifetime diode. 
(Scale: vertical, 0.5 pa div.: horizontal, 1 v div.) 

Fig. 2 Diode reverse characteristics at 80°C. (A) 
Conventional diode. (B) Low- lifetime diode. 
(Scale: vertical, 10 mu div.; horizontal, 1 v div.) 

A. Blicher 
I. H. Kalish 

Semiconductor and Material Div. 
RCA 

Somerville. X. J. 

The Negative Resistances in 
Junction Diodes* 

Anomalous behavior in the V-I charac¬ 
teristic of variable-capacitance diodes when 
used in parametric devices has been re¬ 
ported by several workers. 121 Over part of 
the irregular response, the V-I curve has a 
negative slope, and the diode behaves like a 
negative resistance (Fig. 1). This negative 
resistance is often related to the equivalent 
negative resistance produced by the vari¬ 
able capacitance of the diorle. I he purpose 
of this letter is to point out the difference 
between the two negative resistances, which 
could explain the discrepancy between the 
results of some of the experiments on para¬ 
metric devices, and the energy equations of 
the nonlinear-reactance theorem as applied 
to the parametric phenomenon. 

Fig. 1 Typical anomalous Iwdiavior in theV- 1 char¬ 
acteristics of junction diodes, when RF potential 
is applied across the diodes, (a) For p n junction 
diode (MA460C varactor), the trace shows a 
negative-resistance behavior at the reverse cur¬ 
rent. (b) For gold -bon tided welded contact diode 
(Milliard OA47). the negative resistance appears 
at tlw forward current. 

Vertical scale =0.05 mA div 
Horizontal = 2 V div. 

As is well known, the effect of a volt¬ 
age-dependent reactance in an electric 
structure supporting more than one mode of 
oscillation is to produce a transfer of energy 
between the frequencies supported by the 
structure. In certain structural configura¬ 
tions, where regeneration can take place, 
the energy transfer mechanism is equivalent 
to that of inserting a negative resistance in a 
circuit resonant at the frequency which has 
a net energy gain. This equ iva lent negative 
resistance is therefore a wave property that 
can appear only at a prescribed frequency 
which is directly related to the other self and 
forced modes of oscillations of the structure 
and the energy carried at each frequency. 
Because this negative resistance is the result 
of the displacement current in the variable 
junction capacitance, it may be called 
“displacement-negative resistance.” 

On the other hand, the negative resist¬ 
ance which appears in the\’-I characteristic 
in the bias circuit when the diode is driven 
hard, or when self-bias is applied, is lx?-
lieved to be due in part to the combined 
effect of the charged particles (Tossing the 
depletion-layer capacitance and being stored 
in the other region,3 and not due to the dis¬ 
placement current that flows in the variable 
capacitance. 

* Received by the IRE, June 14, 1961. 
1 J. C. McDade, “RF induced negative resistance 

in junction diodes," Pr<»c. IRE (Correspondence), 
vol. 49, p. 957; May, 1961. 

2 K. Siegel, “Anomalous reverse current in varac 
tor diodes," Proc. IRE (Correspondence), vol. 48, pp. 
1159 1160; June, I960. 

3 I. Hefni, “Effect of minority carriers on the dy¬ 
namic characteristic of parametric diodes," Elec¬ 
tronic Engrg., vol. 32, pp. 226 227; April, I960. 
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This theory of current conduction 
through the junction capacitance is sup¬ 
ported by the fact that such a negative re¬ 
sistance, which may be called “conduction¬ 
negative resistance” is not frequency de¬ 
pendent and can appear at any frequency 
with no correlation to the other modes of 
oscillation of the structure. Furthermore, it 
was found that this conduction-negative 
resistance was mainly dependent on the am¬ 
plitude of the driving voltages, as well as the 
doping and construction of the junction,8 
and that any change in the modes of oscil¬ 
lation such as by the tuning or loading of the 
structure will affect the negative resistance 
only inasmuch as they affect the voltages 
across the junction. For example, it has been 
reported by McDade1 that, in a parametric¬ 
harmonic generator circuit, “the negative 
resistance disappeared when harmonic power 
was drawn from the diode.” This could be 
due to the fact that by loading the output-
resonant circuit the voltages across the 
diode decreased, which resulted in the de¬ 
crease or the disappearance of the negative 
resistance and not, as reported, due to “add¬ 
ing positive resistance to the diode.” This is 
because by loading the output, positive re¬ 
sistance would be added to the harmonic 
and fundamental circuits and would not be 
added to the low-frequency bias sweeping 
circuit, where the negative resistance is 
lieing observed. 

The conduction-negative resistance may 
also explain the good performance of high-
order parametric subharmonic generators 
when self-bias is used, and the existence of 
frequency dividers operating at frequencies 
approaching the cutoff frequency of the 
diodes.’ 

Ibrahim Hefni 
Lincoln Lab.f 

Mass. Inst. Tech. 
Cambridge, Mass. 

1 A. II. Solornan and F. Sterzer, “A parametric 
subharmonic oscillator pumped at 34.3 KMC," 
Proc. IRE, vol. 4K, pp. 1322-1323; July, 1960. 

t Operated with support from the U. S. Army, 
Navy, and Air Force. 

Pattern Recognition by Moment 
Invariants* 

A set of two-dimensional moment invari¬ 
ants has been found. Based upon these mo¬ 
ment invariants, a pattern-recognition theory 
has been formulated. In this theory, geo¬ 
metrical patterns and alphabetical char¬ 
acters can be identified independently of 
their position, size and orientation. The two-
dimensional moments of order (i+j) of a 
pattern, described by a density distribution 
function p(x, y) over a finite region D, are 
defined as 

x'y'p(x, y)dxdy, i,j = 0, 1, 2, • • • . (1) 

* Received by tile IRE, June 28. 1961; revised 
manuscript received. July 6. 1961. 

For simplicity, we assume D is composed of 
small squares, p(x, y) is constant over each 
small square, and (1) will be denoted sym¬ 
bolically as 

22 mox'y', i,j = 0, 1, 2, • • • . (2) 

It can be shown that there is one and only 
one p(x, y) which can produce the same mo¬ 
ments of all orders under the above condi¬ 
tions. 

Let 

», = x — 22 »'«x/22 >"«’ 
yo = y — 22 ’»oy/22 0) 

then we may define the central moments 
(moments about centroid) as 

22 »toxo'yo', i, j = 0, 1, 2, • ■ • . (4) 

It is well known that the central moments 
are invariant under translation. Under the 
similitude transformation, 

xi = Ax», y i = .4y0, A = constant; (5) 

we have m = A2m„, and, therefore, also the 
moment invariant relation 

22 wxi'yi'7(22 2l'+',+1
= X "'^yd/iX (6) 

Using similitude invariants of central mo¬ 
ments, pattern identification can easily be 
accomplished independently of translation 
and size. The orientation independence is 
made possible by the following orthogonal 
invariants discovered in this study. 

Under the orthogonal transformation or 
rotation, 

Xj = Xi cos 9 — yi sin 9, 

y: = Xi sin 9 4- yi cos 9; (7) 

with the moments represented by 

ph' = 22 mx^yd, pa = 22 mxey,', 

i,j = 0, 1,2, ■ • ■ , (8) 

it can be shown that the three second order 
moments satisfy the following relations: 

2mii’ = (mjo — M02) sin 29 + 2mi i cos 29, 

pm + pm = mo + pm, 

(p-M — Mos')* + 4(mi/)* 

= (pm - mo2)2 + 4m.,-. (9) 

There are two ways of using (9) to accom¬ 
plish pattern identification independently 
of orientation: 1) The method of principal 
axes. If the angle 9 is determined from the 
first equation in (9) to make mii' = 0, then 
we have 

tan 29 = — 2mh/(m2o — M02). (10) 

The Xs, y- axes determined by any particular 
value of 9 satisfying (10) are called the prin¬ 
cipal axes of the pattern. With added re¬ 
strictions, such as pm'>pm and 9 
can be determined uniquely. Moments de¬ 
termined with respect to such a pair of prin¬ 
cipal axes are independent of orientation. 
Discussion of certain exceptional cases in 
which (10) is indeterminate is omitted here. 
2) The method of orthogonal moment invar¬ 
iants. I he last two relations in (9) are in¬ 
variants under rotation, and they can be 
used directly for orientation-independent 
pattern identification. 

By combining (4), (6) and the two invari¬ 
ants in (9), two moment relations which are 
¡mariant under translation, similitude and 

rotation, can be derived. A simulation pro¬ 
gram using only these two invariants has 
been written for an LGP-30 computer. The 
program works satisfactorily and can iden¬ 
tify and differentiate many different pat¬ 
terns under the stated conditions. In com¬ 
parison, much larger and higher-speed com¬ 
puters are required in simulation for other 
pattern recognition approaches. 

The alphabets “6" “d" “/>" uq” cannot 
be distinguished by the above simple pro¬ 
gram. However, they can be distinguished 
by using higher-order moments in method 1 
above. I he value of 9 is still determined by 
(10) but also satisfies the condition <45 
degrees. 

In using method 2, the discrimination 
property can also be increased by including 
higher-order moment invariants. For third-
order moments, we can show that the fol¬ 
lowing four expressions, 

(mso — 3m 12) 2 + (3m»1 — Moa)2, 

(m.io + M12)2 + (moi + Moa)2. 

(pm — 3pvA(pw + M12)[(m.TO + M12)2

— 3(m-;1 + Mm)2] 

+ (3m2i — pEEpix + mm)[3(m 0+M12)2

— (Mil + Mm)2]> 

(M2O — M02)[(m:i0 + M12)2 — (m21 + Mm)2] 

+ 4mi1(mm> + M12)(M21 + Pm), (11) 

are invariants under orthogonal transforma¬ 
tion. 

Similarly, higher-order orthogonal mo¬ 
ment invariants can be derived. In fact, it 
has been found that there exists a complete 
system of infinitely many such invariants. 
This complete system and some other pro¬ 
perties of these invariants, and also the 
simulation program, will be published in the 
near future. 

Ming-Kuei Hu 
Elec. Engrg. Dept. 

Syracuse University 
Syracuse. N. Y. 

Temperature Dependence of the 
Peak Current of Germanium 
Tunnel Diodes* 

Esaki |lj, |2| anti Lesk, et al. [3J have 
presented data on the variation of the 
tunnel-diode current-voltage characteristic 
as a function of temperature. In general, it 
was found that the tunneling region of the 
characteristic is relatively independent of 
temperature, and that the important tem¬ 
perature variations occur in the injection 
region. Longo |4| has observed negative and 
positive temperature dependences which he 
attributes to the following: 1 ) the tempera¬ 
ture effect on the energy distribution of free 
carriers about the Fermi level, and 2) the 
temperature dependence of the energy gap 
and its effect on the tunneling probability. 

In the present work, the temperature de¬ 
pendence of germanium tunnel diodes was 

* Received by the IRE, June 26, 1061. This work 
was supported by the Bureau of Shiiw. 
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TEMPERATURE DC) 

Fig. 1 Temj»erature dependence of peak current tor germanium tunnel diodes 
having ̂ -region carrier concentrations of 1.45 X101’ to 9.6 X101** atoms, cc. 

investigated as a functioif of carrier concen¬ 
tration. I’he diodes were prepared by a so¬ 
lution-growth technique in which epitaxial 
arsenic-doped w-type germanium layers are 
grown on gallium-doped /»-type substrate. 
The diodes were electrolytically etched to 
produce peak currents of 50 ma and junc¬ 
tion diameters ranging from 0.7 to 3.2 mils. 
I'he carrier concentration of the germanium 
substrate was varied from 1.45X10 19 to 
9.6 X1019 acceptors per cm’. The «-region 
doping density was unknown, but was as¬ 
sumed to be constant because all junctions 
were grown under identical conditions. 

Fig. 1 shows the percentage change of the 
peak current I p as a function of temperature 
with the /»-region carrier concentration as a 
parameter. At the lowest concentration 
used (1.45X10 19 atoms per cm3), the per¬ 
centage change in Ip with temperature is 
considerable, and the temperature coefficient 
is negative in the temperature range from 
— 55°C to +150°C. Below room tempera¬ 
ture, the temperature coefficient changes 
from negative to positive with increasing 
doping density, and is zero at approximately 
6.OX 10 19 atoms per cm3. Above room tem¬ 
perature, the temperature coefficient is 
negative at low doping densities, increases 
to approximately zero at 8.OX IO 19 , and is 
slightly positive at 9.6 X IO 19 atoms per cm3. 

I'he net electron current flowing across 
the junction is the difference between the 
Esaki and Zener currents and is given by 
Esaki and others [1J and [5J. 

/ = A ̂ '"z\fdE) (1) 

where Z is the tunneling probability per 
second described by the following approxi¬ 
mate formula [3| 

aeE F-A’m*' V^3̂ ! 
Z _ exp - — -Î- (2) 

h L heb. J 

As all of the parameters or functions in¬ 
volved in the above expressions are affected 

by temperature and concentration to vary¬ 
ing degrees (6-1 1|, a very complex tempera¬ 
ture dependence of the tunneling is indi¬ 
cated. In some cases, it will be necessary to 
take into account phonon assisted transitions 
as well [12-14], 

The above considerations indicate tun¬ 
neling current is a very complex function of 
temperature and carrier concentration; at 
this time no attempt has been made to de¬ 
velop an analytical expression for peak 
current as a function of temperature with 
carrier concentration as a parameter. 

However, according to experimental 
data it is possible to design tunnel diodes 
having negative or positive peak current 
temperature coefficients. By judicious choice 
of carrier concentration it is possible also to 
minimize the temperature effects on peak 
current. 

A. Bucher 
R. M. Mixton 
R. Glicksman 

Semiconductor and Materials Div. 
RCA 

Somerville, X. J. 
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On the Possibility of Rejecting 
Certain Modes in VLF Propagation* 

Long-distance propagation of VLF radio 
waves is characterized by only a few low-
order waveguide inodes. This results from 
the excessive attenuation of the higher-order 
modes. In navigational systems, this is a de¬ 
sirable characteristic since the phase veloc¬ 
ity approaches a constant at very great 
ranges when only one mode is predominant. 
Unfortunately, the second-order mode still 
exerts its influence for ranges as great as 
4000 km. I'he possibility that this second-
order mode could be discriminated against 
at the transmitting antenna is an intriguing 
one. We will discuss this problem from an 
analytical viewpoint. At the same time it is 
hoped that this might shed some light on 
the behavior of antenna arrays at \ I F. 

I he field at height 3 of a vertical antenna 
at height So at (great-circle) distance d on a 
smooth spherical earth of radius a can be 
written asa sum of modes in the form 1

E - . . ' (1) 
x/stn (d/a) „ 

where ¿ = 2r/wavelength. 
A„ is a coefficient which does not depend 

on thecoordinates;/„(io)and/„(i)are height¬ 
gain functions which approach unity for z0 
and i=0, respectively; and is a dimen¬ 
sionless complex number which determines 
the attenuation and phase characteristics of 
the individual modes. 

We now consider an array of I’ identical 
vertical antennas arranged in a straight line 
with equal spacing A. The current at each 
antenna is taken to be E, exp (— ipkSM) 
where p ranges from 0 to P — i. Thus, we 
have a traveling wave of velocity c/M 
propagating down the array. The total field 
at the observer, who is a distance d„ from the 
antenna at p=6, is 

e 1 1 
h — I .• ikdpSuf ¡pk^AI 

Vsin (¿„/o) T (2) 

X 

where dp is the great-circle distance from 
antenna p to the observer. 

Xow in most practical situations en¬ 
visaged by this writer, the length of the 
array PS is small compared to both the 

* Received by the IRE, July 5, 1961. 
1 J. R. Wait, “Terrestri d propagation of very-low-

frequency radio waves," J. Res. Ñ HS, vol. 64 D (Radio 
Propagation), pp. 153 204; March April. I960. 
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radius of the earth and the distance du. Thus 

dp = do — pS cos 0. 

where 3 is the angle subtended by the great¬ 
circle distance d,. and the line of the array. 
I he situation is illustrated in Fig. I. Conse¬ 
quently, (2) may be approximated by 

/■-'= ' E .-l./»(s«)4(s)r ‘■'►’-G., (3) 
vsm (<fo/a) ■ 

where 

/• i 
G„ = £ CXP [^4(5. cos 3 - M)|. H) 
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The situation existing when a somewhat 
shorter array is employed is of some interest. 
Actually, for a fixed length of the array it is 
always possible to < hoose Z: so that 62 = 0. 
( afortúnatele, such an excitation is quite 
unfavorable to the dominant mode, and 
most of the power goes into the higher-order 
modes. 

In the conventional operation of the end-
lire array, M would be taken equal to Re ó’i 
or just unity. Then for any reasonable length 
of the array (i.c., <100 km), G„ does not 
vary appreciably for low-order modes. Con¬ 
sequently, the gain function of any practical 
end-lire array for VLF is simply given bx 

WZ/» 
' 1 —  sin (Z/2) 

where P = kS( cos 0 — 1). Convenient tables 
of the function \G are given by King3 for 
P-2, 3, 4 and 5. 

Jami s R. W ait 
Xatl. Bur. of Standards 

Boulder, Colo. 
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Fig. I (a) Trigger junction. A pulse entering at 1 
moves to the right and triggers pulses at the june 
tion which propagate toward 2 and 3. (b) Retrae 
tory junction. A ¡mise entering at 1 propagates to 
the right and leaves at 2 without energizing the 
line between 3 and 4. Similarly, a pulse entering 
at 3 leaves via 4 without triggering a pulse on 1 2. 
However, when a pulse passes the junction on either 
line it temporarily alters the conditions on the 
other line so that a pulse entering the second line 
(during this refractory j>eriod) cannot lx* propa¬ 
gated past the junction, and hence "dies out." 

The gain flint lion G’„ t an be written in closed 
form as follows: 

Gn « 
sin {HZ„/I} 2_ 
sin (Z„/2) 

(5) 

w here Z„ — k\(S„ cos fi — .1/). 
To maximize the power going into the 

first mode (for 3 = 0), Z] is set equal to zero. 
Consequent 1\ , J/ = S|. \dw Si has a real 
part near unity and a small negative imag¬ 
inary part. For practical purposes, .1/ can 
be taken equal to the real part of Si, so that 
all elements in the array max have currents 
of the same amplitude. 

In order that the excitation of the second 
mode vanishes for 3 = 0. it is necessary to 
choose 

PZ* = 2(2q - Dr, q = 1,2, 3 • • • , 

in order that G’.=0. I he condition may be 
written 

PkA(Si - = 2(2q - Dr. 

To illustrate the absurdity of this situation, 
a concrete case is taken. At 16 kc for an 
ionospheric reflecting height of 70 km. mode 
theory2 gives 

1 
- 1 - 0.0014 
St 

and 

or St — 02=0.0169. ( 1'he S values are real 
here since all losses are neglected.) The 
minimum length of the array then turns out 
to be 

PA = 
2r 18.7 

00169 
= IKK) km. 

Clearly this does not represent a very prac¬ 
tical situation. If the elements xvere spaced 
one-quarter wavelength ap.irt, some 236 ele¬ 
ments would be required! 

- ,1. R. Wait and K. Spies, “Influence of earth cur¬ 
vature and the terrestrial magnetic field on VLF prop¬ 
agation," J. Geophys. Res., vol. 65. pp. 2325-2331; 
August. I960. 

3 R. W. P. King, “Theory of Linear Antennas," 
Harvard University Press. Cambridge, Mass.. Table 
3.2, p. 604; 1956. 

A Neuristor Prototype* 
I he neuristor is a distributed actixe ele¬ 

ment proposed by Crane 1 2 for eventual use 
in microelectronic systems. The device is 
essentially an actixe xvire on which a pulse 
is propagated without attenuation in the 
same xvay that the axon of a neuron propa¬ 
gates pulses. Neuristors can be coupled to¬ 
gether using two types of junctions: trigger 
( T) or refractory (R). A T junction is shoxvn 
in Fig. 1(a) and the /¿-junction symbol is 
shoxvn in Fig. 1(b). The properties of the 
junctions are explained in the caption. 

Xo distributed model of the neuristor has 
been fabricated to date; howexer, Crane has 
reported an electromechanical lumped-ele¬ 
ment model3 fabricated xvith relays to dem¬ 
onstrate the principles and junction proper¬ 
ties. This note describes an electronic 
lumped-element model xvhic h should be suit¬ 
able for extrapolation to microelectronics 
form. 

I he lumped-element model is essentially 
a cascade of identical actixe networks. Each 
netxvork contains three ingredients: an en¬ 
ergy source, an energy-storage mechanism, 
anda negatixe immittance. In principle, the 
negative immittance can be either open- or 
short-circuit stable, and the type selected 
will then dictate the type of source and 

♦ Received by the IRE, May 11. 1961. This work 
was supported by The Bureau of Weapons, Dept, of 
the Navy, under Contract NOrd 7386. 

1 H. D. Crane, “Neuristor Studies," Solid State 
Electronic Lab., Stanford Univ., Stanford, Calif., 
Tech. Rept. 1506 2; I960. 

2 II. D. Crane. “The Neuristor," IRE Trans, ox 
Electronic Computers, vol. EC-9, pp. 370-371; 
September, I960. 

3 II. D. Crane, “The Neuristor," presented at In¬ 
ternational Solid-State Circuits Conf., University of 
Pennsylvania. Philadelphia. Pa.: Februarx- 15-17, 
1961. 

Fig. 2—Neuristor configuration (short-circuit stable 
active element), (a) Static characteristic, (b) 
Basic circuit, (c) Basic section. 

storage element required. This note de¬ 
scribes a neuristor employing a short-circuit 
stable actixe element, capacitixe storage, 
and a current supply. Two configurât ions 
employing open-circuit stable elements have 
also been breadboarded ; hoxvexer, satisfac¬ 
tory T-and /¿-junction coupling techniques 
haxe not yet been demonstrated although 
the circuits do propagate pulses. 

Returning to the SCS neuristor model, 
the actixe elements are appropriately biased 
to obtain monostable operation using a bias¬ 
ing netxvork xvhich has a bilaterally sym¬ 
metrical structure as shoxvn in Fig. 2. Al¬ 
though the basic section shoxvn in Fig. 2(c) 
is not drawn symmetrically, by employing 
three diodes in the basic section and appro¬ 
priately altering the properties of the out¬ 
side diodes, it could be \ iewed as a sym¬ 
metrical circuit. Xote that the diodes in this 
model must be alternately connected to the 
plus and minus sides of the supply. This is 
necessary in order to obtain the polarities 
required for propagation of the pulse from 
diode to diode. 

The sequence of operations when a diode 
is triggered can be explained xvith the aid of 
Fig. 3. The operating point of all diodes is 
initially at A. Assume a particular diode in 
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V 

(a) 

2 

I 

3 

4 
(b) 

Fig. 3—Operating sequence, (a) Static characteristic, 
(b) Diode-current waveform. 

Fig. 4 -Component connections for: (a) trigger junc¬ 
tion—C is connected to A ; (b) refractory junction 
-C is connected to B. 

the line is energized. Triggering takes place 
during phase ®. During phase ®, the bias 
on the diodes on each side of that diode being 
triggered is being altered in the direction 
required to cause triggering. (Line parame¬ 
ters must be selected to insure that a suf¬ 
ficient triggering level at the adjacent di¬ 
odes is achieved during this phase. ) Phase ® 
represents the termination of the original 
diode's active operation, and during the re¬ 
fractory period of phase ® the diode is more 
difficult to trigger. 

Eig. 4 illustrates the method of intercon¬ 
necting two of the neuristors to obtain either 
the T or R junction. 

A. J. Cote, Jr. 
Applied Physics Lab. 

I he Johns Hopkins Vniversity 
Silver Spring, Md. 

A Two-Step Algorism for the 
Reduction of Signal Flow Graphs* 

A very simple algorism for the complete 
reduction of S.F.G.s (signal flow graphs) 

♦ Received by the IRE, May 19, 1961. 

will be described. It consists of the repeated 
successive application of two steps and is 
shown to converge. 

Let N„ be an S.F.G. ha\ ing w nodes. We 
then define a principal set of nodes p\ as a 
subset of nodes of Nn so chosen as to break 
all loops. Let P\ consist of p\ <n nodes; the 
trivial case in which p\=n will not be re¬ 
garded as defining a P v. 

The procedure is as follows: 

1) In the given S.F.G., .V, reduce all self 
loops; obtain Nf. 

2) In .V' choose a principal set of nodes 
P\> and reduce N' to an S.F.G. 
drawn on P\’ 

Repeat steps one and two obtaining suc¬ 
cessively S.F.G.s N„v Nnv • • • , until 
all loops are eliminated. If Py is properly 
chosen, each of its nodes which is neither a 
source nor a sink must have a self loop. 

Proof 

a) Reduction of self loops in an S.F.G. 
does not increase the number of nodes. 

b) p<n for »^2, provided N contains 
no self loops; i.e., step 2 reduces the number 
of nodes. Xow, if this theorem holds for 
N„ it must also hold for Nn+u since /<v and 
node »4-1 together constitute a principal 
node set of 2V„+i. But the theorem evidently 
holds for »=2. It therefore holds for all in¬ 
teger » ̂ 2. 

Ihe repeated use of the algorism thus 
yields for a finite S.F.G. a sequence of de¬ 
creasing integers »i>»2>»3> • • • which 
breaks off after a finite number of steps. 

The reduction of a self loop of transmit¬ 
tance / multiplies all incoming transmit¬ 
tances by 1/(1 —/). Provided the associated 
node is not one from or to which the through-
transmittance is to be calculated, this is 
equivalent to multiplication of all outgoing 
transmittances by this factor. 

The procedure commends itself in par¬ 
ticular in complicated cases, when the ex¬ 
haustion of nontouching loop sets, required 
in the application of topological reduction 
methods, becomes unwieldy. 

As an example we shall find the source 
to sink transmittance Ph in the following 
S.F.G.1 (principal nodes are encircled): 

1 S. J. Mason and II. .1. Zimmermann, “Electronic 
Circuits, Signals, and Systems," Jolin Wiley and Sons, 
Inc, New York, N. V.; I960. 

Step 1 : 

Thus 

<7 4- ex 4- of 
7 h = ac 4- oh -, 4- -

1 — xh I — ej 

Amos Xathax 
Faculty of Elec. Engrg. 

Technion, Israel Inst. Tech. 
Haifa, Israel 

A Synthesis Procedure for an 
n-Port Network* 

The problems of the synthesis of w-port 
networks have been considered by a number 
of investigators although the success to 
date has been relatively limited. We have 
devised a synthesis procedure, which is 
patterned after the Bott- Duffin synthesis 
procedure for two-port networks, and which 
seems to possess the generality and capa¬ 
bilities of realization to allow a solution to 
this problem. 

I he essentials of the procedure can be 
given in terms of three theorems, which are 
given below without proof. An outline of the 
procedure for subsequent realization is also 
given. Proofs of these basic theorems, to¬ 
gether with details of the procedure for 
realization, will be given in a subsequent 
paper. 

l it FOR I M I 

If |Z(s)J is a “realizable’’ impedance 
matrix (immitance in the general case) of 
an »-port network, then it can be expanded 
in terms of |Zi(s)| and |Zj(x)|, which are 
also “realizable” w-port immitance matrices 
for any arbitrary positive constant k. 

where 

[Z(s)l = [Z,®| 4- [Z.(s)| 

Hz®] -¿zwl *[z(*)]-4z®J 
■ k k‘ - 5= +î k* - 5» 

-[y PM ' + Ini] ' 

+ [y PM~' + [fj] ' 

w here 

ln] = [z.®] •- j |zM' 

* Received by the IRE, June 30, 1961. This paper 
is based on work sponsored by the U. S. Air Force, 
Cambridge Res. Ctr., Bedford, Mass., under contract 
No. A F 19(604)3887. 
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and 

ih] = [z.Wl-' - 7 <9 

By “realizability” the following con¬ 
straints on the „-port network function are 

implied : 

1 ) Zu = Prf for ’ =J 
2) z,, has no rhp poles 
3) all /-axes poles are simple with real 

residues such that >0 
4) Re \Z(s)\ >0 for Re s-0 (the matrix 

Re |Z(i)| is of the positive definite 
form ). 

Theorem II 

[fl] and [M, as defined by ( 1 ), satisfy the 
constraint 

|Z(*)|5X |d| X |fj| = 1 

'Theorem III 

If Z(s) is a “realizable" «-port immit-
ance matrix, then it is possible to hnd a 
positive constant k(k>0) such that IM and 
IM -1 have either the same j-axis zeros or 
/-axis poles simultaneously. 1 his k is ob¬ 
tained by solving either |Zi(jœo) I =0 or 
z2(juo)| =o in (1). wo is the angular fre¬ 
quency that makes Re|Z(/wo)| =0. 

These theorems lead to a synthesis cycle 
which comprises the following three opera¬ 
tions. 

1 ) Removal of all the /-axis zeros and 
poles and minimum resistance of 

|Z(s)|. 
2) Selection of the constant £(£><») 

such that one of the terms has a j-
axis pole and the other a /-axis zero, 
simultaneously. 

3) Removal of the polesand zeros men¬ 
tioned in 2). 

With this synthesis cycle, the » port can be 
completeh synthesized using known pro¬ 
cedures. 

D. Hazony 
II. J. Xain 

Case Institute of Technolog) 
Engineering Division 

Cleveland, Ohio 

been used extensively to analyze the effects 
of frequency-domain distortion in radar 
systems. 3-6 For the case in which both fre¬ 
quency-domain, amplitude and phase dis¬ 
tortions are small, the previously derived 
results can be simply stated. An analogous 
result for time domain distortion can also be 
derived, as shown below. 

If both types of distortion occur in a 
“matched filter radar," their effects may be 
derived in terms of the conventional radar 
“uncertainty function," defined by Siebert/' 
This formulation permits a quantitative eval¬ 
uation of the loss in radar performance with 
respect to target-parameter accuracy, am¬ 
biguity and resolution resulting from each 
type of distortion. 

Treating frequency-domain distortion 
first, the input signal may be expressed as a 
Fourier integral: 

g(t) = J* G(w) exp [/œt]d/. (D 

If the desired transmission characteristic is 

given by 

F(u) = ,4(w) exp [;B(w)|, (2) 

the filter output will be 

e(D = Jg(w).1(w) exp [j{w/ + B(w)| [rf/. 

A distorted transmission characteristic can 
be defined as 

4(w)[l + /2(w)] exp [j|B(w) + A(w)j I, (3) 

where O(w) is an even function and â(w) is 
an odd function. Hence the distorted output 
signal becomes 

0,(1) = § G(w)d(w)[l + D(w)| 

•exp [/¡œ/ + B(œ) + A(w)| ]df- (4) 

For small phase distortion, exp |./A(w)| can be 
approximated by |l+/A(w)J. Substituting 
into (4) and neglecting second-order distor¬ 
tion terms, (4) becomes 

eD(0 = P G(w).l(w) exp [j|w/ + B(w)l I 

X|1 + DM + jSM\df. (5) 

If the output spectral energy is confined to 
radian bandwidth IF. the distortion terms in 
the bracket can be replaced by complex 
Fourier series 

An Interpretation of “Paired Echo 
Theory” for Time-Domain Distor¬ 
tion in Pulsed Systems and an 
Extension to the Radar “Un¬ 
certainty Function”* 

“Paired Echo Theory" is an elegant ap¬ 
plication of Fourier analysis to approximate 
the effects of distortion in pulsed systems. 
'This method was independently developed 
by W heeler1 and MacColl2 and recently has 

* Received by the IRK. May 10, 1961. 
1 II. A. Wheeler. “The interpretation oi amplitude 

and phase distortion in terms oí paired echoes. 
Proc. IRE. Vid. 27. up 350 385; .lune. 1030. 

Ibid.. p. 350. 

1 + DM + jSM 

where Co is equal to zero. c/XD can now be 
concisely written as 

.„(/I = e(f) + ¿ C.e(f (7)

"Limitations on 
resolution for a 

s I R Klauder. cl al., "The theory and design of 
rp radars." Bell. Sys. Tech. J., vol. 39, pp. 745 80S; 

Inly. I960. ... > I. DiFranco and W. Rubin. “Distortion analysis 
of radar systems." Proc. Seventh Annual East Coast 
Coni. PGANE, Baltimore. Md., pi». 2.1.3—(1 5); 
October. 24-26. I960. 

W. Rubin and .1. DiFranco. 
dynamic range and multi-target . , . 
search or track radar." Proc. Fifth Sat tonal MIL F. 
CON. Washington. D. C.; June 26 28. 1961. 

• W. M. Siebert. “A radar detection philosophy. 

204 221 : September. 1956. 

Eq. (7) is a simplified restatement of pre¬ 
viously obtained results for small distortions. 

In a “matched filter” radar, frequency¬ 
domain distortion can be simply interpreted 
as creating pairs of false targets, reduced in 
amplitude by the Fourier distortion co¬ 
efficients C» and shifted intime by ±2t»/IK 
about each true radar echo. 

For time-domain distortion, a narrow¬ 
band pulse signal g(f) max' be written in 
complex notation as 

g(t) — a(t) exp [/{u<X + W|], Id - I IT W 

and its Fourier transform is given by 

G(w) = J g(D exp [~jut]dt. (9) 

Multiplicative amplitude and phase distor¬ 
tion produce an output signal 

eo(t) — o(0[l + d(t)] 
■exp [/(wo/ + b(t) + 6(1) I ]. (10) 

where d(t) is amplitude distortion and 6(/) 
is phase distortion. It the phase distortion 
is small, exp|/S(01 can be approximated by 
[1 Substituting into (10) and ne¬ 
glecting second-order distortion terms, (10) 
becomes 

eD(0 = «(0 exp [/|wX + &(D 11 

(i + d(n +ji(t) I- <n> 

Since g(i) is confined to a time interval 7. 
the distortion terms in the bracket can be 
replaced, as before, by a complex Fourier 
series 

1 + d(l) + ji(D 

= 1+ ¿ Cmexp^^-j, (12) 

where Co is again equal to zero. The spec¬ 
trum of the distorted signal may now be 
written in the following simple form: 

“ / 2jr»i \ 
UlM = G(w) + 2L CmG Çw -I y ) H- 1

As might be expected. (13) indicates that 
undesirable time modulation produces dis¬ 
tortion sidebands in the frequency domain. 
For a matched-filter radar, it is convenient 
to interpret time-domain distortion as creat¬ 
ing pairs of false targets, reduced in ampli¬ 
tude by the Fourier distortion coefficients 
C,„ and symmetrically displaced in Doppler 
frequency bxy +hrin/T about each true 
radar echo. 

'The radar “uncertainty function" /(r. 
m ), as defined by Siebert, expresses the inter¬ 
dependence between time delay and Dop¬ 
pler shift of a radar waveform processed by 
a matched filter. A perturbed uncertainty 
function resulting from distortion can be de¬ 
rived in terms of the unperturbed uncer¬ 
tainty function and the previously derixed 
expansions. It can be shown that, for fre¬ 
quency-domain distortion, the perturbed 
uncertainty function ̂ /Xr,w) may bexvritten 
as 

^d(t. tea) — ̂ (r, wa) 

+ E«(r+^ «-) ,U)

For time-domain distortion, w) in¬ 
comes 
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^»(r.Wrf) £ ̂ (t, wj) 

V- / 2lOn\ 22 ( ( r>3—T-)- (is) 
m ' 7 / 

The results in ( 14) and ( 15) have been used 
to derive upper bounds on permissible dis¬ 
tortion in terms of radar performance degra¬ 
dation.6

|. V. DiFranco 
W. L. Rt bin 

Surface Armament Div. 
Sperry Gyroscope Co. 

Sperrv Rand Corp. 
Great Xeck, X Y. 

Radar Scattering Cross Section— 
Applied to Moon Return* 

The early work on calculation of the 
radar scattering cross section was based on 
an assumed expression for the normalized 
autocovariance p of the variation of terrain 
elevation from mean ground level of the 
form [1 I 

p(r) = (1) 

where r is the distance between points on the 
ground and C is a characteristic constant of 
a certain terrain. This arbitrarily chosen ex¬ 
pression has been used |2 ] in the derivation 
of the radar scattering cross section for ran-
domly-rough terrain. The author questioned 
the validity of this assumption and at¬ 
tempted to determine an expression based 
on experimental terrain-roughness data. 
Various contour maps with one- to twenty-
five- foot contour separations were used to 
obtain data on terrain elevation along ran¬ 
domly selected paths. Seven different tvpes 
of terrain with standard deviations ranging 
from 5 to 1076 feet were selected from across 
the continental U.S.A. Twenty-three sam¬ 
ples of such data from the maps, consisting 
of 58 to 612 points taken at intervals of 5 to 
62.5 feet, were processed, using a CRC com¬ 
puter at the (’Diversity of Xew Mexico, to 
calculate the normalized autocovariance 
p( r\ A fairly simple but reasonably accurate 
approximation for the experimental auto¬ 
covariance curves is given by |7' 

pfr) = exp ( — I r I /BY (2) 

where B is a constant and r is the distance 
between points. 

Other authors [31. [6] have used expres¬ 
sions of the form (2) in other such similar 
random cases. Further work on this subject 
is c urrently in progress at the University of 
New Mexico. 

The normalized autocovariance p may be 
used to calculate the radar sc attering cross 
section for any such terrain. Following 

♦ Received by the IRE, May t, 1961. This work is 
sponsored by a National Aeronautics and Space Ad¬ 
ministration (¡rant No. NsG 129-61. 

Davies’ [1] approach, the Kirchhoff-Huy¬ 
gens principle was applied to scalar waves. 
Certain simplifying assumptions, including 
those used by Davies, were made. These 
assumptions arc that: 

1) the ground is considered to be a per¬ 
fect conductor and no portion of it is 
shielded from incident radiation; 

2) the antenna gain is a constant up to 
an angle 0 and is zero outside of this 
range; 

3) the reradiation from small excited 
ground sources is isotropic; and 

4) the ground surface c urrents are of the 
same order as those of a plane re¬ 
flector, but their phase varies in a 
random manner dependent on the 
height of a particular point. 

These assumptions were used [7 ] to calcu¬ 
late the average power received at the trans¬ 
mitting-receiving antenna and compared 
with the radar equation |8 ] as applied to 
pulse radar. Such calculations resulted in the 
following expression for the scattering cross 
section: 

Ay/^vB2 f 0 \ 
= - - - ( . 1 exp (-4Fa2 cos2 0) 

(X)- xsin 0/ 

* (4£2<72)"(cos20)"+l

(n - 1)![ß22*2sin29+ »’]a'2 ’ 

vv here 

X = wav ( length (feet); 
k = wave number; 
«-»standard deviation of the terrain 
(feet ); and 

0 »angle of im ¡deuce with the vertical. 

This expression chec ks out well against pub¬ 
lished experimental results |2), [4 ]. 

Eq. (3) reduces to 

4<7 • 
a» - (0 cot 4 0) for (0 * 0°), (4) 

XB 

when I /Bis very small ascompared to^. which 
is verv often the case, for almost flat sur¬ 
faces. 

I lushes 15 1 states that the expression for 
scattering front the moon 

<7(1 = (71 exp (-109), (5) 

is a “very close lit" to the experimental data, 
over the range of angles from 3° to at least 
14°. Eq. (3) describes a family of curves, one 
of which fits the Hughes’ heuristic approxi¬ 
mate expression (5) for a/X=0.10 ami 
X/li = 1.0 within a very reasonable degree of 
accuracy. This seems to suggest that (3) may 
well be general, while (5) seems like a special 
case of the former. It is also possible that 
other values of 11 and a may be appropriate, 
but only a limited set was tried. Such other 
possible values of 11 and a can be calculated 
either from (3) or found by comparison of 
the experimental results with a large family 
of <z„ vs 9 curves for a wide range of H and a 
given by the general expression of (3). 

The fact that the scattering coefficient 
per unit area for rough surface, as listed in 
(3), fits reasonably well, while the one for a 
nearly smooth surface, (4), definitely does 
not fit the experimental results [5], seems 
strongly to indicate that the effective moon 

surface as seen by radar is rough indeed, ami 
not quasi-smooth as indicated or assumed 
by some previous authors |9], 110 1. 

H. S. Havre 
Elec. Engrg. Dept. 

University of Xew Mexico 
Albuquerque, X. Mex. 
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Gain Saturation in a Traveling-
Wave Parametric Amplifier* 

In two pre\ ions papers’ 2 it was shown 
theoretically, lor a traveling-wave para¬ 
metric amplifier with nonlinear shunt capac¬ 
itance, that a periodic transfer of power 
with distance between the three frequencies, 
signal, idler and pump was to be expected. 
The periodic nature of the power transfer 
would only be observable in a line of con¬ 
siderable length, but for any given line a 
reduction of gain should be observable as 
the input signal level approaches the pump 
amplitude. 

When the signal amplitude is very much 
less than the pump, the voltage gain is given 
by 

Gain = cosh ««.v (1) 

where v is the length of line and an, the vain 
coefficient, is equal to 

AC 
8? (MW 

Here NC/C is the fractional change in the 
shunt capacitance produced by the pump. 

* Received by the IRE, May 18. 1961. 
1 A. L. Cullen, “Theory of the traveling wave 

parametric amplifier," Proc. IEE% vol. 107, pp. 101 
107; March, I960. 

- A. Jurkus and P. N. Robson, “Saturation effects 
in a traveling wave parametric amplifier," Proc. I EE, 
vol. 107. pt. B.. pp. 119-122: March, I960. 
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and 3« and 0, are the signal and idler phase 
constants, respectively. 

A more correct expression for the gain 
is:2

Gain = nd(~^ (2) 

where k is the modulus of the above elliptic 
function, and is equal to 

(1+^') 
\ 3, l>o2/ 

Ko is the signal voltage at .v = 0 and Epo, 
the pump voltage at A=0; is the pump 
propagation constant. In the limit Epo» Ko. 
tends to unity and the elliptic function (2) 
reduces to the hyperbolic cosine (1). Eq. (2) 
then predicts a gain that will decrease as the 
input signal level increases. 

In order to test (2), an experimental line 
was constructed in the form of a low-pass, 
constant k filter, using fourteen GE Com¬ 
pany EW 76 diodes as the nonlinear shunt 
capacitors. In the example quoted below, 
the pump frequency was 60 Me and the sig¬ 
nal frequency 26 Me. The input pump signal 
was kept constant at one volt, thereby keep¬ 
ing ao constant, and the input signal level 
was varied. Eig. 1 shows the gain plotted as 
a function of the input-signal level (experi¬ 
mental points shown as circles). From the 
experimental small signal gain, the coeffi¬ 
cient a» may be calculated using (1). This 
value was then substituted into (2) to ob¬ 
tain the continuous curve, the value of k liv¬ 
ing known from the measured values of Ko 
and K,»- Agreement between theory and ex¬ 
periment is seen to be good. 

Fig. 1 —Graph showing reduction in gain as signal 
level increases; experimental points shown as cir¬ 
cles; theoretical curve as a solid line. 

It would appear therefore that once the 
small signal gain is known experimentally, 
the gain reduction as signal level increases 
is readily predictable. 

A. Jurkus 
Radio and Elec. Engrg. Div. 

National Res. Council 
Ottawa, Ont., Can. 

P. N. Robson 
Dept, of Elec. Engrg. 

The University of Sheffield, 
Sheffield. England 
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WWV and WWVH Standard 
Frequency and Time 
Transmissions* 

I he 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 
(USES) since December 1, 1957. 

I he nominal broadcast frequencies should 
for the purpose of highly accurate scientific 
measurements, or of establishing high uni¬ 
formity among frequencies, or for removing 
unavoidable variations in the broadcast fre¬ 
quencies, be corrected to the value of the 
USFS, as indicated in the table below. The 

WWV Frequency with Respect to 
U. S. Frequency Standard 

1961 
June Parts in 10,0 f 

1 
2 
3 
4 
5 
6 
7 
X 
9 
to 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2(1 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

-150.4 
-150.1 
-150.3 
-150.5 
-150.8 
-ISO.9 
-150.9 
-150.6 
-150.3 
-150.0 
-149. 7 
-149.7 
-1 19.9 
-149.8 
-1 49.9 
-150.0 
- 150 .7 
-150.8 
-150.6 
-150.4 
-150.5 
-150.0 
-150.0 
- 150.4 
-150.3 
-149.9 
-149. 5 
-149.3 
-149.1 
-149.3 

t A minus sign indicates that the broadcast fre¬ 
quency was low. The uncertainty associated with these 
values is ±5X10 il . 

corrections reported have been arrived at by 
means of improved measurement methods 
based on LF and VLF transmissions. 

The characteristics of the USFS, 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. 

I he \\ \\ \ and \\W 'VH time signals are 
also kept in agreement with each other. Also 
they are locked to the nominal frequency of 
the transmissions and consequently may 
depart continuously from UT2. Corrections 
are determined and published by the U. S. 
Naval Observatory. I he broadcast signals 
are maintained in dose agreement with UT2 
by properly offsetting the broadcast fre¬ 
quency from the USFS at the beginning of 
each year when necessary . This new system 
was commenced on January 1, I960. A re¬ 
tardation time adjustment of 20 milliseconds 
was made on December 16, 1959; another 
retardation adjustment of 5 milliseconds was 
made at 0000 UT on January 1, 1961. 

National Burkau of Standards 
Boulder, Colo. 

* Received by the IR1-, July 20, 1961. 
** “National Standards of Time and Frequency 

in the United States," Proc. IRE, vol. 48, pp. 
105 106; January, I960. 

September 

Correction to “Measurements on 
Resonators Formed from Circular 
Plane and Confocal Paraboloidal 
Mirrors”* 

In the above paper, 1 the author would 
like to make the following correction. 

The error appears in the second sentence 
of the last paragraph. The word “diameters” 
should be “radii." The corrected sentence 
should read: “A resonator with mirror radii 
of 31.5 cm and ai: a*/bX ratio of 0.905 had a 
measured Q of 260,000. ” 

Elmer II. Scheibe 
Dept, of Elec. Engrg. 

University of W isconsin 
Madison, Wis. 

* Received by the IRE, June 21, 1961. 
1 E. H. Scheibe, Proc. IRE (Correspondence), vol. 

49, p. 1079; June. 1961 

On the Cascaded Tunnel-Diode 
Amplifier* 

In a previous work,1 a technique for us¬ 
ing tunnel diodes in cascaded amplifiers was 
presented. The procedure described was to 
obtain an artificial transmission line of char¬ 
acteristic impedance R that provided a gain 
instead of a loss. A “midband" equivalent 
circuit of a single section of such a trans¬ 
mission line and its terminating resistance 
R is shown in Eig. 1. The pertinent equations 
of the above-mentioned work are repeated 
below for convenience. 

A = y = R/(R - r). (1) 

Ai„ = R, (2) 

-r, = R(R - r)/ - r. (3) 

Fig. 1 An equivalent circuit of a single section ot a 
tunnel-diode amplifier. The resistor R is the load 
resistance. 

It was assumed in the previous work 
that the line was completely lossless (i.e., 
there would be no signal power absorbed by 
any of its elements). If this is to be so, then 
both the series and shunt resistors must be 
negative. This requires that the series re¬ 
sistor — r be such that R>r. An examination 

* Received by :he IRE. Mai I, IQfti. 
1 P. M. Chirlian, “A technique for cascading tun¬ 

nel-diode amplifiers,” Proc. IRE (Correspondence), 
vol. 48, p. 1156; .bane. I960. 
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of (1) and (3) shows that if R<r and R>r 
— R, then a voltage gain whose magnitude 
is greater than unity can be obtained with a 
positive shunt resistor. The problems of 
biasing and stability arc considerably less¬ 
ened by this procedure. In addition, only 
one tunnel diode is needed per stage since 
now the shunt resistor can be an ordinary 
passive resistor. 
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The Determination of the Image 
Response in a Superheterodyne 
With Regard to Noise-Faetor 
Measurement* 

Correct noise-factor measurements of a 
superheterodyne receiver, using a broad¬ 
band noise source, generally require that the 
receiver response at the image frequency be 
known. This is especially the case for re¬ 
ceivers using direct input end conversion, as 
in radar receivers. In receivers of this kind, 
the noise factor for the signal frequency dif¬ 
fers from the measured one by a factor of 3 
db, less the attenuation in the response at 
the image frequency due to aux filter preced¬ 
ing the mixer. Norma llx , the difference be¬ 
tween the signal- and the image-frequency 
responses can be measured by means of a 
carefully calibrated RE signal generator, 
but at very high frequencies such as A’ band 
and aboxe, and/or narrow receiver band-
widths, it is often quite difficult to set the 
normally axailable signal generators exactly 
at the maximum of the signal pass band. In 
cases where small changes in SWR have a 
negligible effect on the noise performance 
of the system, the method shown in l ig. 1 
can be used to ox creóme this difficulty. This 
is a conventional noise-factor measurement 
system, with the exception that an absorp-

A0SORPTION 
WAVEMETER 

Fig. 1—Set-up for the measurement. 

♦Received by the IRE, May 23, 1961; revised 
manuscript received, June 5, 1961. 

tion wavemeter has been added to the noise¬ 
lamp generator. 

When the noise lamp is fired and the ab¬ 
sorption wavemeter is set far from both pass 
bands of the receixer, the response of the 
latter to the noise input can be pictured as in 
Fig. 2. The output meter will gix’e a deflec¬ 
tion proportional to 

Pt = KTLB(1 + a) = Ps + Pi, 

where K is the Boltzmann constant, B the 
bandw idth of the IF amplifier, a the ratio of 
the response of the image frequency to the 
response of the signal frequency, Tl the 
equivalent temperature of the noise lamp, 
Ph the power in the signal-frequency band, 
and P¡ is the poxver in the band around the 
image frequency. It is evident that the 
bandwidth is the same for both components. 

Fig. 2- Relative frequency responses of the signal 
and its resjiective image. 

If the wavemeter now is tuned in the signal, 
band, it will absorb a portion ó of the power 
generated by the noise lamp. Therefore, the 
deflection of the output meter will become 

Pt' = (Ps - 4) + Pi. 

But as Pi = Psa, we have 

Pt' = (Ps — 4) + Psa. 

When the wavemeter is tuned in the image 
band, the deflection on the meter is equal to 

Pr" — Ps + (Pi — 8a) = Ps + (Ps — 4)a. 

The difference between Pt and Pt' is 

Pt - pr' = 8. 

I he value of 4 is obtained directly by adjust¬ 
ing the precision attenuator to return the 
output to the original value. Pt- The differ¬ 
ence between Pt ami Pt" is 

Pt — Pt" — 5«, 

where 4« is obtained in the same manner as 
used to obtain 8 above. Therefore, the value 
oí a, is 

= 
(4) ’ 

It may be noted that the only requirement 
on the absorption wavemeter is that its ab¬ 
sorption be constant over the range of fre-
quencies between the two receiver responses; 
i.e., over a range equal to twice the II-' fre¬ 
quency. For an adequate indication on the 
output meter, its bandwidth should be about 
! or J the IF bandwidth, and its selectivity 
should be such that there will be practically 
no absorption at the image frequency. With 
the normal IF encountered in radar work 
(i.e., 30 to 60 Me) and for bandwidths be¬ 
tween 5 and 15 Me, very reliable readings 
were obtained with a cavity wavemeter of 
2-Mc bandwidth at .V band. This wavemeter 

was of very simple and inexpensive con¬ 
struction and was therefore directly incor¬ 
porated in the noise-generator mount. 

The author wishes to thank Maj. Mez-
zina and Lieut. Bianchi of the Italian Navy 
for their criticisms during the development 
of the technique. 

M. PlATTELU 
S.M.A. Radar 
Firenze, Italy 

The Effect of Nonsymmetrical 
Doping on Tunnel Diodes* 

The changes in the I-V < haracteristic of 
the tunnel diode with the relative doping of 
the p- and »-type regions will be discussed. 
Esaki’s model, which neglects phonon inter¬ 
action effects and assumes parabolic band 
edges and a constant tunneling probability, 
will be used. 1 We shall not, however, restrict 
the model to equal degeneracy energies on 
each side of the junction. The model is cal¬ 
culated for 0°K. Comparison with graphical 
solutions at 300°K indicates that the result¬ 
ing voltages derived do not change by more 
than a few per cent. 

At any given voltage, the tunnel current 
h may be found by evaluating the following 
integral given by Esaki; 

h-A Jr (1) 

where the various terms are defined by 
Esaki. At 0°K the above integral may be ex¬ 
pressed exactly by equations containing 
transcendental and quadratic terms. Two 
degeneracy voltages, V.i, and are defined 
as 

and 

where Ef is the fermi energy and E, and E. 
are the band edges of the /»-type and w-
type sides of the juin lion, respectively. It 
has been shown that a forward bias equal to 
Kp -F Y./,, causes tunnel current to cut off. 2 

We shall then define the tunnel cutoff volt¬ 
age as 

I ro — Frfr 4- Frfe. (4) 

A degeneracy ratio a is defined as 

♦Received by the IRE. May 8, 1961; revised 
manuscript received. May 22, 1961. 

1 L. Esaki, “New phenomenon in narrow (Je P-n 
junctions,” Phys. Kev., vol. KH», pp. 603 <>04; Jan¬ 
uary, 1958. 

2 1. A. Lesk, et al., “Germanium and silicon tun¬ 
nel diodes design, o|>eration and application,” 
1959 IRE WESCON Cow i n i ion Ri cord. pt. 3, pp. 
9-31. 
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The general properties of the tunnel diode 
characteristic can be shown to be functions 
of the V„ and a. 

The Peak Voltage: The position of peak 
voltage is determined by 

letting 

dh\ 
— = 0, (5) 

V„ = 0Vd. (6) 

\\ here Va is the smaller of the two degen¬ 
eracy voltages, solutions of (5) give the 
following relation: 

p - (a -_D 

L(1 +«) -0 

= 7.; \ JI« - tfl1'2 + [«d - ß)] *'»| -(7) Ufa) — ß 

Resulting solutions of ß(a) are given in Fig. 
1. It can be seen that in the limit of large a 

Vp * ï ? I CO- (8) 1 + a 

Fig. 1—Variation of and with a and 
Veo including ß = ß(a). 

The Maximum Negative Conductance Gm: 
I he condition of maximum negative con¬ 
ductance 

was shown to occur at 

v0 = vt0. (io) 
I -f- a 

The current at the peak negative conduct¬ 
ance was 

— (r+J (11)
with a resulting peak negative conductance 

Gm = ̂ .( 1 ) (12)

where A and Z are given in (1). The peak 
current was found to be related to I„ as fol¬ 
lows: 

ZP 4 , 
— — — (V« — ß + a\/a(l — ß)). (13) 
* U TV 

It should be noted that, although the volt¬ 
ages derived remain nearly constant with 
temperature, the currents can vary by as 
much as 2 to 1 between 0°K and room tem¬ 
perature. 

Conclusions 

It has been shown that the properties of 
the tunnel diode are quite dependent upon 
the parameters a and U„. 

Given a constant peak voltage, the in¬ 
crease of with increasing a allows tunnel 
currents beyond the cutoff voltage predicted 
by a symmetrical model. Such a mechanism 
may account for part of the excess current 
observed in most diodes. 

From the circuit point of view, it should 
be noted that, given a constant Vro, the im¬ 
pedance level wotdd rise and the current 
level fall at Gm with increasing a. Both of 
the above results indicate that diodes with a 
large a wotdd be more suitable for use in 
amplifiers and, conversely, diodes with 1 
would be more suitable for oscillators and 
switches. 

F. D. Shepherd 
A. C. Yang 

Air Force Cambridge Res. Labs. 
Laurence G. Hanscom Field 

Bedford, Mass. 

Reconstruction Error and Delay 
for Amplitude-Sampled 
White Noise* 

It is well known that a signal, band¬ 
limited to the frequencies 0 to IF cps, is 
completely specified by its amplitudes at a 
discrete set of time instants spaced 1/2 IF 
seconds apart. Such a signal has the follow¬ 
ing representation:1

s(t) = f s(nT) ±^1^1 
«—« 2rW7 — mr 

T s 1/217. (1) 

Assume that such a signal is further re¬ 
stricted to be wide-sense stationary white 
noise, i.e., its spectrum is constant over the 
band 0 to II . Let the signal be sampled at a 
rate of 2IF times per second, so that its am¬ 
plitude is known at only the discrete time 
instants nT, n being an integer. An interest¬ 
ing problem is to specify a best mean-square 
reconstruction scheme and the associated 
mean-square reconstruction error over an 
interval nil' <t <G"+ l)T, if only the sam¬ 
ples with indexes (w — L)<n<(m+K) may 
be used. This means that the reconstruction 
scheme is being constrained to a delay time 
of KT seconds and a memory time of 
(L-\-\)T seconds. 

Since the signal is stationary, it will be 
sufficient to solve the problem for the inter¬ 
val 0<t<T. 1 he results will apply to all 
intervals. 

Ensemble averages are denoted by E[ ]. 
Without loss of generality, it is assumed 
that 

* Received by the IRE. May 3. 1961. The work 
reported in this note was supported by the Hell Tele¬ 
phone Labs.. Murray Hill, N. .1. 

1 C. E. Shannon and W. Weaver, “The Mathe¬ 
matical Theory of Communication," The University 
of Illinois Press. Urbana, p. 53; 1949. 

A[j*(/)J = 1 and /í[í(0] = 0. 

Using well-known techniques,2 the best 
mean-square linear reconstruction function 
is readily found to be 

^)= £ < (2) 
»— l / — nir 

If the signal is a Gaussian process, then 
(2) is the conditional mean of s(t) upon the 
hypothesis s(nT), -L<n<K. Hence, (2) 
specifies the absolute best mean-square re-
construction process lor Gaussian white 
noise. 

Although s(t) is assumed to be drawn 
from a wide-sense stationary process, the 
sampling mechanism introduces a fluctua¬ 
tion in the error statistics over the interval 
0 to T. Ihus, the mean-square reconstruc¬ 
tion error will be defined as an average over 
both the ensemble and time 

dtE[{s(t) -s(l)l*]. (3) 
/ V o 

Noting that E[s(nT)s(mT)] =0 when n^m, 

MSE 

= 1 -
Jk 1 p * sin2 (2>rUT 
2. ~ I dt -
—z. T J a (2rH7 — 

— Hr) 

hit)2
• (4) 

It can readily be shown that 

1 f sin2 (2rH7 - nr) 

T J u (2rW'7 — nr)2

,Sf(2rn) — Si(2r|n — 1 ]) 
-- -1- (5) 

7F 

where 

/’* sin t 
dt -

o t 

is a well-known and tabulated function.3
Hence (4) becomes 

MSE - 1 - _ «(2r[£+l]) 
TT 7T 

The following approximation is very good 
for »> 1 :’ 

As an example of the delay and memory 
required for a low reconstruction error, 
consider the infinite memory case where 
L—» * . For an mis error of about ten per 
cent, K must equal 5. For an rms error of one 
per cent, K must equal 506. 

The author wishes to thank Prof. P. M. 
Schulthesiss for his helpful comments and 
suggestions. 

I). S. Ruchkin 
Dept, of Elec. Engrg. 

University of Rochester 
Rochester, N. Y. 

Formerly of Dunham Lab. of Elec. Engrg. 
Yale University, 

New Haven, Conn. 

- S. Goldman. •Information Theory." Prentice 
Hall. Inc., New York, N. V.. Appendix XI; 1953. 

’ E. Jahnke and F. Emde, “Tables of Functions," 
Dover Publications. Inc.. New York. N. Y Sect I 
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Relativity and the Clock Paradox* 
This note is an attempt to show that the 

so-called “clock” and other “paradoxes” of 
the special relativity theory are not really 
paradoxes, and they cannot be used as argu¬ 
ments against the theory. To prove the 
point, a “mechanical” model of the constant 
velocity relativistic situation is presented. 
Observers are placed on the moving and sta¬ 
tionary axes. I'he model demonstrates that 
although each observer sees a quantita¬ 
tively different effect, each viewpoint is in 
harmony with the accepted laws of trans¬ 
formation. 

The paradox, as usually given, notes 
that relativity predicts that a traveler will 
age less than a stay-at-home. Since we can¬ 
not, according to the same theory, define 
who is traveling and who is stationary and, 
because of an apparent symmetry, a para¬ 
dox exists. Our model will demonstrate, 
however, by viewing the situation through 
the eyes of observers in each frame in turn, 
that even they do not disagree as to who 
ages less, dispelling the paradox. 

For a pair of relatively moving reference 
frames, moving in x only, with clocks syn¬ 
chronized in each (also corrected for propa¬ 
gation delay) so that the clocks at the origins 
read zero only when they cross, (/»*_o=O 
=G_o, x'=x=O) the following well-known 
transformations result: 

x' = ß(x - tl), x = 0(x' + »/') (1) 

where « is the error between clock pairs, in 
both frames, which are for the moment 
opposite each other and Xi and x/ are the 
momentary coordinates of the above clocks, 
(X1'#X1). 

Observers are defined as being infinitely 
distant on the y and y' axes. The stationary 
observer on the y axis would see what is rep¬ 
resented in Fig. 1. (For clarity, these figures 
are drawn with an incorrect perspective.) 

The moving origin is momentarily op-
posite x,„ but the stationary observer notes, 

of course, that O'—>— x„' (where |.v„'| = |xo| ) 

is less than 0—>.v„. He also notices a single 

* Received l>i tlie IRK. May 8. 1*161; revised 
manuscript received. May 1*1. 1*161. 

“opposite-point-pair" which momentarily 
has the same numerical value, | —x/| = |x«|. 
A line connecting these points defines e=0 
in (2), and separates regions of + and —e. 

The instantaneous value of xe is: 

since the distance traveled by O', vt, is 
x,+x,/ß. With clock error defined by (2), 
we can now represent a possible “photo¬ 
graph” of the clocks, by the y observer 
(Fig. 2). 

Fig. 2. 

The “Clock Paradox” will be explained 
by permitting a traveler to jump from the 
fixed frame at Xi, to the moving frame, then 
back to the fixed frame at x>, then to a 
frame moving in the opposite direction, 
then back to the fixed frame to the same 
point, xi, where he started. Since his clock 
does not instantly change during his jumps, 
the time gain or loss (A/) as he observes on 
his clock is obviously the difference between 
the errors at the 2 jumping points: 

At = e« — ei. (4) 

To simplify the expressions, we permit 
the traveler to jump onto the moving frames 
at their origins so that in (2) x' =0. 

Then, 

0 - 1 
AG — «2 —  «1 — - -- (X2 + 0) 

pr 

a - 1 
- (-) — - (xi + 0) 

0r 

and 

ß - 1 
AG = - —- (Ax). (5) 

0v 

Xow, let the traveler return to earth via 
the same process using a frame of velocity 
—v. 

ß - 1 
AG = 4- (xi + 0) 

pr 

ß — 1 
- ( + ) (X2 + 0) 

pr 

ß - 1 
Ate - — (Ax). (6) 

pr 

ß - 1 
Ahot = AG + AG = - 2 - Ax. (7) 

0:’ 

Thus, the accumulation of errors during 
this trip gives his clock a smaller reading 
than one he conies back to by — 2(0 — l/ßv) 
Ax. 

As mentioned, let us examine the same 
problem through the eyes of an observer on 
the moving frames. (It is well known that 
both observers agree, and verify by meas¬ 
urements, that the relative velocity is » as 
observed from either frame.) 

Suddenly a traveler leaps to our (the 
O') frame, from xi, and lands on our origin, 
x'=0. He waits a while and jumps off when 
point X2 goes by. If we consistently apply 
(2), (note velocity is —»), we get: 

ß - 1 , 
AG — «2 — «i — 4- - (x2 T 0) 

ßv 

- (+) -J- (x> + 0) = Ax 
ßv ßv 

and for similar analysis for the return trip: 

ß - 1 
AZ* = - Ax. 

ßv 

ß - 1 
tm = At, 4" AG = 2- (Ax). 

Thus, the magnitude of the error is the same 
as computed before. The oppositeness of the 
sign from the point of view of the “other” 
frame indicates the sense of the error is also 
the same. 

The paradox originally arose because of 
a belief that a “symmetry” exists in this 
situation. The simple fact is that there is no 
symmetry. The stay-at-home does not 
change frames, while the traveler makes at 
least 3 changes. The traveler says that he 
traveled x light years and the other says he 
traveled x/ß light years. 

Some skeptics of the effects of relativity 
maintain that the biological process of living 
is not tied up with mechanical clocks. Thus, 
the traveler would have as many heartbeats, 
eat as many meals, think as many thoughts, 
etc., as the people who remained at home 
regardless of his slower running clock. This 
is a rather dangerous proposal because: 

1) The observant traveler will then 
notice that his clock seems to be run¬ 
ning slowly with respect to his me¬ 
tabolism. 

2) It will seem to run slowly regardless 
of his direction or speed. 

3) Therefore, it will always appear to 
run fastest only when he is stationary 
with the earth. 

4) Therefore, there is something special 
about the velocity of the earth. 

An obvious fallacy. 
A. Roth 

Canoga Electronics Corp. 
Fort Walton Beach, Fla. 

Electron Radiation Damage in 
Unipolar Transistor Devices* 

Unipolar transistor devices were pro¬ 
posed by Shockley1 in 1951. Dacey and 
Ross2 constructed such a device and ob¬ 
served the predicted effects. More recently 

* Received by the IRE, July 5. 1961. 
1 W. Shockley, “A unipolar field-effect transistor," 

Proc. IRE. vol. 40. pp. 1365 1377; November. 1952. 
2 G. C. Dacey and I. M. Ross, “Unipolar ‘field 

effect' transistor," Proc. IRE. vol. 41, pp. 970-979; 
August, 1953. 
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RCA3 produced several elementary units of 
gallium arsenide and Westinghouse* has 
produced silicon unipolars that exhibit us¬ 
able characteristics and appear very prom¬ 
ising. Three silicon and one gallium arsenide 
experimental unipolar transistors have been 
investigated for radiation damage sustained 
when bombarded by 1 Alev electrons. 

The three silicon unipolar devices of 
quite similar properties behaved similarly 
throughout the bombardment experiments. 
Fig. 1 shows the source-to-drain current¬ 
voltage characteristic of one silicon unit after 
various levels of irradiation. Fig. 2 shows the 
transconductance as a function of total elec¬ 
tron bombardment for the three units. A 50 
per cent decrease in transconductance after 
1.2 to 1.5X10 16 electrons cm2 is observed. 

Fig. 1 VI characteristics for Vo.=6 volts as a func¬ 
tion of irradiation: 1 ) original;}) after 5 X10 13 elec¬ 
trons, cm2; 3) after 1 XIOW; 4) after 2X1O 16 ; 5) af¬ 
ter 3 X 10w electrons cm- at 1 Mev. 

Fig. 2 Transconductance as a function of bombard¬ 
ment; I x-d =40 volts, Vw = —9 volts for units 1 and 
2, Fy =20 volts for unit 3. 

Even after the other characteristics of 
the device were destroyed, the silicon units 
would still perform a rectifying function in 
the gate-to-source junction. No attempt was 
made to obtain detailed data of this phe¬ 
nomenon. 

I he experimental Gallium Arsenide de-
X ice irradiated was not as good as the 

silicon units but a drain characteristic curve 
was obtainable. A 35 per cent change in the 
drain characteristics was observed after 
5X10 17 electrons/cm2 at 1 Mev struck the 
device. 

After the operational characteristics of 
unit no. 1 were destroyed by bombardment 
with 6X10 16 electrons/cm 2, the transistor 
was annealed at 300°C for two 30-minute 
periods. The device recovered 40 per cent 
of its initial characteristics on the first an¬ 
nealing period. The second annealing period 
of 30 minutes at 300°C resulted in a recov¬ 
ery of 55 per cent. An attempt was made 
to anneal at 350°C but the soft solder mount¬ 
ing melted, thus destroying the unit. 

Unit no. 2 was annealed at 200°C for 30 
minutes resulting in a recovery of 75 per 
cent of the initial characteristics. An addi¬ 
tional 30 minutes of 250°C increased the re¬ 
covery to 85 per cent. 

Unit no. 3 was allowed to remain at room 
temperature for five days after irradiation 
and a definite recovery trend was observed. 

I he device recovered to 12 per cent of its 
initial characteristics after five days. Heat 
treating for 30 minutes at 100°C produced 
a 14 per cent recovery. 

I he annealing of the samples reported 
here appears somewhat erratic, howex er, 
it is probable that the 300°C heat treatment 
used for device no. 1 was too high and the 
heating itself contributed to a degradation 
of the device. 

Ac KN( ) W LE DGM E N T 

The authors wish to thank R. Conklin 
of Wright Air I)evelopment Division, USAF, 
the Westinghouse Electric Corp., and RCA 
for supplying the transistors used in this 
work. 

B. A. Kulp 
Aeronautical Research Lab. 

W right- Patterson AFB 
Dayion, Ohio 

J. P. Jones 
A. F. Vetter 

USAF Institute of Technology 
W right-Patterson AFB 

Day ton, Ohio 

1) 
úQ 

AS = — . 
T 

Negentropy Revisited* 
Information content, when defined in 

terms of the a priori probability of a choice, 
is equivalent to negentropy only through an 
analogy. I he analogy stems from the com¬ 
putation of the entropy in a world defined by 
complexions (in the manner of Planck). 
Because quantum states are complexions, 
Planck’s prescription for the computation 
of the entropy is quasi-universal. Thus, the 
classical definition of the entropy 

5 = k In P, (2) 

(3) 

(4) 

does not yield results other than does the 
statistical definition 

where P is the number of complexions, Q the 
heat, T the temperature, k Boltzmann’s con¬ 
stant, and 5 the entropy. 

The classical definition of negentropy is 

where W is the nondegraded or available 
energy. Brillouin, 1 after introducing the 
negentropy by its statistical form, switched 
to the classical form in the discussion of 
numerous examples. In practice, he assumed 
that the information gained is given by 

AIP 
AN = -

T 

AW 
Al =-

T 

The two definitions of information form a 
dichotomy. 

Suppose one reads a page of a book. The 
information gained, as far as the usual defi¬ 
nition of information is concerned, is inde¬ 
pendent of the reader. With the classical 
definition of negentropy, the information 
gained and the entropy generated to gain 
the information depend on the reader’s 
possible previous knowledge of the written 
page. Thus, a page known by heart can be 
read in the dark without increase of either 
entropy or negentropy. A page previously 
known and partially forgotten will necessi¬ 
tate some generation of entropy to regain 
the level of negentropy obtained after the 
first reading. 

The flexibility of the classical thermo¬ 
dynamic definition (4), and the rigidity of 
the usual definition of information content 
based on probabilities known a priori, may 
well be a sufficient reason for preferring the 
thermodynamic definition. 

Note that the meaning of the text in the 
example above is not important. Only the 
reader's previous knowledge of the text 
concerns us. With the classical thermo¬ 
dynamic definition of negentropy, the 
amount of information gained by reading a 
page cannot exceed the probabilistic infor¬ 
mation content of that page, but may be 
quite less. 

P. A. Clavier 
Aeronutronic 

Div. of Ford Motor Co. 
Newport Beach, Calif. 

Optical Erasure of EL-PC and 
Neon-PC Storage Elements* 

Desirable characteristics for opto-elec-
tronic storage elements1 include the ability 
to store and erase information selectively. 

Voltage control [l]-[5] and infrared 
quenching |2] have been previously de-

3 Radio Corporation of America, Contract No. 
USAF 33(6OO)-3726. 

4 Westinghouse Electric Corporation, Contract 
No. USAF 33(616) 627«. 

* Received by the IRE, June 13, 1961. 
1 L. Brillouin, “Science and Information Theory," 

Academic Press, Inc., New York, N. V.; 1956. 

* Received by the IRE, May 1, 1961 ; revised man 
uscript received. May 16, 1961. 

1 Opto electronic storage elements will herein 
after be referred to as optrons (after Loebner [2) ). 
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scribed as methods of erasure. A new method 
of selective optical storage and erasure is 
reported here. Neon-PC and El,-PC bistable 
elements employing CdS or CdSe photocon¬ 
ductors can be latched and erased by serial 
irradiation from a single light source of con¬ 
stant intensity, when its emission lies within 
the sensitivity region of the photoconductor. 
Short (less than 30 msec.) light pulses of 
sufficient intensity latch optrons; longer 
(greater than 200 msec.) ptdses effect era¬ 
sure. Complete optical control of opto¬ 
electronic storage elements is therefore pro-
vided. 

The basic optron circuit consists of se¬ 
ries-connected light-emitting (neon or EL) 
anti light-sensitive components arranged so 
that a positive light feedback path exists 
[Eig. 1(a)]. 

The optron operates as follows: In the 
dark, the photoconductor is in its high-re¬ 
sistance state and the lamp is dark. If the 
photoconductor is briefly illuminated, its 
resistance drops and the lamp lights. The 
positive optical feedback continues to keep 
the lamp on |l'ig. 1(b)]. 

The latched optron can be erased if the 
PC is re-illuminated by the same external 
source for a period greater than the trigger¬ 
ing pulse. The application of the extended 
erase light pulse to the latched optron drives 
the photoresistivity to a lower level. Upon 
extinction of the light pulse, the optron does 
not return to the latch level, but rather un¬ 
dershoots it and turns off [Eig. 1(c)]. 

Optrons were constructed from various 
EL, neon, CdS and CdSe elements. Each 
optron was pidse-irradiated at room tem¬ 
perature by various light sources emitting 
from the near-infrared to the green region of 
the spectrum. Light pulses of vary ing dura¬ 
tion were obtained with a variable-speed 
camera shutter. Optron current was con¬ 
tinuously monitored with an oscilloscope. 
EL-PC and neon-PC combinations were ac-
operated at frequencies from 60 to 1000 cps. 
Neon-PC elements were also operated under 
de voltages. Measurements of de power 
dissipation in the PCs were macle by observ¬ 
ing PC current and voltage values under 
latch and erase conditions. 

Optrons made with either CdS or CdSe 
photoconductors could be optically erased. 
In all cases, behavior of the type shown in 
Eig. 1(c) was obtained. The effec t was found 
to be quite sensitive to applied voltage. It is 
most easily and reproducibly observed at or 
near the minimum voltage necessary to 
maintain the latch. 

Photocurrent undershoot is observed in 
CdSe photoconductors |6] (Eig. 2). A refer¬ 
ence-current level in a dc-biased CdSe PC 
is established by a small light bias. When 
the light-biased PC is irradiated with an ad¬ 
ditional pulse, at the termination of the 
pulse the PC current undershoots the ref¬ 
erence level, then slowly recovers toward 
it. Longer light pulses tend to increase the 
extent of the undershoot. While CdSe shows 
undershoot readily at room temperature, 
CdS shows undershoot only above 100°C 
|6], 

While optrons made with CdSe photo¬ 
conductors reacted rapidly to external irra¬ 
diation and erased under widely varied 
levels of illumination and power dissipation, 
those made with CdS tended to be much 
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more sluggish and less sensitive to external 
irradiation. Observations of the de power 
dissipation in latch and erase states indi¬ 
cated that CdS dev ices are erased only under 
conditions that would tend to produce an 
increase in temperature of the photo¬ 
conductor. 

Under most cases examined, photocur¬ 
rent undershoot seems to best explain era¬ 
sure with CdSe. In those cases where the 
power dissipation in the CdSe is increased 
during the erase pulse, undershoot and 
thermal effects probably act together to 
effect erasure. 

As an additional application of under¬ 
shoot in CdSe, we have constructed another 
series EL-PC device called a Persistroff.* 
The Persistroff circuit is shown in Eig. 3(a). 
By shunting the photoconductor in an op¬ 
tron circuit (or by using PCs with low dark 

2 This device is the opto-electronic complement of 
the Persistron described by MIT Lincoln Labs. [I J. 

resistance) a device with the nonlinear 
brightness-voltage characteristics shown in 
Fig. 3(b) may be obtained. The Persistroff 
is a voltage-controlled device in which the 
width of the hysteresis loop can be varied by 
varying the shunt (dark) resistance [7 ]. The 
behavior of the device is shown in Fig. 3(c). 
'I'he applied voltage is set above the self¬ 
turn-on voltage. Circuit parameters are 
arranged so that an hysteresis loop of about 
5-6 volts is obtained. Lndershoot resulting 
from a pulse of radiation from an external 
source, incident on the CdSe PC, will force 
the cell into a low brightness condition. 

After a short time, 10 30 seconds, during 
which recovery from the undershoot occurs, 
the device will again return to its full 
brightness condition. 

J. A. O’Connell 
General Telephone and Electronics Labs. 

Bayside, N. Y. 
Formerly at IBM Prod. Dev. Lab. 

Poughkeepsie, N. Y. 
B. NARKEN 

IBM Prod. Dev. Lab. 
Poughkeepsie, \. Y. 
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A Magnetically Tunable Microwave-
Frequency Meter* 

I'he availability of single-crystal YIG 
(yttrium iron garnet) with narrow-resonance 
line widths ( < 1 oe) makes it possible to con¬ 
struct a magnetically tunable frequency me¬ 
ter with useful accuracy over a broad band¬ 
width. 

The application of YIG spheres to micro¬ 
wave band-reject filters has been suggested, 1 

and a magnetically tunable frequency meter 
has been constructed using a paramagnetic 
material.2 The advantages of using a YIG 
sphere loosely coupled toa strip transmission 
line are: no auxiliary equipment other than 
a detector is required, and useful accuracy 
can be obtained with a minimum of precision 
parts in a compact structure. 

Fig. 1 gives some essential characteris¬ 
tics of an S-band YIG frequency meter con-

* Received by the IRE. May 26. 1961. 
1 P. S. Carter, G. I. Matthaii, and W. J. Getsinger, 

“Design Criteria for Microwave Filters and Coupling 
Structure," Stanford Res. Inst., Stanford. Calif. 
Tech. Rept. No. 8; October. 1959. 

- P. II. Vartanian and .1. L. Melchor. “Broadband 
microwave frequency meter." Proc. IRE. vol. 44. pp. 
175 178; February. 1956. 
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structed at these laboratories. A micrometer 
screw advances or retracts a magnetic shunt 
to change the magnetic field required for 
resonance. A calibration chart is used to 
convert micrometer readings to frequency. 

At ferromagnetic resonance there is a 
10 |xt cent dip in the microwave energy 
transmitted through the wavemeter which 
is readily detectable with a crystal or bolom¬ 
eter. VSW R and insertion loss are negligible 
and are almost entirely due to the stripline 
structure when the frequency meter is timed 
“off resonance." The magnetic field required 
for resonance should not change with tem¬ 
perature due to the spherical geometry of 
the YIG. Well-known techniques may be 
used to stabilize the magnetic circuit; this 
work is in progress now. 

A simple direct method of measuring 
frequency with an accuracy of 0.3 per cent 
or better has been devised using single-
crvstal spheres of YIG; further improve¬ 
ment may be expected using 0.5 oe material 
and a better magnetic circuit. Accuracies of 
0.1 per cent should be easily attainable from 
S through .V bands in a single unit. 

George H. Thiess 
Apparatus Division 

Texas Instruments Inc. 
Dallas, lex. 

A Bistable Flip-Flop Circuit Using 
Tunnel Diode* 

A recent paper1 gives a good survey of 
the circuits developed in the last two years; 
there are very useful and interesting cir¬ 
cuits. Voltage stable negative-resistance de-
\ ices have been known for over thirty t ears 
during which time certain circuits realizing 
negative resistance have been developed. 
W ith the invention of tunnel diodes, we have 
to look forward to much simpler and reliable 
circuit realizations. Keeping these facts in 
mind, we have developed in this laboratory 

♦ Received by the IRE, January 26, 1961; revised 
manuscript received. May 17, 1961. 

1 Sims, et al., “A survey of tunnel-diode digital 
techniques," Proc. IRE. vol. 49, pp. 136-146; Jan¬ 
uary. 1961. 

quite a few circuits using tunnel diodes. One 
of them is the bistable flip-flop circuit shown 
in I'ig. 1, using one tunnel diode and one 
ordinary diode. Using the /- V characteristic 
of the tunnel diode, the circuit works as 
follows (See Fig. 2). 

Suppose that the device is in its high op¬ 
erating point .1/. I he potential drop across 
the diode 1) is low. A positive pulse applied 
at 1-1' will not have any access to point B, 
as the forward bias on diode D is not enough 
to make it conduct, but will have an access 
to point A, of course, and shift the operating 
point to N. Xow we need a negative pulse 
at .1 or a positive pulse at B to shift the 
operating point bat k to .1/. As tunnel diode 
T is now in its high-voltage state, the drop 
across 1) is high. A positive pulse applied at 
1-T will appear at .1 as well as at B, because 
diode P is conducting now due to the higher 
voltage across it. Pulse appearing at J can¬ 

not affect the device as the tunnel diode is 
already in its high-voltage state. I he same 
pulse appears slightly later at B, depending 
on the transit time of the carriers through 
the dkxle D. Thus, the pulse appearing at 
B will shift the operating point back to .V. 

The values of resistances can easily be 
adjusted, and R\ has to be large enough not 
to disturb the impedance level of the dex ice. 
I )iode /J can be germanium or silicon. Silicon 
will necessitate higher driving pulses. 

Several of these circuits have been suc¬ 
cessfully coupled using properly biased di¬ 
odes. The speed of operation of a single 
stage, neglecting stray inductive and ca¬ 
pacitive effects, is limited merely by the 
speed of the diode D. Single stages have been 
operated successfully at around 30 Me, 
which dejes not show, of course, the highest 
speed of operation. I he circuit would easily 
operate in the range of several hundred 
Me within reasonable stability. 

Sensit ivity of the circuit depends on the 
location of the load line and its effective 
value. Increasing the load resistance will in¬ 
crease stability and make operation less 
effective on the parameter variations, but 
on the other hand will also necessitate higher 
driving signals. Therefore, a compromise has 
to be made between the sensit ix it y and the 
amplitude of the driving signal. 

V. Uzunoglu 
Solid State Advanced Dev. Lab. 

Westinghouse Flee. Corp. 
Baltimore, Md. 

Microwave Determination of 
Semiconductor-Carrier Lifetimes* 

Recent publications have proposed the 
use of a transverse post or rod of semicon¬ 
ducting material in a waveguide, as a means 
of obtaining the lifetime of injected carriers 
in the semiconductor by an observation of 
the decax curve of the transient of trans¬ 
mitted microwave power, after the injection 
of carriers. 1-3 It is the purpose of this note 
to show that, if the semiconductor carrier 
density decays exponentially in a typical 
configuration of this kind, the transient of 
transmitted microwave power is also ex¬ 
ponential only under special circumstances, 
and in general may have a decay curve of 
complex form. 

The problem of waveguide transmission 
in a semiconductor medium has lieen 
treated,4 but the impedance character of a 
semiconductor post was not discussed. The 
transmission characteristics of a centered 
ex lindrical post in a waveguide are given by 
the T network configuration shown in Fig. 

* Received by the IRE, April 20. 1961. 
1 A. P. Ramsa, II. Jacobs, and F. A. Brand, “Mi¬ 

crowave techniques in measurement of lifetime in 
Germanium," Appl. Phys., vol. 30, pp. 1054 1060; 
July. 1959. 

• II. Jacobs, A. P. Ramsa, F. A. Brand, “Further 
consideration of bulk lifetime measurement with a 
microwave elect rode-less technique," Proc. IRE, vol. 
48. pp. 229-233; February. I960. 

3 R. D. Larrabee. “Measurement of semiconduc¬ 
tor projjerties through microwave absorption," RCA 
Rev., vol. 21. pp. 124-129; March, I960. 

'II. A. Atwater, “Microwax’e measurement of 
semiconductor carrier lifetimes," J. Appl. Phys., vol. 
31, pp. 938-939; May, I960. 
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1? l he impedance elements in lig. 1, for a 
post centered in the waveguide and having 
its axis parallel to the dominant-mode E 
field, are given by 

(1) 

where, for A'-band waveguide operating at 
10 kMc, 

S, « In - 0.686. (3) 

In (1 ) to (3) a is the waveguide width, d 
is the diameter of the post, Xo the guide 
wavelength, X the free-space wavelength, 
and Zo is the characteristic impedance of the 
waveguide. I he qliant ity er is the complex 
relative dielectric constant of the semi¬ 
conducting post : €r — e/«o. If the T network is 
terminated in a matched load equal to Zo, 
the< urrent in the load per input volt is 

(4) 

The power in a matched detector term¬ 
inating the waveguide beyond the semicon¬ 
ducting sample will Ik* proportional to the 
square of 7s in (4). The semiconductor sam¬ 
ple diameter d is usually made small in order 
to avoid skin-effect difficulties, and (d/a)* 
and (d/X)2 are small compared to unity. 
The quan tits’ er, with zero injected carrier 
density, is equal to 16.5 for germanium and 
12 for silicon. Thus, using the t\ pical value* 
d = 3 mm, with the conditions cited above, 
(1) and (2) may Ik* written approximately 

J0.0012(er - 1). (6) 

Consequently, in (4), 

I he complex dielectric constant for ger¬ 
manium is* 

er = 16.5 
Ne2̂  

w*e0(l ¿-orr?) 

^m*(l + w’r«*) 
(H) 

where N is the carrier density, and t. is the 
lattice scattering relaxation time for con¬ 
duction. For 9.34-ohm cm germanium at 
room temperature and 10 10 cps, data given 
by Benedict yields approximately 

er ~ 16.5 5(’ + v)" 

where AN is the injected surplus carrier 
density. 

Ihe fundamental assumption of the 
microwave measurement of carrier lifetime* 
is that the surplus carrier density in the semi¬ 
conducting material decays exponentially 
with a time constant equal to the carrier life¬ 
time. and that the power transmitted lie-
yond the semiconducting post also decays 
exponentially with this same time constant. 
From (9) it may Ik* seen that if 

A.V - (10) 

is the decay curve of the surplus carrier 
density, where r is the carrier lifetime, the 
complex dielectric constant er also decays 
with this time constant. It is apparent that 
the use of an exponential er in the expression 
for detector current (7) will not lead to an 
expression with exponential time depend¬ 
ence. 

An exception to the above circumstance 
will occur when the argument of the cosecant 
term in (5) approaches hit, where w is an in¬ 
teger. Then, the value of the parallel im¬ 
pedance Zo approaches infinity, and the de¬ 
tector current is governed solely by the se¬ 
ries impedance 2Z>. which decays exponen¬ 
tially with e,, as shown by (6). 

Returning to (1), the condition for in¬ 
finite shunt impedance is thus 

where w is an integer, This condition can be 
satisfied only in keeping with the time de¬ 
pendence of er. It may lie seen from the fore¬ 
going, however, that if the choice of operat¬ 
ing conditions leads to a vers large effective 
shunt impedance in Fig. 1, the detector cur¬ 
rent transient decays in the same manner as 
does the surplus carrier density. If the de¬ 
tector is a square law detector, its indication 

1 

Zo 

r 31.8 5rT 
-jO.33 esc2 - - - —J - ;0.(XXK)(o - 1) 

o.oooate, 5rl r 31.8 
J -I- J0.0006(€r - 1) - JO.33 esc2 - j 

s N. Marcuvitz, “Waveguide Handbook," Mc¬ 
Graw-Hill Book Co.. Inc., New York, N. V.. p. 266; 
1051. 

’■ T. S. Benedict, “Microwave observation of the 
collision frequency of holes in germanium," Phys. Rev . 
vol. 0|. pp. 1565 1566; September 15. 1053. 

will be proportional to (/.)'. In any event, 
ot course, the total duration of the transient 
will be a measure of the carrier lifetime, al¬ 
though, as shown above, it is not a direct 
indication of the latter. 

H. A. Atwater 
I he Pennsylvania State Univ. 

University Park. Pa. 

Author’s Comment1
In the note by Mr. Atwater, the follow¬ 

ing statement is made: 

Recent publications have proposed the use of a 
transverse post or rod of semiconducting material 
in a waveguide as a means of obtaining the lifetime 
of injected carriers in the semiconductor by an 
observation of the decay curve of the transient of 
transmitted microwave power, after the injection 
of carriers. It is the purpose of this note to show 
that if the semiconductor carrier density decays 
exponentially in a typical configuration of this 
kind, the transient of transmitted microwave 
power is also exponential only under special cir 
cumstances, and in general may have a decay curve 
of complex form. 

The question raised at the close of the 
note is whether or not a direct measurement 
of lifetime can l>e obtained by observing 
changes in microwave absorption as excess 
minority carriers decay in a semiconductor. 

In the early work,8 where rectangular 
rotis were inserted in the waveguide and 
light pulses flashed onto the semiconductor, 
correlation was established between the con¬ 
ventional de current measuring techniques 
and the microwave absorption technique. 
When the two methods gave the same ex¬ 
perimental value of lifetime for samples in 
the resistivity range studied, the method 
was assumed to provide an electrodeless 
measurement of lifetime. Furthermore, it 
was pointed out that for smaller changes in 
carrier concentration due to the incident 
light, the correlation was improved. In fact, 
with low level light ptdses, the agreement 
between the conventional conductivity test 
and the microwave absorption technique 
was as good as obtained by testing various 
samples using the conductivity test alone. 
We can conclude from the above that there 
are general circumstances for a decay curve 
of exponential form. It turns out in the anal¬ 
ysis that if the resistivity of the material 
is high and the change from equilibrium 
small, consistent with conventional small 
signal semiconductor device theory , a direct 
microwave measurement of lifetime can be 
obtained. 

Parenthetically, upon checking the orig¬ 
inal article by Benedict,® it appears there is 
a mistake in (8) in the note by Mr. Atwater. 
Eq. 8 should read as follows: 

, _ NeV 

tR “ t" " 

j Ne2r 

we^n* (1 4- u2r2) 

Received by the IRE, May 26, 1961. 
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wave techniques in measurement of lifetime in ger 
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July, 1959. 
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Rev., vol. 91, p. 1563; September, 1953. 
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This, together with any inaccuracy in the 
value of r, may have caused an error in (9). 

In any case, the note does point out a 
basic difficulty in using approximations 
when the detailed analysis of the use of rods 
is complicated at the outset. This brings us 
to a suggestion which is currently being 
studied and which has been reported in re¬ 
lation to resistivity measurements, 10 but 
has not yet been reported on in detail with 
respect to lifetime. Here we suggest the use 
of a distributed line rather than a lumped 
parameter approach. The distributed line 
together with the change in geometry of the 
sample can make the analysis completely 
accurate with no approximations needed. 
If one then desires to make subsequent 
approximations the per cent error can be 
exactly determined. 

In this approach a germanium plug is 
inserted, completely Idling the waveguide. 
The equations for calculation of the trans¬ 
mitted field is then given as follows, 

= r, fcosh l'ali - sinh TjlsY (2) 
I. in \ Zah / 

and 

iZn + Z,, tanh ISLA 

\Zoi + Zo, tanh IMt/’ 
(4) 

Zn is the impedance of the waveguide in 
air, 

Zoa is the impedance of the waveguide 
filled with germanium and is a func¬ 
tion of conductivity and wavelength, 

Zai is the impedance of the germanium at 
the front surface, 

Ti is the propagation constant in air in 
the waveguide, 

Ta is the propagation constant in ger¬ 
manium in the waveguide, 

1 > is the thickness of the slab of semi¬ 
conductor. 

Using (2), (3) and (4), the transmitted field 
to incident field ratio was calculated. Data 
obtained this way were experimentally 
checked and fourni to be accurate. 

Now a small slit can be made in the side 
of the waveguide allowing low level light 
pulses to fall upon the germanium. Under 
these conditions the decay in excess minor¬ 
ity concentration has been fourni to be lin¬ 
early related to the increase in current from 
the detector diode located so as to detect 
changes in power transmitted. As a result, 
exponential changes (in agreement with 
earlier findings)8 have been detected. Fur¬ 
ther experiments on this work are now in 
progress. 

Harold Jacobs 
U. S. Arun Signal Res. 

and Dev. Lab. 
Ft. Monmouth, X. J. 

10 II. Jacobs, el al. “Electrodeless measurement of 
semiconductor resistivity at microwave frequencies,” 
Proc. IRE, vol. 49, pp. 928-932: May, 1961. 

Antigravity* 

Although many people do not realize 
it, antigravity has been with us since 1918 
when Thirring investigated the coriolis type 
effects of moving masses which arise from 
Einstein’s Principle of General Relativity.1-4 
This form of antigravity consists of the gen¬ 
eration of non-Newtonian gravitational 
forces by moving masses. These forces, in a 
local region, will act on a body )n exactly 
the same way as gravity. Thus, by gen¬ 
erating these fields in an upward direction 
at some spot on the earth, we could theo¬ 
retically counteract the earth’s gravitational 
field. 

An example of such a generator is a sys¬ 
tem of accelerated masses whose mass flow 
can be approximated by the current flow in 
a wire-wound torus. 

In the electromagnetic case, the current 
I through the wire causes a magnetic field in 
the torus. If the current is constantly in¬ 
creasing, then the magnetic field also in¬ 
creases with time. This time-varying mag¬ 
netic field then creates a dipole electric field. 
The value of this field at the center of the 
torus is 

4ttR2

where R is the radius of the torus, r is the 
radius of one of the loops of wire wound 
around it, and .V is the total number of 
turns. 

We can now use the analogies between 
the electromagnetic and gravitational fields 
that were developed by Forward.2 We trans¬ 
form all the electromagnetic quantities to 
the gravitational quantities to get 

^NTr1
G = --

41TÄ2

where G is the gravitational field generated 
by the total accelerated mass current aT-

Unfortunately, since the “gravitational 
permeability of space" has the very small 
value of i) = 3.73X10-M m/kg, it would re¬ 
quire very large systems to obtain even a 
measurable amount of acceleration, much 
less practical antigravity. For example, if 
we could accelerate matter with the density 
of a dwarf star through pipes wide as a 
football field wound around a torus with 
kilometer dimensions, then we could create 
a gravitational field at the center of the 
torus of about 

G~ IO-10 a, 

where a is the amount of acceleration we can 
give the dwarf star material. With an ac¬ 
celeration of a = 10u msec2, we could conn-

♦ Received by the IRE, June 2, 1961. 
1 A. Einstein, “The Principle of Relativity,” 

Dover Publications, Inc., New York, N. V.; 1923. 
- R. L. Forward, "('»eneral relativity for the ex-

perimentalist,” Proc. IRE, vol. 49, pp. 892-904; May, 
1961. 
3 C. Moller, “The Theory of Relativity,” Oxtord 

University Press. London, Eng.; 1952. 
4 J. Weber, "General Relativity and Gravitational 

Waves,” Interscience Publishers, Inc., New York, 
N. Y.; 1961. 

teract the earth’s gravitational held lor a 
few milliseconds. 

It is obvious that these minimum require¬ 
ments are so far from present capabilities, 
that practical antigrav ity will unfortunately 
be unattainable for centuries. 

Robert L. Forward 
Physics Department 

University of Maryland 
College Park, Md. 

On the Nomenclature of TE IIZ Modes 
in a Cylindrical Waveguide* 

The indices n and I which have been used 
to identify the species of different modes in 
a circular-cylindrical waveguide seem to 
have been firmly established. In practically 
all the textbooks n is used to denote the 
order of the Bessel functions, and I (or »/) 
the ordinal numeral for the roots of the 
Bessel functions or its derivatives. In the 
case of circularly symmetrical modes of the 
TE type, where n=0, one normally assigns 
/ = 1 to denote the first nontrivial root of the 
equation Jn\x)=G. Thus, if one denotes 
these roots by pni, then the conventional 
designations are />ot'=3.832, p«/ = 7.016, 
etc., and these modes are called TEm, TE02, 
etc. This nomenclature has been adopted by 
the authors of many well-known textbooks 
on electromagnetics or waveguide theory, 
such as the ones by Kraus, Marcuvitz, 
Ranto-Whinnery, Stratton and the new book 
by Collin. I lowever, if one displays the roots 
of 

= 0 

and 

J.’G) = 0. 

denoted, respectively, by p,.i and p„i'. in a 
figure such as the one shown here (Fig. 1), 

* Received by the IRE, April 13. 1961. 
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then one would naturally label / = 1,2, • • • , 
as the ordinal numerals for these roots. In 
such a designation the root pm' is nu¬ 
merically equal to zero, corresponding to a 
trivial inode. The first nontrivial mode of the 
TEoi set would be TE«-. In tabulated form 
the roots p„t' would appear as the one shown 
in Table I for n, f<3. 

TABLE I 
Roots of Jn(x) »0 

0 0 3.832 7.01e» 
I 1.841 5.331 8.535 
2 3.054 6.706 9.969 
3 4.201 8.015 11.346 

The orderly appearance of such a table 
as compared with the old arrangement is 
obvious. One may remember that in the old 
notation the TE01 is not the dominant mode, 
in spite of the fact that the indexes are of 
lower order than TEn. In the present nota¬ 
tion TEoi woidd be the dominant mode if it 
were not trivial. The inclusion of this trivial 
mode does bring into order a more logical 
nomenclature for all the modes in a cylindri¬ 
cal waveguide. A similar nomenclature was 
used for rectangular waveguides, whereas the 
trivial modes TMo* and TMmo never both-
ered us. 

The graph presented here is useful to 
determine the number of propagation nuxles 
for a given waveguide. When one elects a 
vertical line on the abscissa at a distance 
equal to ku, where k — 2ir/\ denotes the free 
space-wave number, then all the modes at 
the left side of the lineare propagating, while 
those at the right are evanescent. Inci¬ 
dentally, we may mention that in Ramo-
\\ hinnen ’s work* the mode TEi* is missing 
in the display of the first few spectral lines. 
This mode should lie beyween TEu and 
TM^ascan be checked from the present 
graph. The graph can also be used to inter¬ 
polate the characteristic values of wedge-
shaped circular waveguides corresponding to 
fractional values for u. 

This note is prompted by a conversation 
with Prof. R. Collin of the Case institute 
of Technology. The author acknowledges 
with thanks his interest in this topic. For 
teachers and engineers who have become 
accustomed to the old designation for the 
TEor modes, it is hoped that the suggested 
change will not cause any inconvenience. 
For new teachers, the author encourages 
them to consider this more logical presenta¬ 
tion. A limited supply of the copies of the 
figure presented in this correspondence can 
be obtained by writing to the Department of 
Electrical Engineering, The Ohio State I ni-
versitv, Columbus 10, Ohio. 

C. T. Tai 
Dept, of Elec. Engrg 

fhe Ohio State University 
Columbus, Ohio 

1 S. Ramon and .1. R. Whinnery, “Fields and 
Waves in Modern Radio," John Wiley and Sons, Inc.. 
New York. N. V.. 2nd ed.. p. 377. 

On Minimum Reading Times for 
Simple Current-Measuring 
Instruments* 

In their paper. 1 Praglin and Nichols 
thoroughly analyze some relationships be¬ 
tween electrometer noise, bandwidth and 
sensitivity. By making the assumption that 
signal and white-noise currents How into a 
current node A (see Fig. 1 ) through an 
equivalent parallel RC circuit and are read 

Fig. I Typical current and voltagemeasuring 
device showing principal rolloff RC. 

out by a low-noise wide-band voltage ampli¬ 
fier, we wish to determine the minimum time 
necessary to detect the smallest expected de 
signal current /... Signal-current noise I2 due 
to I, flowing through the impedance gen¬ 
erates a mean-square voltage per unit angu¬ 
lar frequency u of 

âE? _ ela R-

A(*> 7V 1 + (RCw)2

Proceeding to differentials and integrating-
over all frequencies, 

eIaR f * ¿W”) _ eK
“ wC Jo r+TÉCW«" 2C *’ 

Similar treatment applied to grid current Io 
(or other “pure” leakage currents) and re¬ 
sistor thermal noise yields the wide-band 
mean-square noise voltages, respectively. 

eR 
h 2 = _ 

2C 

kT 

= c" 

As noise power (or noise-square voltages) 
add linearly, therefore the total mean-square 
noise voltage 

e; 2kT~\ eR 

^-eR^X 
I. 

where I„ represents the sum of the modulus 
of diode-like currents flowing into point .4. 
It may be shown that even tube shot noise, 
provided it is limited in frequency by a simi¬ 
lar RC time constant, is included in l„ by 
the addition of one more term. To arrive at 
a signal-to-noise ratio, consider 

IPR2 _ 2RC Ie 

~Ë7“ 

♦Received by the IRE, May 19, 1961; revised 
manuscript received, June 5, 1961. 

1 J. Praglin and W. Nichols. “High s|>eed electrom¬ 
eters tor rockets and satellite exjieriments, Proc. 
IRE. vol. 48. pp. 771-779; April. I960. 

5 will always be >1 for sufficient RC con¬ 
stant. 

In practice, of course, this result is not 
completely realistic, since non-Gaussian 
noise sources such as tube drifts, power sup¬ 
ply and component changes swamp these 
finer effects. Approximately, however, values 
of .S’ uniquely determine RC. Further, if the 
minimum signal voltage must exceed ampli¬ 
fier drifts, then R is also explicit. 

To evaluate noise reading times, it is 
necessary to investigate the Poisson distribu¬ 
tion of random particle currents associated 
with After an observing time I„, InTn/e 
particles arrive at the node with an rms 
counting error of |/„7'H/e] l/2, and a large 
sample most-probable relative error in the 
measurement of signal E in the presence of 
noise equal to 

Thus, the current mean-square signal-to-
noise ratio is simply 

e/w (0.6745)* 

Identifying this with the similar expression 
S2 \ ¡elds a minimum time Tn in terms of RC 
necessary to read the signal to within the 
mean-square signal-to-noise ratio (typically 
between 1 and 10, depending on peak-to-
peak confidence limits). 

T„ = 2EC(0.6745)2 = 0.91 RC. 

Finally, the minimum total reading time T 
will consist of two parts, a period Tn to read 
noise and a dynamic range (P) rise time. 

T = RC [0.91 + log »]. 

True, there are other feedback and rolloff 
effects that must be enumerated before T 
may be evaluated. However, low-level elec¬ 
trometers and vacuum tube voltmeters that 
were developed are relatively easy to analyze 
in this manner and have yielded consistently 
accurate observation time requirements. 

P. E. Howden 
Information Systems, Inc. 

Los Angeles, Calif. 

Gyromagnetic Resonance of 
Ferrites and Garnets at UHF* 

For the development of reciprocal and 
nonreciprocal devices with ferrites for UHF, 
it is necessary to know materials whose 
resonance frequency is sufficiently low. 
Therefore we have explored the nonrecipro¬ 
cal attenuation at ferromagnetic resonance 
of magnesium-manganese ferrites whose sat-

* Received by the IRE, May 25, 1961. 
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uration magnetization was lowered by addi¬ 
tion of aluminum, x ttrimn-garnet, and 
\ ttrium-gadolmium-ganiets down to 300 
Me. Eig. 1 shows the arrangement of the 
prolies in the waveguide. I he experiments 
have shown that a clean resonance exists 
only if the material is saturated. This condi¬ 
tion is fulfilled if the de field lla is larger than 
the perturbation field //*, phis the demag¬ 
netizing field NgM in the direction of the de 
field: 

lla > //* + AUL (1) 

//* is a perturbation field which describes 
the action of internal stresses, anisotropy 
forces, inpurities, etc. 

Fig. 1—Arrangement of proljes within 
the waveguide. 

In connection with Kittel’s equation, 1 

it follows that 

Ur > 7V (//* + NtMWl* + .VJ/). (2) 

This equation shows how the resonance 
frequency can Ik* lowered: 

I i By means of a suitable compound, 
the gyromagnetic ratio of some materials 
can be lowered below its theoretical value. 

2) Nothing can lx* said today about the 
reduction of the perturbation field strength 
//* Ix'cause the research in this field is not 
far enough advanced. 

3) fhe reduction of the saturation mag¬ 
netization M can lx* achieved by an admix¬ 
ture of AljOj, but one would have to put up 
with a simultaneous reduction of the Curie¬ 
temperature. 

4) A useful, and for a given material the 
only possible way is the reduction of the 
demagnetizing factors .V, and Nu (or the 
increase of A\, as the sum AI, 4-Nu4- A\ = 1 ). 

Eig. 2 shows the influence of the demag¬ 
netizing factors. It shows the nonreciprocal 
attenuation per unit length of a magnesium¬ 
manganese ferrite with a content of alumi¬ 
num in the range of 490 to 590 Me. The 
thickness of the prolws decreases from left 
to right, corresponding with the increase of 
the demagnetizing factor Ng. At the left, the 
lowest resonance frequency is higher than 
the highest frequent y of the band. A non¬ 
reciprocal attenuation does exist here too, 
but the attainable ratio of attenuations is 
significantly lower than in the case of reson¬ 
ance (right curve). The de field strength is 
chosen for maximum isolation at the mid¬ 
band frequency of 540 Me. With decreasing 
thickness the resonance moves to lower fre-
quencies. At the right, the resonance lies 

1 C. Kittel, “Interpretation of anomalous larmor 
frequencies in ferromagnetic resonance experiment,” 
Phys. Rev., vol. 71. pp. 270 271; February, 1957. 

2 X on reci procal attenuation of a ferrite for various heights h 

near the midband frequency of 540 Me. 
Here the isolation decreases symmetrically 
from the midband frequency to the ends of 
the band, and the attainable ratio of the 
attenuations is largest. Eig. 3 shows the at¬ 
tenuations per unit length of a magnesium¬ 
manganese-ferrite with a content of alumi¬ 
num in the ranges 490 to 590 Me and 360 
to 440 Me. This ferrite had a linewidth of 
magnetic resonance All of about 130 Oe 
(at 4 kMc). 

In addition, the attenuations of the 
yttrium-gadolinium-garnet MCL 1116 of 
Microwave Chemical Labs., New York, 
N. Y., are shown in the range of 490 to 590 
Me. The linewidth All of this garnet is 
about 50 oe. In spite of the very different 
linewidths,2 3 the attenuations of the ferrite 
and of the garnet are nearly the same in this 
band. The ratio of the smallest reverse at¬ 
tenuation to the largest forward attenuation 

2 B. Lax, “Frequency and loss characteristics ot 
microwave ferrite devices. Proc. IRE, vol. 44, pp. 
1368-1 386: October, 1956. 

3 C. L. Hogan, The low-frequency problem in the 
design of microwave gyrators and associated ele¬ 
ments,” IRE Trans, on Antennas and Propaga¬ 
tion, vol. 4, pp. 495 501 ; July, 1956. 

Fig. 4 Ratio ot attenuations /Cm as 
function of frequency. 

TABLE 1 

Material 
Saturation 
Magnetiza¬ 

tion M 
Gauss 

Linewidth 
A// (at 4 
kMc) Oe 

Curie-
tem-

iwrature 
Tc °C 

MM Fl 
MM F5 
MM F6 
YIG 
MCL 1110 
MCL 1116 

2000 
930 
730 

1 750 
1200 
600 

«160 
«160 
«150 
« 35 
« 80 
« 50 

255 
190 
150 
275 
250 
170 

in a band of 10 percent bandwidth ( Kt») for 
these two materials is about 25 for the best 
arrangement at 540 Me. At about 400 Me 
the ferrite has a ratio of about 18 for 10 per 
cent bandwidth, and at about 3(H) Me the 
ratio is 12. 

Fig. 4 shows the ratio K¡0 defined above 
for several materials as function of the fre¬ 
quency. Table 1 gives the values of the sat¬ 
uration magnetization M, of the linewidth 
SH (at 4 kMc), and of the Curie-tempera¬ 
ture Tc of the materials. One can see from 
Fig. 4 that above a certain frequency, which 
is characteristic for the material and which 
depends moreover on the geometry of the 
proItes, one obtains straight lines, which all 
go through the point 1 for the frequency 0. 
The slope of these straight lines seems to be 
a property of the material, it is nearly in¬ 
versely proportional to the saturation mag¬ 
netization. One can see that materials with 
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low saturation magnetization give at low 
frequencies the same ratio of attenuations as 
materials with greater saturation magnetiza¬ 
tion at higher frequencies. Below a certain 
frequency (which agrees approximately 
with the lowest resonance frequency accord¬ 
ing to (2)), the ratio of attenuation Æm de¬ 
creases rapidly and approaches the value 1. 
In this range the de field strength necessary 
for resonance is lower than the field neces¬ 
sary for saturation according to ( 1 ). 

We could not find a direct influence of 
the linewidth AH on the lowest resonance 
frequency or the ratio of the attenuations. 
But it seems that All influences indirectly 
the lowest resonance frequency’ because the 
linewidth AH and the perturbation field 
strength II* are probably connected. 

Detailed results of our experiments (at 
other frequencies and with various materi¬ 
als) will lie published in the near future in 
the Nachriehtenteehnische Zeitschrift. 

J. Deitsch 
H. G. Maier 

Zentrallaboratorium 
der Siemens & Halske AG 

Muenchen, Germany 

One-Tunnel-Diode Binary* 

A recent letter by Kaenel1 described a 
one-tunnel-diode flip-flop which, for its 
explanation, required a complex shape for 
the driving pulse. The purpose of this note is 
to show that a simple pulse is sufficient and 
that, therefore, the “armchair analysis" is 
not adequate. 

The pair of simultaneous differential 
equations yvhich describe this circuit can be 
examined by any of several means described 
in standard textbooks on nonlinear analysis. 2 

I'he significant result for the purpose of ex¬ 
plaining the flip-flop action is that a positive 
driving pulse can drive the tunnel diode from 
its high-voltage state to its low-voltage 
state as well as vice versa. Also a negative 
driving pulse can produce either transition. 
Eig. 1 shows the two paths along which the 
switching can take place in response to posi¬ 
tive driving pulses. 

Eig. 2 is a schematic of the flip-flop from 
which the traces in Eig. 3 were taken. I'he 
driving pulse was from a well-terminated 
mercury switch pulse with no evidence of 
overshoot. I'he width of the driving pulse 

* Received by the IRE, Marell 20, 1961. 
1 R. A. Kaenel, “One-tunnel diode flip-flop," 

Proc. IRE (Correspondence), vol. 49, p. 622; March, 
1961. 

s W. .1. Cunningham, “Nonl near Analysis," 
McGraw-Hill Book Co.. Inc.. New York, N. Y.,p. 10r>. 
1958. 

Fig. 2—Tunnel-diode binary stage using a 
tO-ma Ga As diode. 

Fig. 3- Flip-flop transitions. Horizontal scale is 5 
nsec per division. 

was about 3 nsec. The photograph shows 
transition times to be on the order of 10 to 15 
nsec. The pulse height of the input is some¬ 
what critical, about 10 per cent, at these 
speeds, and the position of the load line must 
be chosen by varying the de voltage or the 
potentiometer. Slower flip-flops with larger 
inductances are very- easy to set up. The 
binary stage shown in Eig. 1 has also been 
driven by a tunnel-diode univibrator. Two 
univibrators and two binary stages have 
been cascaded to produce a scale of four, and 
there appears to be no problem in ganging 
more together, provided diode coupling is 
used. 

A. L. Whetstone 
S. Kovxosv 

I niversity of Pennsylvania 
Philadelphia. Pa. 

Author’s Comment’' 

The comment by Whetstone ami Kou¬ 
nosu relating to my recent IRE letter1 is of 
course correct. In fact, they should be con¬ 
gratulated for their success in cascading 
together several of these stages, forming a 
scale of four. Their observation that there 
seem to be “no problems in ganging more 
stages together” is a good argument for the 
high reliability of the one-tunnel-diode bi¬ 
nary driven by a bipolar pulse. After all, 
the margin requirements for this type of 
trigger pulse are significantly less stringent 
than those encountered when using the non¬ 
linear transient response of the binary stage 
configuration. The high operational reliabil¬ 
ity suggests that some gating functions can 
successfully be incorporated in the circuit as, 
for example, by controlling the power sup¬ 
ply voltage. Forward and backward counters 
utilizing one-diode binary stages seem, there¬ 
fore, feasible. 

It is undoubtedly of value to briefly point 
out the mathematical reason for the circuit 
to operate as a binary when driven by a uni¬ 
polar pulse. When the binary has switched 
to the high state, the relaxation transient 
that brings the circuit to its high-voltage 
stable state initiates ata point in the (/inductor, 
etunœi diode) phase plane, whose coordinates 
will be designated (in. eu). In contrast, when 
the binary is in the high-voltage state and 
is triggered, the ensuing transient initiates 
at point (in,, eu,). Because of the nonlinear¬ 
ity of the tunnel-diode characteristic, the 
initial voltage across the diode eu, is close to 
Crt, whereas the initial current through the 
inductor in is very much larger than in,. 
The nonlinearity causes the transient that 
initiates with a small inductor current to 
oscillate more vigorously than that begin¬ 
ning with a large current. This property is 
principally responsible for the binary oper¬ 
ating as described by the authors. 

R. A. Kaenel 
Bell Telephone Labs 
Murray Hill, N. |. 

' Received by the IRE. April 18. 1961 . 



1446 PROCEEDINGS OF THE IRE September 

Notes on “Fourier Series 
Derivation”* 

In connection with Gadsden’s letter,’ I 
believe it is worthwhile mentioning that the 
derivation of the Fourier series from the 
Laplace transform is not only of mathe¬ 
matical interest but also has great practical 
importance. Provided that the waveforms 
considered satisfy Dirichlet’s condition (e.g., 
those occurring in engineering practice), 
this method can be used, and has been used 
for some years.2

From a practical point of view the most 
important group of the wax eforms is the 
one built up of lines, of which the Laplace 
transforms can be determined as the sum of 
transforms of linear functions such as 

1 1 
±PM = ± — . ±PAs) = ± — » 

5 52

1 1 
±PM = ± — ’ ±PM = ±e"‘ — * 

5 52

Forming P(s\ the transformed function 
of the waveform from the functions above, 
we obtain the Fourier series in exponential 
form: 

M = y C„ + ■ ¿ 

where 

Co = lim P(s) 
x »0 

Cn = lim P(s) 
» *sn

and 

5« = j2irnT^' n = ± 1, ±2, ±3, • • • . 

Ji xö Takács 
R. B. Pullin and Co., Ltd. 

Brentford, England 

* Received by the IRE, .lune 19, 1961. 
1 C. P. Gadsden, “Fourier series derivation,’’ 

Proc. IRK (Corres¡»ondence), vol. 48. p. 1652: 
September, 1960. 

2 J. Takacs “Determination of Fourier amplitudes 
by means of Laplace transform,’’ Magyar lliradástech-
nika, vol. 4, pts. 7 8, pp. 93 96; July -Almost, 1953. 

Theoretical Techniques for Han¬ 
dling Partially Polarized Radio 
Waves with Special Reference 
to Antennas* 

L Introduction 

In the analysis of radio antennas, one 
normally assumes that the incident radio 
wave is completely polarized. The response 
of a receiving antenna to a completely 
polarized radio wave incident upon the an¬ 
tenna has been thoroughly discussed in the 

♦ Received by the IRE, June 14, 1961. Supported 
in part by AF Cambridge Res. Labs, under Contract 
No. AF 19(604i 4079 through the Ohio State Univ. 
Res. Foundation. 

literature. 1-2 A completely polarized wave is 
a limiting case of a more general type of 
wave, that is, a partially polarized wave. 
1’he purpose of this communication is to 
point out some theoretical techniques for 
handling partially polarized radio waves 
with special reference to antennas. 

The main properties of partially polar¬ 
ized waxes xvere thoroughly investigated by 
Stokes.3 A partially polarized electromag¬ 
netic xvave may be considered as the sum of 
a randomly polarized xvave and a com¬ 
pletely polarized wave independent of the 
former. This representation is unique. A par¬ 
tially polarized radio wave may be char¬ 
acterized completely either by the Stokes 
parameters or by a density matrix (i.e., sta¬ 
tistical matrix).4

II. The Stoki s Parameters 

Let E. represent the electric field incident 
upon a receiving antenna. We shall define a 
unit polarization vector n, for the incident 
xvave by 

E = ! £ I ri»- = I Et J (iene 4- 4p h«,,), (1) 

where He = (hit) exp j ] and 
= exp j[wt+kr -a2(t) |. aJt a>, at and 

aj vary with time, since the incident wave is 
assumed to be a parti. illy polarized wax e. 

E, I represents y (E. -E,*). 
Ihe property of the receiving antenna 

max lx? represented by the distant electric 
field intensity E-, which is pnxluced by the 
antenna when used for transmitting. We 
define a unit polariza ti< u vector m t for the 
antenna by 

Et = Ef m t = : Et j (ieme 4- ¿pM,!,), (2) 

w here ine = lh exp jkut — kr — 30 and m.\t = b: 
exp jlwt —kr — fa). 

Let .L represent the effective aperture 
of the antenna. Then .L = X2G74tf, where G 
is the power gain of the antenna, and À is the 
wavelength. Let P represent the total power 
flux <;f the incident wave, and f> represent 
the degree of polarization which is the ratio 
of the power flux of the polarized part of the 
incident wave to the total power flux P. 

We shall define the Stokes parameters 
for the partially polarized incident wave 
/’M and for the receiving antenna Jel.v/] 
in the form of a four-vector as follows: 

w here 50 = 1, 5i = [ (a ।2 ) — (a^ ) ], 
cos (a*—ai)), .S3 = ̂2(/ sin 

3) 

4) 

52= 

(«2— «>)); 

1 Y. C. Yeh, “The received power of a receiving 
antenna and the criteria for its design,’’ Proc. IRE, 
vol. 37, pp. 155 158; February, 1949. 

2 II. G. Booker, et al., “Techniques for handling 
elliptical)}’ polarized waves with special reference to 
antennas," Proc. IRK, vol. 39, pp. 533 552; May, 
1951. 

3 G. Stokes, “On the composition and resolution of 
streams of polarized light from different sources,” 
Trans. Cambridge Philosophical .Soc., vol. 9, pt. 3, 
pp. 399 416; 1856. 

« M. Born and E. Wolf, “Principles of Optics,” 
Pergamon Press, New York, N. Y.; 1959. 

V=1. s\' = bx2 — bj, s[ =2bit* cos (3i— #2), 
s/ = 2bxb> sin (3i— 3j). I he angular brackets 
(...) represent the time averages. 

'Ihe power available from the antenna 
due to the partially polarized wave incident 
upon it may be written in a concise form as 

W = JP.4,[s?][j.] = p’.l, ¿ x/n, (5) 

where [5/) is the transpose of [5* J. Eq. (5) 
may lx? written as5

IF = }.LP(1 4- peosò) 

= JAP(1 - />) 4- /»APcos2 (Í/2), (6) 

where ò is the angle between the two four 
vectors on the Poincaré sphere representing 
the state of polarization of the incident wave 
and the antenna. I he first term of (6) repre¬ 
sents the power due to the randomly polar¬ 
ized part of the incident wave, while the 
second term is due to the polarized part. 
When p=\, the xvave lx?comes completely 
polarized, and (5) and (6) reduce toa similar 
form discussed by Deschamps for ellipti-
cally polarized waves.6

III. The Density Matrix 

Let us represent the incident wave by a 
2X2 density matrix 

Lp21 P22J (/) 

where 

Pn = (»»«»*) = <ai2), 

P12 = Owh^,*) = (úia.exp [— j(ai — a.)|\ 

P2I = <«»*»,(,) = (aid: exp Ijlai — 02)]), 

and 

P22 = = <«22>. 

Ihe density matrix is Hermitian since 
Pú=P;.*- ihe elements of the density 
matrix are related to the Stokes parameters 
by the following relations: 17

Pn = + Xi) P12 = j(S2 + JS3), 

P21 = 1(^2 — jsi) and p22 = — Si). 

We shall define a similar matrix for the 
antenna 

•Up./i = .1, P", W 
Lp2l 022 J 

where pn' = 6i2, exp fie) 1, 
P2i' = fti6. exp I —;(3, — di) I ami p...,' = b2!. 

It can be readily shown that the avail¬ 
able power from the antenna tine to the 
partially polarized radio wave may be given 
by a concise form 

II’ = Trace ’-Up./J X (9) 

Eqs. (9) and (5) are equivalent since 

Trace LlJp./J X 

= Je/Tpn pi i 4- P12P21 4- P2/P12 4“ P21P22) 

— 2-^cP(So So 4“ 5/51 4“ 52^2 4" 53'53). 

° H. ( . Ko, “On the Analysis ot Radio Astronomi¬ 
cal Observations Made with High Resolution Radio 
Telescoiæ Antennas." Ohio State Univ., Columbus, 
Ohio, Radio Observatory Rept. No. 21; February 
1961. 

• G. A. Deschamps, “Geometrical representation 
of the polarization of a plane electromagnetic wave," 
Pr<X?. IRE, vol. 39, pp. 540 544; May, 1951. 

7 D. L. Ealkoff and J. E. Mat Donald, “On the 
Stokes parameters for polarized radiation,” J. Opt. 
.Soc. Am., vol. 41, pp. 851 862: November, 1951. 
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The Stokes parameters and the density 
matrix are both used in the quantum me¬ 
chanical treatment of the polarization of 
photons and elementary particles.’ 9 The 
representation of receiving antennas by (4) 
and (8) fits in very well with the formalism 
of the quantum theoretical treatment of the 
polarization of photons. This is to be ex¬ 
pected since the receiving antenna may be 
considered as a polarization analyzer for in¬ 
cident radio photons. 

H. C. Ko 
Radio Observatory 
Dept. Elec. Engrg. 

Ohio State University 
Columbus, Ohio 

8 U. Fano, “Remarks on the classical and quan¬ 
tum-mechanical treatment of partial polarization,’' 
J. Opt. Soc. Am., vol. 39, pp. 859-863; October, 1949. 

9 J. M. Jauch and F. Kohl ich, “Theory of Photons 
and Electrons,” Addison Wesley Publishing Co., Inc., 
Cambridge, Mass.; 1955. 

Laurent-Cauchy Transforms* 
During the study of the very interesting 

paper by Ku and Wolf,1 I looked in detail 
at (39), Çn4-l)ÿn+i(<)+ay»(<)=0, and found 
a very simple general solution. The method 
can be employed on all equations of the type 

(n+k+q)(n+k— 1+ç) • • • (»i + l+?)y»2x-

+ai-_i(n+^— 1+ç) • ■ • (ti+l+ç)y.+t-i+ • • • 

+a i (n+ 1 +ç)y„+i +<ioyn = /n(0 , 

which can be reduced by the substitution 
y„ = x„: I'(l +ç+n) to the simpler form 

«> , «-D , . ■ , 
Xe+t + ai-iXn+t-i + • • • -r ai.rn+ i + OoX, 

= r(l + q + n)f„ = gn(0-

I want to demonstrate my method by 
means of (39). With y,=x»: n! the simpler 
equation 

¿„+i -1- ax„ = 0 (1) 

results. From it, by means of Laplace trans¬ 
formation with A„(s) =/o”x»(t)e_“df, we get 
a difference equation for X„(s) 

sXn+i(s) + aX„(s) = x»+i(O), (2) 

whereby initial values x,,+i(0) appear which 
can be chosen in any way. Applying to (2) 
a Taylor transformation2 by multiplying 
with r", and summing over all », we obtain 
with 

F(r,s) = 22 A'»(s)-r" and t'(r) = ¿ x„(O)-r» 
n-0 n-0 

* Received by the IRE, June 19, 1961. 
1 Y. 11. Ku and A. A. Wolf, “Laurent-Cauchy 

transforms for analysis of linear systems described by 
differential difference and sum equations," Proc. 
IRE, vol. 48, pp. 923 931; May. 1960. 

2 J. Tsclutuner, “Einführung in die Theorie der 
Abtastsysteme,” Verlag R. Oldenbourg, Munich, 
Germany, p. 168; I960. 

the purely algebraic connection 

— [F(r, s) — X0(j)] 4- o-F(r, s) 
r 

= - [r(r) - x»(0)] 
r 

from which the generating function 

lr/ . sA’o(x) - xo(O) + t(r) 
I (ri U = - -- -- (3) 

"O + vÛ 
results. In inverse transformation, this equa¬ 
tion is to be presented as a power series. 
Since 

is the sum of the alternating geometric 
series, we obtain 

00 
22 X„(s)rn »«—0 

+ -¿x„(0)-r" 
5 »-0 

From it, the Laplace transform of the solu¬ 
tion 

results, or with s.Yo(s) — .vo(0) = ¿[xo(f)] 

W - -tit 4 LW,)| 
ft . 5n+1

Ji, (—a)* m! 
+ L ~~ — x^O). (4) 

ml sm+ ' 

This relation can very’ simply be trans¬ 
formed back. One obtains the general solu¬ 
tion of (1) 

xM = — 7- f Xo(r)(I - t) 
ill Jo 

Ji, (—aO” + 22 - ;— X»-m(0). 
m.e m ! 

This solution is apparently completely de¬ 
termined when in addition to x„(0) also 
xdj) or ii£t) are given. If x„(0) = l and 
Xo(t) = e~“', as Wolf has shown, the solution 
x,.(l)=e~"1 results. But any number of other 
solutions are possible. With x„(0)=0 
(„>0), x«(0) = l, Xo(O = O (unit impulse) 
one obtains x„(t) = (—at)":nl; or with 
x„(0) = ( — 1)" and Xo(/)=a/+l 

X» (O = (-D-L 
(at)"' 

ml 

Naturally one can find the solution solely by 
looking at (39); however, in this case the 
solution of a differential equation for the 
generating function 

lF(r,s) = 22 Y„(s)-r" 

has to be found, which is certainly more 
difficult. 

I read with interest Wolf’s discussion 

with Bohn.3 I am of the opinion that all these 
sum transformations which relate to the 
discrete quantities X„(s) or x„(0) are not 
really identical, but completely of equal 
value. It is only a question of utility' as to 
which of them should be used in a concrete 
case. In the case at hand, it is apparent that 
the Taylor transformation is more useful 
than the Laurent-Cauchy transform or the 
z transform used by Wolf. 

Johann Tschauner 
DVI. Oberpfaffenhofen 

Post Wessling, Obb. 
Germany' 

3 E. V. Bohn and A. A. Wolf, “The equivalence of 
the Taylor-Cauchy and Laurent-Cauchy transform 
analysis with conventional methods,” Proc. IRE 
(Correspondence), vol. 49, pp. 358-361; January, 
1961. 

Pickard’s Regenerative Detector* 
Professor G. W. Pickard reported the 

observation of an oscillating cat’s whisker 
crystal detector in 1920. 1 Pickard’s original 
note is not too well documented. He was 
obviously’ unaware of the concept of nega¬ 
tive resistance or the tunnel effect at that 
time. We have observed that a commercial 
tunnel diode can be substituted directly in 
Pickard’s original circuit resulting in an 
oscillating detector. Fig. 1 is Pickard's 
circuit with a tunnel diode in place of the 
cat’s whisker detector. The original circuit 
called for a 9-v battery. We would expect 
that Pickard’s crystal detector had a fairly 
high-spreading resistance, high-negative re¬ 
sistance, and a somewhat higher potenti¬ 
ometer resistance. This could account for 
the higher-bias voltage required. It is also 
possible that Pickard observed oscillations 
due to avalanche-injection effects, as well as 
tunnel effects. We have observed avalanche¬ 
injection phenomena in old time cat’s whis¬ 
ker detectors using naturally occurring 
iron-pyrite crystals. 

Improved operation of this detector can 
be achieved by the circuit of Fig. 2. This 

operates at about irttc 

Fis. I—Pickard’s regenerative detector with T.D 

Fig. 2—Improved regenerative detector. 

* Received by the IRE. June 12, 1961. 
1 G. W. Pickard, ‘‘Oscillating detector,” QST, vol. 

4, pp. 44; March. 1920. 
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uses somewhat more modern electronic art, 
and isolates the audio circuit from the RF 
circuit. I he regeneration control R\ is made 
independent of the bias-supply potenti¬ 
ometer R*. This has the approximate effect 
of varying R</RH in Anderson’s diagram. 2 

1’he circuit parameters are chosen from 
Anderson’s criteria with a value of Qn>\ at 
RF frequencies and Qn^l at audio frequen¬ 
cies. Similar regenerative detector circuits 
have been suggested for tunnel diodes.3 De¬ 
tectors of this type have the typical squeals 
.ind heterodynes common to other regenera¬ 
tive circuits and have rather p<x>r select i\ ity 
because of the single-tuned circuit. 

Ralph \V. Blrhans 
Res. Dept. 

The Standard Oil Co. 
Cleveland. Ohio 

2 M. E. Hines, "High-frequency negative-resist¬ 
ance circuit principles for Esaki diode applications." 
Bell Sys. Tech. J., vol. 39. pp. 447 513; May, 196(1. 

3 W. F. Chow, et al., “Tunnel Diode Circuit As 
jiects and Applications," AIEE Conf. Paj>er No. CP 
60-297, N. Y.; January. I960. 

Temperature Effects on GaAs 
Switching Transistors* 

High-frequenty n-p-n gallium arsenide 
mesa-type transistors were fabricated, and 
the current transfer ratio at temperatures 
from —100 to 350 degrees Centigrade was 
measured. It was found that the current 
transfer ratio increases slightly at high tem¬ 
peratures and up to tenfold at low tempera¬ 
tures. 

The transistors were prepared from 
vertically pulled and from horizontally 
grown GaAs w-type material with an aver¬ 
age electron concentration of 3X10 ,3/cm 3 

and an electron mobility of 4500 volf’-sec“ 1 

at room temperature. The corresponding 
values at liquid nitrogen temperatures were 
JXlO'Vcm3 and 6000 volf’-sec-1 , respec¬ 
tively. 

The transistors were prepared by dif¬ 
fusion of manganese into etched w-type 
GaAs wafers. After ohmic contacts were 
made to the base region, mesas were pro¬ 
duced by etching, and a high temperature 
emitter dot was alloyed into the emitter 
area. Finally a 0.5 mil nickel wire was used 
for the emitter connection in order to with¬ 
stand high temperature operation. Fig. 1 

EMITTER DOT OHMIC CONTACT 
DIFFUSED MANGANESE / TO BASE 

♦Received by the IRE, June 21. 1961; revised 
manuscript received June 23, 1961. This work was 
performed under the sponsorship of the Electronic 
Tech. Lab., Aeronautical Systems Div., Air Force 
Systems Command, I.’. S. Air Force. 

BASE CURRENT = 0.2 MA/STEP 
(5 STEPS) 

ROOM 
ÎEMR 

COLLECTOR VOLTS— I VOLT/ DIV 

shows a cross section of the finished device 
prior to mounting. 

These units exhibited typical collector 
and emitter breakdown voltages of 35 and 
5 volts respectively at 100 ga, collector 
reverse leakage currents less than 1X10-’ 
amperes, and a base series resistance of 45 
ohms. Collector-to-base capacitances of 5 
^^1 were measured, as well as “on” and “off” 
switching times of 20 nsec each, with no 
storage time observed. 

For low-temperature measurements, the 
transistor was slowly lowered into a dewar 
containing liquid nitrogen and the tempera¬ 
ture was read directly on an attached low-
temperature thermometer. For the high-
temperature measurements, a thermocouple 
wire was connected directly to the transistor 
header, which was heated to the desired 
temperature in a furnace. 

Fig. 2 shows the common emitter current 
transfer ratio for low collector currents at 
three different temperatures as measured on 
a curve tracer (Tektronix Type 575 or 
equivalent). The level of base current was 
chosen so that the curve would start at —80 
degrees Centigrade. At higher current levels 
an increase in the saturation resistance is 
observed as the temperature is reduced as 
shown in Fig. 3. One can also observe here 
a slope indicating a negative-resistance 
region, commonly found at lower tempera¬ 
tures. The increase in current transfer ratio 
at the above temperatures was found to be 
independent of emitter material, etching, 
and gas ambients. 

Fig. 4 shows the characteristic of the first 
transistor at room temperature and at 350 
degrees Centigrade. T he leakage current is 
about one milliampere at 10 volts. These 
transistors were found to be mechanically 
stable at temperatures exceeding 400 degrees 
centigrade, in spite of the fact that the leak¬ 
age current had increased considerably at 
these temperatures (10 ma at 10 volts and 
400 degrees Centigrade). \\ hen the transis¬ 
tors are cooled down from these high tem¬ 
peratures, they return to their original 
electrical state. 

Comparable germanium and silicon 
switching transistors measured at —60 de¬ 
grees Centigrade show a substantial de¬ 
crease in the current transfer ratio from their 
room temperature value, and especially 
silicon, as is already well known. 

An attempt is under way to explain this 
increase in the current transfer ratio for 
GaAs transistors, taking into consideration 
recombination rates, trapping effects and 
changes in mobility at low temperatures. 
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Comments on “Operation of Radio 
Altimeters Over Snow-Covered 
Ground or Ice"* 

It is interesting that the findings of our 
British associates, Piggott and Barclay, 1 - in 
the Antarctic agree so thoroughly with the 
440- Me measurements made by the Signal 
Corps Antarctic Research l earn in 1957 and 
1958 through the 800-foot-thick seaborne 
ice at Little America \ and in the 500-foot-
thick landborne ice, ten miles inland from 
\\ ¡Ikes Base, south of Australia. 

It is also of interest that altimeter read¬ 
ings of 2000 feet have been obtained at 
several locations by the Signal Corps over 
1200-foot-thick ice in the Arctic when CHF 
signals were transmitted downwards from a 
height of only four feet above the surface. 

First radio ice-sounding data were re¬ 
leased to British, Australian, \ew Zealand. 
French, American, and Russian scientists in 
the International Geophysical Year Sym¬ 
posium in Wellington, New Zealand, in 
February, 1958, and published in the March 
and June 1960 issues of Antarctic, the quar¬ 
terly news bulletin of the New Zealand 
Antarctic Society? 4 Unclassified Signal 
Corps notes on depth measurements were 
presented to Sir Vivian Fuchs’ expedition, 
together with full verbal altimeter warnings 
on board the Danish ship Kista Dan when it 
was extricated from heavy ice in Marguerite 
Bay in Januars . 1960, by the USS Glacier. 
This information included the findings of 
live years’ research on the thick ice of Green¬ 
land and the Antarctic, with additional de¬ 
tails of the excavation of deep ice pits that 
permitted 40-400-Me horizontal communi¬ 
cations studies at distances up to a mile 
which had originally outlined the limita¬ 
tions of through-ice communication. 

A detailed mathematical analysis was 
first reported to and published by the Ord¬ 
nance Corps Symposium on Environmental 
Factors Influencing Optimum Operation of 
Ordnance Material, September, 196(1, at 
San Antonio, Texas? 

A more comprehensive paper, which ex¬ 
amines all phases of radio wave propagation 
through and over thick ice and snow, with 
special emphasis on the fact that high lati¬ 
tude users of pulsed 440 Me altimeters can 
be dangerously misled, was presented at the 
IRE International Convention on March 20, 
1961. This paper is currently being published 
in the IRE Convention Record and has 

* Received by the IRE, June 19, 1961. 
1 W. R. Piggott, "The operation of ratio altime 

ters over snow covered ground or ice," Proc. IRE. 
vol. 49 (Correspondence), p. 965; May, 1961. 

2 W. R. Piggott and L. W. Barclay, “The reflec¬ 
tion of radio waves from an ice cap," V Atmospheric 
and Terrest. Phys., vol. 20, pp. 298 299; April, 1961. 

’ “Antarctic ice depth measured by radio altime 
ters," an interview with Amory II. Waite, Antarctic, 
a news bulletin of the New Zealand Antarctic So¬ 
ciety, vol. 2, no. 5; March, 1960. 

‘ “Height over ice, altimeter may mislead," 
Antarctic, news bulletin of the New Zealand Antarc¬ 
tic Society, vol. 2, p. 205; June, I960. 

5 A. II. Waite. “Ice depth soundings with ultra 
high frequency radio waves in the Arctic and Antarc¬ 
tic and some observed over-ice altimeter errors," Proc. 
Symp. on Environmental Factors Inflnencinn Optimum 
Operation of Ordnance Material, San Antonio. Tex., 
pp. 292 308; March. 1961. 

been submit led for subsequent publication 
in the Proceedings? It contains 26 refer¬ 
ences pertinent to the subject of radio wave 
propagation through ice. 

Amory II. Wahi:, Jr. 
Exploratory Research 

Division C 
USASRDL 

Fort Monmouth, X. J. 

6 A. H. Waite and S. J. Schmidt, “Gross Errors in 
Height Indication from pulsed Radio Altimeters 
Operating Over Thick Ice or Snow." presented it 
the IRE International Convention. Session on Ad 
vanees in Navigation and Plight Safet y Systems. 
March 20. 1961. To Im* published in the Cow i xiiox 
Record. 

A Simple Calibration Technique for 
Vibrating Sample and Coil 
Magnetometers* 

The vibrating sample magnetometer is 
rapidly being accepted as one of the more 
convenient means for determining the satu¬ 
ration magnetization of a ferromagnetic 
material. 1 Heretofore, calibration of these 
instruments has been accomplished by using 
a “standard sample” such as nickel. Ihe 
following discussion suggests a very simple 
technique for calibrating these magnetom¬ 
eters in which the permeability and the 
magnetization characteristics of the cali¬ 
brating specimen need not be accurately 
known. 

The equations describing the magnetiza¬ 
tion of a paramagnetic sphere also describe 
the magnetization of a homogeneous and 
isotropic ferromagnetic sphere. The voltage 
induced in the magnetometer pick-up coils 
is given in all cases as E^KVI, where K is 
a constant, V is the volume of the spherical 
sample, and I is the magnetization jxt unit 
volume. The magnetization of a magnetic 
sphere of permeability n in a uniform mag¬ 
netizing field Ho is:2

If the permeability of the sphere is constant 
for the initial region of magnetization then. 

di _ 3 / m - 1 \ _ 1 dE 

dH» “ 4r \7+2/ ” KV dH» 

or 

KV

3 \M - \fdnu

♦ Received by the IRE. June 5. 1961. This work 
was partially supported by the Dept, of the Navy un¬ 
der a Bureau of Ships contract. 

1 N. V. Frederick. “A vibrating sample magnetom¬ 
eter," IRE Trans, on Instrumentation, vol. 1-9. 
pp. 194-196; September, I960. 

2 L. Page and N. I. Adams, Jr., “Principles of 
Electricity," D. Van Nostrand Co.. Inc.. New York. 
N. Y„ p. 141. 2nd ed.: 1949. 
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Fig. I Magnetometer output vs magnetizing field 
tor a high-Jienneability sample (m~30<)0). 

Hence, the instrument can he calibrated 
by using the initial slope of the output volt¬ 
age vs the external magnetizing field, and 
the initial permeability of the sample. If 
n>100, then 

and does not vary rapidly with p; hence p 
need not be known to high accuracy. I he 
equations above also show that the volume 
of the sphere need not be known and that 
for any high permeability sample the in¬ 
struments are self-calibrating. Typical re¬ 
sults for the magnetization obtained on the 
XBS magnetometer using a high-permeabil¬ 
ity (p = 3000) ferrite sphere are given in Fig 
1. 

N. V. Frederick 
National Bureau of Standards 

Boulder, Colo. 

Frequency Modulation of a Reflex 
Klystron with Minimum Incidental 
Amplitude Modulation* 

It can be shown that the output power 
modes of a reflex klystron may be repre¬ 
sented as a family of constant power curves 
as shown in Fig. I. 1 In order to obtain fre¬ 
quency modulation with low incidental am¬ 
plitude modulation, the output power of the 
klystron must remain essentially constant 
as the reflector voltage is modulated. This 
may be accomplished by simultaneously-
modulating the beam and reflector voltages 
over a linear portion of a selected mode 
curve. 

The linearity of the constant power 
curves will vary with different reflex klys¬ 
tron-tube types. For a given tube type, the 
lower-numbered modes will provide the 
highest output power level; however, the 
higher-numbered modes will provide the 
largest bandwidth for low incidental AM. 

♦ Received by the IRE. May 29, 1961. 
1 D. R. Hamilton, J. K. Knipp, and J. B. H. 

Kuper, “Klystrons and Microwave Triodes,” Mc¬ 
Graw-Hill Book Company, Inc., p. 360; 1948. 
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Fig. 1—Plot of beam voltage vs reflector voltage for 
maximum output power for each mode of a reflex 
klystron. 

bandwidth is 32 Me. Fig. 4 shows the modu¬ 
lating voltage waveforms applied to the re¬ 
flector and beam respect ively. 

A reflex klystron which can lx? fre¬ 
quency modulated with minimum incidental 
AM provides an economical swept fre¬ 
quency source for microwave component 
testing. Additional applications may lx? 
found in communications systems and FM 
Doppler radars. 

Walter R. Day, Jr. 
Sperry Electronic Tube Div. 

Gainesville, Fla. 

Fig. 3—Mode shape with simultaneous reflector¬ 
voltage and beam-voltage modulation. 

Fig. 4 Modulating voltage waveforms: up|x?r 
trace- reflector; lower trace beam. 

A Sperry SRI '-226, KM-band, reflex 
klystron was operated with simultaneous 
modulation of the beam and reflector volt¬ 
ages. Fig. 2 shows the output power mode 
shape with reflector voltage modulation 
only. I he half-power bandwidth is 40 mega¬ 
cycles Simultaneous reflector and beam 
voltage mexhdation produced the mode 
shape shown in Fig. 3. Ihe half-power 
bandwidth is 70 Me and the “flat-top” 

Analog Study of Posicast Control 
by Relay Systems* 

The Posicast control has been developed 
to improve the operation of a linearly-
damped oscillatory system and to remove 
completely the oscillatory component in the 
output response to a step input. 1 2 Different 
techniques have been produce I to realize 
such controls for various situations. Ihe 
following discussion serves to introduce a 
method of realization which is convenient 
for studying the Posicast control on an 
analog computer. 

I he block representation of the Posicast 
control is shown in Fig. 1(a), in which G(s) 
represents the transfer function of any 
damped oscillatory system. I he preceding 
block, with the transfer function of 
r+(l — is able to switch a partial 
step input to the total step input at 
the proper time /o when the oscillatory out¬ 
put reaches its first maximum, r is the ratio 
of the steady-state step response of G(s) to 
the maximum value of the step response, 
or in Fig. 1(b), r = 0nj0, tttl. I he system out¬ 
put due to a step-input, and its derivative 
0o (0 from / = 0 to / = /o, are shown in solid 
lines in Fig. 1(b). I he fact that 0</(/o) = O is 
the basis of operation of the relay circuit to 
be discussed. 

I he magnetic field required to make a 
relay contact close is greater then the field 
necessary to hold the contact closed. In Fig. 
2, Ex+E* and E\ are the make-and-break 
potentials, respectively, of relay R\. For 
automatic switching, the output OdJ) is the 
command signal lor the Posicast control. 
At time zero, relay R2 is not energized, and 
it allows a potential of — (Ei+E*) to 
energize relay R\. Relay contact ( loses 
to apply a step input rl\t) from point a of 
the potentiometer to the system. From 
/ = 0 to / — fo, the first derivative of the out¬ 
put function is positive. Ihe output from 

* Received by the IRE, May 29, 1961. This letter 
is a portion of the author's Master thesis at the 
North Dakota State University, Fargo, N. D. 

1 O. J. M. Smith, “Posicast control of damped 
oscillatory systems,” Proc. IRE. vol. 45, pp. 1249 
1255; September, 1957. 

2 H. C. So and G. .1. Thaler, “A modified posicast 
method of control with applications to higherorder 
systems,” Trans. AI EE, vol. 79 (Applications and 
Industry, no. 51), pp. 320 326; November, 1960. 

Fig. 1 -(a) Block representation of the Posicast con¬ 
trol. (b) System output and its derivative. 

Fig. 2 —Relay arrangement for analog study of Posi¬ 
cast control. Rn is the equivalent output resist¬ 
ance of the amplifier stage associated with 
computer. 

the differentiator of the analog computer 
Ju ' t ' <lt is then additive to (/¿i + Æd. 

The total voltage across the relay R\ is 

with R2 not energized. Relay R2 can be 
energized, as shown in the figure, by a simple 
integrator operating on the applied step 
voltage with its gain adjusted such that re¬ 
lay Ri is energized at any instant between 
/ = 0 and t = to. fhe closing of contact R2n re¬ 
duces the voltage across relay R\ to 

-(-“) 
which forces the magnetic field of the relay 
R\ to follow the variation of dO^t)/dt. At 
/ = /«, the system output reaches the first 
maximum value and its derivative, which is 
the negative of the differentiator output, 
becomes zero automatically, and relay R\ 
opens since the remaining voltage E\ is 
equal to the break potential of relay Rt. 
Contact Æicthen applies the total step input 
from point b on the potentiometer at the 
moment of maximum response, to the sys¬ 
tem. If the potentiometer, which is con¬ 
nected directly to the input step is pre¬ 
adjusted to meet the requirement on the 
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voltage ratio r, the arrangement will per¬ 
form the Posicast control properly. 

The writer is indebted to R. Longhenry 
of the North Dakota State University, for 
his helpful advice and encouragement. 

Chiao-yao She 
Elec. Engrg. Dept. 

North Dakota State University 
Fargo. N. D. 

Elimination of Ionospheric 
Refraction Effects* 

This communication will describe a 
method of eliminating ionospheric refraction 
effects on the frequency of signals received 
from a mobile radio transmitter at high 
altitude. It will be particularly useful in 
locating the vehicle transporting the trans¬ 
mitter, by the direct analysis of the Doppler 
effect on its radio signals. 

The elimination of the ionospheric re¬ 
fraction can be attained by the simultane¬ 
ous reception of several signals of different 
frequencies, which will enable us to camel 
the refraction part of the received frequen¬ 
cies. Though this is not a novel idea, as can 
be seen in Guier and \\ eiffenbach,1 an at¬ 
tempt will be made to present a general ana¬ 
lytical procedure for using this principle in 
a practical form. 

The frequency of the signals received 
from a mobile radio transmitter is 

r «,(/) 
W)=/[i--f ] + — 

where 

t = lime. 
f = Frequency of the emitted signals. 

, fr — Frequency of the received signals. 
R(t) = Rate of change of distance between 

the receiving antenna and the trans¬ 
mitter. 

«(t) = Time dependent coefficients that 
characterize the ionospheric proper¬ 
ties along the transmission path. 

c= Electromagnetic propagation speed 
in vacuum. 

The demonstration of (1) has been out¬ 
lined by Guier and Weiffenbach. 1 The first 
term represents the frequency received in 
absence of refraction (usually referred to as 
vacuum frequency) and only includes the 
Doppler shift fR(t)/c. The following terms 
represent the frequency shift produced by 
the ionospheric refraction. These terms 
form an infinite series in powers of 1//, with 
time dependent coefficients. The number 
of terms taken in account in this series 
depends on the accuracy required for the 
determination of the vacuum frequency. If 

* Received by the IRE, June 20. 1961. 
1 W. H. Guier and G. C. Weiffenbach, “A satellite 

Doppler navigation system," Proc. IRK, vol. 48, pp. 
507 516; April. l‘>60. 

we need to consider the first ( n — 1 ) terms, 
in order to eliminate them we will require the 
reception of n simultaneous frequencies. 

The frequencies considered here for the 
transmitter are the first n harmonics of a 
fundamental frequency f. If /ri, fet, fn, .... 
fr», are the frequencies of the n correspond¬ 
ing received signals, we have from (1) 

It is a frequent practice in the observa¬ 
tion of satellites and other vehicles by the 
Doppler effect to measure the difference fre¬ 
quency obtained from the beating between 
the received signal and the output signal of 
a stable oscillator tuned to a frequency near 
the former. 

For the channels /ri, /«, /,», • • • , fr,„ we 

F fc(/H , ai(/) , aid) , , «„_,(/) 
Jrdl.f) = if 1- + — + - + ' • • + — - - ■ Í2C) 

L c J kf kF k" 'I 1

r Rd)~] aid) add a„-id) 
/„,(/,/■) = »/■ 1 , -• (2d) 

L c J nJ a2/' n" V" 1

Such a system of equations corresponds 
to an instant t represented by the parame¬ 
ters R(t), aft). aft), ■ ■ -, a,ft). Thus, we 
will tacitly assume that all the following 
analysis is valid for a particular instant t of 
the observation, and the variable t will be 
omitted from the symbols. 

If we multiply (2b) by a factor F;, (2c) 
by a factor Ft, and so forth until the nth 
equation, and add all the resulting equa¬ 
tions to (2a), we can eliminate all the terms 
of the power series provided the following 
matrix equation holds: 

will consider n harmonically-related local 
oscillators of known frequencies <t>, 2<t>. 

• • • , nj>. respectively. So the difference 
frequencies resulting from the beating in 
each channel are:2

J ri' = frl - 0. (6a ) 

fri = fri — 2<t>. (6I>) 

frf = in = 30. (6c) 

fr,,' = /r» — W0. 

By reducing this matrix equation, we can 
obtain the general factor Ft. 

Ft = (-1)1“1
(n - 1)1 k’-' 

(T-'m?- it: 

k = 2, 3, 4. ■ • • , n (4) 

By combining (6) and (5), we obtain 

frt + ¿ (I'tjrt) 

Jr = - -- h 0. (5a) 

1 + ¿ (kF,,) 
t-i 

According to the properties of the factors 
Ft, we can obtain from (2) 

frl + ¿ (Ftfrt) 
k-i 

Thus, the fundamental vacuum frequency is 

frl + £ (Ftfrt) 

fr -- - (5) 
1 + ¿ (kFt) 

t-i 

Table I gives us the values of Ft com¬ 
puted from (4) for w = 2, 3 and 4. 

TABLE 1 

* It will be assumed that 0, 20, 30, etc. are always 
smaller than/ri,/r?, 4s. etc., resjiectively. 
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Thickness-Shear Mode Quartz Cut 
with Small Second- and Third-Or¬ 
der Temperature Coefficients of 
Frequency (RT-Cut)* 

The theory of plane waves in anisotropic 
media was first given by Green1 and later by 
Christoffel.2 stating that for any direction 
of propagation, there are in general three 
plane waves, each with a different velocity, 
the three directions of vibrations being 
mutually perpendicular. Accordingly, three 
different types of thickness vibrations exist 
in crystal plates; one extensional mode and 
two shear modes anti their oxertones. The 
resonance frequencies of thickness modes of 
an infinite crystal plate can be solved in 
closed form, while correspondingly simple 
solutions for the thickness modes are not 
obtainable for a bounded plate. The equa¬ 
tions for thickness-shear and flexural modes 
of finite crystal plates are solved in a series 
of papers by Mindlin? 

Curves for the three Christoffel moduli 
c„„ their temperature coefficients first order, 
Tr,./ 11 . and the effective piezoelectric con¬ 
stants e„, for quartz as a function of the 
polar angle fl in the range 9 = 0° to 180°, for 
the azimuth <t> = 0°, 10°, 20°, 30°, were first 
calculated in 1935? These curves are repro¬ 
duced in Cady’s “Piezoelectricity.”6 In 
another paper," the values for the frequency 
constants Nm, and the temperature coeffi¬ 
cients of frequency first order Tfm(n , at the 
same intervals, are given. The notation used 
for these three modes is such that the fre-
tpiency constants ,V, =/, -Z (t = 1, 2, 3), where 
f, is the frequency of one of the three funda¬ 
mental modes and t the thickness of the 
plate, follow the order of magnitude 
Na> Nb> Nc, where A designates the ex¬ 
tensional mode anti S and C the two shear 
modes. These values have been recalculated 
in steps of 6° for the angle >1' using the 
salues for the elastic and piezoelectric con¬ 
stants recently given by the author.7 The 
temperature coefficients first order of the 
elastic moduli for quartz, originally deter¬ 
mined by Bechmann’and Mason,’furtherthe 
temperature coefficients of the elastic moduli 
second and third order, are being computed. 
The IRE rotational symbol 10 is now used to 

define the orientation of a crystal plate, for 
quartz plates with trigonal symmetry the 
azimuth angle 4> is used in the range 0° to 
30° and the polar angle 9 in the range 0° to 
±90°. As orientations for the C mode exist 
in the full range of 4>and for the B mode in 
part of the range on the negative side of the 
angle 0, where a change of sign for the first-
order temperature coefficient of frequency 
occurs, cuts in the vicinity of these orienta¬ 
tions, particularly at negative 9 angles, 
have been selected for this inxestigation 
serving a two-fold purpose: 1) the determi¬ 
nation of the higher order temperature 
coefficients of the elastic moduli related to 
the coordinate axes, and 2) the inx estigation 
of quartz cuts whose frequency-temperature 
coefficients are smaller than those of the 
AT-cut. the temperature dependence of 
these cuts has been measured in the range 
— I96°C to +170°C and developed in a 
power series up to the third order. The fre¬ 
quency-temperature coefficients «, b, and c 
of the first, second, and third order, respec-
tively, haxe been determined for both shear 
modes B and Cof these cuts. 

a = 0 

Temperature Cwjlirirnts at 25°C 

du 
— = 1.7- 10 VC 

b = - 6.510-’/(°Cj’ 

c - - 2-10->s/(°C)s

du 
— = 1.7 10 VC 
M' 
Ob 
— «010-’/( C)* 
09 

0T„ 
— s litre 
no 

where T„ is the temperature maximum of 
the parabola. 

In Fig. 1, a comparison is made of the 
following cuts: 1) AT-cut C mode (yX/) 
35°15',n inflection temperature 25°C; 2) 
AT-cut xvith a so-called optimum orienta¬ 
tion dependent on the temperature range 
used, e.g., (yXl) 55*21'; 3) BT-cut with 
values shown in Bechmann, 11 B mode, (yXf) 
—49°12'; 4) RT-cut, C mode, (yXwl) 15°, 
— 34°30'. In double-rotated plates, all three 
modes are usually excitable. The separation 
between the B and C modes of the RT-cut is 
about 7 per cent. By use of a circuit, the B 
mode can be sufficiently suppressed. 

♦ Received by the IRE, June 23, 1961. 
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Fig. 1. 

Orientation 

In the vicinity of 4» =15°, the second-
order temperature coefficient reaches a 
minimum for the Cmode. In particular, a cut 
designated as the RT-cut, has a small second-
and third-order temperature coefficient of 
frequency and may be used for frequency 
control purposes. The data for this cut are: 

4» = 15°, 0 = - 34°30' 

Frequency Constant 

N = 2040 kc-mm 

C Mode 

Considering the ß mode, the second-
order temperature coefficient, b, is rather 
large, being in the order of —40 I ()“•/( °C)* 
for all angles which have a zero temperature 
coefficient of frequency first order. The 
third-order temperature coefficient, c, is 
also large so that the ß mode has no practical 
advantage. 

Results regarding the properties of 
double-rotated quartz crystals will be dis¬ 
cussed at a later date. 

R. Bechmann 
U. S. Army Signal Res. and Dev. Lab. 

Fort Monmouth, N. J. 

11 R. Bechmann, “Frequency-tem|>erature-angle 
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1961 Correspondence 1455 

Restrictions in Synthesis of a Net¬ 
work with Majority Elements* 

Recently, significant progress has been 
made in the new field of majority logic. Syn¬ 
thesis of a general network with more than 
a single majority element is a challenging 
problem [1] though difficult if optimization 
is aimed for. It may be interesting and im¬ 
portant to consider requirements of a net¬ 
work in making a theoretical model from a 
viewpoint of engineering feasibility and to 
accordingly classify the synthesis problem. 
Though some requirements were mentioned 
in the author's paper |3|, these are discussed 
more explicitly here. 

1) The sum of input weights Sa>, which 
can be coupled to a single element is limited 
in order to give sufficient threshold discrimi¬ 
nation. Parametron circuitry with Sw, =3 
has been very extensively investigated by 
many workers in Japan [4| [6], including 
some work on the median ternary operation. 
Parametrons with Sw,=5 have also been 
used in some computers and it seems feasible 
to construct parametrons with a greater Sw,. 

2) I he number of elements in the next 
stage which can be coupled from the output 
of a single element is limited. Otherwise, 
input control of the element may be dis-
turbed by signals coupled backward from 
elements in the later stages which is called 
“back coupling" |7|. 

3) In some type of circuitry, intercon¬ 
nection among elements is restricted. In a 
ein nit where all elements are phase-clocked, 
sin h as parametron circuitry, the output of 
an element can be coupled only to elements 
which arc clocked by a pulse with the next 
time phase (see the details in the author’s 
paper |3|). 

4) W hether input variables are available 
at elements of any stage or only at first stage 
elements is an important starting point for 
the synthesis. If we are concerned about 
parallel transmission ot information as in a 
parallel-type computer, we mav generally 
encounter the case where the input variables 
are av ailable only at the first -stage elements. 
When the repetition rate of input variables 
is considerably’ slower than switching time 
of elements (even though elements are phase-
clocked or not), the input variables can be 
provided at elements through a range of 
stages, although there is still limitation on 
the depth of this range. Therefore, there are 
at least two essentially different types of 
sy nthesis problems. 

In a criterion for gcxxlness of a synthe¬ 
sized network, the number of required ele¬ 
ments in terms of over-all cost and the num¬ 
ber of required stages in terms of speed may 
have primary importance unless other con¬ 
ditions are considered. 

Restriction 4 may be more important 
than it seems. While designing computers 
and telephone exchanges with parametrons 
in Japan, we learned that fewer elements are 

generally required if input variables are 
allowed to be available at elements at any 
stages. 

Minnick [2| devised an ingenious al¬ 
gorithm for synthesizing a network with 
linear programming (independently of Mu¬ 
roga, et a!.\ linear programming approach 
to structure determination of a single ma¬ 
jority element |8|). However, it is important 
to note the difference in the input require¬ 
ments between Minnick’s residí and the 
author's [3]. The author prov ides input \ ari-
ables only for the first stage elements; 
Minnick assumes input variables available 
to elements of other stages, too. If his net¬ 
work is applied to the case where input 
variables are available only for first stage 
elements, the delay elements are necessary 
and the total number of required elements 
will exceed that of the author’s network. In 
this sense, Minnick’s comparison of the two 
cases J2| is improper. 

Sasaki 1 observed a further simplification 
in the case of a modulo two adder when a 
zero input of weight one is coupled to each 
element in the first stage and a one input of 
weight one is coupled to the second stage 
element with half of the number of inputs 
to each of the first stage elements being com¬ 
plemented. (This is the case of an even num¬ 
ber of variables. In the case of an odd num¬ 
ber of variables, the above zero input should 
be replaced by the additional variable, and 
the one input by negation of the additional 
variable. This requires an additional element 
in the first stage for delay.) 

Possibly, synthesis of a majority element 
fora given Boolean function, if it is realizable 
with a single element, is simpler than that 
of a general network with more than one 
element. Such an algorithm is known (9|, 
particularly by’ using linear programming 
[2], |8|. Though Paull and McCluskey’ 11<)|, 
W inder (9), and Muroga, et al. [8| independ¬ 
ently obtained a necessary’ condition for 
realizability by a single majority’ element, 
counter examples of Moore [101 and Winder 
(9J showed that it cannot be a sufficient con¬ 
dition. The second stagemen t of Muroga, 
et al.'s |8| necessary condition rejected 
.Moore’s counter example [12|, but later 
W inder |1 1| showed that this condition also 
cannot be sufficient. A necessary and suffi¬ 
cient condition in a language of input values 
was first obtained by Elgot [1 2| and Chow 
(13|, independently, Elgot |12| showed its 
interesting relation to the above stated 
necessary conditions. Later the author stated 
its realizability condition in majority func¬ 
tion form [ 11 1. 
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Satellite Supported Communication 
at 21 Megacycles* 

Kraus ami others1 have reported W W V 
signal enhancements occurring at times re¬ 
lated to the orbits of artificial earth satellites. 
He looked ahead to the lime when satellites 
would be sufficiently numerous to permit 
long-distance communication by means 
of this enhancement phenomenon. 

After a year of preliminary observations 
using W W \ , the author organized a group 
of advanced radio amateurs to test Kraus’ 
prediction. Tests began in Xovember, 1959. 
between New York, X. Y., and Bethesda. 
Md., with each station transmitting for 20-
second tandem periods from ten minutes be¬ 
fore each scheduled near-satellite approach 
to ten minutes after. K2QBW, Xew York, 
and K3JTE each used 300 watts CW on a 
frequency of 21.01 1 M< . w ith a receiver pass 
band of 500 cycles, and center-fed non-
rotatable long-wire antennas. In addition, 

♦ Received by the IRE. June 26. 1961. 
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TABLE i 
SUPERIMI*OSED OCCURRENCE CHARTS OF BOTH PRIMARY STATIONS 

Object Height 
Statute Miles 

Burst Occurrence Magnetic A Index University of 
Colorado 

Solar Flare 
Index Early Center Late (1) (2) 

58042 
59012 
58042 
58042 
58042 
58042 
59091 
59091 
59012 
58042 
59091 
58042 
♦58042 
♦59012 
59091 
58042 
*58042 
♦59091 
59091 
58042 
59091 
59091 
59091 
59091 
59091 
59011 
59011 

230 
350 
460 
460 
460 
140 
430 
420 
500 
140 
410 
140 
140 
410 
380 
140 
130 
370 
370 
130 
670 
660 
660 
650 
650 
490 
570 

0 1 0 
0 0 0 
0 1 0 
0 3 1 
0 1 0 
0 0 1 
0 1 0 
0 0 0 
0 0 1 
0 2 2 
0 2 0 
0 3 0 
0 1 0 

0 3 0 
0 2 0 
0 3 0 

0 0 0 
0 0 0 
1 2 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 4 1 

4 
14 
10 
3 
3 
3 
3 
3 
6 
6 

11 

12 
12 
18 

6 
6 
5 
8 
16 
16 

158 
158 
30 

9 
9 
5 
15 
10 
4 
4 
4 
4 
4 
7 
7 

11 

15 
15 
20 

6 
6 
5 
9 
16 
18 

158 
158 
30 

140 
140 
80 
0 
0 

120 
120 
400 
400 
400 
200 
200 
1600 

1000 
1000 
140 

1(M> 
100 
400 

10(M» 
1100 
5500 
260 
260 
1100 

Aggregate Observed Bursts: 
Each Period 

Aggregate Actual Listening Time: 
Each Period in Minutes 

1 29 6 

165 156 165 

* Overlapping center i>eriods. See text. 
(1) Fort Belvoir Magnetic A Index. 
(2) University of Colorado Preliminary A Index. 
The solar flare index cited above is an index of integrated flare energy from the sun's visible disk per unit of 

observing time. An index of zero indicates that the sun was visible, but that no flares were observed. 

monitors were listening from Chevy Chase, 
Md. (W3EQB/EQD), and Sackets Harbor, 
X. Y. (K2QHR). A three-letter code, based 
on received signal strength, was employed 
as the information to be exchanged. 

Tests were conducted at times when the 
ionosphere would not support normal com¬ 
munication over the path in question, so no 
background levels were audible. Table I 
shows the occurrence frequency of received 
signal bursts at both stations in terms of the 
following class intervals. The time of nearest 
approach plus/minus three minutes is called 
the center period. This normally lasted six 
minutes, except when two suitable near ap¬ 
proaches occurred within six minutes of each 
other. In these cases the center period was 
extended to three minutes beyond the second 
near approach time. The early and late peri¬ 
ods, each normally lasting seven minutes, 
bracket the center period. In addition to the 
test-by-test results, the aggregate number of 
received bursts observed in each of the three 
periods and the actual aggregate listening 
time spent in each period are also shown. 

In our analysis of these results, let us 
assume that the received signals did not re¬ 
sult from a satellite pass relation. We would 
then expect each of the 36 received bursts to 
be positioned in a purely random distribu¬ 

tion along the time axis. Making use of the 
Monte Carlo method, we position each burst 
according to a table of random digits, then 
apply the familiar chi-square test to the 
hypothesis that this random distribution fits. 
Repeating this procedure five times, we ob¬ 
tain successive chi-square values of 38.14, 
32.08, 27.18, 46.88, and 61.50. If one repeats 
the random positioning many times, and 
sums the resulting distributions, it would be 
found that the limit of the sum is a distribu¬ 
tion in which the expected frequency for 
each interval is proportional to the length of 
the interval. Comparing the expected with 
the observed values for this limiting case 
yields a chi-square of 39.94, sufficient to re¬ 
ject our hypothesis at the 99.99999979th 
percentile of the chi-square distribution. 
This corresponds to nearly absolute cer¬ 
tainty that our hypothesis is wrong, and 
that the burst distribution obtained experi¬ 
mentally was indeed a function of (/— /o), 
where /n is the time of nearest satellite ap¬ 
proach. This result is by no means an ex¬ 
clusive property of the three-interval scheme 
of presentation employed in Table I. The 
author has similarly employed a wide 
variety of other class-interval breakdowns, 
all yielding rejections of our now defunct 
random hypothesis at comparably high levels 

of significance. Our results tell us nothing 
about the nature of the time-difference func¬ 
tion, nor about the physical mechanism 
which produces it. In view of the physical 
situation, however, it is difficult to compre¬ 
hend how this function can result except by 
some form of satellite causation. 

As an additional experimental check, ten 
tests were conducted at times when no satel¬ 
lites were expected. Those falling during 
known meteor showers—none of the satel¬ 
lite-pass tests did—produced numerous 
bursts throughout the test period; those 
falling during times of known sporadic-E 
ionization produced steady signals; and 
those falling into neither category produced 
no received signals at all. Some of these were 
“blind tests,” conducted in the belief that a 
satellite was in proximity. 

The typical satellite-pass burst appeared 
a bit weaker than its meteor-shower counter¬ 
part ; both were of the order of one microvolt 
in strength, suggesting the possibility of an 
ionization phenomenon. Also, it was appar¬ 
ent from the sound of the received bursts 
that they were incoherent; rather, they re¬ 
turned as smears. This would tend to sup¬ 
port this possibility. On the other hand, the 
activity data in Table I are inconclusive, and 
it is apparent that more work needs to be 
done before we can consider the problem of 
causation mechanisms solved. 

Physics notwithstanding, the experi¬ 
ments achieved success in their basic objec¬ 
tive—the establishment of two-way com¬ 
munication. During the early morning of 
February 6, 1960, the author’s signal was 
received in Bethesda, acknowledging suc¬ 
cessful receipt of the Maryland transmission 
one minute earlier. This completed the two-
way contact, during the ten-minute center 
period formed by the overlapping near ap¬ 
proaches of Explorer VII and Sputnik III. 
Under the auspices of the Office for Satellite 
Scatter Coordination, many radio amateurs 
are working today to improve communica¬ 
tion range and effectiveness possible with 
these techniques, and to learn more about 
the physical mechanism involved. 
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graph and biography . please see page 2 of 
the January. 1960 issue of PROCEEDINGS. 

Kancy uki Kurokawa (M’60) was born in 
Tokyo, Japan, on August 14, 1928. He re¬ 
ceived the B.S. E. E. and Do< tor of Engineer¬ 

ing degrees in 1951 
and 1958, respec¬ 
tively, from the Uni¬ 
versity of Tokyo. 

He was a partici¬ 
pant of the Foreign 
Student Summer 
Project held at the 
Massachusetts Insti¬ 
tute of Technology, 
Cambridge, in 1954. 
In 1957. he became 
Assistant Professor 
at the University of 

worked one year as an 
Assistant. There, he spent most of his time 
on the development of sounding rocket elec 
ironies. For this work, he shared the Prog¬ 
ress Prize of 1959 from the I EE of Japan. 
In 1959, on a leave of absence from ’he 
(’Diversity, he came to Bell Telephone 
Laboratories, Murray Hill, X. J., where he 
has been engaged in research on low-noise 
amplifiers. 

Dr. Kurokawa is a member of the I EE 
of Japan and the Institute of Electrical 
Communication Engineers of Japan. 

K. Kt ’KOKAWA 

Tokvo alter having 

James J. Spilker, Jr. (S’55-M’59), was 
born in Philadelphia. Pa., on August 4, 1933. 
I Ie attended the College of Marin, Kentfield. 

Calif., where he re¬ 
ceived the A.A. de¬ 
gree in 1953. 1 Ie spe¬ 
cialized in electrical 
engineering, receiv¬ 
ing the B.S. degree in 
1955, the M.S. degree 
in 1956, and the 
Ph. I ). degree in 1958, 
all from Stanford 
1 niv ersitv. Stanford. 
Calif. 

J. J. Spilki R From 1956 to 
1958 he held the po¬ 

sitions of Research Assistant at the Stanford 
Electronics Laboratories, and leaching As¬ 
sistant in the Electrical Engineering De¬ 
partment at Stanford University where he 
did work on transistor circuits and network 
theory. Since 1958, he has been with the 
Communications and Controls Research 
Department, Lockheed MissilesandSpace 
Division, Palo Aho, Calif., where he has 
been engaged in research in the areas of sta¬ 
tistical theory of communications and net¬ 
work theory. 

Dr. Spilker is a member of Sigma Xi. 
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Books 

Sequential Decoding, by 
John M. Wozencraft and Barney Reiften 

Published (1961) by the Technology Press, Mass. 
Inst. Tech., Cambridge 39, and John Wiley and 
Sons. Im .. 440 Park Avenue South, New York 16, 
N. V. 67 pages J-v pages+6 appendix pages + 1 
reference page. Ulus. 6X9;. S3. 75. 

“Recognition of the fact that communi¬ 
cation can be made as reliable as desired, 
provided that the transmission rate Rr is 
less than the channel capacity C, entices 
the communication engineer to attempt the 
design of systems that perform this way.” 
This seemingly harmless statement, proved 
by C. E. Shannon (and quoted from page 25 
of this tidy little volume), contains the 
impetus behind much of the coding-theory 
literature that has developed in the last 
decade, much of it exceedingly interesting 
and pertinent. “Sequential Decoding” falls 
into this category and can be recommended 
to anyone interested in one of the current 
frontiers of coding theory'. Wozencraft and 
Reiften have prepared a concise and well-
written exposition of their topic. 

Let the reader beware, however, if he is 
seeking a general exposition of coding 
theory, either for an introduction to the 
subject or for a comparative discussion of 
various techniques. This book is obviously 
not intended for these purposes. The term 
“sequential decoding" refers to a particular 
decoding scheme developed by the authors, 
and not to the general use of sequential tech¬ 
niques in coding systems. In this reader’s 
opinion, no little sophistication is needed in 
following the path laid out; in the author’s 
own words: “It requires . . . an elementary 
knowledge of the calculus and probability 
theory. Background experience in communi¬ 
cation engineering will be generally help 
ful.” But for the specialist or fledgling 
specialist in communication and coding 
theory, these comments do not apply, and 
the volume will be a welcome and essential 
discussion of a uniquely different and in¬ 
teresting decoding technique that is not else¬ 
where readily available in the published 
literature. 

1'he book, which is really a research 
monograph, is well organized into six chap¬ 
ters plus an appendix. The first chapter is 
brief and expository; it identifies redundant 
transmission as an essential ingredient of 
communication and defines the binary sym¬ 
metric channel as the model with yvhich the 
sequel is concerned. The second chapter 
treats block codes in general and presents 
the necessary theoretical foundations, par¬ 
ticularly regarding expected error proba¬ 
bilities. 

The following two chapters on sequential 
decoding and convolutional encoding con¬ 
tain the heart of the matter. Sequential de¬ 
coding is based upon a particular recurrent 
coding scheme wherein each symbol is de¬ 
coded, one at a time, by comparing the re¬ 
ceived sequence sequentially with each 
possible sequence that could succeed the 
last decoded symbol, and discarding one of 
the tyvo possible subsets corresponding to 
the tyvo possible symbol values. Rejection 

of a subset is tantamount to decoding the 
symbol, and the process is recommenced 
yvith the next symbol to be decoded. It is 
shown that the average probability of error 
for a given symbol has the same exponent as 
for the case of random block codes, although 
once an error is made, the succeeding results 
are apparently catastrophic. 

I he encoding process is carried out by 
convolving the information sequence yvith a 
randomly constructed generator sequence, 
and a canonic shift register form of such an 
encoder is presented. 

The fifth chapter presents brief confirma¬ 
tory results of a digital computer simulation, 
while the last chapter indicates possible 
generalizations, principally of the channel 
model. 

In summary. “Sequential Decoding" isa 
concise, well-done presentation of a research 
effort, and a welcome addition to the litera¬ 
ture of coding theory. 

Robert A. Short 
Stanford Research Inst. 

Menlo Park. Calif. 

Fundamentals of Modern Physics, 
by Robert Martin Eisberg 

Published (1961) by John Wiley and Sons, Inc.. 
440 Park Avenue South, New York 16. N. Y. 705 
pages 4-23 index pages +xiii pages 4- bi bl iograph v by 
chapter. Ulus. 6’ X9J. $10.50. 

I'he average radio engineer who is con¬ 
cerned with the development and applica¬ 
tion of today’s exotic devices such as 
masers and lasers must frequently feel the 
limitations imposed by his lack of familiarity 
with the basic principles of quantum physics. 
There is really no way to remedy this situa¬ 
tion other than to take some time off and 
to study systematically a few good books 
on the subject. 

For those who have this urge, and decide 
to act on it, this book will make an ex¬ 
cellent and relatively painless introduction. 
I'he style is excellent; each subject is intro¬ 
duced with a summary of experimental 
evidence, and then the theory is built up in 
a logical fashion, using arguments that can 
be appreciated by a reader well trained in 
elementary physics, and in mathematics 
through intermediate calculus. 

I'he first chapter is a short presentation 
of the theory of relativity, a fairly novel 
approach, but a logical one, considering the 
frequency with which relativity gets cranked 
into later quantum mechanical problems. 
I'he next three chapters discuss the his¬ 
torical transition from classical to modern 
physics. I'he more advanced treatment 
starts with Chapter 5, and among the sub¬ 
jects discussed are Bohr’s theory of atomic 
structure, particles and waves, Schroed-
inger’s theory, perturbation theory, one- and 
multi-electron atoms, magnetic moments, 
spin, and related relativistic effects, identical 
particles, collision theory , X rays, and the 
nucleus. 

September 

Mention should be made of an error in 
the chapter on relativity. On page 10 the 
author states that “there exists a theorem 
due to Fresnel and Lorentz which says that 
it is impossible to devise an optical experi¬ 
ment where the velocity of the apparatus 
with respect to the ether can produce a 
first order effect." Xow stellar aberration, 
and the Sagnac and Michelson-Gale experi¬ 
ments are first order effects, and clearly 
what should be said is that it is difficult to 
devise an optical experiment where a first 
order effect can be employed to distinguish 
between the ether theory and the relativity 
theory. The author, like so many other text¬ 
book writers, considers the relation E = mcl 

as establishing the validity of relativity 
theory beyond reasonable doubt, despite the 
fact that this result may be obtained without 
the help of relativity. 

On page 171, in discussing the physical 
unreality of quantum mechanical wave 
functions, the author makes the statement 
that “we should not try to answer, or even 
pose, the question: Exactly what is waving, 
and what is it waving in? I'he reader will 
recall that consideration of just such ques¬ 
tions concerning the nature of electromag¬ 
netic waves led nineteenth century physi¬ 
cists to the fallacious concept of the ether." 
I'he engineer developing or using an optical 
laser must quite often put this question to 
himself, despite the interdiction by the au¬ 
thor. His device starts with the stimulated 
emission of photons, according to strictly 
quantum mechanical rules, but somehow 
these individual photons get together ami 
produce a beam of radiation that displays 
all of the properties of coherence prescribed 
by the classical wave theory! 

Criticisms of this sort can be directed to 
almost any text on modern physics. They 
should in no way tietract from the enjoy¬ 
ment of this book by a reader who is in¬ 
terested in learning the fundamentals of 
quantum mechanics. 

C. W. Carnahan 
Varian Associates 
Palo Alto, Calif. 

Mechanical Waveguides, by 
Martin R. Redwood 

Published (1961 ) by Pergamon Press, Inc., 122 K. 
55 St.. New York 22, N. Y.. 273 pages 4-4 index 
pages 4-ix pages 4-2 1 apjwndix pages. Ulus. 5*X8\ 
$9.00. 

In the brief title “Mechanical Wave¬ 
guides,” the author describes a book on the 
theon of sound wave propagation in 
bounded fluid and solid media. I'he content 
of this book is most directly applicable to 
the field of ultrasonic engineering, particu¬ 
larly to the development of ultrasonic delay 
lines and to material studies by ultrasonic 
techniques. I'he choice of a term not in 
common usage to describe the subject is 
perhaps unfortunate in that it may fail to 
attract the attention of many prospective 



1961 Books 1459 

readers in the ultrasonics field. This book 
presents a unified analysis of a number of 
topics heretofore covered in scattered 
journal articles and texts. After a brief re¬ 
view of propagation phenomena in un¬ 
bounded media and at a reflecting interface, 
the author launches into a quite thorough 
treatment of topics in the propagation of 
elastic waves in fluid-filled waveguides with 
either free or rigid boundaries. The author 
has treated at great length and in an ex¬ 
cellent manner the subject of wave propaga¬ 
tion in solid waveguides such as cylinders, 
plates and multilayered waveguides. Two 
chapters are devoted to pulse propagation 
in elastic waveguides. Treated in abbrevi¬ 
ated form are topics in solid resonators and 
wave propagation in anisotropic media. An 
appendix contains useful mathematical 
reference material on special techniques and 
functions used in the text. An outstanding 
feature of this lxx)k is the very complete 
bibliography of over 700 items covering 
publications in this field as late as 1959. 

The book fills a great need for a textlxxik 
in this field. It should serve the advanced 
undergraduate well, since the mathematics 
is kept relatively unsophisticated, vet it 
possesses sufficient rigor and dept h of treat¬ 
ment to constitute a basis for a short 
graduate course. Probably the greatest com¬ 
munity of readers, however, will be found 
among those practicing scientists just enter¬ 
ing the ultrasonic waveguide field either to 
pursue a new interest or to take advantage 
of many of the ultrasonic techniques for 
measuring the properties of solids and 
liquids. For these readers the book presents 
an excellent introduction complete with bib¬ 
liography and pertinent mathematical back¬ 
ground. 

If a criticism of the book is to be raised, 
it may be concerned with the brevity of 
treatment of many topics. In many cases 
the author has given enough introduction to 
a topic to stimulate the reader’s interest in 
the finer points of the matter only to leave 
him to consult the peritxlicals for further de¬ 
tails. On the whole, however, the book is a 
very worthwhile and much needed addition 
to the literature of ultrasonics. 

John E. May, Jr. 
Bell Telephone Labs. 

Whippany. N. .1. 

Error Correcting Codes, 
by W. W. Peterson 

Published (1961 ) by The Technology Press. Mass. 
Inst. Tech., Cambridge 39, and John Wiley and Sons, 
Inc., 440 Park Avenue South, New York 16, N. V. 
244 pages -f-5 index pages 4-x pages 4-8 reference 
pages 4-28 appendix pages. Illus. 6X9J. 

“Error Correcting Codes,” by Wesley 
Peterson is a specialist’s book on a very 
special topic. It is unusual in books of this 
nature, in that portions may be read profit¬ 
ably by the nonspecialist as well as the 
specialist. 

I'he theory of error correcting codes is an 
area where a morass of mathematics often 
obscures the goal of the theory. It is to 
Peterson’s credit that he has been able to 
write a lucid vet nonelementary treatment 

covering almost all of the significant topics 
in the theory of error correcting codes. 

I'he first five chapters of the book treat 
the conventional Hamming-Slepian coding 
theory. Particularly noteworthy in this first 
part of the book are Chapters 2 and 4. 
Chapter 2 presents a compact and readable 
introduction to the theory of groups, rings, 
fields, vector spaces and mat rices. Chapter 
4 presents a sorting out of some of the most 
important coiling bounds. To this reviewer’s 
knowledge, this is the only available or¬ 
ganized presentation of these bounds. 

Chapters 6-10 treat algebraic coding 
theory. Much of the material in this part 
of the book is due to Peterson and some of it 
is presented here for the first time. Chapter 
6 introduces the algebraic ideas of ideals, 
residue classes and Galois fields in just the 
dosage necessary for the rest of the book. 
Chapter 7 deals with linear switching cir¬ 
cuits and their use. The reviewer felt that 
this chapter was somewhat lacking in the 
dairty of presentation of the rest of the 
book. It would have made more sense to 
start Chapter 7 with the Huffman material 
presented at the end of this chapter. 
Chapter 8 treats cyclic codes in general; 
Chapter 9 treats the Bose-Chaudhuri codes; 
and Chapter 10 covers the Fire burst-error¬ 
correcting codes. 

I'he rest of the book treats a collection 
of miscellaneous coding subjects—several 
decoding methods, Hagelbarger codes, and 
codes for checking arithmetic operations. 
Wozen kraft ’s sequential codes are men¬ 
tioned only brieflv . Fiv e appendixes are in¬ 
cluded with the book. The most useful of 
these is a table of irreducible polynomials 
over GF(2). Excerpts from Shannon’s ubi¬ 
quitous unpublished notes on error bounds— 
unpublished apparently only by Shannon— 
comprise another appendix. 

All in all, this a line b<x>k worth read¬ 
ing—cover to cover for the coding specialist; 
perhaps just the first five chapters for the 
mildly interested. 

Xorman Abramson 
Stanford University 

Stanford, Calif. 

Magnetic Tape Instrumentation, 
by Gomer L. Davies 

Published (1961) by the McGraw-Hill Book Co., 
In< .. 330 W. 42 St., New York 36, N. Y. 241 ; . ■ •< 
index pages 4-vii pages 4- 12 appendix pages. Ulus. 
6X91. $8.50. 

Mr. Gomer L. Davies’ book, “Magnetic 
Tape Instrumentation,” is another contribu¬ 
tion to the literature on magnetic recording 
techniques and their many applications. 
I'he author covers, by necessity, much of 
the same material as authors have done in 
previous publications. I'he value of this 
book lies in the fact that Mr. Davies has 
correlated modulation and digital tech¬ 
niques to the specific problems of recording 
signals on and reproducing them from 
moving magnetic recording media. 

I'he author’s preference for circuitry be¬ 
comes apparent from the illustrations. There 
are hardly any sketches showing solutions, 
in principle, to design requirements of 

components for magnetic recording systems 
used in instrumentation applications. 

Among the eleven chapters, the one en¬ 
titled “Techniques I’sed in Data Record¬ 
ing,” might well be considered the heart of 
the book. Unfortunately, the treatment 
lacks detail in some instances. Such subject 
matters as video recording occupy hardly 
more than one page of descriptive informa¬ 
tion notwithstanding the fact that video 
recording plays an increasingly import.mt 
position in the instrumentation field. In the 
same chapter, information handling capacity 
is reviewed, but the treatment does not seem 
to do justice to the many pivotal and rather 
complex problems. 

I'he references at the end of each chapter 
are very helpful, particularly since they call 
attention to many recent publications. If a 
suggestion could be made, it is that works of 
foreign authors might have been given a 
little more space. 

All in all, the book will make a worth¬ 
while addition to the libraries of those who 
are interested in data storage and evalua¬ 
tion. 

S. J. Begun 
Clevite Corp. 

Cleveland. Ohio 

Circuit Analysis, by Elias M. Sabbach 
Published (1961) by The Ronald Press Co., 15 E. 

26 St., New York 10. N. Y. 446 pages 4-9 index pages 
4-viii pages. Illus. 6jX9;. $8.75. 

This book has been designed for a first 
course in circuit analysis, and was developed 
and tested over several years with Purdue 
University sophomores. An understanding of 
college algebra and calculus is assumed, but 
no prior electrical engineering courses are 
necessary. 

In early chapters, a discussion of the 
electrical structure of matter, electric cur¬ 
rent, conduction, and electrostatic and 
magnetic fields gives a valuable introduction 
to circuit analysis but will not supplant 
later physics and electro-magnetic fields 
courses. 

The twenty-live chapters progress logic¬ 
ally and cover the expected subjects of cir¬ 
cuit elements, network equations, de and 
sinusoidal ac analysis, complex algebra, 
resonance, and general methods of network 
solution. Intermeshed with the above in 
appropriate places, the author discusses 
phasors, effective values and power, com¬ 
plex frequency plane analysis, network 
graphs, signal flow diagrams, special tech¬ 
niques for network solution, three-phase 
circuits, coupled circuits, and Fourier series. 
This material forms an extremely gtxxl base 
for more advanced work on network analysis 
and synthesis. A deficiency readily noted is 
the lack of references to other published 
material. 

The text material is clearly presented and 
amply illustrated with many line drawings 
and problems; add to this the easily-read 
typography and the well-executed illustra¬ 
tions and you have a book from which 
studying and teaching will be a pleasure. 

Ian O. Ebi ri' 
Michigan State University 

East Lansing 
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Advances in Electron Tube Techniques, 
David Slater, Ed. 

Published (1961 ) by Pergamon Press. 122 E. 55 
St.. New York 22. N. V. 231 pages +3 index pages 
+viii pages. Ulus. K|XHi. $15.00. 

I'his book reports on the Proceedings of 
the Fifth National Conference on Tube 
Techniques which was held in September, 
1960, and was sponsored by the Working 
Groupon Tube Techniques, Advisory Group 
on Electron Tubes, Office of the Director 
of Defense, Research and Engineering. This 
Conference is held every two years, and the 
selection of papers presented is decided upon 
by the Program Committee. 

For this Conference the Program Com¬ 
mittee, consisting of J. H. Bloom, Chairman. 
R. E. Palmateer. L. N. Heynick, M. F. 
Axler and D. Slater, selected 46 papers from 
a total of 90 submitted, of which 44 papers 
arc included in these Proceedings. 

We quote from the opening speech of Dr. 
W. H. Kohl, who defines the philosophy of 
the conference as follows: 

The subjects treated at these conferences were 
always either of a theoretical or a practical nature, 
both approaches being equally represented at a 
given symposium so that both the technician and 
the researcher could derive benefit from their 
respective attendance. One might say, then, that 
Tube Techniques is a generic term for knowledge 
of the proi>erties of materials and experience in the 
use of processes, both being applied to the con¬ 
struction of electron tubes. 

The papers included in this volume cover 
recent activity in such fields as electron tube 
materials and techniques, thermionic emit¬ 
ters, internal and external factors affecting 
electron tubes, ruggedization and life of 
electron tubes. Within these fields tech¬ 
niques involving ceramics, emitters, gases, 
getters, glasses, metals and vacuums are 
covered in addition to environment and life 
testing, nuclear radiation effects and elec¬ 
tron tube performance studies. 

Generally speaking, the papers covered 
in this volume are of excellent quality and 
reflect a considerable effort both on the part 
of the members of the Program Committee 
and the contributors. The great amount of 
detail included in describing a number of 
techniques is indeed commendable and 
should be appreciated by both the initiated 
as well as the uninitiated regarding the art 
of electron tube techniques. 

I'his volume, together with Volumes 
3 and 4, should be included in the library of 
all researchers and technicians working in 
the fields of electron tube technology. 

Gt ot«a A. Espersen 
Philips Labs. 

Irvington-on-Hudson, N. V. 

Information Retrieval and Machine Trans¬ 
lation, Part II, Allen Kent, Ed. ; Advances in 
Documentation and Library Science Series, 
Vol. 3, Jesse H. Shera, General Editor 

Published (1*161 I by Interscience Publishers, Inc.. 
250 Fifth Ave., New York I, N. Y. 652 paKes+17 
index pages+v pages + 17 appendix pages. Illus. 
6¡ X*>¡. S25.OO 

I'his volume contains a set of thirty-eight 
papers originally presented in Cleveland in 
September. 1959, at the International Con¬ 
ference for Standards on a Common Lan¬ 
guage for Machine Searching and Transla¬ 

tion. Another set of twenty-one papers from 
the same Conference was published in a 
companion volume which was reviewed 
earlier (Proc. IRE, vol. 49, p. 853; April, 
1961). 

The criticism previously voiced concern¬ 
ing the presentation of these Conference Pro¬ 
ceedings is equally applicable to the present 
volume. Each paper is labelled as a separate 
“chapter," and no visible attempt is made 
to bring together related material. As a re¬ 
sult the book should be difficult to use by 
all but the most expert readers. The lack 
of organization is particularly serious be¬ 
cause of the many different topics covered, 
and the peculiar points of view expressed. 
Moreover, the title of the book is not indic¬ 
ative of the contents; many aspects of in¬ 
formation retrieval are completely ignored, 
and contributions in machine translation 
are included from only a very few of the 
groups active in the field. To compensate 
for this lack of concentration in information 
retrieval and machine translation, some 
papers deal with the construction of 
various artificial universal languages, in¬ 
cluding one on “minigraphy,” a new short¬ 
hand system; papers are also included on 
the simulation of behavioral systems, learn¬ 
ing theory, and the operation of various 
Standard Associations. All but two of the 
contributions are in English; Chapters 51 
and 57 are printed in French. 

A number of papers deal with various 
aspects of linguistic analysis. In Chapter 24, 
Albani, ct al., present an impressive system 
for analyzing the content of utterances and 
relations between words; since each word in 
the language requires individual analysis, it 
is not clear, however, whether the ideas can 
ever be incorporated in a practical auto¬ 
matic process. Some aspects of syntactic 
analysis for machine translation are covered 
by Hiz, Gleitman, Joshi, and Micklesen, 
ct at., in Chapters 30, 31, 32, and 34, re¬ 
spectively. Lexicographic problems are dis-
dussed by Reifler in Chapter 33 and I’acak in 
Chapter 36. Some of these papers bear evi¬ 
dence of serious work, and should represent 
the most valuable part for the reader in¬ 
terested in machine translation. 

A second group of papers deals with the 
over-all structure of documentation and 
language systems. Fairthorne in Chapter 44 
exhibits relations between texts in a biblio¬ 
graphic space-time structure, and displays 
interconnections between various problems 
in the field of documentation. This work is 
difficult to evaluate in the absence of further 
details. Andreyev in Chapter 49 establishes 
various hierarchies of languages, and looks 
toward the creation of a universal code of 
science. Cordonnier in Chapter 51 expresses 
many diverse and original ideas in the field of 
human communication, among which is the 
construction of a universal language each 
word of which is pronounceable and trans¬ 
formable into a numeric code; many of the 
included ideas do not, unfortunately, seem 
to be too practical. Another universal lan¬ 
guage is proposed by Bolting in Chapter 52. 
De Grolier may have had some of the pre¬ 
ceding papers in mind when he warns in 
Chapter 55 of the dangers of designing ad¬ 
mirable plans for all encompassing systems 
which are generally doomed to failure. 

The old controversy concerning the use 
of a common intermediate language for 
mechanical translation is taken up by 
Andreyev, Melton, Kulagina, ct al., and 
Parker-Rhodes in Chapters 23, 28, 35, and 
39, respectively. Andreyev and Kulagina, 
ct al., sketch some of the work in mechanical 
translation going on in their respective 
laboratories in the USSR. There is un¬ 
fortunately a complete la< k of detail. Melton 
in his well-written article makes a plea for 
the use of the “semantic code" developed at 
\\ estent Reserve University as an intermedi¬ 
ate language, and Parker-Rhodes outlines a 
program of translation by means of an 
interlingua; in the latter case, the mechani¬ 
zation of many parts of the proposed pro¬ 
gram is not made clear. 

The case for working with the natural 
language directly, instead of with an inter¬ 
mediate artificial language, is made by 
Yngve and Luhn in Chapters 40 and 45, 
respectively. 

Problems in the indexing of information 
for information retrieval are treated by 
Ranganathan in Chapters 46 and 47, and in 
the interesting articles by Vickery in Chap¬ 
ter 54. The latter includes comparisons 
showing the type of indexing obtained 
respectively in a faceted classification, the 
universal decimal classification, and the 
Western Reserve University system. 

A number of miscellaneous problems are 
also included in the volume. Some equip¬ 
ment considerations are treated by Booth 
in Chapter 37, and Cordonnier in Chapter 
57. Standardization activities are treated by 
Offenhauser and Kingery in Chapters 59 
and 60, respectively. An interesting simula¬ 
tion procedure for behavioral systems is de¬ 
scribed in Chapter 56 by B. K. Rome and 
S. C. Rome. Various learning procedures in 
applied linguistics are treated by Solomonoff 
in Chapter 41, and the use of logic for the 
detection of syntactic ambiguity in docu¬ 
ments is discussed by L. Allen in Chapter 
42. Finally, A. Kent, who is also the Editor 
of the volume, makes a plea in Chapter 61 
for coordination and for the standardization 
of nomenclature and the exchange of per¬ 
sonnel and materials. 

Some of the discussions by Conference 
participants are included in the book as 
Chapters 38, 62 and 63. Much of the dis¬ 
cussion deals with the conference aims of 
establishing standards on a common lan¬ 
guage for machine searching and translation. 
Running through the transcript is a general 
feeling of frustration because of disagree¬ 
ment on what to standardize, and how to 
standardize it. An “International Continu¬ 
ing Committee on Information Retrieval 
and Machine Translation," as well as several 
subcommittees were formed as a result of 
the Conference. Any activities of these com¬ 
mittees during the past year and a half have 
not come to the reviewer’s attention. 

To summarize, this volume contains a 
few interesting contributions. However, be¬ 
cause of the attempts to satisfy the aims of 
the Conference in creating “standards for a 
common language," and in establishing 
permanent international organizations, the 
material is often slanted in such a way that 
it becomes valuable neither in the field of 
information retrieval, nor in machine trans-
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lation. As such the book can be recom¬ 
mended only to institutional libraries. The 
presentation is again marred by many 
typographical errors. The price of S25.OO 
seems to this reviewer to be inexcusably 
high. 

Gerard Saltón 
Harvard University 
Cambridge, Mass. 

Management Control Systems, Donald G. 
Malcolm and Alan J. Rowe, Eds.; Lorimer 
F. McConnell, General Editor 

Published (I960) by John Wiley and Sons, Inc., 
440 Fourth Ave., New York 16, N. V., 357 pages 4-15 
pages 4-xvii pages. Ulus. 6X9 J. S7.25. 

This book constitutes the Proceedings 
of a symposium on Management Informa¬ 
tion Control Systems held at the System 
Development Corporation in Santa Monica, 
Calif., in July, 1959, which had as its pur-
pose the exploration of the present state-of-
the-art, the likely future developments, and 
the need for research in the field. The book 
includes not only the papers which were pre¬ 
sented at the meeting but also a summary of 

the discussions that followed in which about 
thirty experts participated. 

The book is organized in six thermatic 
sections followed by a summary and a 
fifteen-page index. The six themes are: The 
Opportunity for Innovation in Manage¬ 
ment Controls, The Concepts of Manage¬ 
ment Control—Present Practices, The Im¬ 
pact of Computers on the Design of 
Management Controls, Examples of Auto¬ 
mated Management Controls, New Ap¬ 
proaches— Future Possibilities in Manage¬ 
ment Control and Information Systems, and 
Research in Management Control System 
Design. 

Concepts of management control in mili¬ 
tary as well as business and industry areas 
are treated, the military systems treatment 
being in some respects more impressive 
than some of the business-origin presenta¬ 
tions. 

While much of the substance is specula¬ 
tive and bordering on the abstract, albeit 
altogether competent, several of the papers 
are based on hard-core automation in being. 
One of these is “Integrated Systems Plan¬ 
ning at G.E.,” by H. Ford Dickie. Some of 
the implications of this paper are momen¬ 
tous, especially since it indicates the long-

range and large-scale policies of one of our 
greatest corporations: 

Now that indirect labor exceeds direct labor 
in many cases, now that major improvement op¬ 
portunities are available in data processing, why 
should not the economic availability of electronic 
data processing be an essential consideration in 
plant site selection? . . . The complexity of con¬ 
ceiving and installing a system grows with some¬ 
thing like the square of the number of functions 
involved. . . . We have to stop applying broad 
overhead factors because the base of our overhead 
—direct labor—is fast disappearing. 

But iu this paper, as in the others, al¬ 
though by title the systems concept is in¬ 
tended, the contingent factors in the over-all 
economy that are involved—affecting the 
community as well as the enterprise and the 
industry—seem to be negligibly considered. 
Perhaps there ought to be another sympo¬ 
sium such as the EIA Automation Systems 
Conference at Arizona State University in 
1958, or one along the lines of that held at 
Margate, England, in 1955 on “The Auto¬ 
matic Factory - Dream or Nightmare,” the 
Proceedings of which were published by the 
British Institution of Production Engineers. 
Something more substantially beneficial to 
the over-all system might result. 

James J. Lamb 
Ramo-Woodridge 

Div. of Thompson Ramo Wooldridge, Inc. 
Sierra Vista, Ariz. 

Scanning the Transactions 

All-magnetic computing systems are receiving a growing 
amount of attention in the computer literature. Whether this 
trend continues remains to be seen. However, it is significant 
that the last issue of PGEC Transactions devoted some 40 
pages to four papers on the topic. Magnetics have, of course, 
already played an important part in the rapid development of 
large-scale digital computers during the past decade. Mag¬ 
netic cores, tapes and drums are almost universally used 
today for memory functions. Serious efforts are now being 
made to extend the use of magnetic elements to logic systems 
as well. The motivation for this work lies in the high reliability 
and low cost of the magnetic devices themselves. Consider¬ 
able work has been done recently in developing circuits which 
employ magnetic devices in conjunction with diodes. There is 
particular interest, however, in all-magnetic circuits, which 
avoid the use of diodes. For the most part, only very small 
pieces of all-magnetic logic systems have actually been con¬ 
structed to date. Whether such systems can be effectively 
assembled on a large scale is an important and unanswered 
question. A 650-component all-magnetic arithmetic unit was 
recently built to provide a partial answer to this question, 
and on the basis of the results it would appear that all-mag¬ 
netic logic holds considerable promise for the future. (J. L. 
Haynes, “Logic circuits using square-loop magnetic devices: 
A survey”; D. R. Bennion, et al., “A bibliographical sketch of 
all-magnetic logic schemes”; H. D. Crane, et al., “Design of an 
all-magnetic computing system,” (Parts I and II); IRE 
Trans, on Electronic Computers, June, 1961.) 

The vibrations of the heart have been found to provide a 
great deal of information about the state of this vital organ 

and other body conditions. The heart produces \ ibrations and 
sounds of widely varying intensity over a frequency range 
from below 2 cps to above 1000 cps. Less than one per cent of 
this vibrational energy, however, is audible. These audible 
sounds are the ones in common use today for clinical diagnosis. 
Information in this audible region is principally concerned 
with the operation of the heart valves, whereas the inaudible 
99 per cent is largely associated with the muscular contrac¬ 
tion and the general performance of the heart. A technique 
has recently been developed for detecting and analyzing in¬ 
audible, as well as audible, heart vibrations in which a simple 
capacitance microphone coupled to the chest by a short col¬ 
umn of surgical jelly serves as a vibration transducer, pro¬ 
ducing what is known as a vibrocardiogram. The vibrocardio¬ 
gram reveals changes in timing and relative strength of major 
cardiac events with an accuracy and resolution far exceeding 
that of an electrocardiogram. In addition to its value as a 
diagnostic tool, this technique is especially attractive for tele¬ 
metering applications because of its simplicity and because a 
great deal of cardiac information is obtained from a narrow 
bandwidth channel. Vibrocardiography may therefore find its 
greatest value as a bio-astronau tical instrumentation tech¬ 
nique. (C. M. Agress anti L. G. Fields, “The analysis and in¬ 
terpretation of the vibrations of the heart, as a diagnostic 
tool and physiological monitor,” IRE Trans, on Bio-
Medical Electronics, July, 1961.) 

Much is heard of magnetohydrodynamics these days, but 
how many are acquainted with the field of electrohydrody¬ 
namics? The latter term refers to the conduction of unipolar 
ions in insulating liquids, which provides a useful mechanism 
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for exchanging electrical and hydrodynamic energy. W hen an 
ionizer, in the form of several corona points, and an ion col¬ 
lector are immersed in a suitable insulating liquid, and a high 
voltage is applied between them, a small ion current will flow 
which, by frictional momentum transfer from moving ions to 
the liquid, will generate a reasonably effective pressure in the 
liquid. This makes it possible to pump liquids directly with 
electrical power or, conversely, to build up electrical energy 
from liquid motion. An ion drag pump has recently been de¬ 
veloped, using this principle. Moreover, it is possible to build 
quite a variety of high-impedance electrohydrodynamic com¬ 
ponents. including switches, relays, voltage regulators, volt¬ 
age generators, small motors, and de transformers. The art is 
still in the research stage, but because the theoretical con¬ 
version efficiency is reasonably high it is likely that electro¬ 
hydrodynamics will find important applications in the future. 
(O. M. Stuetzer, “Electrohydrodynamic components,” IRE 
Trans, on Component Parts, June, 1961.) 

High-speed spectrum analysis is being considered with in¬ 
creasing interest for inclusion in a variety of instrumentation 
systems, as the essential link which transfers spoken com¬ 
mands into intelligence recognizable by the more classical 
data-handling devices. Usually the need is for real-time analy¬ 
sis, so design information regarding sweep-frequency methods 
of analysis is becoming of keener interest to more engineers. 
Moreover, new systems of spectrum analysis are being stud¬ 
ied. In one new system incoming signals are stored and simul¬ 
taneously processed during a processing period, at the end of 
which the spectrum is read out in a much shorter readout 
period. Thus spectrum samples are available at intervals only 
slightly longer than the processing period, which is related to 
the resolution required in the output spectrum. (L. G. Zuker¬ 
man, “Applications of a spectrum analyzer for use with ran¬ 
dom functions” and J. Capon, “High-speed Fourier analysis 
with recirculating delay-line heterodyner feedback loops.” 
IRE Trans, on Instrumentation. June, 1961.) 

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. 

F Libraries 
Sponsoring Group Publication ._ . and „ °” 

Members çoneges Members 

Antennas and Propagation AP-9, No. 4 $2.25 $3.25 $4.50 
Audio AU-9, No. 3 2.25 3.25 4.50 
Bio-Medical Electronics BME-8, No. 3 2.25 3.25 4.50 
Education E-4, No. 2 2.25 3.25 4.50 
Electronic Computers EC-10, No. 2 2.25 3.25 4.50 
Engineering Management EM-8, No. 2 2.25 3.25 4.50 
Information Theory IT-7, No. 3 2.25 3.25 4.50 
Instrumentation 1-10, No. 1 2.25 3.25 4.50 
Space Electronics and 
Telemetry SET-7, No. 2 2.25 3.25 4.50 

Antennas and Propagation 

Vol. AP-9, No. 4, July, 1961 

The Traveling-Wave Linear Antenna— 
E. E. Altshuler (p. 324) 

It is shown experimentally that an es¬ 
sentially travelling-wave distribution of current 
can lx* produced on a linear antenna by insert¬ 
ing a resistance of suitable magnitude one-
quarter wavelength from the end of the an¬ 
tenna. A theory for the resistively-loaded di¬ 
pole antenna is formulated on the basis that 
the inserted resistors (one in each arm) can be 
replaced by equivalent generators and that the 
resulting triply-driven antenna can be solved 
by the superposition of singly- and doubly-
driven dipoles. Approximately 50 per cent of 
the power is dissipated in these resistors. 

With a traveling-wave distribution of cur¬ 
rent on an antenna available, the properties of 

this antenna arc then investigated and com¬ 
pared with those of the conventional linear an¬ 
tenna. It is found that the input impedance of 
the traveling-wave antenna remains essentially 
constant as a function of antenna length, 
whereas that of the conventional linear antenna 
varies considerably. It is also shown that the 
input impedance of the traveling-wave antenna 
varies only’ slightly’ over a 2 to 1 frequency 
band. The directional properties of the travel¬ 
ing-wave and conventional dipole are com¬ 
pared, and it is shown that a minor lobe does 
not appear in the radiation pattern of the 
traveling-wave dipole until it is much longer 
than the conventional dipole. Also, it is shown 
that where the directional properties of the con¬ 
ventional dipole are quite sensitive to a change 
in frequency, those of the traveling-wave dipole 
are not. 

Resonance Characteristics of a Corrugated 
Cylinder Excited by a Magnetic Dipole - J. R 
Wait and A. M. ('onda (p. 330) 

Radiation from an axial magnetic-current 
element in the presence of a corrugated cylin¬ 
der is considered. It is indicated that the power 
radiated in a given mode depends on the surface 
reactance, the circumference of the cylinder 
and the elevation angle. For certain values of 
the parameters, particular modes are strongly 
excited in a manner corresponding to the reso¬ 
nance condition of the circumferential (or 
spiral) surface waves. 

New Circularly-Polarized Frequency-Inde¬ 
pendent Antennas with Conical Beam or Omni¬ 
directional Patterns -J. D. Dyson and P. E. 
Mayes (p. 334) 

A conical beam may be obtained from bal¬ 
anced equiangular spiral antennas by con 
struct ing an antenna with more than two spiral 
arms and symmetrically connecting these arms 
to provide a suppression of the radiated fields 
on the axis of the antenna. The angle of this 
conical beam can lx* controlled and, with prosier 
choice of parameters, confined to the immedi¬ 
ate vicinity’ of the azimuthal (0 = 90°) plane. 

An antenna with four symmetrically spaced 
arms can provide a radiation pattern that is 
within 3 db of omnidirectional circularly po 
larized coverage in the azimuthal plane. The 
standing-wave ratio of this antenna referred to 
a 50-ohm coaxial cable is less than 2-to-l over 
the pattern bandwidth. 

This four-arm version retains the wide fre¬ 
quency’ band widths of the basic conical log¬ 
spiral antenna, and it provides a coverage 
which heretofore has been difficult to obtain 
even with narrow-band antennas. 

Arbitrary Polarization from Annular Slot 
Planar Antennas F. J. Goebels and K. C. 
Kelly (p. 342) 

This paper describes the analysis and design 
of a class of antennas which can radiate and re¬ 
ceive const ant -sha¡x* pencil beams with either 
circular sense, any linear or elliptical polariza¬ 
tion by a simple adjustment in the feed circuit. 
Such radiators are called arbitrarily polarized 
antennas. The apertures described are located 
on upper plates of radial waveguides and are 
composed of annular slots, with each annulus 
consisting of a discrete number of crossed slots. 
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The annular slots are positioned so that each 
arm of the crossed slots can couple by a con¬ 
stant factor with the radial or circumferential 
currents flowing over the aperture plate to pro¬ 
duce a common instantaneous direction for the 
electric field in each slot pair. Both standing-
wave and traveling-wave array types are em¬ 
ployed. The standing-wave array requires only 
one radial waveguide mode for its operation. 
The traveling-wave array requires two modes 
and results in greater bandwidth and greater 
freedom in arraying many annuli. The methods 
used to excite the various radial waveguide 
modes are discussed; theoretical and experi¬ 
mental radiation patterns at X band are com¬ 
pared. 

A Theoretical Limitation on the Formation 
of Lossless Multiple Beams in Linear Arrays— 
J. L. Allen (p. 350) 

It is well known that through the use of 
lenses, several independent beams can be 
formed from a single antenna, with each beam 
having essentially the gain corresponding to 
the aperture of the lens. Recently, feed sys¬ 
tems have been developed for linear arrays 
which achieve similar performance through the 
use of directional couplers. 

In this paiær it is shown that the shape of 
the beams which can be formed from an equi¬ 
spaced array by such a feed matrix is not arbi¬ 
trary, unless one is willing to accept losses in 
addition to normal plumbing losses. It is shown 
that the array space factors associated with the 
individual beams must Im? such that they are 
mutually orthogonal over a ^riod of the space¬ 
factor pattern. 

A General Analysis of Nonplanar, Two-
Dimensional Luneberg Lenses—S. Adachi. 
R. C. Rudduck, and C. H. Walter (p. 353) 

A class of two-dimensional, nonplanar. 
modified Luneberg lenses is developed which 
generalizes the properties of many ot the previ¬ 
ously developed lenses. By this development 
the radiated beam can have an arbitrary di¬ 
rection relative to the plane of the lens as com¬ 
pared to previously developed designs in which 
the beam must lie in the plane of the lens. The 
lenses are of arbitrary contour; however, only 
the spherical and the planar contours are con¬ 
sidered in detail. 

The Numerical Evaluation of Radiation In¬ 
tegrals -J. H. Richmond (p. 358) 

In the numerical evaluation of radiation in¬ 
tegrals, the number of terms required depends 
on the accuracy desired, the method of inte¬ 
gration, the current distribution on the an¬ 
tenna, the length of the antenna, and the ob¬ 
servation angle. Simpson’s rule and the trape¬ 
zoidal rule apjwar to Ix' used almost exclusively 
at present. A “piecewise linear rule’’ introduced 
here is shown to yield greater accuracy for a 
given calculation time. 

An Iris-Excited Slot Radiator in the Nar¬ 
row Wall of Rectangular Waveguide—I). G. 
Dudley (p. 361) 

The inclined, narrow-wall slot radiator has 
been used extensively in antenna arrays. The 
slot is easily machined and handles high power. 
The inclination of the slot, however, produces 
an undesirable cross-polarized radiation com¬ 
ponent. This cross polarization, coupled with 
the variation of the slot admittance with fre¬ 
quency, causes pattern deterioration and loss 
in array efficiency. A noninclined, narrow-wall 
slot radiator has been developed. This slot is 
excited by two compound irises which produce 
an inclination of the electric field as it passes 
the slot. The field inclination replaces the slot 
inclination, thereby eliminating the cross¬ 
polarized component. Although the power 
handling capability of the slot is limited by the 
iris structure, the slot has improved conduct¬ 
ance characteristics. Variation of slot excita¬ 
tion in both amplitude and phase has Ix-en pro¬ 
duced by varying the iris dimensions. The iris-
excited, narrow-wall slot radiator has applica¬ 

tion to receiving and to low-power transmitting 
arrays. 

Reflection of Electromagnetic Waves from 
a Stratified Inhomogeneity R. Yamada (p. 
364) 

This paper deals with the partial reflection 
of elect romagnetic waves from a stratified in¬ 
homogeneity. When the refractive index profile 
is an analytic function and the wave number is 
large the reflection coefficient is calculated by 
the use of the Volterra integral equation and 
the relation between the WKB approximation 
and the internal reflection is examined. The re¬ 
flection coefficient in this case is calculated also 
by the WKB method using the connection for¬ 
mula around the turning point which lies in 
the complex plane. When the index profile is 
discontinuous, the reflection coefficients are 
calculated for simple models. The reflection co¬ 
efficients of the above two cases are compared. 
The reflected field from randomly distributed 
multi-layers is discussed using the above re¬ 
sults. 

On Propagating Discontinuities in an Elec¬ 
tromagnetic Field -K. R. Johnson (p. 370) 

The propagation of discontinuities of an 
electromagnetic field is considered for the case 
of a conducting medium. Conditions relating 
the values of the discontinuities in the electric 
and magnetic fields are obtained, and equa¬ 
tions governing the transport of the discontin¬ 
uities through space are derived. Such discon¬ 
tinuity conditions and transport equations are 
obtained both for the fields and for the nth 
order partial time derivatives of the fields. Pre¬ 
vious derivations have treated the case of a 
nonconducting medium and have used distri¬ 
bution theory. The present treatment does not 
use distribution theory. 

Elevated Duct Propagation in the Trade¬ 
winds D. L. Ringwait and F. C. MacDonald 
(p. 377) 

All of the maximum propagation (220 Me) 
ranges observed in an elevated duct regime 
varied from 500 to 1200 miles compared to less 
than 400 miles observed with the same equip¬ 
ment elsewhere. The measurements were made 
at the optimum season (November) in a trade¬ 
wind regime between Brazil anti Ascension 
Island (8° S. latitude). The field strengths 
above 4000 feet altitude are as much as 40 db 
larger than those at lower altitudes. From the 
level at average duct height (6000 feet) the 
field decreases slowly to 10,000 feet, the maxi¬ 
mum altitude investigated. The slow fading 
rate usually associated with duct propagation 
is not always observed even on the very long 
range runs. 

An extrapolation to propagation conditions 
in the month of March via refractive index 
measurements indicates quite minimal ducting 
conditions 10 per cent to 20 per cent of the 
time. 

Frequency Variations Due to Over-the-
Horizon Tropospheric Propagation —J. H. 
Chisholm, S. J. Goodman, J. M. Kennedy, 
L. B. Lamlx'rt, L. P. Rainville, and J. F. Roche 
(p. 384) 

An experiment was performed over a 161-
mile path between Alpine, N. J., and Round 
Hill, Mass., to determine the frequency fluc¬ 
tuations produced by the propagation mech¬ 
anism on a highly stable signal in an over-the-
horizon tropospheric circuit. A signal at 388.0 
Me was transmitted from Alpine using a 10-kw 
transmitter and a 12° beamwidth antenna. 
These transmissions were received at Round 
Hill with a 5° beamwdith antenna and hetero¬ 
dyned to 416.7 Me using a highly stable local 
oscillator and retransmitted to Alpine. Using 
coherent reception techniques, the retransmitted 
signal was received at Alpine and heterodyned 
with the signal originally transmitted. The dif¬ 
ference frequency was fed to a bank of narrow¬ 
bandwidth crystal filters. An analysis of the 
data obtained from these filters indicated that 

the standard deviation of the frequency fluc¬ 
tuations of the signal was approximately 0.6 
cps when CW transmission was employed. 

An additional feature of the experiment 
was an attempt to measure the variations of 
the propagation path length as a function of 
time. It appears that the standard deviation of 
the path length variations was less than 55 
meters when the average path length in ,'-sec¬ 
ond intervals was measured. 

Simultaneous Scintillation Observations on 
1300-Mc and 3000-Mc Signals Received Dur¬ 
ing the Solar Eclipse of October 2, 1959 -J. 
Aarons and J. P. Castelli (p. 390) 

During the total solar eclipse of October 2, 
1959, and during a 10-day control period 
bracketing this date, measurements were made 
of radio signals received at frequencies of 224 
Me, 1300 Me, and 3000 Me. These measure¬ 
ments indicated that point sources on the sun 
rather than the total disk, were the constant¬ 
energy sources responsible for the scintillations 
of the received signals. This conclusion is in 
agreement with the work of Kazes and Stein¬ 
berg. The fact that, during the period of to¬ 
tality, scintillations were observed at the two 
higher frequencies indicated that limb sources 
produced the scintillations 

Inteferometric maps of the sun taken dur¬ 
ing this period showed plage areas at frequen¬ 
cies of 1420 Me and 3300 Me; however, at a fre¬ 
quency of 169 Me, these maps showed only a 
relatively uniformly bright sun. In line with 
these findings, the recorded radio data did not 
show scintillations at the 224- Me frequency but 
did show scintillations at the 1300-Mc and 
3000-Mc frequencies. 

During the control period, the scintillations 
at 1300 Me were well correlated in detail with 
those at 3000 Me. For this frequency range, it 
therefore appears that the scinti’lation oscilla¬ 
tions are not frequency dependent. The two 
sets of data were taken at different antenna 
apertures. The 1300 Me data were taken on an 
84-foot parabolic antenna, whereas the 3000 
Me readings were made on an 8-foot parabolic 
antenna, 80 feet distant from the larger unit. 
Thus, it apix?ars that, for this frequency range, 
the mechanism is not only independent of fre¬ 
quency but, within the experimental limits, is 
also not greatly affected by the size of the an¬ 
tenna. 

The periods of the scintillations (30 seconds 
to 2 minutes) show that the shadow pattern is 
large in extent. Almost all scintillations took 
place when the sun was below 4° of altitude. 

A hypothesis is advanced that the blob 
structure of the troimsphere, possibly at the 
height of the tropopause, is formed into a 
curved lens. The focusing of the energy through 
this concave lens produces the scintillations ob¬ 
served. 

Studies of Meteor Propagation at 49 and 
74 Mc —J. B. Berry, Jr., J. C. James, and 
M. L. Meeks (p. 395) 

The characteristics of meteor propagation 
were investigated over two nearly parallel 
paths from Walpole, Mass., to Congaree, S. C. 
(1250 km) and from Walpole, Mass., to 
Smyrna, (7a. (1480 km). Simultaneous meas¬ 
urements were made at 49 Me and 74 Me. The 
duty cycle for meteor propagation was meas¬ 
ured at both frequencies with separate determi¬ 
nation of the contributions from underdense 
trails, specular overdense trails, and nonspecu-
lar trails. As a function of signal amplitude A, 
the data could lx* fitted by assuming the duty 
cycle to lx* proportional to A“*, where k lies 
between 0.9 and 1.8 depending on the time of 
day and ty¡x?s of trail contributing. Roughly 
half of the duty cycle came from nonspecular 
overdense trails and only 10 to 20 per cent from 
underdense trails. Simultaneous measurements 
with two separate receiving systems were made 
at both 49 Me and 74 Me in order to determine 
the effects of antenna height-difference and 
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various lateral antenna-separations. The me¬ 
teor signals were strongly decor related by cer¬ 
tain antenna height -differences. Overdense 
trails produced some decorrelation with lateral 
antenna-separation, hut underdense trails gave 
well-correlated echoes. No significant differ¬ 
ences in meteor echo rate were found between 
receiving systems in very Hat terrain at Conga-
ree, S. C., and hilly terrain at Smyrna, Ga. For 
the hilly terrain, best signal correlation was 
found for nearby antennas which were at the 
same height above sea level. 

A Method for Computing Ionospheric Fo¬ 
cusing of Radio Waves, Using Vertical Inci¬ 
dence Ionograms E. Warren and D. Muldrew 
(p. 403) 

The dependence of the signal strength of 
radio waves upon ionospheric focusing and spa¬ 
tial attenuation is calculated for a spherical 
ionosphere in terms of parameters obtainable 
from the appropriate vertical incidence iono¬ 
gram. The signal strength at any given dis¬ 
tance can lx* presented as a function of these 
ionospheric parameters in the form of a con¬ 
tour chart from which the unabsorbed field 
strength can lx* obtained easily as a function 
of frequency. The geometrical optics approxi¬ 
mation is used. The limits of the region at the 
skip distance for which this method fails are 
estimated by comparing the results of a ray-
and a wave-type calculation. 

Communications (p. 410) 
Contributors (p. 4IX) 

Audio 
Vol. AU-9, No. 3, May-June, 1961 

The Editor’s Corner (p. 61) 
PGA News—W. Hide (p. 62) 
Enhanced Stereo -R. W. Benson (p. 63) 
Practices utilized in producing a stereo re¬ 

cording are discussed relative to the i>erform-
ance of stereo-sound reinforcement systems. 
The reproduction of these recordings results in 
an enhanced stereo effect. 

A New Stereophonic Amplifier—N. H. 
Crowhurst (p. 66) 

A central feature of the new design of a 
stereo amplifier is an output transformer with 
original features that makes possible reduced 
cost and improved performance at the same 
time. 

This paper discusses a varied possibility of 
design objectives for a stereo system, and ex¬ 
plains the way in which the new output trans¬ 
former functions. By variation in its method of 
use. or in choice of parameters, a whole range 
of amplifiers can apply advantages in different 
proj xir t ions or degrees. 

The basic design of an output transformer, 
which is essentially inexpensive to make, pro¬ 
vides for separation between ‘‘left*’ and “right” 
as well as crossover, and combining networks 
for mixed lows, if desired, without additional 
external circuits. It makes possible a new type 
of tone control, achieving high performance 
economically, using feedback, and/or improved 
matching lx*tween amplifier and loudspeakers 
over the entire frequency range as well as bet¬ 
ter separation and efficiency than the single-
ended and push-pull transformer matrix can 
give. 

One particular amplifier is discussed in de¬ 
tail. while a more general discussion shows 
possible application to more diverse design ob¬ 
jectives. 

An Improvement in Simulated Three-Chan¬ 
nel Stereo P. W. Tappan (p. 72) 

Some two-channel stereo systems have em¬ 
ployed a third full-range speaker system in the 
center, reproducing an equal in-phase mixture 
of the signals in the two channels. Advantages 
of this arrangement over the usual two-speaker 

array are lx*tter reproduction of the location 
and size of central sound sources. A disad¬ 
vantage is the sizeable reduction in the appar¬ 
ent spread, or distance between flanking 
sources. 

The reasons for these effects are discussed, 
and it is indicated that this disadvantage can 
lx* largely overcome by electrically reducing 
the ratio of sum to difference of the two chan¬ 
nels, which ratio was effectively increased by 
the addition of the center speaker. It is shown 
that the signals to the three speakers may lx* 
regarded as three independent channels with 
certain signal-to-crosstalk ratios, which are 
derived as a function of the level of the center 
sjx*aker and the amount of electrical reduction 
of the sum-to-difference ratio. The choice of 
optimum parameter valuesand appropriate cir¬ 
cuits is discussed. 

Transient Distortion in Loudspeakers— 
R. J. Larson and A. J. Adducci (p. 79) 

The response of a loudspeaker to sudden 
starts and stops of its input signal is analyzed 
both theoretically and experimentally. Tran¬ 
sient distortion <x?curs when the acoustic out-
put level does not change as suddenly as the 
input signal. Waveforms of louds¡x*aker re¬ 
sponse to various input signals are shown, and 
a method for plotting a continuous transient 
response curve is described. The curves indi¬ 
cate a correlation exists between a speaker’s 
steady-state frequency response and its tran¬ 
sient performance. 

It was found that little correlation exists 
between the transient performance of a loud-
speaker and musical listening tests. Two ex¬ 
planations are given. One discusses how the 
psychoacoustic ¡xrformance of the ear tends to 
make it insensitive to the shape of the wave en¬ 
velope of a tone burst. Another relates how 
echoes in the usual listening room tend to mask 
the hangover transient of the louds¡x*akei . 

A Low-Noise Microphone Preamplifier— 
A. B. Bereskin (p. 86) 

This paper describes a low-noise two-tran¬ 
sistor preamplifier which has been develo¡>ed 
for use with microphones. For a source resist¬ 
ance of 1000 U, a noise figure* of 1.3 db has been 
achieved. A corresponding middle-frequency 
gain of 40 db, bandwidth of 30 kc and output 
impedance of 175 U resulted. 

Cathode Followers and Feedback Ampli¬ 
fiers with High-Capacitance Loads—T L. 
Greenwcxxl (p. 89) 

Investigation, both theoretically and experi¬ 
mentally, was made into the mode of operation 
of cathode followers and feedback amplifiers 
with high-capacitance loads. The capacitance 
loaded cathode follower compares unfavorably 
with the resistance loaded cathode follower, 
particularly regarding operation with fluctuat¬ 
ing input signals. Input overdrive of a capaci¬ 
tance loaded cathode follower causes produc¬ 
tion of transient voltages in the output circuit. 
Threshold of input overdrive is considerably 
lower than in resistance loaded cathode fol¬ 
lowers, es¡x*cially at high audio frequencies. 
Also, harmonic distortion is increased at high 
frequencies and high-frequency response drops 
off. Experimental analysis of the voltage rela¬ 
tions between the input and output circuits 
was made, and guides for design were devel¬ 
oped. It was found that a symmetrical Eflp 
curve is the most important factor in develop¬ 
ment of a cathode follower for driving high-
capacitance loads where transient distortion is 
to lx* avoided. 

Contributors (p. 94) 

Bio-Medical Electronics 
Vol. BME-8, No. 3, July, 1961 

Thirteenth Annual Conference on Electrical 

Techniques in Medicine and Biology, Wash¬ 
ington, D.C., October 31-November 2, 1960 

Editorial -J. E. Jacobs (p. 152) 
Techniques for Obtaining Absorption 

Spectra on Intact Biological Samples—K. H. 
Norrisand W. L. Butler (p. 153) 

Absorption spectra can lx* obtained on a 
wide range of biological samples with little or 
no sample preparation by using a high sensi¬ 
tivity, low-noise spectrophotometer with the 
sample in close juxtaposition with the photo¬ 
cathode. An instrument designed for such 
measurements is described, and possible appli¬ 
cations are discussed. 

The s¡x»ctrophotometer is a single-beam re¬ 
cording unit using a double-prism monochro-
mator, 100-watt tungsten source, end-window 
multiplier-type phototube and an X-Y re¬ 
corder. The phototube is o¡x*rated at a constant 
anodecurrent and a logarithmic voltmeter meas¬ 
ures the dynode voltage, providing a photom¬ 
eter which is linear with density change over 
an optical-density range of 8. The noise level 
for samples of low density is equivalent to an 
optical-density change of 0.002 with a response 
time of 1 second for full scale pen travel. Any 
part or all of the wavelength region from 200 to 
1200 mju may lx* scanned with a wide choice of 
scanning speeds. Provision is included for elec¬ 
trical correction of system response to give a 
flat baseline characteristic for a selected region 
of the spectrum. This permits measurements at 
high sensitivity on samples with high scatter 
loss. 

Versatile sample mounting arrangements 
permit measurement of a wide range of materi¬ 
als. Liquids, powders, and homogenates are 
measured in sample cells of appropriate size. 
Tissue slices and solid samples are mounted on 
a metal plate with an aperture in the center for 
the transmitted light to reach the phototube. 
All samples are mounted with one surface as 
close to the photocathode as possible, while the 
opposite surface is illuminated with mono¬ 
chromatic light. A dewar-type cell is described 
for measurements at liquid nitrogen tempera¬ 
ture. Typical spectra are given for a number of 
biological samples. 

Introduction to Digital Computers and Auto¬ 
matic Programming R. S. Ledley (p. 158) 

The vastly increased capabilities that com¬ 
puters offer the bio-medical research worker are 
primarily due to the utilization of high-speed 
digital computers. The techniques of automatic 
programming are attempts to lighten the load 
of the programmer and coder, by making the 
computer itself help prepare the program or 
code, minimizing the amount of writing a pro¬ 
grammer need do. From a functional point of 
view, three types of automatic programs can 
lx* distinguished: the algebraic automatic pro¬ 
gram that can “understand” a code written 
almost directly in the usual algebraic symbols; 
the data-manipulation automatic program that 
greatly facilitates the handling of large masses 
of data; and the simulation automatic pro¬ 
gram, which greatly facilitates model building 
on the computer. The role of the automatic 
program is to translate “pseudoinstructions,’’ 
that nearly resemble ordinary language, into 
direct computer or “machine language" in¬ 
structions. In this tutorial paper, the basic 
concepts of the “machine language” are de¬ 
scribed, first, and then a sketch of some of the 
techniques for composing and utilizing auto¬ 
matic programming “languages” is given. 

Short Distance Broadcasting of Physiologi¬ 
cal Data -L. A. Geddes. H.H.E. Hoff, and 
VV. A. Spencer (p. 168) 

For the transmission of physiological data 
not requiring complete freedom for the subject, 
a direct wire system offers many practical ad¬ 
vantages including lowcost and high reliability. 
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Such a system is particularly well adapted for 
bedside monitoring and for the usual studies in 
the clinical laboratory where the patient is re¬ 
quired by his illness to be in a fixed position. 

For general purpose physiological telemetry 
it is necessary to transmit a bandwidth extend¬ 
ing to zero cycles per second. Experience has 
demonstrated that such transmission is possible 
over a direct wire circuit for a distance of at 
least half a mile. An over-all response time of 
KM) ¿»sec provides an adequate bandwidth for 
the most rapidly changing physiological events. 

Measurement of Cerebral Blood Flow by 
External Collimation Following Intravenous 
Injection of Radioisotope W. II. Oldendorf 
(p. 173) 

A technique is described which studies cere¬ 
bral circulation by monitoring with external 
collimated scintillation detectors the passage 
through each cerebral hemisphere of a bolus of 
radioisotope injected intravenously. The test is 
simple, harmless, almost painless, and repeat¬ 
able at frequent intervals. Radiation of the 
patient is minimized by use of a rapidly ex¬ 
creted isotope. Theoretical considerations of the 
test are presented. The clinical applications 
carried out to date are described. The test ap-
|x*ars to give a quick relative determination of 
the total blood flow of each cerebral hemi¬ 
sphere. The possibilities of obtaining an abso¬ 
lute determination are considered. 

The Analysis and Interpretation of the 
Vibrations of the Heart, as a Diagnostic Tool 
and Physiological Monitor—C. M. Agress and 
L. G. Fields (p. 178) 

This work has been concerned with the de¬ 
velopment of a presymptomatic diagnostic tool 
and with the determination of cardiac function 
by analysis and interpretation of the vibrations 
of the heart. The data processing associated 
with the study includes the use of time¬ 
frequency analysis and display equipment, 
power area measurement circuitry, and also 
automatic digital interval measurements. With 
this technique, a single channel of data can pro¬ 
vide information concerning the heart rate, rel¬ 
ative cardiac output, blood-pressure changes, 
breathing rate, and the effect of changed blood 
oxygen saturation. The value and application 
of this technique to bio-astronaut ical instru¬ 
mentation can be great. 

EEG Records from Cortical and Deep Brain 
Structures During Centrifugal and Vibrational 
Accelerations in Cats and Monkeys W. R. 
Adey, J. D French, R. T. Kado, D. F. Linds-
ley, D. O. Walter, R. Wendt, and W. I). 
Winters (p. 182) 

Electroencephalographic records have been 
taken from deep regions of the brains of cats 
and monkeys with chronically implanted elec¬ 
trodes during centrifugal and shaking accelera¬ 
tions comparable to booster forces. Histological 
and X-ray controls have indicated that dis¬ 
placement of the electrodes does not occur, and 
that damage to brain tissue is comparable with 
nonaccelerated animals. A transistorized EEG 
amplifier suitable for recording in satellite bio¬ 
pack environments has been develo;>ed. 

In centrifuge tests, transverse accelerations 
up to 8 G were associated with rhythmic 
“arousal” patterns of slow waves in hippo¬ 
campal regions of the temporal lobe during in¬ 
creasing or decreasing acceleration. Longi¬ 
tudinal accelerations between 5 and 6 G pro¬ 
duced blackouts after 30 to 40 seconds, with 
flattening of EEG records , and frequently with 
induction of epileptic seizure activity in tem¬ 
poral-lobe leads. Shaking tests suggested that 
vibrational acceleration may lx* associated 
with the intermittent “driving” of the cerebral 
rhythms, in a fashion resembling photic driving, 
at shaking rates from 11 to 15 cps, and from 
22 to 30 cps. 

The Electrocardiogram as an Indicator of 
Acceleration Stress—W. C. Sipple and B. D. 
Polis (p. 189) 

By means of a transistor amplifier mounted 
before the slip rings of an animal centrifuge it 
was possible to obtain recordings of the EKG 
of rats under acceleration stress. With this in¬ 
formation, a physiological end point for the 
tolerance of the rat to 20 G (positive accelera¬ 
tion) was defined as the time to reduce the 
heart rate of the animal from an initial state 
ranging from seven to nine beats ix*r second to 
a final moribund state of 2 beats per second. 
The instrumentation and techniques employed 
permit the option of recovering the animal alive 
after approaching the limit of tolerance to 
acceleration. 

Endoradiosondes for Pressure Telemeter¬ 
ing B. Jacobson and L. Nordberg (p. 192) 

Two miniature radio transmitters have been 
developed for telemet ering pressure values 
from internal body cavities. The large sonde 
has a volume of 4.1 cc and has a life-time of 
up to three months when a mercury battery is 
used. It is employed for physiological studies 
on animals, and is attached to the wall of the 
gastrointestinal canal or other body cavities by 
sutures at operation. The small sonde has a 
volume of 1.0 cc and a lifetime of three weeks. 
It is used for gastrointestinal investigations on 
humans. The transducer in both sondes re¬ 
sponds to a pressure variation of 300 cm IL>O 
which gives a 30- Kc deviation of the 300 to 
400 Kc carrier frequency. 

A Miniaturized Pneumograph Monitor— 
P. Stoner and I). A. Holaday (p. 197) 

This pneumograph, by virtue of its small 
size and simplicity, has found application as a 
physiological monitor during anesthesia. The 
instrument measures chest and abdominal ex¬ 
pansion and does not impede respiration or im-
pose on the upper airway. 

Construction of a Neuron Model—R. J. 
Scott (p. 198) 

An application of a linear programming 
technique to the economical construction of the 
neuron model introduced by McCulloch is de¬ 
scribed. Given a set of functional requirements 
for a neuron, a model satisfying these require¬ 
ments is efficiently constructed. 

Letters to the Editor (p. 203) 
Notices (p. 205) 

Education 

Vol. E-4, No. 2, Ji ne, 1961 

Editorial W. R. LePage (p. 47) 
Today’s Dilemma in Engineering Education 

—G. S. Brown (p. 48) 
The present wide-scale activity to increase 

the science content of engineering curricula 
can, if not skillfully accomplished, result in the 
teaching of science, and not the engineering of 
science, to engineers. The changes experienced 
in the substance of the curricula are sometimes 
so great that faculties encounter great difficulty 
in providing worthwhile engineering examples 
to support their presentations of engineering 
science. 

Programmed Learning in Engineering Edu¬ 
cation A Preliminary Study E. M. Williams 
(p. 51) 

A recent study of programmed learning, 
including experimental use in an electrical en¬ 
gineering department, indicated that the most 
fruitful application of teaching machine meth¬ 
ods is in the presently nonprogrammed or 
loosely programmed hours spent by students 
outside classroom or laboratory periods. Pro¬ 
grams already developed for use in this study 
have been concerned with analytical skills; 
further programs under development are con¬ 

cerned with concepts. Larger scale experiments 
are planned in which additional questions can 
be answered, particularly as to whether expo¬ 
sure to programmed inst ruct ion adversely affects 
the capacity of the student to learn independ¬ 
ently. 

TV Production Techniques and Teaching 
Efficiency -J. B. Ellery (p. 59) 

Educators who venture into the realm of 
television immediately encounter this question: 
What equipment is required, and what can be 
done with it? This paper attempts to provide 
some basis for an intelligent answer. 

In designing the research from which this 
report derived, attention was focused upon 
basic television production techniques. A series 
of instructional segments were produced utiliz¬ 
ing these techniques; a second series was sub¬ 
sequently produced with the same instructors 
and subject matter, but with more elaborate 
techniques. The two series were then presented 
for viewing by various student audiences. A 
control group viewed the first series; an experi¬ 
mental group was shown the second series. Pre¬ 
liminary knowledge of subject matter was de¬ 
termined by a pre-test; degree of learning and 
retention were measured by an immediate post¬ 
test, and a delayed post-test. Those data were 
then analyzed by means of standard statistical 
instruments. 

In collating and appraising the obtained re¬ 
sults it was apparent that a one camera pro¬ 
duction. with true fiat lighting, utilizing close¬ 
up camera coverage and a modicum of technical 
skill and imagination, was as effective as the 
more elaborate production in ordinary lecture¬ 
teaching situations. 

An Experiment in Laboratory Education— 
G. Kent and W. 11. Card (p. 63) 

A departure from traditional forms of under 
graduate laboratory education has been incor¬ 
porated into the electrical engineering curricu¬ 
lum at Syracuse University. In this paper is 
presented a summary of the reasons for this 
innovation, a description of the course, and an 
evaluation of our experiences with it. 

As curricula in electrical engineering become 
more science centered, it is essential that the 
undergraduate engineering laboratory take as 
its prime objective the development of skills 
requisite to the planning and execution of 
meaningful exiæriments and the promotion of 
an understanding of the relationships Ixl ween 
theory and experiment. Briefly, the objective is 
an (‘ducation in the experimental aspects of 
scientific method. 

This objective has not been well served in 
the past by the traditional laboratories. Too 
frequently, student motivation has been poor 
enough to limit substantially the learning 
process, and the typical expriment was not 
likely to afford an opportunity for education in 
science. 

To attempt to fulfill the objectives stated, a 
separate course in laboratory was initiated. The 
separation of the laboratory from its tradi¬ 
tionally dependent role was exjwcted to permit 
greater freedom in the technical content of the 
course and to emphasize the importance of the 
laboratory to science. The plan of the course 
was inspired by the belief that motivation, the 
prime force in the learning process, is deter¬ 
mined in part by the significance of the experi¬ 
ments the student is asked to perform, and that 
an (‘ducation in science can lx* obtained only 
by the exercise of its method. Accordingly, the 
exiwrimcnts were conceived as nontrivial real 
engineering problems whose solutions demand 
independent study and planning on the part of 
the student. The technical content of the ex¬ 
periments was arranged to constitute an or¬ 
ganized development of scientific knowledge. 

Consistent with this general conception, the 
course is built around a sequence of problems 
which the student is expected to solve. These 
assignments state the problem and discuss its 
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origin and significance. A list of apparatus, 
references to the literature, and occasionally 
some expriment a I hint in the form of a pro¬ 
vocative statement are given. The students 
plan their experiments and proceed with them 
at their own ¡»ace. The only time limitations 
are that a reasonable number of projects must 
be completed during the course. In addition to 
keeping laboratory notebooks, the students are 
required to prepare several s¡»ecific kinds of re¬ 
ports. In contrast to the common practice of 
marking solely on the report, grades are deter¬ 
mined by total laboratory performance. 

The evaluation of this program is a continu¬ 
ous process. Alt hough at this date no conclusive 
judgments can be made, early indications of 
student response* have stimulated great en¬ 
thusiasm among the teaching staff. We are con¬ 
fident that progress toward our objectives is 
substantial. 

The Computer Revolution in Engineering 
Education R. E. Machol (p. 67) 

The ready availability of high-speed digital 
computers has wrought a fundamental and un¬ 
precedented change in engineering educat ion. De¬ 
scribed herein are one university’s ex¡»eriences 
with a small digital computer, on which thou¬ 
sands of undergraduates have been taught to 
program within the past year. A new approach 
to the teaching and administration of com¬ 
puters is required, as is a new approach to al¬ 
most every aspect of the engineering curricu¬ 
lum. The shape of things to come is briefly 
examined. 

Engineering Education in Canada and the 
Cooperative Electrical Engineering Program at 
the University of Waterloo —B. R. Myers and 
J. S. Keeler (p. 71) 

Although cooperative engineering is prac¬ 
ticed at several universities in the United 
States, that at the University of Waterloo is 
unique in ('añada. The baccalaureate program 
requires five years of continual attendance, 
during which the student spends alternate three-
month ¡»criods in school and in industry. 

A distinctive feature of the plan is the main¬ 
tenance of a Coordination Department within 
the University organization. Staffed by senior 
professional engineers, this department acts as 
liaison between industry and the students. 

Two programs of study are offered in the 
undergraduate electrical engineering curricu¬ 
lum. One of these is designed for the heavy elec¬ 
tromechanical and power systems engineer. 
The other embraces electronics, communication 
and computer}’ disciplines, with a greater con¬ 
centration of theoretical studies. 

Although the University is still in its in¬ 
fancy, both industrial and student acceptance 
of the cooperative plan has exceeded initial 
expectations. There is every indication that 
co-operative engineering education will rapidly 
assume a dominant role in the Canadian aca¬ 
demic scene. 

Letter to the Editor (p. 79) 
Contributors (p. 80) 

Electronic Computers 
Vol. EC-10, No. 2, Ji xe, 1961 
Frontispiece— X. R. Scott (p. 149) 
Editorial —H. E. Tompkins (p. 150) 
A Straightforward Way of Generating All 

Boolean Functions of N Variables Using a 
Single Magnetic Circuit K. V. Mina and 
E. E. Newhall (p. 151) 

A correspondence has been established be¬ 
tween the topology of relay contact networks 
and the topology of magnetic circuits, which 
may be applied to a relay tree to produce a 
magnetic structure capable of generating, in a 
simple manner, all Boolean functions of .V vari¬ 

ables. Once the basic magnetic topology is 
established, it may be distorted to achieve 
winding simplicity at the expense of magnetic 
circuit complexity. In the resulting arrange¬ 
ment, the drive, hold (variable) and reset 
windings are always in the same position, re¬ 
gardless of the function to be generated. Any 
one of the 2* functions of .V variables is gener¬ 
ated by linking a selected group of the output 
legs. 

The structure is such that all switching 
paths are of equal length, causing all outputs 
to be equal in amplitude. This balanced ar¬ 
rangement also permits the holding MME to lx* 
significantly smaller than the drive MME. The 
holding scheme isa symmetrical one, sjiecifically 
arranged to overcome shuttle flux problems and 
reduce noise. 

An 8-leg manganese magnesium zinc ferrite 
structure is operated easily at a 4-psec cycle 
time with an output of 500 mv into 5 ohms. 
The peak-signal-to-¡»eak noise ratio was at 
worst 8tl. A 1-in-256 selector, using seventeen 
16-leg structures, is under construction. 

The structure described here is in a sense 
the complement of the laddie, in that the drive 
and hold windings are always applied in fixed 
positions and different functions are generated 
by linking different sets of output legs. 

On the State Assignment Problem for 
Sequential Machines —I. J. Hartmanis (p. 157) 

In this paper, the problem of determining 
economical state assignments for finite-state 
sequential machines is studied. The funda¬ 
mental idea in this study is to find methods for 
selection of these assignments in which each 
binary variable describing the new state de¬ 
pends on as few variables of the old state as 
possible. In general, these variable assignments 
in which the dependence is reduced yield more 
economical implementation for the sequential 
machine than the assignments in which the de¬ 
pendence is not reduced. The main tool used in 
this study is the partition with the substitution 
property on the set of states of a sequential 
machine. It is shown that for a sequential ma¬ 
chine the existence of assignments with reduced 
dependence is very closely connected with the 
existence of partitions with the substitution 
property on the set of states of the machine. It 
is shown how to determine these partitions for 
a given sequential machine and how they can 
be used to obtain assignments with reduced 
dependence. 

A Generalization of a Theorem of Quine for 
Simplifying Truth Functions J. T. Chu 
(p. 165) 

A method of Quine for identifying the core 
prime implicants of a given truth function, 
without obtaining all its prime implicants, is 
generalized under the so-called “don’t care” 
conditions. It is shown that our method is 
equivalent to, and sometimes an improvement 
of, a result of Roth. W hen all the prime impli¬ 
cants (under the don’t care conditions) of a 
truth function are given, our method becomes 
a generalization of a result of Ghazala and is 
equivalent to another result of Roth. It is also 
pointed out that our method may lx* used, in a 
way similar to using Roth's, for simplifying 
truth functions. 

Reducing Computing Time for Synchronous 
Binary Division—-R. G. Saltman (p. 169) 

The computing time for binary division is 
shortened by performing division, radix 2P on 
the binary operands, where p isa positive inte¬ 
ger. Each quotient digit radix 2V is computed 
in almost the same time required to determine 
a binary quotient digit. Therefore, computing 
time is reduced by approximately the factor p 
over conventional binary division. The method 
is most useful for synchronous machines but 
can be applied to either serial or parallel opera-
tion. 

The theory of nonrestoring division in any 
integral radix r is discussed. Each quotient 

digit is considered as the sum of two recursive 
variables a* and bk , whose values de¡»end on the 
divisor multiplier and relative signs of the 
partial remainders. The divisor multiplier is 
limited to odd integers in order to determine 
the quotient digit unambiguously. Using ak and 
bk, a single recursive equation combining all 
sign conditions is derived. This permits the 
derivation of the correct round-off procedure 
and shows that binary nonrestoring division is 
a particular case of nonrestoring division, 
radix r. 

An arrangement of components for a serial 
computer and a sample division for radix four 
are given. 

The Philips Computer Pascal—II. J. Heijn 
and J. C. Selman (p. 175) 

PASCAL is a binary parallel computer with 
a word length of 42 bits, a clock-pulse repetition 
time of ij /«sec, performing, on the average. 
60,000 operations per second. Wired-in floating¬ 
point facilities are provided, ('ore storage is 
backed by a drum and by magnetic tape. There 
are modification versions for indexing as well 
as for stepping-up purposes. Special instructions 
include count and repeat instructions, jumps on 
the result of an earlier comparison, and two 
kinds of link instructions for facilitating the use 
of subroutines and interpretative programs. 
Transfer instructions enable a simultaneous bi¬ 
directional data flow between drum and cores 
or between tape and cores while computations 
are going on. 

Esaki Diode NOT-OR Logic Circuits 
II. S. Yourke. S. A. Butler, and W . G. Strohm 
(p. 183) 

A basic technique is presented which en¬ 
ables the development of Esaki diode NOT-OR 
logic circuits. Two embodiments of the basic 
scheme are discussed, which, when combined 
with an OR-DELAY circuit, provide a logically 
complete system. Emphasis is placed on the 
more economical of the two embodiments. A 
tolerance analysis is included, which demon¬ 
strates that the technique enables the practical 
design of logic circuits. The requirements placed 
on Esaki diode characteristics, and the s¡»eed 
limitations of the circuits, are discussed. Exam¬ 
ples of working circuits are shown, including 
photographs of voltage wave shapes. 

Logic Circuits Using Square-Loop Magnetic 
Devices: A Survey—J. L. Haynes (p. 191) 

The past decade has been a productive 
¡»eriod for development in the field of large-
scale digital computers. Magnetics has played 
an increasingly important part in these develop¬ 
ments. Magnetic cores, tapes, and drums have 
found almost universal acceptance for memory 
functions. Some future computers will un¬ 
doubtedly use magnetic logic and control 
circuits. This survey is a capsule view of 
twenty-four square-kx>p magnetic logic circuits 
which have been proposed or develo¡»ed so far, 
with a brief description of the way each circuit 
or circuit family meets the requirements of 
logic circuitry. All circuits are treated with a 
consistent terminology, and the generic rela¬ 
tionships among circuits are stressed Included 
in this survey are parallel and series transfer 
core-diode schemes, core-transistor schemes, 
and all-magnetic schemes of various topologies. 

A Bibliographical Sketch of All Magnetic 
Logic Schemes D. R. Bennion, II. D. Crane, 
and D. C. Engelbart (p. 203) 

An all-magnetic logic scheme is one with 
which a workable digital system could lx* con¬ 
structed involving only magnetic elements, cur¬ 
rent-carrying conductors, and sources of clock 
pulses. Historical developments of both resist¬ 
ance schemes (de¡»endent upon coupling-loop 
resistance) and nonresistance schemes (assess¬ 
ing at least first -order inde¡»endence of colliding 
loop resistance) are described, with reference to 
all relevant published work known to the au¬ 
thors. Included are: 1) schemes using electric-
circuit transfer linkage with simple cores. 
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multipath cores, and thin-film elements, and 
2) schemes using continuous magnetic struc¬ 
tures where transfer linkage is purely magnetic. 

Design of an All-Magnetic Computing Sys¬ 
tem : Part I—Circuit Design—H. D. Crane and 
E. K. Van de Riet (p. 207) 

This pa¡x*r describes the circuits used in a 
decimal arithmetic unit which utilizes ferrite 
magnetic elements and copper conductors only. 
The arithmetic ofierations of addition, sub¬ 
traction, and multiplication are performed with 
a product and sum capacity of three decimal 
digits. The sole logical building block of this 
system is a two-input inclusive-OR module 
with a fan-out capability of three with any dc-
sired logical positive and negative combina¬ 
tion. The system involves the use of some 325 
modules, each of which contains two magnetic 
mult ¡aperture devices (MAD's). This paper 
gives a complete description of the circuit and 
physical arrangement of the machine. The sys¬ 
tem is controlled from a manual keyboard, and 
readout from the machine is via incandescent 
lamps controlled directly from the MAI) ele¬ 
ments, no intermediate elements being required. 

The “worst case” drive-pulse amplitude 
range for the completed machine, varying all 
clock pulses simultaneously, is ± 10 per cent. 

Design of an All-Magnetic Computing Sys¬ 
tem : Part II—Logical Design H. I). Crane 
(p. 221) 

A logical design technique is developed for 
use with the particular module develo|x*d for 
this system. The detailed properties of this 
moduk*, as well as the philosophy that led to its 
particular form, were covered in Part I of the 
pajxT. Briefly, the module forms the (inclusive) 
OR function of two input variables. This func¬ 
tion can subsequently be transmitted to three 
receivers, each transfer being independently 
logically positive or negative. The read-outs are 
non-dest ructive and the transmit ter module 
must lx* explicitly cleared before read-in is 
again possible. In view of the relatively small 
fan-in and fan-out for this module, and since 
only the OR function can lx* directly formed 
during any single transfer, complex logic func¬ 
tions must lx* formed slowly, a step at a time. 
This step-by-step generation of functions re¬ 
sults in the need for more modules than might 
otherwise lx* required, but aside from that, the 
synthesis techniques arc not particularly dif¬ 
ferent from those of customary logical design. 
In particular, the* design of an arithmetic unit 
designed for decimal addition, subtraction and 
mult iplicat ion is outlined. Some comparisons 
are noted between this particular all-magnetic 
logic scheme and conventional core-diode 
schemes. Comparisons are also made between 
magnetic logic schemes in general and some 
other realization schemes, such as ac-operated 
parametrons and conventional transistor sys¬ 
tems. 

A 2.18 Microsecond Megabit Core Storage 
Unit—C. A. Allen, G. I). Bruce, and E. I). 
Council (p. 233) 

A magnetic core memory is described which 
has a read-write-cycle time of 2.18 /xsec, an 
access time of 1 and a storage cajmcity of 
1,179,648 bits. The array configuration and the 
design of the driving system are shown. The 
core and transistor requirements are discussed, 
and a descript ion is given of the sensing and the 
driving circuitry. Design factors which gov¬ 
erned the choice of the 3-dimensional system 
organization are presented. 

Matrix Switch and Drive System for a Low-
Cost Magnetic-Core Memory W. A. Chris¬ 
topherson (p. 238) 

A unique system of ferrite-core matrix 
switches and drivers has been developed for a 
low-cost magnetic-core memory. The memory 
uses coincident -current techniques and has a 
capacity of 10,000 characters with seven bits 
|x*r character. A 20-/zsec read-compute-write 
cycle features serial-by-character processing. 

Approximately 7 /*sec is computing time, and 
13 /isec is read-write time. 

The matrix switch requires only two sets of 
five drivers to select one out of 100 individual 
outputs. The drivers operate in an unusual 
three-out-of-five coding arrangement. A Set 
and Reset a driver, each using four transistors 
in parallel, are also required for the matrix 
switch. Two matrix switches provide the 200 
X-F half-select drives for a 100X100 seven-
plane core array. At read time, two half-select 
current pulses of 250 ma to 300 ma are emitted 
with an effective 10 per cent to 90 jx*r cent rise 
time of 0.3 /*sec. At write time, half-select cur¬ 
rent pulses with 1.2-^isec rise time are emitted 
on the same selected lines, but in the opposite 
direction. 

A new method of timing the drive current 
allows the read pulse to rise in 0.3 /xsec, even 
with a low-voltage power supply and an in¬ 
duct ive load that would otherwise limit the rise 
time to 0.8 /isec. 

All current-driving circuits use alloy junc¬ 
tion transistors. The drive current is furnished 
from a 10 to 12 volt power supply, and tempera-
ture compensation of the drive currents is ac¬ 
complished through control of power-supply 
voltage. ()|>erating temperatures range from 
10°C to 40°C. 

Serial Matrix Storage Systems M. Leh¬ 
man (p. 247) 

Coincident -current techniques, usually asso¬ 
ciated with parallel ferrite-core stores, may also 
lx* used for the operation of serio-parallel or 
purely serial memories. After outlining, in 
bl<x:k diagram form, one possible physical reali¬ 
zation of a serial system, the paper examines the 
conditions under which such a store is eco¬ 
nomically justified. The distinguishing feature 
of the system discussed is that coincidence is 
established in the memory matrix between two 
currents representing an address signal and a 
time signal, respectively. Studies of the char¬ 
acteristics and economics of serio-parallel de¬ 
vices are, however, not reported in detail. 

It is shown how the properties of the time-
controlled serial store may lead to the adoption 
of a word-asynchronous design for serial digital 
computers. In such a machine, timing is not 
controlled or determined by limited store ac¬ 
cess. As examples, the paper indicates how the 
serial techniques facilitate the incorporation 
into small serial computers, of autonomous 
transfers, automatic floating point of »orations, 
high s|K*ed multiplication, division and shift 
orders and asynchronous transfers between, 
say, a high sjx*ed store and a magnetic drum. 

A Flexible and Inexpensive Method of 
Monitoring Program Execution in a Digital 
Computer —F. F. Tsui (p. 253) 

A method of monitoring the program exe¬ 
cution in a digital computer on the basis of the 
flow diagram of the computing program has 
lx*en devised. A comparatively low-cost equi|>-
ment for monitoring a maximum of 64 boxes in 
a flow diagram has been constructed. 

The monitoring method is flexible and con¬ 
venient in its application. It can lx* used in con¬ 
nection with relative or symbolic addresses, 
compilers, etc. The user must provide only a 
flow diagram drawn on translucent pajx*r in a 
certain form and the information to correlate 
this diagram with the computing program. A 
subroutine modifies the computing program as 
needed for the monitoring purpose and restores 
it to its original form when the user so desires. 
The monitoring introduces only a very small 
increase in computing time, requiring for each 
call-up of a box in the flow diagram only a time 
amounting to that needed for two simple un¬ 
conditional jumps. The monitor can be used to 
present during the computation a visual dy¬ 
namic picture of the progress of the program 
and to register, on occurrence, the whereabouts 
of an interruption, thus facilitating the tracing 
of the error. 

The principle of the monitoring method and 
the subroutine program, and the essentials of 
the constructed monitor equipment, are de¬ 
scribed in detail. 

On the Encoding of Arbitrary Geometric 
Configurations II. Freeman (p. 260) 

A method is described which |x*rmits the 
encoding of arbitrary geometric configurations 
so as to facilitate their analysis and manipula¬ 
tion by means of a digital computer. It is shown 
that one can determine through the use of rela¬ 
tively simple numerical techniques whether a 
given arbitrary plane curve is ojx n or closed, 
whether it is singly or multiply connected, and 
what area it encloses. Further, one can cause a 
given figure to be* expanded, contracted, 
elongated, or rotated by an arbitrary amount. 
It is shown that then* are a number of ways of 
encoding arbitrary geometric curves to facili¬ 
tate such manipulations, each having its own 
particular advantages and disadvantages. One 
method, the so-called rectangular-array type of 
encoding, is discussed in detail. In this method 
the slope function is quantized into a set of 
eight standard slopes. This particular repre¬ 
sentation is one of the simplest ami one that is 
most readily utilized with present-day com¬ 
puting and display equipment. 

An Accurate Analog Multiplier and Divider 
—E. Kettel and W. Schneider (p. 269) 

In the time-division multiplier the product 
xrx* is formed by pulse-duration modulation 
with xi and amplitude modulation with x>. The 
circuit can be arranged in such a manner that 
division by means of a quantity x3 can lx* 
carried out simultaneously, the output being 
xvxjx-i. When transistor switches are em¬ 
ployed the error is 1 • 10-4 machine* units only. 
The zero error for x>, used for amplitude modu¬ 
lation, can be reduced to 2 • 10“5 machine units. 

High-Speed Analog-to-Digital Converters 
Utilizing Tunnel Diodes R. A. Kaenel (p. 273) 

Two analog-to-digital sequential converters 
have been devised which combine in one tunnel¬ 
diode pair |x*r bit the functions of an amplitude 
discriminator and memory. In addition, one of 
the two schemes utilizes each tunnel-diode pair 
asa delay network. The conversion duration of 
one of these six-bit converters , which employs 
germanium 2N559 transistors and gallium 
arsenide 1N651 tunnel diodes, has been set to 
1 //sec. Shorter conversion times are possible, 
but are not required in the present application 
of that converter as an integral part of an elec¬ 
tronic high-sjx»ed signal processing system. The 
use of tunnel diodes presents a significant im¬ 
provement in the art of converter design by 
virtue of circuit simplicity and |x*rformance. 

The paper describes the principle and opera¬ 
tion of the converters and discusses pertinent 
considerations for their design. Particular em¬ 
phasis is given to the discriminator projx*rty of 
a series-aiding tunnel-diode pair. 

A comprehensive bibliography relating to 
tunnel-diode switching circuits is attached. 

Correspondence (p. 285) 
Contributors (p. 292) 
Reviews of Books and Papers in the Com¬ 

puter Field -E. J. McCluskey, Jr., T. C. 
Bartee, J. S. Bomba, W. J. Caddcn, D. C. 
Engelbart, and M. Lewin (p. 296) 
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PGEC News (p. 337) 
Notices (p. 340) 
Information for Authors (p. 343) 
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Vol. EM-8, Xo. 2, Ji ne, 1961 
About This Issue —The Editor (p. 53) 
The Decisions of Engineering Design— 

D. L. Marples (p. 55) 
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Two examples of plant design are described 
and an abstract model of the process of design 
is suggested. The model is used to discuss the 
search for possible solutions, the strategies for 
their examination and the rules for choosing 
between them. It seems likely that the model 
applies only to problems requiring novel solu¬ 
tions and not to those for which the form of 
solution is known, but the choice of parameters 
to meet conflicting objectives is difficult. 

Analysis of Engineering Performance— 
H. Versteege (p. 71) 

An analytical scheme is presented for meas¬ 
uring the physical completion of engineering 
effort and relating this to the appropriate seg¬ 
ment of a budget curve, representing planned 
ex|>enditure of effort. The method was devel-
oped in connection with weapons systems 
projects. A measure (the delta factor) is devised 
of the variation of actual physical engineering 
completion from the standard or expected 
value. A computational algorithm for the delta 
formula is given. Illustrations are given of its 
use as a diagnostic tool. 

A Systematic Procedure for System Devel¬ 
opment R. C. Hopkins (p. 77) 

A technique is described for the develop¬ 
ment of system objectives, requirements, speci¬ 
fications, and conceptual design. It is derived 
from experience with a number of actual sys¬ 
tems in the fields of air defense and airborne 
fire control. The need for precise knowledge of 
system functional objectives is stressed. A 
checklist relating to environmental require¬ 
ments is presented. A seven-step process is de¬ 
scribed from functional objectives to model and 
test. 

Engineering Organization for a Large Air 
Force Communication System—R. D. Chipp 
(p. 86) 

This paper describes the engineering organi¬ 
zation which was set up by a contractors’ team 
to design a major Air Force Communication 
System. It discusses some aspects of the first 
year’s operation. 

The Core Concept of System Management 
—J. D. McLean (p. 92) 

Some deficiencies in the practice of systems 
management, and the need for an “architect” 
in addition to the contractor are presented. The 
“core concept" is described. Several advantages 
of this approach are indicated and its separa¬ 
tion from hardware design and fabrication are 
stressed. 

Pitfalls and Safeguards in Real-Time Digi¬ 
tal Systems with Emphasis on Programming — 
W. A. Hosier (p. 99) 

Real-time digital systems are largely a 
technical innovation of the past decade, but 
they appear destined to become more wide¬ 
spread in the future. They monitor or control a 
real physical environment, such as an air¬ 
traffic situation, as distinguished from simulat¬ 
ing that environment on an arbitrary time 
scale. The complexity and rapid variation of 
such an environment necessitates use of a fast 
and versatile central-control device, a role well 
suited to digital computers. The usual system 
will include some combination of sensors, com¬ 
munication, control, display, and effectors. Al¬ 
though many parts of such a system pose no 
novel management problems, their distinguish¬ 
ing feature, the central digital device, fre¬ 
quently presents unusually strict requirements 
for speed, capacity, reliability and compatibil¬ 
ity, together with the need for a carefully de¬ 
signed stored program. These features, particu¬ 
larly the last, have implications that are not 
always foreseen by management. An attempt 
is made to point out siæcific hazards common 
to most real-time digital systems and to show 
a few ways of minimizing the risks associated 
with them. 

About the Authors (p. 115) 

PROCEEDINGS OF THE IRE 

Information Theory 
Vol. IT-7, No. 3, July, 1961 
Progress in Information Theory in the 

U.S.A., 1957-1960 P. Elias, A. Gill, R. Price, 
N. Abramson, P. Swerling, and L. Zadeh 
(p. 129) 

This is the first in a series of invited tutorial, 
status and survey pajiers that will be provided 
from time to time by the PGIT Committee on 
Special Papers, whose Chairman is currently’ 
L. A. Zadeh. Hopefully these papers will fill a 
gap that we have long felt existed in our pub¬ 
lication program. In the past, there has been 
no formal method, short of entire Special or 
Monograph Issues, of providing basic introduc¬ 
tory’ material or survey’s of portions of the in¬ 
formation theory field.—The Administrative 
Committee 

On the Approach of a Filtered Pulse Train 
to a Stationary Gaussian Process—P. Bello 
(p. 144) 

A narrow-band process is conveniently char¬ 
acterized in terms of a complex envelope whose 
magnitude is the envelope, and whose angle is 
the phase variation of the actual narrow-band 
process. When the narrow-band process is nor¬ 
mally’ distributed, the complex envelope has 
the properties of a complex normally’ distributed 
process. This paper investigates the approach 
to the complex normally distributed form of the 
complex envelope of the output of a narrow¬ 
band filter when the input is wide-band non¬ 
Gaussian noise of a certain class, and the band¬ 
width of the narrow-band filter approaches 
zero. The non-Gaussian input consists of a train 
of pulses having identical waveshapes, but 
random amplitudes and phases. While the deri¬ 
vations assume statistical independence be¬ 
tween pulses, it is shown that the results are 
valid for a certain interesting class of dependent 
pulses. The Central Limit Theorem is proved 
in the multidimensional case for the output 
process. 

The Axis Crossings of a Stationary Gaus¬ 
sian Markov Process—J. A. McFadden (p. 150) 

In a stationary’ Gaussian Markov process 
(or Ornstein-Uhlenbeck process) the exjx*cted 
number of axis crossings per unit time, the 
probability’ density of the lengths of axis¬ 
crossing intervals, and the probability of recur¬ 
rence at zero level do not exist as ordinarily de¬ 
fined. In this paper new definitions are pre¬ 
sented and some asymptotic formulas are de¬ 
rived. Certain renewal equations are approxi¬ 
mately satisfied, thereby suggesting an asymp¬ 
totic approach to independence of the lengths 
of successive axis-crossing intervals. Mention is 
made of an application to the filter-clip-filter 
problem. 

On Optimal Diversity Reception—G. L. 
Turin (p. 154) 

The ideal probability-compounding M-ary 
receiver is derived for a fading, noisy, multi¬ 
diversity channel, in whose the link fadings may’ 
be mutually correlated, as may the link noises. 
The results are interpreted in terms of block 
diagrams involving various filtering operations. 
Two special cases, those of very’ fast and very 
slow fading, are considered in detail. 

A New Derivation of the Entropy Expres¬ 
sions —S. W. Golomb (p. 166) 

In the discrete case, the Shannon expression 
for entropy is obtained as a line integral in 
probability space. The integrand is the “in¬ 
formation density’ vector" (log p\, log . 
log AJ- In the continuous case, the continuous 
analog of information density’ is integrated to 
obtain the entropy expression for continuous 
probability distributions. 

The Use of Group Codes in Error Detec¬ 
tion and Message Retransmission —W R. 
Cowell (p. 168) 

September 

The paper considers group codes whose 
function is split between error correction and 
error detection with retransmission. For a given 
code, the minimum error probability is ob¬ 
tained when retransmission occurs whenever an 
error is detected. An estimate of the redundancy’ 
added by’ retransmission is given and the be¬ 
havior of retransmission channels as the length 
of the code words increases is studied. Most of 
the analysis is for the binary sy’mmetric chan¬ 
nel, although some of the results apply’ to more 
general channels. 

On the Factorization of Rational Matrices— 
D. C. Youla (p. 172) 

Many’ problems in electrical engineering, 
such as the synthesis of linear w ports and the 
detection and filtration of multivariable sys¬ 
tems corrupted by stationary’ additive noise, 
depend for their successful solution upon the 
factorization of a matrix-valued function of a 
complex variable p. 

This paper presents several algorithms for 
affecting such decompositions for the class of 
rational matrices G(p), i.e., matrices whose 
entries are ratios of polynomials in p. The 
methods employed are elementary in nature 
and center around the Smith canonic form of a 
polynomial matrix. Several nontrivial examples 
are worked out in detail to illustrate the theory. 

Correspondence (p. 190) 
Contributors (p. 196) 
Abstracts (p. 197) 
Book Reviews (p. 205) 

Instrumentation 
Vol. 1-10, No. 1, June, 1961 
Abstracts (p. 2) 
A High-Resolution Ammonia-Maser-Spec-

trum Analyzer -J. A. Barnes and L. E. Heim 
(p. 4) 

A quartz crystal oscillator was phase locked 
to an ammonia beam maser to give a suf¬ 
ficiently monochromatic signal to enable the 
measurement of power spectra of other crystal 
oscillators multiplied from 1458 to 145,800 
times in frequency. The perturbing effects of 
amplifiers introduced in the early’ stages of mul¬ 
tiplication were observed. It was found that, 
for maximum purity, de filaments on the oscil¬ 
lator and early stages of multiplication were 
essential. With this system it was possible to 
investigate sidebands and noise on various 
oscillators and determine which oscillators were 
most suited for precise frequency measurements 
with the National Bureau of Standards atomic 
frequency standards. 

An RF Voltage Standard for Receiver Cali¬ 
bration—G. U. Sorger, B. O. Weinschel, and 
A. L. Hedrick (p. 9) 

Accurate sources of low-level RF voltage 
are very useful for calibrating receivers and for 
other laboratory’ purposes, but they are dif¬ 
ficult to achieve. The main errors in standardiz¬ 
ing such sources are in knowledge of RF im¬ 
pedance. This is a critical factor because, al¬ 
though we can measure power accurately at 
RF, we must derive voltage from power and 
im¡>edance. The use of bolometer bridge thru-
mounts and micropotentiometers as voltage 
standards is discussed, and a series combination 
of these two types of elements is analyzed in 
some detail. An arrangement is described which 
can provide output voltages from 1 volt to 10 
in decade steps over the frequency range of 2 
to 1000 Me with an absolute accuracy’ (trace¬ 
able to the National Bureau of Standards) of 
the order of 3 j>er cent. 

Data Transmission for the NRL Space Sur¬ 
veillance System —M. G. Kaufman and F. X. 
Downey (p. 18) 

A data-transmission system has been de¬ 
veloped which links four distant receiving sites 
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of the U. S. Navy Space Surveillance system to 
a data-reduction center located at Dahlgren, 
Va. The receiving sites form a fence located on 
a great circle route across the southern U. S. 
from Georgia to California. Each receiver site 
is coupled to the data center by a commercial 
voice-quality, duplex (two-way) telephone line. 
Standard FM telemetry techniques are used to 
transmit eight channels of analog data on each 
telephone line. These data are transmitted on 
eight discrete frequency-modulated carriers in 
a frequency band from 270 2455 cps. In addi¬ 
tion to these EM data carriers, unmodulated 
tones are used for monitoring, compensation, 
and command functions. 

The data from each receiver site are per¬ 
manently stored on paper recordings at the 
data-reduction center, so that this information 
can lx* assimilated at one location on a real¬ 
time basis. These data are used to compute the 
orbital parameters of satellites detected by the 
Space Surveillance system. 

The data-transmission system has been in 
operation for a year on a 24-hour basis with 
negligible downtime. Off-line calibration tech¬ 
niques have been employed, so that errors in¬ 
troduced into the data by the transmission sys¬ 
tem can be held to 2 i>er cent without inter¬ 
fering with the detection capabilities of the sur¬ 
veillance system. Tests indicate that the num-
ber of channels can be increased from 8 to 24 
per telephone line by the use of crystal-
controlled oscillators and crystal filters. 

Stable Microwave Signal Source Using a 
Backward-Wave Oscillator M. M Brady 
(p. 23) 

A backward-wave oscillator has been com¬ 
bined with a waveguide frequency discrimi¬ 
nator in a feedback loop to provide a tunable 
stable microwave signal source that can be 
readily built up from standard microwave 
laboratory components. The use of a backward¬ 
wave oscillator in a frequency-stabilization sys¬ 
tem results in a system that can be analytically 
and physically less complex than an equivalent 
system using a reflex klystron. The small¬ 
signal linearity inherent in the microwave por¬ 
tion of the system allows descriptive equations 
to be written concerning the system operation. 
The eq nations developed are not necessarily 
restricted to a system using a backward-wave 
oscillator; they may well apply to any system 
using a voltage-tuned oscillator. The degree of 
stabilization desired can be realized through the 
proper design of the feedback amplifier in¬ 
volved and is limited only by the frequency 
stability of the cavity reference. An experi¬ 
mental system using an X-band backward¬ 
wave oscillator and a medium-O cavity achieved 
a stability of 1 to 1.5 parts in 107. 

Automatic Digital-Data-Error Recorder— 
E. J. Hofmann (p. 27) 

In view of the widespread interest in digital 
communication systems, and in order to better 
understand the nature of long data circuits, 
an automatic digital - data - error recorder 
(ADDER) has been developed. The ADDER 
isa device which automatically detectsand re¬ 
cords errors occurring during the transmission 
of digital information over data circuits. 

Information of known structure is trans¬ 
mitted at one end of a data channel and com¬ 
pared at the output by means of the ADDER. 

The ADDER is composed of analog-to-
digital converters, shift registers, counters for 
storing information, comparator circuits for 
error detection, and sequencing logic to control 
the shifting, storing, and punching out of in¬ 
formation. Flip-flop storage is used to store a 
maximum of 126 bits of information. 

The following information in regard to the 
transmission ¡»erformance of the over-all system 
is obtained: 

1) The number of words in error and their 
time distribution, 

2) The number of bits in error in erroneous 
words and their position, 

3) The relative occurrence of lost or gained 
sync (or start) pulses. 

The output of the device is punched paper tape 
which, through the use of a suitable program, 
may be analyzed by an IBM 709 or similar 
computer. 

The ADDER has been used to obtain the 
error ¡»erformance of several telephone circuits 
in the past year. Results of these tests indicate 
that the major limitation of the present 
ADDER is its inability to record clusters of 
errors in toto. 

High-Speed Fourier Analysis with Re¬ 
circulating Delay-Line-Heterodyner Feedback 
Loops —J. Capon (p. 32) 

It is often desired to obtain high-speed spec¬ 
trum analysis. Previously, the only feasible 
manner in which this could be done was by 
means of a bank of parallel filters. 

The coherent memory filter is a device that 
represents a new and novel approach to the 
spectrum analysis problem. It is shown that 
the response of this device to any arbitrary 
input signal is a close approximation of the 
input spectrum. Thus, this instrument meets 
the requirement mentioned previously. 

In addition, the coherent memory filter has 
the advantage, with res|>ect to the bank of 
filters, of being capable of observing rapid 
changes in the input sj>ectrum that occur from 
one processing period to the next. This is due 
to the fact that the device employs a delay 
line and heterodyner in a closely regulated 
unity-gain feedback loop, so that there are no 
problems of energy storage in resonant filter 
elements. 

The applications of the coherent memory 
filter are also discussed. These include such 
fields as speech recognition, vibration and 
noise analysis, and radar-pulse compression 
systems. 

Application of a Spectrum Analyzer for Use 
with Random Functions—L. G. Zukerman 
(p. 37) 

Curves are presented relating the resolu¬ 
tion. stability, and analysis time for sweep¬ 
type spectrum analyzers when used for spectral 
studies of random functions. Simple precau¬ 
tions are mentioned for such applications of 
spectrum analyzers. 

Multiphase Wattmeters Based on the 
Magneto-Resistance Effect of Semiconductor 
Compounds —M. J. O. Strutt and S. F. Sun 
(p. 44) 

Owing to the great carrier mobilities, the 
magneto-resistance effect of indium-antimonide 
and indium-arsenide is considerable. Within a 
certain range around a properly chosen mag¬ 
netic bias flux density, the change of resistance 
is very nearly proportional to the change of 
magnetic flux density. If this change of flux 
density is made proportional to the alternating 
phase current of an electric power circuit, 
whereas the current through the magneto¬ 
resistance element is made proportional to the 
phase voltage, a de voltage arises between the 
contacts of this element, which is proportional 
to the real power. By altering the above ar¬ 
rangement, the de voltage between the con¬ 
tacts of the magneto-resistance element may 
be made proportional to the reactive power. 

These circuits have been adapted to multi¬ 
phase circuits. 

If the temperature changes, the wattmeter 
indications change also, due to a change of re¬ 
sistance of the magneto-resistive elements. In 
a compensating circuit, a relatively large re¬ 
sistance is arranged in series with the element, 
both depending on temperature according to 
similar curves. A third resistance, of the same 
order of magnitude as the element, is arranged 
in parallel to the series connection. By proper 
adjustment of the two compensating re¬ 

sistances, satisfactory compensation of tem¬ 
perature effects may be obtained. 

The magneto-resistive elements are prefer¬ 
ably Corbino-disks, the ring contacts of which 
are broken up and properly interconnected so 
as to avoid short-circuit rings. 

Contributors (p. 50) 
PGI News (p. 52) 
Abstracts of Instrumentation Papers from 

the 1961 IRE International Convention (p. 52) 

Space Electronics and Telemetry 
Vol. SET-7, No. 2, Ji ne, 1961 
Robert Werner, 1924-1961 (p. 31) 
Noise Figure Measurements Using Celes¬ 

tial Sources — F. G. Kelly (p. 32) 
Several convenient sources of radio noise 

exist in the heavens. It is possible ‘to utilize 
these sources for accurate measurements of re¬ 
ceiver noise figure, provided that a suitable 
high-gain antenna is available. The method for 
making such a measurement is described 
herein. 

Low-Speed Time-Multiplexing with Mag¬ 
netic Latching Relays —J. F. Meyer (p. 34) 

Many satellite and spacecraft telemetry 
systems require that measurements be time-
shared at relatively low rates (less than one 
sample per second) and that several rates lx* 
available in order to minimize redundant 
sampling. This pa|>er discusses a multiplexing 
system designed siæcificially for low-speed 
operation and multiple-rate flexibility so as to 
gain advantage in other critical areas of per¬ 
formance. 

A unique synthesis of the basic circuit pro¬ 
vides for the time-multiplexing of w measure¬ 
ments with m —1 magnetic latching relays. As¬ 
suming an external two-phase clocking source, 
no other components, active or passive, are re¬ 
quired in the circuit. Other advantages of the 
circuit are: 1) low average power consumption, 
2) no additional monitoring or reset circuitry 
required to insure proper operation at turn-on 
or after momentary power failure, and 3) the 
virtual impossibility of switching more than a 
single measurement to the common output line, 
even in the case of component or wiring failure. 

Thermal-Noise Errors in Simultaneous-
Lobing and Conical-Cs Scan Angle-Tracking 
Systems J. A. Develet. Jr. (p. 42) 

Relationships for rms angular errors are 
developed for certain common active space 
probe and satellite angle-tracking systems. The 
only source of error considered is the thermal 
and shot noise* of the receiver, bandlimited by 
the tracking servo noise bandwidth. If ad¬ 
ditional smoothing after angular readout is per¬ 
formed, only the sjx*cial case of many samples 
averaged over a time long compared to the 
reciprocal servo noise bandwidth is considered. 

These thermal-noise errors are by no means 
the usual practical accuracy limitations of an 
angle-tracking system. They do, however, set 
bounds on minimal signal strength allowable 
for the desired tracking accuracy. 

The received signals were assumed to be 
sinusoidal of constant peak amplitude with the 
information, if any, contained in phase or fre¬ 
quency modulation. This is the most common 
signal in space probe or satellite tracking. 

Some Elementary Considerations of Satel¬ 
lite Earth Communication Systems T. Teich¬ 
mann (p. 51) 

The relation between transmitter band¬ 
width, information gathering rate, and com¬ 
munication system cost is discussed for a 
simple model of a satellite-ground system, in 
terms of basic power, weight and cost param¬ 
eters. 

Letters to the Editor (p. 55) 
Contributors (p. 56) 
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UDC NUMBERS 

Certain changes and extensions in UDC 
numbers, as published in PE Xotes up to and 
including PE 666, will be introduced in this and 
subsequent issues. The main changes are: 
Artificial satellites: 
Semiconductor devices: 
Velocity-control tubes, 

klystrons, etc.: 
Quality of received sig¬ 

nal, propagation con¬ 
ditions, etc.: 

('olor television: 

551.507.362.2 (PE 657) 
621.382 (PE 657) 

621.385.6 (PE 634) 

621.391.8 PE 651) 
621.397.132 (PE 650) 

The “Extensions and Corrections to the 
UDC, Ser. 3, Xo. 6, August, 1959, contains 
details of PE Xotes 598 658. This and other 
UDC publications, including individual PE 
Xotes, are obtainable from The International 
Federation for Documentation, Willem Witsen-
plein 6, The Hague, Netherlands, or from The 
British Standards Institution, 2 Park Street, 
London, W.I., England. 

ACOUSTICS AND AUDIO FREQUENCIES 
534.2:530.145 2438 

Quantum-Mechanical Many-Particle Treat¬ 
ment of Sound Propagation—D. E. McCum-
ber. (Nuovo Cim., vol. 17, Suppl. 1, pp. 8 42; 
I960. In English.) 

A list of organizations which have avail¬ 
able English translations of Russian 
journals in the electronics and allied 
fields appears each June and December 
at the end of the Abstracts and Refer¬ 
ences’ section. 

The Index to the Abstracts and References published in the PROC. IRE from 
February, 1960 through January, 1961 is published by the PROC. IRE, May, 1061, 
Part II. It is also published by Electronic Technology and appears in the March, 
1961, issue of that Journal. Included with the Index is a selected list of journals 
scanned for abstracting with publishers’ addresses. 

534.23 2439 
Synthesis of Stepped Acoustic Transmis¬ 

sion Systems—J. E. Holte and R. F. Lambert. 
(J. Acoust. Soc. Am., vol. 33, pp 289 301; 
March, 1961.) Procedures are described en¬ 
abling acoustic systems supporting one-dimen¬ 
sional harmonic waves to be synthesized for a 
prescribed frequency dependence of the input 
reflection coefficient, the characteristic imped¬ 
ance of the system being allowed to vary in 
steps. 

534.232 :534.24 2440 
Effect of a Reflecting Plane on an Arbi¬ 

trarily Oriented Multipole -D. A. Bies. (J. 
Acoust. Soc. Am., vol. 33, pp. 286 288; March, 
1961.) General expressions are given for the 
acoustic power radiated by either a dipole or 
quadrupole oriented above an infinite rigid re¬ 
flecting plane are derived. 

534.232:537.228.1 2441 
Transients and the Equivalent Electrical 

Circuit of the Piezoelectric Transducer I 
Filipczynski. (Acústica, vol. 10, no. 3, pp. 141 
154; 1960.) A transmission-line equivalent cir¬ 
cuit is derived from an analysis of thickness vi¬ 
brations of an X-cut quartz transducer. 

534.24:534.88 2442 
Theoretical Development of Volume Re¬ 

verberation as a First-Order Scattering Phe¬ 
nomenon H. R. Carleton. (J. Acoust. Soc. 
Am., vol. 33, pp. 317 323; March, 1961.) A 
statistical distribution of scatterers described 
by a spatial correlation function leads to a 
representation of the reverberation by random 
noise passing through a narrow filter whose 
properties are determined by the transmission 
mode. 

534.283-8:537.311.31 2443 
Ultrasonic Attenuation in Normal Metals 

at Low Temperatures —A. B. Bhatia and R. A. 
Moore. (Phys. Rev., vol. 121, pp. 1075 1086; 
February, 1961.) 

534.6:621.374.5 2444 
Acoustic Delay Line -I. Ver. (Frequenz, 

vol. 14, pp. 317 321 ; September, 1960.) A sys¬ 
tem is described which has a continuously vari¬ 
able delay in the range 0 3 ms; it consists of 
pressure chambers coupled to microphones by 
metal tubing. The application of the delay line 
for the determination of noise correlation func¬ 
tions is illustrated. 

534.6-8:621.385.83:537.228. 1 2445 
Ultrasonic Image Conversion with an Elec¬ 

tron Mirror -G. Koch. (Acústica, vol. 10. Xo. 

3, pp. 167 170; 1960. In German.) A develo|> 
ment of the image converter is described |see, 
e.g., 2084 of 1959 (Freitag and Martin)] in 
which slow electrons reflected from an oscil¬ 
lating quartz crystal in the ultrasonic field in 
a water tank containing the object are sepa¬ 
rated from the incident beam by means of a 
magnetic field. The contrast is greatest with 
moving objects. 

534.6.087.2 2446 
Automatic Evaluation Equipment for Sub¬ 

jective Assessments —G. Steinke. M. Wasner, 
and J. Seyfried. (Tech. Mitt. BRF, Berlin, vol. 
4. pp. 85 88; September, 1960.) The apparatus 
described is designed for use in tests for assess¬ 
ing the quality of sound transmission systems. 

534.75 2447 
Loudness Function and Differential Sensi¬ 

tivity of the Intensity— I. Barducci. (Ricerca 
Sei., vol. 30, pp. 1518 1523; October, 1960. In 
English.) The method proposed by Schiaffino 
(Ann. Télécommun., vol. 12, pp. 349 358; 
October, 1957) for deducing the loudness 
function from experimental values of differen¬ 
tial auditory sensitivity can be modified to 
agree with more recent data obtained e.g., by 
Robinson and Dadson (1947 of 1958). 

534.76 2448 
The Transmission of ‘Room Information’ 

—K. Wendt. (Rundfunklech. Mitt., vol. 4. pp. 
209 21 2; October, I960.) A two-channel sound 
transmission system, designed for the trans¬ 
mission of direct sound in addition to informa¬ 
tion relating to the acoustic quality of the room 
in which the sound originates is discussed. 
Measurements have been made of the optimum 
loudness for the information channel; this 
varies with the size and reverberation time of 
the room. 

534.76:621.396.97 2449 
Subjective Evaluation of Factors Affecting 

Two-Channel Stereophony — F. K. Harvey and 
M. R. Schroeder. (J. Audio Eng. Soc., vol. 9. 
pp. 19 28; January. 1961.) 

534.78:621.376.22:538.632 2450 
A Correlator employing Hall Multipliers 

applied to the Analysis of Vocoder Control Sig¬ 
nals—J. X. Holmes and J. X. Shear me: A. R. 
Billings and D. J. Lloyd. (Proc. I EE, pt. B, 
vol. 108. pp. 237-238; March, 1961.) A dis¬ 
cussion of 4083 of I960 is given. 

534.78:621.391 2451 
The Quantization of Speech in Few Stages 

—W. Andrich. (Nachriech. Z., vol. 13, pp. 379 
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383; August, I960.) This is an extension of 
earlier work [3855 of 1959 (Küpfmüller and 
Andrich)). Measurements of logatom intelli¬ 
gibility are discussed; intelligibility can be im¬ 
proved for an even number of thresholds when 
noise is mixed with the speech before quantiza¬ 
tion. 

534.833.1 2452 
Measurement of the Sound Insulation by 

Random and by Normal Incidence of Sound 
E. Brosio (Acústica, vol. 10. no. 3, pp. 173 175; 
1960. In English.) Exfierimental data on trans¬ 
mission loss measured for random and normal 
incidence are compared. The results support 
London’s theory. 

534.84 2453 
The Construction and Acoustic Properties 

of the Large Anechoic Chamber in the B.R.F. 
I*. Schubert and J. Scholze. (Tech. Mitt. BRF, 
Berlin, vol. 4, pp. 101 112; September, 1960.) 
Full details arc given of the materials used and 
construction procedure adopted; comparisons 
arc made with results obtained in other 
anechoic chambers p.g., 393 of February 
( Kraak et o/.)|. 

534.846 2454 
The Sound-Scattering Properties of Seg¬ 

ments of Spheres and Cylinders on the Walls 
of Reverberation Chambers G. Venzke. 
(Acústica, vol. 10, no. 3, pp. 170 172; I960. In 
German.) Results are given of an experimental 
investigation based on measurements of the 
sound absorption coefficient of a large absorb¬ 
ing sheet in a reverberation chamber of 250 m3 

fitted with scattering elements. 

621.395.614:534.76.001.57 2455 
Ultrasonic Microphones with Cardioid and 

Figure-of-Eight Patterns for M.S. Stereophony 
—J. Bolcli. (Frequenz, vol. 14, pp. 315 317; 
September, I960.) The design of condenser 
microphones for use on acoustic model tests is 
described. 

ANTENNAS AND TRANSMISSION LINES 

621.372.2 2456 
Electromagnetic-Field-Theory Solution of 

the Infinite Tapered-Plane Transmission Line 
X. Amitay, A. Lavi, and F. Young. (Z. 

angew. Math. Phys., vol. 12, pp. 89 99; March, 
1961. In English.) The mathematical tech¬ 
nique used is based on the exact solution in 
EM field theory of the oblique-plane trans¬ 
mission line, in conjunction with Lagrange's 
method of variation of parameters. 

621.372.8:537.525 2457 
A Gas-Discharge Microwave Power Cou¬ 

pler R. \\ . Otthus. (Proc. IRE, vol. 49, pt. 1. 
pp. 949 956; May, 1961.) A cylindrical reso¬ 
nator having a gas-discharge tube along its 
axis has power coupled into it in a mode with 
E transverse to the axis. A probe extracts 
power in a transverse mode with E normal to 
the first mode. Coupling takes place only when 
an axial magnetic field is present. 

621.372.8:621.39 2458 
Long-Distance Waveguide Transmission 

R. Hamer. (Electronic Engrg., vol. 33, pp. 218 
225 and 279 283; April and May, 1961.) The 
feasibility of long-distance circular-waveguide 
(/forwave) transmission using FM is examined 
on the assumptions that a special waveguide 
structure is provided and that waveguide im¬ 
perfections are random. The analysis is made 
with particular reference to multichannel 
telephony. Results are applied to a hypo¬ 
thetical route; the limitations examined do not 
preclude the use of FM in long-distance circu¬ 
lar-waveguide transmission. 

621.372.829:621.374.5 2459 
The Helix as Delay Line—G. Piefke. 

(Nachriech. Z., vol. 13, pp. 370 374; August, 
1960.) Treatment of the helix waveguide as a 
delay line on the basis of earlier work (e.g., 
January 27) is discussed. 

621.372.837:621.375.9:538.569.4 2460 
Use of a Y-Type Circulator Switch with a 

21-Centimetre Maser Radiometer B. F. C. 
Cooper. (Rev. Sei. Instr., vol. 32, pp 202 203; 
February, 1961.) The switch eliminates base¬ 
line drifts observed with an automatic gain 
stabilization system (see 2521 below). 

621.372.85.017.7:535.569.3 2461 
The Heating Process in Circular Dielectric 

Disks in the High-Frequency Field of H.r-
Mode Waveguides -H. Buchholz. (Arch. 
Elektrotech., vol. 45, pp. 447 465; December, 
1960.) Green’s function of thermal conduction 
is used in calculating exactly the internal 
heating of lossy dielectrics in a high-frequency 
EM field. 

621.372.852.15 2462 
Matched, Tunable Cavities as Circuit Ele¬ 

ments of Waveguide Filters -H. Urbarz. 
(Nachrtech. Z., vol. 13, pp. 383 391; August, 
1960.) Design and construction problems re¬ 
lating to tunable cavities formed by inductive 
or capacitive obstacles in rectangular wave¬ 
guides are investigated. Design charts are de¬ 
rived from equivalent circuits. Bandwidth 
variations during tuning are determined on the 
basis of the charts, and are confirmed by results 
of measurements. 

621.372.852.323 2463 
Millimetre-Wave Field-Displacement-Type 

Isolators with Short Ferrite Strips K. Ishii, 
J. B. V. Tsui, and F. F. Y. Wang. (Proc. IRE, 
vol. 49, pt. 1, pp. 975-976; May, 1961.) At¬ 
tenuation of 35db (backward) and Idb (for¬ 
ward) is obtained with a 0.2-in single-crystal 
strip. 

621.372.852.5 2464 
Mode Conversion in the Excitation of TEOi 

Waves in a TEt„-Mode Transducer (Rectangu¬ 
lar-Sector Portion -^Circular) -S. liguchi. 
(Rev. Elec. Commun. Lab., Japan, vol. 8, pp. 
324 334; July/August, 1960.) Expressions for 
the transverse fields in the cross sections of the 
transducer are expanded into a series of normal-
mode functions of sector waveguides, and by 
substitution into Maxwell's equations ex-
pressed in oblique coordinates, the theoretical 
magnitudes of the unused TEn, TEu, TEat, and 
TMn modes are obtained. Experimental values 
agree to within 1 db. 

621.372.853.1.002.2 2465 
Dielectric-Coated Waveguide Construction 

Characteristics K. Xoda and K. Yamaguchi. 
(Rev. Elec. Commun. Lab., Japan, vol. 8, pp. 
309 323; July/August, I960.) Several different 
techniques are described and the theoretical 
attenuation increase due to the coating is cal¬ 
culated. 

621.372.855.3:537.56 2466 
Perturbation Method for the Propagation 

of Electromagnetic Waves in a Plasma Par¬ 
tially Filling a Circular Waveguide—L. Cairo. 
(C.R. Acad. Sei., (Paris), vol. 250, pp. 4129 
4131; June, I960.] A relation is found between 
the value of the propagation constant and the 
diameters of the two concentric tubes of a wave¬ 
guide, the plasma being contained in the inner 
tube. 

621.396.67 2467 
Development of Optimum Wide-Band 

Omnidirectional Aerials IL G. Wahsweiler. 
(Z. angav. Phys., vol. 12, pp. 450 461; October, 

1960.) A detailed treatment is given of the 
design of radiators of rotational symmetry, 
covering a range of aperture angles and in¬ 
cluding an investigation of their polar dia¬ 
grams. For another treatment of a similar 
problem see 1418 of May (Meinke). 

621.396.677:621.396.963.3 2468 
A Fast Electronically Scanned Radar Re¬ 

ceiving System Davies. (See 2614.) 

621.396.677.012.12:621.317.3 2469 
Field Pattern Measurements of Various 

H.F. Directional Aerials using Aircraft R. T. 
Rye. (Proc. IRE (Australia)), vol. 21, pp. 
879 885; December, 1960.) Horizontally-
arrayed dipoles, rhombic, sloping-V and Frank¬ 
lin antennas are investigated, giving the per¬ 
formance at the design frequencies, the off-
frequency performance of a horizontally-
arrayed dipole, and information on antenna 
interaction effects. 

621.396.677.3 2470 
Backward-Wave Radiation from Periodic 

Structures and Application to the Design of 
Frequency-Independent Antennas I*. E 
Mayes, G. A. Deschamps, and W. T. Patton. 
(Proc. IRE, vol. 49, pt. 1, pp. 962 963; May. 
1961.) The antenna is considered as a locally 
periodic structure whose period varies slowly, 
increasing linearly with the distance to the 
apex. 

621.396.677.3.012.12(083.5) 2471 
Tables of Horizontal Radiation Patterns of 

Dipoles Mounted on Cylinders -P. Knight and 
R. E. Davies. (BBC Engrg. Div. Monographs. 
Xo. 35, pj). 5 41; February, 1961.) A compre¬ 
hensive range of mast sizes and dipole spacings 
is covered. 

621.396.677.4 2472 
Long-Wire Antenna for Meteor-Burst Com¬ 

munications D. K. Reynolds and J. M. 
Bartiemay. (Electronics, vol. 34, pp. 40-42; 
March, 1961.) A simple long-wire antenna sys¬ 
tem for use in the 30 100 Me range is de¬ 
scribed. 

621.396.677.7:621.372.823 2473 
Investigation of the Radiation Characteris¬ 

tics of Elliptical Waveguide and of the Possi¬ 
bility of Generating a Circularly Polarized 
Radiation Field K. E. Müller. (Hochfrequenz, 
und Elektroak., vol. 69, pp. 140-151; August. 
1960.) Addition to earlier work on open wave¬ 
guides (3959 of 1959) is given. 

621.396.677.81.012.12 2474 
Directivity Diagrams in the Horizontal 

Plane of a Vertical Dipole in the Presence of a 
Parallel Cylindrical Parasitic Element -II 
Baret. (.4mm. Télécommun., vol. 14, pp. 220 
235; Septem ber/October. 1959.) Directivity 
diagrams are calculated by a method due to 
Hallen in which a sinusoidal current distribu¬ 
tion is not assumed a priori. Results are in good 
agreement with those calculated by other 
methods. 

621.396.677.833:621.396.65 2475 
Development of Radio-Link Aerials for the 

4000-Mc/s Band J. A. C. Jackson. (Marconi 
Rev., vol. 24, no. 140, pp. 26-38; 1961.) Parab¬ 
oloid antennas of 6-ft and 10-ft diameter are 
described, having efficiencies of 58 per cent and 
63 1 kt cent and gainsof 35 db and 39 db, respec¬ 
tively. The impedance match of the complete 
antennas gives a voltage SWR better than 0.95 
over a 400-Mc band when using a flanged wave¬ 
guide feed; other types of feed are discussed. 

621.396.677.85 2476 
Lens-Compensated Biconical Aerial—L 

Solymar. (Electronic Tech., vol. 38, pp. 21 1 213; 
June. 1961.) The radiation pattern is calculated 
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and a practical example is worked out to show 
the design procedure for a lens of polystyrene 
or plexiglass if the half-power points are given. 

621.396.679.4:621.372.43 2477 
p-i-n Diodes control Shorted Stub R. II. 

Mattson. (Electronics, vol. 34, pp. 76 77; 
April, 1961.) The length of a shorted stub for 
matching in the range 225 400 Me can be al¬ 
tered electronically by opening or closing diode 
switches mounted at intervals along the stub. 

621.396.679.4:621.372 .8:621 .3 17.333.4 2478 
A Swept-Frequency Method of Locating 

Faults in Waveguide Aerial Feeders J. 
Hooper. (P.O. Elec. Engrg. J., vol. 54, j>t. 1. 
pp. 27 30; April, 1961.) A rapid 400-Me sweep 
obtained from a carcinotron in the band 2500 
4500 Me enables discontinuities having re¬ 
flection coefficients exceeding 0.005 to be lo¬ 
cated to a positional accuracy within 2 per 
cent at distances up to 300 ft. 

AUTOMATIC COMPUTERS 
681.142 2479 

Accuracy and Limitations of the Resistor 
Network used for Solving Laplace’s and Pois¬ 
son’s Equations J. R. Hechte) and J. A. 
Seeger. (Proc. IRE, vol. 49, pt. 1, pp. 933 
940; May, 1961.) The accuracy of a resistor 
network is higher than that of the best com¬ 
parable electrolyte tank. Improved methods of 
simulating boundary conditions are described. 

681.142 2480 
Storing Decimal Digits with One Clock 

Pulse A. A. Jaecklin. (Electronics, vol. 34, pp. 
50 53; March, 1961.) A method based on the 
magnetization time of ferrite cores is given. 

681.142 2481 
Transistorized Electronic Analogue Multi¬ 

plier -S. Deb and J. K. Sen. (Rev. Sei. Instr., 
vol. 32, pi>. 189 192; February. 1961.) A four-
quadrant circuit using the exponential I/V 
characteristics of the input of grounded-base 
junction transistors is described. The perform¬ 
ance compares favorably with that of other 
types. 

681.142:538.221 2482 
Solving Design Problems in All-Magnetic 

Logic -U. F. Gianola. (Electronics, vol. 34, pp. 
61 66; May, 1961.) A survey is made of gen¬ 
eral problems and methods of design of mag¬ 
netic logic circuits, excluding parametron and 
ferroresonant circuits. 

681.142:621-52 2483 
Discrete Analogue-Computer Compensa¬ 

tion of Sampled-Data Control Systems T. 
Glucharoff. (Proc. IEE, pt. B, vol. 108, pp. 
167 1 76; March, 1961. Discussion, pp. 176 
179.) Operational amplifiers and Si-diode 
switches for ¡jerforming the basic functions of 
sampling, holding, and time delay are de¬ 
scribed. Performance is analyzed, and an ar¬ 
rangement for avoiding saturation in a feed¬ 
back system is also described. 

CIRCUITS AND CIRCUIT ELEMENTS 
621.316.86:539.23 2484 

Tin Oxide Resistors R. H. W. Burkett. 
(J. Brit. IRE, vol. 21, pp. 301 304; April, 
1961.) The characteristics of thin oxide films 
are discussed and techniques of manufacture 
and performance figures of tin oxide resistors 
for various applications are given. 

621.318.57:523.164 2485 
R.F. Switching Circuits and Hybrid Ring 

Circuits used in Radio Astronomy—F. G. 
Smith. (Proc. IEE, pt. B, vol. 108, pp. 201 
204; March, 1961.) Low-loss diode and other 
switching systems used in comparing small 
RF noise powers are described. 

621.318.57:621.382.333.33 2486 
Designing Avalanche Switching Circuits 

Rufei. (Se«- 2810.) 

621.372.4 2487 
The Equivalent Wave Source II. J. But¬ 

terweck. (Arch, elekt. Übertragung, vol. 14, pp. 
367 372; September, 1960.) The application of 
wave parameters to two-terminal sources is dis¬ 
cussed. An equivalent wave source is derived 
which corresponds to the conventional equiva¬ 
lent voltage or current source. 

621.372.4:621.3.024 2488 
The Law of Small Variations in Character¬ 

istics and its Application to Nonlinear and 
Linear Networks E. Schwartz. (Arch. elekt. 
Übertragung, vol. 14, pp. 405 410; September, 
1960.) Current changes resulting from small 
variations in characteristics in nonlinear de 
networks can be calculated approximately by 
reference to an equivalent circuit. Examples of 
linear networks considered are a Wheatstone 
bridge circuit and reactance two-poles. 

621.372.41 2489 
The Reliability Conditions for the Imped¬ 

ance Functions of Electrical Two-Pole Net¬ 
works allowing for Losses in Coils and Capaci¬ 
tors F. II. Effertz and W. Meuffels. (ArtA. 
Eleklrotech., vol. 45, pp. 418 428; October, 
I960.) 

621.372.5 2490 
Some Energy Relations for RC Networks— 

A. II. Zemanian. (J. Franklin Inst., vol. 270, 
pp. 353 358; November, 1960.) Certain rela¬ 
tions are established and associated with the 
compact RC’ network whose open-circuit im-
pedancc parameters have residues that possess 
the same ratio at corresponding poles. 

621.372.5 2491 
Non-ideal Gyrators K. H. R. Weber. 

(Nachrtech., vol. 10. pp. 334 339; AugUSt, 
1960.) The analogy between non-ideal gyrators 
and non-ideal transformers is established. 
Equations are derived for the “perfect” gyra¬ 
tor and the gyrator with leakage; matching and 
directional characteristics are discussed. 

621.372.54 2492 
The Effect of Tolerances in the Elements 

of Image-Parameter Filters —J. W. Scholten. 
(Philips Telecommun. Rev., vol. 22. pp. 63-77; 
January, 1961.) 

621.372.54:534.143 2493 
The Insertion Characteristics of Cascaded 

Circuits W. Herzog. (Nachrtech. Z., vol. 13, 
pp. 424 427; September, 1960.) A method of 
dealing with series-connected filter circuits, in 
particular those consisting of electromechanical 
elements, is considered. A single quadripole is 
derived to represent n cascade-connected equal 
and symmetrical quadripoles, and different 
types of end-section are added to this equiva¬ 
lent quadripole. The impedance matrix of the 
equivalent network is determined; the applica¬ 
tion of the principle to a combination of un¬ 
equal quadripoles is outlined. 

621.372.54:537.228.1 2494 
Piezoelectric Ceramic Transformers and 

Filters A. E. Crawford. (J . Bril. IRE, vol. 21, 
pp. 353 360; April, 1961. Discussion.) Some of 
the types of transformers and filters which are 
produced from the lead zirconate-lead titantate 
series are described. 

621.372.54:538.652 2495 
Magnetostrictive Transducers as Selective 

Quadripoles—C. Kurth. (Frequenz, vol. 14, 
pp. 272 288; August, 1960.) The relations be¬ 
tween electrical and mechanical quantities in 
magnetostrictive energy transducers are given 

and equivalent circuits derived. Design formu¬ 
las are obtained using image-parameter theory. 
(See also 4135 of 1960.) 

621.372.543.2 2496 
Some Comments on Narrow Band-Pass 

Filters —M. Rosenblatt. (Quart. A ppi. Math., 
vol. 18, pp. 387 393; January, 1961.) 

621.372.543.2: 534.143 2497 
The Measurement of the Characteristic 

Values of Electromechanical Coupling Filters 
E. Trzeba. (Hochfrequenz, und Elektroak., vol. 
69, pp. 119 123; August. 1960.) See also 2122 
of July. 

621.372.55:621.397 2498 
Quadripole Networks for Phase Correction 

in Low-Pass and Band-Pass Amplifiers G. 
Coldewey. (Frequenz., vol. 14, pp. 299 305; 
September, 1960.) The design of delay equal¬ 
izers for television transmission systems is de¬ 
scribed. 

621.372.552 2499 
Bode’s Variable Equalizer -S. S. Hakin. 

(Electronic Tech., vol. 38, pp. 224 227; June, 
1961.) Design procedure for an equalizer, in 
which the insertion-loss characteristic can Im* 
varied by the variation of one network element 
(a thermistor), is developed from basic theory. 

621.372.6 2500 
Coupling of Multipoles represented as a 

Wave-Transmission Problem -G. Salzmann. 
(Nachrtech., vol. 10, pp. 353 355; August, 
1960.) The method of solving multipole cou¬ 
pling problems by means of a scattering 
matrix is described. 

621.372.6 2501 
Network Synthesis with Negative Resistors 

II. J. Carlin and D. C. Youla. (Proc. IRE. 
vol. 49, pt. 1, pp. 907-920; May, 1961.) The 
theory of the incorporation of the negative re¬ 
sistor as a basic circuit element in problems of 
linear network analysis and synthesis is pre¬ 
sented. Nine circuit theorems are given. 

621.373.029.6 2502 
Note on Coherence vs Narrowbandedness 

in Regenerative Oscillators, Masers, Lasers, 
etc M. J. E. Golay. (Proc. IRE. vol. 49, pt. 
1, pp. 958 959; May, 1961.) 

621.373.42:621.317.77 2503 
A Method for Generating Signals of Arbi¬ 

trary yet Frequency-Independent Phase Dif¬ 
ferences—O. K. Nilssen. (Proc. IRE, vol. 49, 
pt. 1, pp. 964 965; May, 1961.) Two balanced-
peak detectors are used. The phase difference 
remains constant over a range 10 cps-1 kc. 

621.373.42.072.6:621.376.32 2504 
Improvement of the Frequency Stability of 

a High-Frequency Oscillator Frequency-Mod¬ 
ulated by means of a Condenser Microphone— 
H. Maier. (Nachrtech. Z., vol. 12, pp. 436-440; 
September, 1960.) A frequency-stabilizing sys¬ 
tem is described in which the condenser micro¬ 
phone serves simultaneously for frequency 
modulation and as an electrostatic control ele¬ 
ment. The system finds application in minia-
ture VHF transmitters and eliminates the need 
for crystal control. 

621.373.421.11:621.374.32 2505 
High-Frequency Oscillator Stabilization by 

Pulse Counting Techniques - R. P. Thatte. 
(J. Brit. IRE, vol. 21, pp. 361-373; April, 
1961. Discussion.) A system is described for fre¬ 
quency stabilization to within 5 parts in 107 in 
the range 2 30 Me, using an LC tuned oscillator 
locked to a standard frequency. A description 
of the trochotron divider used in the circuit is 
given. 
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621.373.421.13:529.780 2506 
Quality Measurements on Oscillator Crys¬ 

tals by the Decay Method -G. Becker. (Fre¬ 
quenz, vol. 14. pp. 269 271; August. I960.) 
Equipment is descrilwd 
constant of the decay 
quartz oscillators. The 
measuring the (> factor 
onance frequency. 

tor measuring the time 
of free oscillations of 
method is suitable for 
of crystals of high res-

621.373.43:621.374.4 2507 
8- and 11- Gc/s Nanosecond Carrier 

Pulses Produced by Harmonic Generation 
A. F. Dietrich. (Proc. IRE. vol. 49. pt. 1. pp. 
972 973; May. 1961.) Pulses are generated di¬ 
rectly from the harmonics present in the sharp 
step at the end of the recovery transient of a 
selected Type-FD-100 diode which is mounted 
across a waveguide used as a high-pass filter. 

621.373.43:621.385.632 2508 
A Simple Method of Generating Nanosec¬ 

ond Pulses at X Band J. K. Puller and B. G. 
Whitford. (Proc. IRE, vol. 49. pt. 1. p. 968; 
May, 1961.) The technique is based on the 
pulse response of a traveling-wave tube. 

621.374.33:621.318.57:621.372.44 2509 
Magnetic Gate Circuits Controlled by High-

Frequency Signals I. Endo and K. Kusunoki. 
(Rev. Elec. Commun. Lab,, Japan, vol. 8, pp. 
335 342; July/August, I960.) Principles of 
operation of three- and four-core gating cir¬ 
cuits based on the nonlinear properties of pa¬ 
ramet ron-t y pe cores are described. Ex¡>eri-
mental characteristics and applications are 
noted. 

621.374.4:621.372.44 2510 
High-Efficiency Variable-Reactance Fre¬ 

quency Multiplier T. I ’tsunomiya and S. 
Yuan. (Proc. IRE, vol. 49, pt. 1. p. 965; May. 
1961.) A conversion efficiency of 40 per cent 
was obtained using variable-capacitance di¬ 
odes with input frequency 0.84 Me and output 
frequency 12.6 Me. 

621.374.5 2511 
Stabilized Delay Circuit Provides High Ac¬ 

curacy C. K. Friend and S. I'dalov. (Elec¬ 
tronics, vol. 34. pp. 78. 80; April, 1961.) A 
transistorized circuit is given providing delays 
up to 120/icsec with a high degree of accuracy 
and stability. 

621.374.5:621.382.333.33 2512 
Electrically Variable Time Delay using Cas¬ 

caded Drift Transistors R. W. Ahrons. 
(Semiconductor Prod., vol. 4, pp. 37 40; March. 
1961.) Eight cascaded transistors provide a 
variation of delay of 0.11 ^s with a minimum 
cutoff frequency of 5 Me. 

621.375:621.372.44:621.372.632 2513 
Parametric Up-Converter Tunable over an 

18:1 Frequency Band G. P. Shepherd and 
D. G. Kiely. (Proc. IRE, vol. 49. pt. I. p. 
966; May, 1961.) By using an adjustable X-
band pump frequency, a gain of 5 12 db is ob¬ 
tained with signal frequencies ranging from KM) 
to 1800 Me. 

621.375.018.756 2514 
Two Simple Estimates for Overshoot and 

Group Delay H. Sulanke and H. Dobesch. 
(Tech. Milt. ERF, Berlin, vol. 4, pp. 83 85; 
September, 1960.) Approximations relating to 
the transient response of cascade-connected 
quadripoles are made. Sec also 467 ot February 
(Dobesch & Sulanke). 

621.375.029.64 .65:621.38 2515 
Low-Noise Amplifiers for Centimetre and 

Shorter Wavelengths G. Wade. (Proc. IRE. 
vol. 49, pt. 1, pp. 880 891; May, 1961.) A sum¬ 
mary is made of the techniques used to make 

low-noise amplifiers. The devices covered are 
traveling-wave tubes parametric amplifiers, 
tunnel diodes, masers, photon counters and 
photosensitive detectors. 

621.375.4 2516 
Calculations of Distortion and Interference 

Effects in Transistor Amplifier Stages on the 
Basis of the Equivalent Circuit Diagram J. S. 
Vogel and M. J. (). Strutt. (Arch, elekt. Über¬ 
tragung, vol. 14, pp. 397 404 ; September, 1960.) 
Low-frequency conditions and input signals up 
to maximum permissible amplitude are consid¬ 
ered, and the calculations are applied to two-
stage circuits. The extension of the theory to 
high-frequency conditions is indicated. 

621.375.4 2517 
Improving Gain Control of Transistor Am¬ 

plifiers J. S. Brown. (Electronics, vol. 34, pp. 
108 110; April, 1961.) Better temperature sta¬ 
bility and a lower noise figure are obtained by 
using separate AGC loops for each stage. 

621.375.9:538.569.4 2518 
Proposal for a Pulsed Ferromagnetic Mi¬ 

crowave Generator M. W. Muller. (Proc. 
IRE. vol. 49. pt. 1. p. 957; May. 1961.) Spin 
precession is induced by rotating the applied 
field from a metastable to a stable magnetiz¬ 
ing direction. 

621.375.9:538.569.4 2519 
Stimulated Emission from HCN Gas Maser 

Observed at 88.6 kMc s I). Marcus 
Appl. Phys., vol. 32, p. 743; April. 1961.) HCN 
is considered as an alternative to NH3 for a gas 
maser. The relative position and strength of the 
absorption lines are shown, and the construc¬ 
tion of the proposed maser is described. 

621.375.9:538.569.4 2520 
Beam Maser for 3 Millimetres uses Hydro¬ 

gen Cyanide F. S. Barnes and D Maley. 
(Electronics, vol. 34. pp. 45 49; March. 1961.) 
A practical description of the development and 
construction of a maser ojærating at 88 Gc 
which may be useful as a power source, ampli¬ 
fier, or as a frequency standard is given. 

621.375.9:538.569.4:523.164 2521 
An Operational Ruby Maser for Observa¬ 

tions at 21 Centimetres with a 60-Foot Radio 
Telescope —J. V. Jelley and B. F. C. Cooter. 
(Rev. Sei. Instr., vol. 32, pp. 166 175; Febru¬ 
ary. 1961.) Details arc given of a preamplifier, 
weight 2(M) pounds, for mounting at the focus 
of a 60- ft reflector. An automatic gain stabiliza¬ 
tion system is incorporated. Total input noise 
temi>erature of the radiometer is 85° K with 
gain stabilization, and 148°K without. 

621.375.9:621.372.44 2522 
A Variable-Dual-Reactance Traveling-

Wave Parametric Amplifier R. I). Wanselow. 
(Proc. IRE. vol. 49. pt. 1, p. 973; May, 1961.) 
Two transmission lines are coupled together 
by inductance and capacitance which vary at 
a pump frequency. 

621.375.9:621.372.44:538.221 2523 
K„-Band Ferrite Amplifier R W. Roberts. 

(Proc. IRE. vol. 49. pl. 1. p. 963; May. 1961.) 
A parametric amplifier using a sphere of Y-Fe 
garnet and giving 10 db gain at 20.8 G is dis¬ 
cussed. 

621.375.9:621.372.44:621.382.23 2524 
Parametric Amplification by Charge Stor¬ 

age I). L. Hedderly. (Proc. IRE, vol. 49, pt. 
1. pi>. 966 967; May, 1961.) Both parametric 
amplification and subharmonic oscillation can 
be* obtained through charge storage effects, 
using the circuit described. 

621.375.9:621.372.44:621.382.23 2525 
C-Band Nondegenerate Parametric Ampli¬ 

fier with 500-Mc Bandwidth -J. Kliphuis. 
(Proc. IRE. vol. 49. pt. 1. p. 961 ; May. 1961.) 
The amplifier uses two Si pill varactor diodes in 
a balanced circuit and has a gain of 10 db. 

621.375.9:621.372 .44 :621.382 .33 2526 
Parametric-Excited Resonator Using Junc¬ 

tion Transistor -Y. Cho. (Prcx IRE, vol. 19. 
pt. 1, p. 974; May. 1961.) Oscillations in the col¬ 
lector circuit are phase-locked by a signal ap¬ 
plied to the reverse-biased emitter. 

621.375.9: 621.382.23 2527 
A Matched Amplifier Using Two Cascaded 

Esaki Diodes -D. R. Hamann. (Proc. IRE. 
vol. 49. pt. 1. pp. 904 906; May. 1961.) A cir¬ 
cuit consisting of a quarter-wave transmission 
line whose ends are terminated by negative 
conductances is discussed and its characteristics 
calculated. A 30- Me amplifier using two Esaki 
diodes has been found to have a gain of 8.9 db 
with a noise figure of 4.3 db. 

GENERAL PHYSICS 
530.12 2528 

General Relativity for the Experimentalist 
— R. I.. Forward. (Proc. IRE. vol. 19, pt. 1. 
pp. 892 904; May. 1961.) 

530.162 2529 
Direct Determination of Boltzmann’s Con¬ 

stant from Resistance Noise L. Storm. 
(Naturwiss., vol. 47. p. 490; November. 1960.) 
The value of k obtained from thermal-noise 
measurements in the frequency range 2 20 kc 
is 1.3809 X 10--1 joules/degree, to an accuracy 
within ±0.1 2 per cent is discussed. 

537.311.1 2530 
Friedel Sum Rule for a System of Interact¬ 

ing Electrons J. S. Langer and V. Ambegao-
kar. (Phys. Rev., vol. 121. pp. 1090 1092: 
February. 1961.) 

537.312.8 2531 
Theory of the Magnetroresistance Effect 

J Hajdu. (Z. Phys., vol. 160, pp. 17 58 and 
481 490. September and November. 1960; and 
vol. 163, pp. 108 118. May. 1961.) Magneto¬ 
resistance effects in metals are studied on the 
basis of a single quantum theory of electron 
transport in a magnetic field. 

537.32 2532 
Response of a Thermocouple Circuit to 

Nonsteady Currents -T. T. Arai and J. R. 
Madigan. (J. Appl. Phys., vol. 32. pp. 609 616; 
April, 1961.) A general expression for the 
transient response is derived and applied to sev¬ 
eral special forms of time-dependent current. 

537.533 2533 
Note on the Mechanism of the Multipactor 

Effect E. Paschke. (J. Appl. Phys., vol. 32. 
pp. 747 749; April, 1961.) By modifying the 
theory of Krebs and Meerbach (2913 of 1955) 
to take into account the velocity distribution 
of secondary electrons and the phase-defocus¬ 
ing effect, excellent agreement is obtained with 
the experimental results of Hatch & Williams 
(2629 of 1954). 

537.56 2534 
Determining Electron Density and Distri¬ 

bution in Plasmas -H. L. Bunn. (Electronics. 
vol. 34, pp. 71 75; April, 1961.) A microwave 
interferometer technique is used for measure¬ 
ments on low-temperature magnetically con¬ 
tained plasmas. 

537.56 2535 
Transport Coefficients of Plasma in a Mag¬ 

netic Field -S. Kaneko. (J. Phys. Soc. Japan. 
vol. 15, pp. 1685 1696; September, 1960.) The 
electrical and thermal conductivities, and the 
coefficient of thermal diffusion arc calculated. 
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537.56:538.566 2536 
Proposed Diagnostic Method for Cylindri¬ 

cal Plasmas -J. Shmoys. (J. A ppi. Phys., vol. 
32, pp. 689-695; April, 1961.) Expressions are 
derived for two methods whereby the electron 
density variation across a plasma column can 
lx* obtained more easily than hitherto from an 
observed diffraction pattern. 

537.56:538.566.029.6 2537 
Microwave Attenuation by Cyclotron Res¬ 

onance in a Slightly Ionized Gas T. Dodo. 
(J. Phys. Sof. Japan, vol. 16. pp. 293 301; 
February, 1961.) The Boltzmann equation is 
solved for the distribution function of electrons 
in a static magnetic field B and a HE electric 
field. The tensor dielectric constant and propa¬ 
gation constant k are hence obtained. The at¬ 
tenuation spectrum is discussed for the two 
cases of k parallel and perpendicular to B. 

537.56:538.566.029.6 2538 
Spectrum of the Electron Synchrotron 

Resonance in a Plasma T. Dodo. (J. Phys. 
Soc. Japan, vol. 16, pp. 348 349; February, 
1961.) Experimental verification of a theo¬ 
retical formula for cyclotron resonance fre¬ 
quency (see 2537 above) is given. 

537.56:538.566.029.6 2539 
Heating of an Ionized Gas Sheath by Mi¬ 

crowaves XL S. Sodha. (Appl. Sei. Res., vol. 
B8, no. 3, pp. 208 212; I960.) Formulas are de¬ 
rived from which the temperature of a plasma 
sheath can be found, as a function of time 
when it is heated by high-energy microwave 
radiation. 

537.56:538.566.029.6 2540 
Backward-Wave Microwave Oscillations in 

a System Composed of an Electron Beam and 
a Hydrogen Gas Plasma R. Targ and L. P. 
Levine. (J. A ppi. Phys., vol. 32, pp. 731 737; 
April, 1961.) A traveling-wave interaction 
structure is used to investigate the properties 
of a low-density plasma. Microwave oscillations 
near the electron cyclotron frequency are ob¬ 
served as the result of growing waves in a 
lx‘am/plasma interaction. Electron densities 
determined by observing the correlation be¬ 
tween the measured frequencies of oscillation 
and the theoretical predictions of Trivelpiece 
and Gould (815 of I960) are verified by ob¬ 
servation of the shift in the resonance fre¬ 
quency of a microwave cavity containing the 
plasma. 

537.56:621.372.8 2541 
The Influence of the Cross-Sectional Dis¬ 

tribution of Electron Density of a Longitudi¬ 
nally Magnetized Plasma in a Metal Wave¬ 
guide on the Propagation of E. M. Waves -
W. O. Schumann. (Z. angew. Phys., vol. 12, 
pp. 442 446; October, 1960.) 

538.122:538.221 2542 
The Magnetization and Field of Rod-

Shaped Objects G. Obermairand C. Schwink. 
(Z. Phys., vol. 160, pp. 268 276; October 
1960.) The magnetization process is analyzed 
and general formulas are given for the demag¬ 
netizing field. An electron-optical method |3441 
of 1959 (Schwink and Murrman)| for deter¬ 
mining the magnetic distribution in and 
around the rod is discussed. 

2543 538.311 
Determination of the Energy of a Plane 

Magnetic Field by Representation of the Lat¬ 
ter in an Electric Current Field—F. Stier. 
(Arch. Elektrotech., vol. 45, pp. 343 346; Au¬ 
gust, 1960.) 

538.311:621.374 2544 
Equipment for Generating Strong Magnetic 

Fields of Short-Period Constancy—J. Durand. 
(). Kliiber, and H. Wulff. (Z. ange^v. Phys., vol. 

12, pp. 385 393; September, I960.) A suitably 
terminated low-pass filter network is used to 
produce flat-topped current pulses for generat¬ 
ing strong magnetic fields which are constant 
for periods of the order of 2 msec. 

538.566 2545 
A Dipole Absorber for Centimetric Electro¬ 

magnetic Waves with Reduced Reflection at 
Oblique Incidence G. Kurtze and E. G. Neu¬ 
mann. (Z. angew. Phys., vol. 12, pp. 385 393; 
September, 1960.) The addition to a resonance 
absorber of arrays of dipoles parallel and per¬ 
pendicular to the absorber surface minimizes 
reflection at oblique incidence; experimental 
results and theory are given. 

538.566:535.43 2546 
Multiple Scattering by a Random Stack of 

Dielectric Slabs I. Kay and R. A. Silverman. 
(Nnovo Cim., vol. 9, Suppl. no. 2, pp. 626 645; 
1958. In English.) When the number of slabs 
is large, the Neumann series for the mean-
square transmission and reflection coefficients 
converge much more rapidly than would lx- in¬ 
ferred from the smallness of the perturbation of 
the incident field by the scattering medium. 

538.569.4 2547 
Detection of Double Resonance by Fre¬ 

quency Change: Application to Hg20*—R. II. 
Kohler. (Phys. Rev., vol. 121, pp. 1104 1111; 
February, 1961.) 

538.569.4:535.33:621.375.9 2548 
The Three-Level Gas Maser as a Micro¬ 

wave Spectrometer —T. Yajima and K. Shi¬ 
moda. (J. Phys. Soc. Japan, vol. 15. pp. 1668-
1675; September, I960.) A method of micro¬ 
wave s|K‘Ctroscopy using three-level maser ac¬ 
tion is described and results of experiments on 
HDCO are discussed in relation to theory. See 
also 1481 of May (Shimoda el al.). 

538.569.4:538.221 2549 
Distribution of Fields from Randomly 

Placed Dipoles: Free-Precession Signal Decay 
as Result of Magnetic Grains R. J. S. Brown. 
(Phys. Rev., vol. 121, pp. 1379 1382; March, 
1961.) 

538.569.4:538.221 2550 
Ferromagnetic Relaxation caused by Inter¬ 

action with Thermally Excited Magnons E. 
Schlömann. (Phys. Rev., vol. 121. pp. 1312 
1319; March, 1961.) 

538.569.4:538.221 2551 
Note on the Back-Reaction Term in Ferro¬ 

magnetic Relaxation Equations II. (alien. 
(J. A ppi. Phys., vol. 32. p. 738; April, 1961.) A 
clarification is given of the status of the last 
term of the equation ii»=X»i.-nn+Xknhk' pro¡x>sed 
in a paper on the analysis of ferromagnetic 
resonance line width in ferrites (3901 of 1958). 

538.569.4:538.222 2552 
On the Theory of Spin-Lattice Relaxation in 

Paramagnetic Salts R. Orbach. (Proc. Phys. 
Soc., vol. 77. pp. 821 826; April, 1961.) 

538.569.4 :621.375.9:535.6 1-2 2553 
Spatial Coherence in the Output of an 

Optical Maser 1). F. Nelson and R. J. Collins. 
(J. A ppi. Phys., vol. 32. pp. 739 740; April, 
1961.) 

538.569.4:621.375.9:535.61-2 2554 
Optically Efficient Ruby Laser Pump — 

P. A. Miles and II. E. Edgerton. (J. A ppi. 
Phys., vol. 32, pp. 740 741; April, 1961.) 

GEOPHYSICAL AND EXTRATER¬ 
RESTRIAL PHENOMENA 

523.14:538.69 2555 
Note on the Magnetic Structure of the 

Galaxy -F. Hoyle and J. G. Ireland. (Monthly 

Notices Roy. Astron. Soc., vol. 122, no. 1, 
pp. 35 39; 1961.) Earlier theory (see 843 of 
March) is reassessed. 

523.164 2556 
A Comparison of Three Surveys of Radio 

Stars -A. S. Bennett and F. G. Smith. 
(Monthly Notices Roy. Astron. Soc., vol. 122, 
no. 1, pp. 71 77; 1961.) A recent survey of radio 
stars is compared with results of earlier meas¬ 
urements by Mills et al. (423 of 1959) and Edge 
et al. (Mem. Roy. Astron. Soc., vol. 68, pt. 2, pp. 
37-60; 1959). 

523.164 2557 
First Results of Radio Star Observations 

using the Method of Aperture Synthesis 
P. F. Scott, XL Ryle, and A. Hewish. (Monthly 
Notices Roy. Astron. Soc., vol. 122. pp. 95 111; 
March, 1961.) Four surveys, centered on decli¬ 
nations of 52°, 50°, 42° and 05° have been 
made at a wavelength of 1.7 m with a large in-
terferrometric radio telescoix* based on the tech¬ 
nique of aperture synthesis 13724 of 1960 
(Ryle and Hewish)]. Details of the observa¬ 
tional method, calibration, data reduction and 
analysis of the computed results are given. 

523.164 2558 
Observations of some Radio Sources on 3.2 

cm A. XL Karachun, A. D. Kus'min, and 
A. E. Salomonovich. (Astron. Zhur., vol. 38, pp. 
83 86; January/February, 1961.) A report of 
observations of discrete RF sources Taurus-A. 
Orion, Cygnus-A and Cassiopeia-A made dur¬ 
ing June, 1960, with a 22-m radio telescoix*. 

523.164:621.318.57 2559 
R. F. Switching Circuits and Hybrid Ring 

Circuits used in Radio Astronomy—Smith. 
(See 2485.) 

523.164:621.375.9:538.569.4 2560 
An Operational Ruby Maser for Observa¬ 

tions at 21 Centimetres with a 60-Foot Radio 
Telescope—Jelley and Cooj>er. (See 2521.) 

523.164.32:523.75 2561 
On the Relativistic Electrons in the Solar 

Atmosphere—K. Sakurai. (J. Geomag. Geo¬ 
elect., vol. 12, no. 2, pp. 70-76; 1961.) The 
ejection of relativistic electrons in association 
with flares is discussed and the loss of energy 
of these electrons through synchrotron radia¬ 
tion is related to type- IV RF bursts. 

523.164.4 2562 
The Surface Brightness of Radio Sources at 

Galactic Latitudes Greater than 20° P. R. R. 
Leslie. (Monthly Notices Roy. Astron. Soc., vol. 
122, no. 1, pp. 51 59; 1961.) 

523.164.4 2563 
The Relation between the Optical and 

Radio Magnitudes of Galaxies R. J. Long and 
D. R. Marks. (Monthly Notices Roy. Astron. 
Soc., vol. 122, no. 1, pp. 61-70; 1961.) A sta¬ 
tistical relation is found from observations of 
200 sources. 

523.165 2564 
A Radio Wave Mechanism to account for 

the Known Distribution of Van Allen Belts 
about the Earth J. XL Boyer. (Nature, vol. 
190. pp. 597 599; May, 1961.) A mechanism 
based on a conducting spherical earth illumi¬ 
nated by EM and corpuscular radiation from 
the sun is given to account for the positions of 
the X’an Allen belts. Interference between back-
scattered and incident radiation exhibits reso¬ 
nance peaks in a standing-wave pattern, in 
which peaks solar particles are trapped. 

523.165:550.38 2565 
Motion of Low-Energy Solar Cosmic-Ray 

Particles in the Earth’s Magnetic Field K 
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Sakurai. (J Geomag. Geoelecl., vol. 12. no. 2, 
pp. 59 69; 1961.) 

523.165:551.507.362.2 2566 
Cosmic Noise Measurements from 1960 77I 

at 3.8 Mc s A. R. Molozzi, C. A. Franklin, 
and J. P. I. Tyas. (Nature, vol. 190, pp. 616-
617; May, 1961.) Noise field strengths are 
given, as measured in the satellite, for positions 
in both hemispheres. 

523.42:621.396.96 2567 
A New Determination of the Solar Parallax 

by means of Radar Echoes from Venus J. II. 
Thomson, G. N. Taylor, J. E. B. Ponsonby, and 
R. S. Roger. (Nature, vol. 190. pp. 519 520; 
May, 1961.) The value of 8.7943 ±0.0003" of 
arc obtained for the solar parallax is compared 
with values obtained by other workers. See also 
ibid., vol. 190, p. 592. May. 1961. 

523.75:523.165 2568 
The Time Variations of Solar Cosmic Rays 

during July 1959 at Minneapolis J. R. Winck¬ 
ler, P. I). Bhavsar, and L. Peterson. (J. 
Geophys. Res., vol. 66, pp. 995 1022; April, 
1961.) Balloon observations with ion cham¬ 
bers, Geiger counters and scintillation counters 
of solar cosmic rays accompanying three large 
solar flares are reported. Correlation with mag¬ 
netic data is given and proton energy spectra 
calculated. 

523.75:523.165 2569 
The High Energy Cosmic-Ray Flare of 

May 4, 1960: Part 1—High-Altitutde Ioniza¬ 
tion and Counter Measurements -J. R. Winck¬ 
ler, A. J. Masley, and T. C. May. (J . Geophys. 
Res., vol. 66. pp. 1023 1027;’ April, 1961.) 
Measurements of cosmic rays from a solar 
flare are reported. Various types of counters 
were used in a balloon. The rate at which the 
particle flux decreased with time is compared 
with neutron flux measurements at the ground. 

523.75:523.165 2570 
The High-Energy Cosmic-Ray Flare of 

May 4, 1960: Part 2—Emulsion Measure¬ 
ments S. Biswas and P.S. Freier. (J . Geophys. 
Res., vol. 66, pp. 1029 1033; April. 1961.) 
Nuclear emulsions recovered from a balloon 
give the energy siæctrum of the cosmic rays. 
Excess flux was observed of protons in the 
energy range 200 1000 Mev. (Part 1: 2569 
above.) 

550.385:539.16 2571 
Experimental Analysis of Magnetic and 

Telluric Effects of the Argus Experiment Re¬ 
corded at French Stations S. Eschenbren-
ner, L. Ferrieux, R. Godivier. R. Lachaux, H. 
Larzillière, A. Lebeau. R. Schlich, and E. 
Selzer. (.4 nn. Geophys., vol. 16, pp. 264 271; 
April June. 1960.) Recordings made at six sta¬ 
tions have been analyzed. Results are produced 
in tabular form and photographic reproductions 
of typical records are given. 

550.385.4 2572 
The Steady State of the Chapman-Ferraro 

Problem in Two Dimensions J. W. Dungey. 
(J. Geophys. Res., vol. 66, pp. 1043 1047; 
April, 1961.) The form of the cavity in the 
plane of the dipole and uniform solar stream is 
derived using the method of complex potentials. 

550.385.4:523.165 2573 
Large-Scale Electron Bombardment of the 

Atmosphere at the Sudden Commencement of 
a Geomagnetic Storm R. R. Brown, T. R. 
Hartz, B. Landmark. H. Leinbach, and J. Ort¬ 
ner. (J. Geophys. Res., vol. 66, pp. 1035 1041; 
April, 1961.) X-ray bursts coincident in time 
with two sudden commencement peaks in mag¬ 
netic records were observed with balloon-borne 
Geiger counters. Ionospheric absorption data 

are given. An estimate is made of the electron 
flux required to account for the X-ray intensi¬ 
ties, and their origin is discussed. 

550.385.4:551.594.5 2574 
Solar-Stream Distortion of the Geomag¬ 

netic Field and Polar Electrojets J. W. Kern. 
(J. Geophys. Res., vol. 66, pp. 1290 1292; 
April. 1961.) The geomagnetic field distortion 
may introduce longitudinal field gradients 
which will lead to electrojet-current systems of 
the form observed. 

550.386.37:550.37 2575 
Radiation from a Current Filament above a 

Homogeneous Earth, with Application to Mi¬ 
cropulsations I’ F. Law and B. M. Fannin. 
(J. Geophys. Res., vol. 66, pp. 1049 1059; April. 
1961.) Near-field considerations are used to 
steady the radiations at micropulsation fre¬ 
quencies from an ionospheric current. 

550.386.6 2576 
The Diurnal Variation of K Indices of Geo¬ 

magnetic Activity on Quiet Days in 1940-1948 
— S. B. Nicholson and O. R. Wulf. (J. Geophys. 
Res., vol. 66, pp. 1139 1144. April, 1961.) Lo¬ 
cal-time and universal-time components are de¬ 
rived from the K numbers from six observa¬ 
tories in moderately low latitudes. 

551.507.362.1 2577 
Measurement of the Temperature in the 

Upper Atmosphere to 150 km in a Rocket Ex¬ 
periment J. E. Blamont, T. M. Donahue, and 
M. L. Lory. (Phys. Rev. Lett., vol. 6, pp. 403-
404; April, 1961.) Spectroscopic observation of 
sunlight resonantly scattered from a sodium 
cloud formed by ejection of sodium from a 
rocket, gave atmospheric temperat tires Ix*-
tween 100 and 150 km. 

551.507.362.1 2578 
The Motion of the Third Soviet Cosmic 

Rocket—V. T. Gontkovskaya and G. A. 
Chebotarev. (Astron. Zhur., vol. 38, pp 125 
130; January/February, 1961.) An investiga¬ 
tion of the motion of Lunik III from October 
15, 1959, to March 30, 1960. Results are sum¬ 
marized in tabular form. 

551.507.362.2 2579 
Satellite Orbits about a Planet with Rota¬ 

tional Symmetry C. M. Petty and J. V. 
Breakwell. (J. Franklin hist., vol. 270, pp. 
259 282; October, 1960.) An approximate 
closed-form solution, of high accuracy and 
without restriction on the inclination angle or 
eccentricity, is obtained for the equations of 
motion of an earth satellite. 

551.507.362.2 2580 
Satellite Orbit Perturbations in Vector 

Form R. R. Allan. (Nature, vol. 190, p. 615; 
May, 1961.) 

551.507.362.2 2581 
The Doppler Effect and Inertial Systems 

K. Toman. (Proc. IRE, vol 49, pt. 1, p. 971 ; 
May, 1961.) The minimum-range equation for 
the general case of curved orbits of satellite and 
observer is compared with the equation valid 
for inertial systems. See 2193 of July. 

551.507.362.2 2582 
Instrumentation for the First Anglo-Amer¬ 

ican Scout Satellite —A. P. Willmore. (J . Frit. 
Interplanetary Soc., vol. 18, pp. 11 16; Janu¬ 
ary/February, 1961. Discussion.) The satellite 
is primarily designed for studies of the iono¬ 
sphere. The techniques for measurement of 
electron density and temperature, ion mass, 
solar X rays and Lyman-a flux are described. 

551.507.362.2:526.6 2583 
Earth Satellites and Geodesy—I. D. Zhon-

golovich. (Astron. Zhur., vol. 38, pp 115 124; 

January/February. 1961.) Possible methods for 
determining geocentric coordinates of points 
on the earth’s surface from observations of the 
moon and artificial earth satellites are ex¬ 
amined. The determination of the difference 
between Ephemeris and Universal Time is con¬ 
sidered. 

551.507.362.2:526.6 2584 
Determination of Position on the Earth 

from a Single Visual Observation of an Arti¬ 
ficial Satellite \\ . A. Scott. (J. Inst. Nav., 
vol. 14, pp. 87 93; January. 1961.) If a reliable 
orbit is available and an observation of the 
satellite against a background of stars can lx* 
made to an accuracy within 0.1° and timed to 
0.2 s, the position of the observer can be de¬ 
termined with sufficient accuracy for naviga¬ 
tion purposes. A single visual observation of 
Echo 1 (1960i) provides the reference in a 
worked example. 

551.507.362.2:621.396.722 2585 
Ground Equipment for Radio Observations 

of Artificial Satellites Pressey. (See 2777.) 

551.507.362.2:778.53 2586 
Design and Results of First Tests on a 

Camera with a Moving Film for the Photog¬ 
raphy of Faint Artificial Satellites -L. \ Pan-
aiotov. (Astron. Zhur., vol. 38. pp. 145 156; 
January/February, 1961 .) 

551.510.53:621.391.812.63 2587 
Air Density Variations in the Mesophere, 

and the Winter Anomaly in Ionospheric Ab¬ 
sorption J. Mawdsley. (J. Geophys. Res., vol. 
66. pp. 1298 1299; April, 1961.) The ait den¬ 
sity variations observed in winter by Joncs et 
al. (J. Geophys. Res., vol. 64, pp. 2331 2340; 
December, 1959) may indicate air movements 
which could cause an enhancement of the NO 
content and give rise, in turn, to increased 
ionization and radio wave absorption. 

551.510.535 2588 
Ionization Loss Rates below 90 km -C. M. 

Crain. (J. Geophys. Res., vol. 66, pp. 1117 
1126; April, 1961.) Loss processes in the I) 
region are discussed, with a review of data on 
the rate coefficients involved. Theoretical 
height distributions of electrons and of positive 
and negative ions are given. 

551.510.535 2589 
World Maps of F»-Layer Critical Frequen¬ 

cies for the Solstice and Equinox Months of 
1954 and 1957 P. Herrinck and J. Goris. 
(Ann. Geophys., vol. 16, pp. 358 392; July 
September. I960.) Hourly world maps of /«F-
are analyzed as a function of solar activity. Re¬ 
sults show 1) asymmetrical distribution ovei 
the two hemispheres, 2) discontinuous diurnal 
movement of the world, maximum ionization 
and 3) the existence of four “poles” in the dis¬ 
tribution of the mean diurnal rate of increase of 
ionization due to solar activity, two of these 
poles corresponding to the magnetic poles and 
the other two being located in the equatorial 
belt where the geomagnetic equator is furthest 
from the geographic equator. It is concluded 
that these phenomena cannot be explained by 
existing theories and that the possibility of 
corpuscular discharge from a Van Allen belt 
should lx* investigated, particularly in relation 
to equatorial regions. 

551.510.535 2590 
On the Nature of Equatorial Spread-F 

R. Cohen and K. L. Bowles. (J. Geophys. Res., 
vol. 66. pp. 1081 1106; April, 1961.) Trans-
equatorial propagation on 50 Me via scattering 
from the F region above Huancayo was closely 
associated with equatorial-type (but not tem¬ 
perate-type) spread-F on Huancayo ionograms; 
i.e., range spreading, not frequency spreading. 



1476 PROCEEDINGS OF THE IRE September 

Plie irregularities take the form of thin sheets 
near the bottom of the F layer. They are 
elongated in the direction of the earth’s field, 
being 1000 in or more in length, and of the or¬ 
der of 10 m in at least one dimension transverse 
to the field. It is suggested that equatorial 
spread-F can occur only when the contours of 
mean electron density are parallel to the lines 
of force of the earth’s field. 

551.510.535 2591 
Critical Remarks on the Calculation of 

‘True Heights* A. K. Paul. (Geofis. pura e 
appl., vol. 47, pp. 69-78; September Decem¬ 
ber, 1960. In German.) 

The conditions are given and discussed 
which permit an unambiguous solution of the 
integral equation of ionospheric virtual height. 
Practical procedures and possible sources of 
error are indicated with some proposals for im¬ 
proved methods of evaluation. 

551.510.535 2592 
The Anomalous Ionospheric Absorption on 

Winter Days M. Bossolasco and A. Elena. 
(Geofis. pura e appl., vol. 47, pp. 89 100; Sep¬ 
tember December, I960. In English.) The 
mean diurnal variation is evaluated from 
ionospheric absorption measurements made at 
Genoa during 1959 I960. Abnormally high ab¬ 
sorption observed in January and February. 
1959, is discussed with reference to data ob¬ 
tained at other stations; the geographical dis¬ 
tribution of the phenomenon and the influence 
of meteors are considered. 

551.510.535:523.78 2593 
The Ionosphere at the Garchy Station at 

the Time of the Eclipse of 2nd October 1959 — 
A. Haubert. (Amm. Geophys., vol. 16, pp. 426-
427; July September, 1960.) Ionization density 
for true heights ranging from 120 to 260 km is 
plotted as a function of time for the period 
0900 1445 U.T. Results are briefly discussed. 

551.510.535:551.507.362.1 2594 
Some Results of Direct Probing in the 

Ionosphere W. Pfister, J. C. Ulwick, and 
R. P. Vancour. (J. Geophys. Res., vol. 66, pp. 
1293 1297; April, 1961.) Results of electron 
density measurements at two frequencies using 
two different RF impedance probe techniques 
are given. See 1491 of May (Haycock and 
Baker). 

551.510.535:551.507.362.2 2595 
Ionospheric Electron Content and its Varia¬ 

tions deduced from Satellite Observations— 
K. C. Yeh and G. W. Swenson, Jr. (J. Geophys. 
Res., vol. 66, pp. 1061 1067; April, 1961.) 
Faraday fading observations of signals from 
satellite 1958 Ò* on 20 and 40 Me have been 
analyzed to show diurnal and seasonal varia¬ 
tions of electron content from September, 
1958, to December, 1959. In twelve instances a 
decrease in content was observed following a 
magnetic storm. 

551.510.535:551.507.362.2 2596 
A Local Reduction of F-Region Ionization 

due to Missile Transit—H. G. Booker. (J. 
Geophys. Res., vol. 66, pp. 1073 1079; April, 
1961.) An explanation of an unusual echo re¬ 
ceived on local ionospheric sounders following 
the firing of Vanguard II is given in terms of a 
reduction in the ionization density at the F-
layer maximum. The interpretation is extended 
to explain spread-F and radio-star scintillation. 

551.510.535:621.3.087.4 2597 
Active High-Frequency Spectrometers for 

Ionospheric Sounding: Part 2—Selection of 
the Echo Signals from the Noise Background — 
K. Rawer. (Arch, elekt. Übertragung, vol. 14, 
pp. 373-379; September, I960.) The prior 
knowledge of echo properties such as periodic¬ 

ity, signal shape, RF phase and direction of 
arrival may be used to improye ionospheric re¬ 
cording methods. (Part 1: 2209 of July (Bibi).] 

551.510.535:621.391.812.63 2598 
The Relationship of Low-Height Ionosonde 

Echoes to Auroral-Zone Absorption and 
V.H.F. D Scatter J. K. Olesen and J. W. 
Wright. (J. Geophys. Res., vol. 66, pp. 1127 
1134; April, 1961.) Weak diffuse echoes are 
shown at heights between 75 and 95 km in the 
frequency range 2 8 Me. The diurnal, seasonal 
and height characteristics of the layer indicate 
that it is related to auroral-zone absorption and 
is responsible for VHF forward scatter. 

551.510.535:621.391.812.63 2599 
Man-Made Heating and Ionization of the 

Upper Atmosphere—P. A. Clavier. (J. Appl. 
Phys., vol. 32. pp. 570-577; April, 1961.) “Ab¬ 
sorption of radio signals by cyclotron resonance 
is shown to be possible within a very narrow 
layer of the atmosphere (20 km thick just be¬ 
low 100 km). For a plane-polarized signal only 
25 per cent of the power can be absorbed. Bet¬ 
ter results are obtained (50 per cent) with a cir¬ 
cularly polarized nidio wave. The absorbable 
power is limited by the effects obtained so that 
an electron density of 3000 cm-3 and an electron 
temperature of 1600°K cannot be exceeded. 
The reason for this is the weakness of the 
earth’s magnetic field.” 

551.510.535:621.391.812.63:551.507.362.2 
2600 

New Principle of Measurement of Iono¬ 
spheric Absorption —E. Vassy. (C. R. Acad. 
Sei. (Paris'), vol. 250, pp. 4189 4190; June, 
1960.) The mean coefficient of absorption in the 
region of the ionosphere below an artificial 
satellite may be calculated from measurements 
of the signal strength of the satellite transmis¬ 
sion, received on an omnidirectional antenna. 

551.510.535(98): 523.745 2601 
The Arctic Ionosphere and Solar Activity— 

N. C. Gerson. (Amm. Geophys., vol. 16, pp. 
253 261; April June, 1960.) Ionospheric con¬ 
ditions at several arctic stations have been 
correlated with solar activity using monthly 
median critical frequencies for the E, Fi and 
F» layers and the 13-month mean Zürich sun¬ 
spot numbers. 

551.594.5 2602 
A Neutral Line Discharge Theory of the 

Aurora Polaris S. I. Akasofu and S. Chapman. 
(Phil. Trans. Roy. Soc. London Ser. A., vol. 
253, pp. 359 406; April, 1961.) 

551.594.5 2603 
Southernmost Extent of Auroras according 

to German Observations on Land and Sea dur¬ 
ing the International Geophysical Year G. 
Lange-Hesse. (Natumdss., vol. 47, pp. 423 424; 
September, I960.) Results of observations are 
interpreted with reference to data from U. S. 
satellite measurements. 

551.594.5:523.75 2604 
A Note on 106.1-Mc/s Auroral Echoes De¬ 

tected at Stanford following the Solar Event of 
November 12, 1960 R. L. Leadabrand, W. E. 
Jaye, and R. B. Dyce. (J. Geophys. Res., vol. 
66, pp. 1069 1072; April 1961.) The time of 
transit of the auroral particles determined from 
radar observations was 20 hr 5 min. A change 
in range of echoes corresponding to a velocity 
of 100 km was also observed. 

551.594.6 2605 
On the Origin of VLF Noise in the Earth’s 

Exosphere—T. Ondoh. (J. Geomag. Geoelect., 
vol. 12, no. 2, pp. 77 83; 1961) The primary 
cause of VLF noise in the exosphere is Ceren¬ 
kov radiation due to high-speed protons. The 

natural thermal noise and proton cyclotron 
radiation effects are considered to be secondary 
noise sources. 

551.594.6 2606 
Graphical Methods for the Determination 

of the Distance of Atmospherics from their 
Waveform—R. Schminder. (Geofis. pura e 
appl., vol. 47, pp. 101 113; September-Decem¬ 
ber, 1960. In German.) Extension of the graph¬ 
ical method outlined in 2222 of July. Delay¬ 
time diagrams are given for reflection heights 
of 70, 80 and 90 km; comparisons are made 
with tabulated meteorological data. 

551.594.6 2607 
Determination of the Direction of Arrival 

and the Polarization of Whistling Atmospherics 
J. Delloue. (J. Phys. Radium, vol. 21. pp. 

514 526 and 587 599. June and July, 1960.) 
Measurements have been made at 5.5 kc using 
two pairs of identical antennas located at the 
ends of perpendicular base lines. Received sig¬ 
nals were passed to a central measuring station 
via microwave links. Results show that the 
direction of arrival of the signal makes an angle 
of between 5° and 25° with the magnetic field. 
Polarization is consistent with the direction of 
arrival observed and leads to electron densities 
about ten times smaller than those given by 
Storey (142 of 1954). 

551.594.6:539.16 2608 
Whistlers Excited by Sound Waves K. 

Rawer and K. Suchy. (Proc. IRE. vol. 49, pt. 
1, pp. 968 969; May, 1961.) Sound waves gen¬ 
erated by a nuclear explosion could excite 
transverse waves in the ionosphere, capable of 
propagation in whistler modes. 

LOCATION AND AIDS TO NAVIGATION 

621.396.663:551.594.5 2609 
The Ephi System for VLF Direction Find¬ 

ing—G. Hefley, R. F. Linfield, and T. L. 
Davis. (J. Res.NBS, vol. 65C, pp. 43-49; Jan¬ 
uary March, 1961.) In the system described, 
the bearing of the transient signal is determined 
from the relative phase 0 of the vertical electric 
field E received at three spaced antennas which 
are separated by equal-length base lines of 

Ä at 10 kc. Appropriate phase detectors, 
delay lines and coincidence circuits are used to 
obtain a directional code in preset sectors. 
Bearing errors are expected to be <1°. 

62 1.396.932/.933 2610 
Radio Navigation and Teleguidance at 

Long Range -E. Vassy. (A mm. Télécommun., 
vol. 14, pp. 256-260; Septem ber/October, 
1959.) Phase differences due to ionospheric ef¬ 
fects are discussed in relation to the Rana sys¬ 
tem [3314of 1953 (Honoré and Torcheux)]. For 
a given region and time, such a hyperbolic sys¬ 
tem can theoretically operate correctly at long 
range provided frequencies are chosen which 
correspond to plateaus on the relevant h'(f) 
curves. 

621.396.933 2611 
Doppler in Practice (J. Inst. Nav., vol. 14, 

pp. 34-63; January, 1961.) The following 
papers, which concern intermediate results of 
evaluation trials of Doppler navigation equip¬ 
ment, were presented at a meeting of the Insti¬ 
tute of Navigation on May 20, 1960. 

1) Doppler Navigation in S.A.S.—E. S. 
Pedersen (pp. 34 42). 

2) An Evaluation of the Marconi AD 2300 
—\V. E. Brunt (pp. 42 55). 

3) The Potential Application of Doppler to 
Air Navigation J. E. D. Williams (pp. 55-58). 
Discussion (pp. 58-63). 

621.396.96:629.13.052 2612 
The Operation of Radio Altimeters over 

Snow-Covered Ground or Ice—W. R. Piggott. 
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(Proc. IRE, vol. 49, pt. I. p. 965; May, 1961.) 
The reading of a HF altimeter above a snow-
or ice-covered surface corresponds to the lower 
boundary of the frozen material and thus may 
Im* misleading. See 2346 of July (Piggott and 
Barclay). 

621.396.962.25 2613 
Analysis of a Frequency-Modulated Con¬ 

tinuous-Wave Ranging System L. Kay: 
A. J. Hymans, and J. Lait. (Proc. I EE, pt. B, 
vol. 108, pp. 238 239; March, 1961.) Discus¬ 
sion of 3523 of I960. 

621.396.963.3:621.396.677 2614 
A Fast Electronically Scanned Radar Re¬ 

ceiving System 1). E. N. Davies. (J. Brit. 
IRE, vol. 21, pp. 305 318; April, 1961. Dis¬ 
cussion, pp. 319 321.) An experimental method 
of obtaining the dynamic antenna polar dia¬ 
gram for a 3-cm system with a scanning rate up 
to 1 Me is described. Absolute limitations of the 
technique are considered and its application to 
a “within-pulse” scanning system is discussed. 
See 818 of 1959 and back reference. 

621.396.963.325 2615 
The Optimum Exploitation of the Radar 

P.P.I. Display by a Transmission System with 
Frequency-Band Compression H. Gillmann. 
(Frequenz., vol. 14, pp. 306 314; September, 
1960.) A theoretical investigation is made to 
determine the optimum transmission system 
for exploiting fully the properties of the display 
screen, allowing for the influence of the antenna 
system on azimuthal resolution. Results are 
given in diagrammatic form. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

535.215 2616 
Peculiarities in the Temperature Depend¬ 

ence of the Photoemission of Multi-alkali 
Cathodes—G. Frischmuth-Hoffmann, P. Gör¬ 
lich and H. Hora. (Z. N at urforsch., vol. 15a, 
pp. 1014 1016; November, I960.) Results ob¬ 
tained during measurements of quantum yield 
at low temperatures using cathodes of the type 
Cs.NazKj_zSb are discussed. See also 582 of 
February (Frischmuth-Hoffmann el al.). 

535.215:546.47’221 2617 
Electrical and Optical Properties of Zinc 

Sulphide Crystals in Polarized Light -J. A. 
Beun and G. J. Goldsmith. (Helv. Phys. Ada, 
vol. 33, pp. 508 513; October, I960.) Optical 
transmission, photoconductivity and ¡»hoto-
volt aie effect were measured on series of crys¬ 
tals. 

535.215:546.47’48’231 2618 
Spectral Distribution of the Internal Photo¬ 

effect in the ZnSe-CdSe System— B. T. Kolo¬ 
miets and Lin' Tszyun'tin. (Fiz. Tverdogo Tela, 
vol. 2, pp. 168-170; January, 1960.) 

535.215: 546.48’221 2619 
Enhancement of Photoconductivity upon 

Cadmium Sulphide Single Crystals S. Kita¬ 
mura, T. Kubo, and T. Yamashita. (J. phys. 
Soc. Japan, vol. 16, p. 351; February, 1961.) 
Experimental results on the quenching and en¬ 
hancement of photoconductivity by infrared 
radiation, under various conditions of applied 
voltage, are given. They are not explicable by 
an existing theory of the effects. 

535.215:546.48’221:539.23 2620 
Effect of Heat Treatment upon Sintered 

Cadmium Sulphide Photoconductive Films — 
S. Kitamura. (J. Phys. Soc. Japan, vol. 15, p. 
1697; September, I960.) The relation between 
dark current and temi»erature was found to be 
reversible below, and irreversible above, 90°C. 

535.215:546.48’231 2621 
On the Mechanism of the Electrical Con¬ 

duction in CdSe H. Tubota, H. Suzuki, and 
K. Hirakawa. (J. Phys. Soc. Japan, vol. 15, p. 
1701; September, 1960.) Experiment showed 
that the impurity centers contributing to the 
electrical conduction in CdSe are almost cer¬ 
tainly Se vacancies. 

535.215:546.48’231 2622 
Nonequilibrium Carrier Lifetime in the 

Surface Layers of (CdSe-f-Ag) Single Crystals 
—U. B. Solta mov and 1. G. Perestoronin. (Fiz. 
Tverdogo Tela, vol. 2, pp. 26 27; January, 
1960.) Activation of the surface by electron 
bombardment produces a change of the re¬ 
combination velocity in the surface layer; the 
non-equilibrium carrier lifetime rises with the 
amount of activation. 

535.215:546.48’241 2623 
Investigation of Surface Layers on CdTe 

Crystals—Yu. A. Vodakov, G. A. Lomakina, 
G. P. Naumov, and Yu. P. Masía kovets. 
(Fiz. Tverdogo Tela, vol. 2, pp. 55 61 ; January, 
1960.) 

535.215:546.48’241 2624 
Quantum Efficiency of CdTe p-n Junctions 

in the Ultraviolet Part of the Spectrum —G. B. 
DubrovskiL (Fiz. Tverdogo Tela, vol. 2, pp. 
569 570; April, 1960.) A note of measurements 
was made of the spectral sensitivity of CdTe 
photocells of a type described earlier (2815 
below), to determine if electron multiplication 
occurs when the cells are illuminated by short¬ 
wavelength light. The excess energy of the 
primary photocarriers is found to be about 
2ev, i.e., it exceeds the energy gap by about 
0.5ev. 

535.215:546.492’221 2625 
Certain Features of the Photoconductivity 

of Mercuric Sulphide N. I. Butsko. (Fiz. 
Tverdogo Tela, vol. 2, pp. 629-632; April, I960.) 
The use and decay characteristics of photo¬ 
conductivity in hexagonal MgS prepared arti¬ 
ficially are similar to those of photoresistors of 
“hyperbolic” type such as Se or CdS at low 
temperatures. 

535.215:546.817’231:548.5 2626 
Growth from the Vapour of Large Single 

Crystals of Lead Selenide of Controlled Com¬ 
position—A. C. Prior. (J. Electrochem. Soc., 
vol. 108, pp. 82 87; January, 1961.) 

535.215:546.863’231 2627 
The Mechanism of Photoconductivity in 

Amorphous Chalcogenide Layers B. T. Kolo¬ 
miets and V. M. Lyubin. (Fiz. Tverdogo Tela, 
vol. 2, pp. 52 54; January, I960.) Results are 
given of an investigation of amorphous layers 
of Sb-jS3 relating to the dependence of photo¬ 
current on illumination at comparatively high 
temperature and of the temperature depend¬ 
ence of photocurrent over a wide range of 
illumination intensities. 

535.37:546.47’221 2628 
Behaviour of Excited Electrons and Holes 

in Zinc Sulphide Phosphors—S. Shionoya, 
H. P. Kallmann, and B. Kramer. (Phys. Rev., 
vol. 121, pp. 1607 1619; March, 1961.) Ex¬ 
perimental data are used to correlate the vari¬ 
ous processes involved in fluorescence, phos¬ 
phorescence, glow emission, stimulation and 
quenching. A theoretical discussion of possible 
transition mechanisms giving rise to these 
effects is given. 

535.376 2629 
Field Enhancement in ZnSCdS-Mn Phos¬ 

phors —G. Wendel. (Z. Naturforsch, vol. 15a, 
pp. 1010 1011; November, 1960.) Report on 
luminescence measurements which suggests 

that the increase in enhancement ratio ob¬ 
served by Destriau (2753 of 1958) is not pri¬ 
marily due to sensitization by traces of Au. 

535.376:546.47’221 2630 
The Effects of Infrared Radiation on 

Trapped Electrons in Excited ZnS Phosphors 
B. Kramer, and M. Schön. (Z. Phys., vol. 160, 
pp. 145-148; October. 1960. In English.) 
Anomalies in light emission when infrared 
radiation is applied to ZnS phosphors under 
ultraviolet excitation are interpreted with ref¬ 
erence to experimental results. 

537.226:539.12.04 2631 
Effect of Pile Irradiation on the Dielectric 

Properties of Triglycine Sulphate Single Crys¬ 
tals -E. Fatuzzo. (Helv. Phys. Acta, vol. 33, 
pp. 501 504; October, 1960.) Experimental in¬ 
vestigation is made of hysteresis loops de¬ 
formed as a consequence of neutron bombard¬ 
ment, and of changes in polarization, coercive 
field and intrinsic bias as a function of inte¬ 
grated neutron flux. 

537.227 2632 
Free Energy of 180° Walls and Surfaces in 

a Cubic Body-Centred Dipole Lattice R. 
Sommerhalder. (Helv. Phys. Ada, vol. 33, pp. 
617-626; October. 1960. In German.) The free 
energy of domain walls and of surfaces in 
ferroelectrics is estimated, assuming a simple 
model of dipole interaction in a body-centred 
cubic lattice. 

535.227 2633 
Antiferroelectric and Ferroelectric Proper¬ 

ties of Certain Solid Solutions containing 
PbjMgWOß—N. N. Kraínik and A. T. 
Agranovskaya. (Fiz. Tverdogo Tela, vol. 2, pp. 
70-72; January, 1960.) An investigation is 
made of the permittivity of PbMgo.5Wo.5O3 
— PbTiOa solid solutions in the range —200 to 
+300°C and the dependence of the Curie point 
on composition. 

537.227 2634 
Solid Solutions of Niobates and Tantalates 

based on BaTiO;—E. V. Sinyakov and E. A. 
Stafiichuk. (Fiz. Tverdogo Tela, vol. 2, pp. 73 
79; January, 1960.) 

537.227 2635 
Ferroelectric and Antiferroelectric Proper¬ 

ties of NaNbO -PbZrO Solid Solutions 
N. N. Kra mi k. (Fiz. Tverdogo Tela, vol. 2, pp. 
685-690; April, 1960.) 

537.227 2636 
Order-Disorder Model Theory for the 

Ferroelectric Effect in the Dihydrogen Phos¬ 
phates—M. E. Senko. (Phys. Rev., vol. 121, 
pp. 1599-1604; March, 1961.) 

537.227 2637 
Ferroelectricity in the Potassium Ferro¬ 

cyanide Group Ferroelectrics Substituted by 
Deuterium for Hydrogen—S. Waku, K. 
Masuno and T. Tanaka. (J. Phys. Soc. Japan, 
vol. 15, p. 1698; September, 1960.) 

537.227:537.311.3 2638 
The Nature of the Transitional Conduction 

Processes in Ferroelectric Materials V. M. 
Gurevich, I. S. Zheludev and I. S. Rez. (Fiz. 
Tverdogo Tela, vol. 2, pp. 691-696; April, 
1960.) Conductivity characteristics of BaTiO» 
(see 2639 below) and other ferroelectric crystals 
are analyzed. 

537.227:546.431’824—31 2639 
Transitional Direct-Current Conduction 

Processes in Ceramic BaTiO; V. M. Gurevich 
and I. S. Res. (Fiz. Tverdogo Tela, vol. 2, pp 
673-678; April, 1960.) An experimental investi¬ 
gation is made of the gradual development of 
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current flow, which is attributed to ferroelec¬ 
tric polarization effects. 

537.227:546.431’824-31 2640 
Effect of Impurities on Electrical Solid-

State Properties of Barium Titanate ('. F. 
Pulvari. (J. Amer. Ceram. Soc., vol. 42. pp. 
355 363; August. 1959.) An experimental in¬ 
vestigation is made of the skin and bulk proiær-
ties of BaTiQi single crystals with various im¬ 
purity additions. 

537.227:546.43 1’824-31 2641 
Effect of Additives of Limited Solid Solu¬ 

bility on Ferroelectric Properties of Barium 
Titanate Ceramics I’. Baxter, X. J. Heliicar, 
and B. Lewis. (J. Amer. Ceram. Soc., vol. 42. 
pp. 465-470; October, 1959.) Two classes of 
additives are considered: 1) those giving normal 
ferroelectric properties with particularly low 
electrical and mechanical losses and 2) those 
giving increased permittivity at room tem¬ 
peratures. 

537.227: 546.431’824—31 2642 
Dielectric After-Effects in Ceramic Barium 

Titanates (L Bullinger. (Z. angew. Phys., vol. 
12. i>p. 410 423; September, I960.) The polari¬ 
zation mechanism of polycrystalline BaTiOi 
is investigated experimentally with particular 
regard to the dependence of after-effects on 
temperature and voltage. 

537.227:546.43 1’824-31 2643 
Motion of 180° Domain Walls in BaTiO 

under the Application of a Train of Voltage 
Pulses -R. C. Miller and A. Savage. (J. Appl. 
Phys., vol. 32. pp. 714 721; April. 1961.) The 
lateral range of the opposing surface-layer field 
caused by an element of charge on the interface 
is of the order of 2000 X. The observed phe¬ 
nomena are described in terms of the surface¬ 
layer model of Drougard and Landauer (923 of 
1960). 

537.228:546.431’824—31 2644 
Piezoresistance and Piezocapacitance Ef¬ 

fects in Barium Strontium Titanate Ceramics 
H. A. Sauer, S. S. Flaschen, and I). C. Hoes-
terey. (J. Amer. Ceram. Soc., vol. 42, pp. 363-
366; August, 1959.) A large change of resist¬ 
ance with stress is reported for a series of 
ceramic compositions in the system (Ba, Sr, 
La)TiOs, and positive piezocapacitive effect in 
these compositions in the absence of La. 

537.228.1 2645 
Approximate Method of Calculating Elec¬ 

tromechanical Coupling Factor -XL Marutake. 
(Proc. IRE, vol. 49, pt. 1, p. 967; May. 1961.) 

537.228.1 2646 
Elastic Constants of Ammonium Dihydro¬ 

gen Phosphate (ADP) and the Laval Theory of 
Crystal Elasticity II. Jaffe and C. S. Smith 
(Phys. Rev., vol. 121, pp. 1604 1607; March, 
1961.) 

537.228.1 2647 
Investigation of Temperature Dependence 

of the Electric and Elastic Parameters of 
Cancrinite —X’. A. Koptsik and L. A. Erma¬ 
kova. (Fiz. Tverdogo Tela, vol. 2, pp. 697 700; 
April, I960.) A report of measurements is 
given of dielectric constant, piezoelectric 
modulus and coefficient of elasticity of cancri¬ 
nite, a sodium calcium aluminosilicate, in the 
temperature range +20 to — 140°C. 

537.311.33 2648 
Thermally Stimulated Conductivity in 

Semiconductors —I. 1. Boiko, E. 1. Rashba. 
and A. P. Trofimenko. (Fiz. Tverdogo Tela. 
vol. 2, pp. 109 117; January, 1960.) A theory 
of stimulated conductivity based on a general 
semiconductor model is given. From an analysis 

of ex|>erimental data for various heating rates 
the depth of local levels can be determined. 

537.311.33 2649 
Absorption of Infrared Radiation by Semi¬ 

conductors in an Electric Field X. X’. Fomin. 
(Fiz. Tverdogo Tela, vol. 2, pp. 605 -607; April, 
1960.) An expression is derived for the mean 
absorption probability as a function of the 
angle between the space vector of the radiation 
and the electric field direction. 

537.311.33 2650 
Determination of the Effective Mass of Free 

Charge Carriers in Semiconductors by Infrared 
Absorption K. J. Palnker and E. Kauer. 
(Z. angew. Phys., vol. 12. pp. 425 432; Septem¬ 
ber, 1960.) The discrepancies in the determina¬ 
tion of charge-carrier mass on the basis of vari¬ 
ous theories of infrared absorption are dis¬ 
cussed. Experimental investigation on w-type 
CdTe gave an effective mass of 0.24 X tree 
electron mass. Thirty-one references 

537.311.33 2651 
Confirmation of Lifetimes by Noise and by 

Haynes-Shockley Method S. Okazaki (J. 
A ppi. Phys., vol. 32, pp. 712 713; April. 1961.) 
Values of minority-carrier lifetime in ger¬ 
manium filaments deduced from noise pro¬ 
duced by photo-generation of carriers agree 
well with the values obtained by the Haynes-
Sliockley method. 

537.311.33 2652 
Nature of an Ohmic Metal/ Semiconductor 

Contact—G. Diemer. (Physica, vol. 26, p. 889; 
November, I960.) An apparent contradiction 
of the model suggested in 150 of 1957 (Kröger 
et al.) is explained. 

537.311.33 2653 
Determination of the Semiconductor Sur¬ 

face Potential under a Metal Contact X. J. 
Harrick. (J. A ppi. Phys., vol. 32, pp. 568 570; 
April, 1961.) An adaptation of Johnson’s 
method (3884 of 1958) is described in which the 
excess carrier density is measured by an infra¬ 
red absorption technique. 

537.311.33 2654 
On the Electrical Conductivity of Polar 

Semi-conductors at High Frequencies P. IL 
Fang. (Ann. Phys., Lpz., vol. 6, pp. 115 119; 
September, 1960. In English.) The formula for 
the complex electrical conductivity of polar 
semiconductors as a function of applied fre¬ 
quency, derived by Stolz (3631 of 1959), is 
evaluated. A method of representing numerical 
values of conductivity on an Argand diagram 
is introduced, and the distribution of relaxa¬ 
tion times is discussed. 

537.311.33 2655 
The Problem of Internal Breakdown in 

Nonpolar Semiconductors —G. X'. Gordeev. 
(Fiz. Tverdogo Tela, vol. 2, pp. 611 619; April, 
I960.) Equality of the energy obtained by 
electrons from the applied field ami the energy 
transferred by the electrons to the lattice may 
occur at any electron temperature. A break¬ 
down criterion is introduced which allows for 
ionization and recombination. 

537.311.33 2656 
Minerals as Prototypes for New Semicon¬ 

ductor Compounds —G. Busch and F. Hulliger 
(Helv. Phys. Ada, vol. 33, pp. 65 7 666; Octo¬ 
ber, I960. In German.) Numerous new semi¬ 
conductors with low melting ¡»oints and activa¬ 
tion energies from 0.1 to 3 ev can be obtained 
by replacing certain elements in the series of 
minerals listed. 

537.311.33 2657 
Electrical Properties of Certain Semicon¬ 

ducting Oxide Glasses —V. A. Ioffe, I. B. 

Patrina, and I. S. Pol>erovskaya. (Fiz. Tverdogo 
Tela, vol. 2, pp. 656 662; April, 1960.) The 
conductivity, thermoelectric power, dielectric 
loss and permittivity of glasses in the systems 
V2O5-P2O5, V/h-PsOi-BaO and XVO3-
P2O;,— KoO have been investigated. 

537.311.33 2658 
Surface Structures and Properties of 

Diamond-Structure Semiconductors—D. I lane¬ 
man. (Phys. Rev., vol. 121, pp. 1093 1100; 
February, 1961.) Results of low-energy elec¬ 
tron-diffraction and secondary-emission meas¬ 
urements on GaSb and InSb are discussed, and 
a general model (111) surfaces is proposed. 

537.311.33 2659 
Investigation of the Semiconducting Proper¬ 

ties of Selenides and Tellurides of Germanium 
and Tin—J. W. Verst repen. [G.R. Acad. Sei., 
(Paris), vol. 251, pp. 1273 1274; September, 
I960.) 

537.311.33:538.63 2660 
Magnetoelectric and Thermomagnetoelec¬ 

tric Effects in Semiconductors : Part 2 
L. Godefroy and J Tavernier. (J. Phys. 
Radium, vol. 21. pp. 544 550; June, I960.) 
The results of a previous paper (3914 of 1960) 
are used to calculate the conductivity and 
thermoelectric power tensors in the general 
case of a crystal of cubic symmetry. Measure¬ 
ments of the magnetoelectric and thermomag¬ 
netoelectric effects are not sufficient to establish 
the band structure of a cubic crystal. 

537.311.33:538.63 2661 
Investigation of the Diffusion of Minority 

Current Carriers in a Magnetic Field -S. XL 
Ryvkin, A. A. Grinberg, Yu. L. Ivanov, S. R. 
Novikov, and N. D. Potekhina. (Fiz. Tverdogo 
Tela, vol. 2, pp. 575 590; April, I960.) Theo¬ 
retical discussion and report of measurements 
of the distribution of minority-carrier concen¬ 
tration in Ge are given. See 2792 of 1960. 

537.311.33:539.23 2662 
Interference Method for Measuring the 

Thickness of Epitaxially Grown Films 
XV. G. Spitzer and XI. Tenenbaum. (J. A ppi. 
Phys., vol. 32, pp. 744 745; April, 1961.) In 
the case of a lightly doped epitaxial layer 
grown on a heavily doped substrate, incident 
infrared radiation is reflected at the surface 
and at the interface to produce interference 
fringes. 

537.311.33:546.28 2663 
Surface Properties of Silicon—V. G. 

Litovchenko and O. V. Snitko. (Fiz. Tverdogo 
Tela. vol. 2. pp. 591 604; April, I960.) A 
report and discussion are given of measure¬ 
ments of the effect of an external electric field 
on the conductivity, the surface recombination 
and the capacitor photo-EXI F in Si. Results 
show a complex system of surface levels, five 
fast and three slow. 

537.311.33:546.28 2664 
Surface Electrical Changes Caused by the 

Adsorption of Hydrogen and Oxygen on Silicon 
—J. T. Law. (J. A ppi. Phys., vol. 32, pp. 600 
609; April. 1961.) XIeasurements of surface 
conductance, lifetime of injected carriers, 
change in contact potential with light and con¬ 
tact potential between the Si sample and a 
reference electrode were made on surfaces 
cleaned by ion bombardment and during the 
absorption of molecular oxygen and atomic 
hydrogen. 

537.311.33:546.28 2665 
The Surface Photovoltaic Effect in Silicon 

and its Application to the Measurement of 
Minority-Carrier Lifetimes —A. Quilliet and 
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P. Gosar. (J. Phys. Radium, vol. 21, pp. 575-
578; July, 1960.) Measurements made by 
means of a modified form of the capacitive-
contact method [e.g. 1173 of 1958 (Johnson)] 
have been used to determine minority-carrier 
lifetimes. Results are in good agreement with 
those obtained by the method of Valdes (741 
of 1953). 

537.311.33:546.28 2666 
Investigation of the Accuracy of the Vari¬ 

ational Method in the Problem of Impurity 
Absorption of Light in Silicon V. M. Buimis-
trov and V. X. Piskovoï. (Fiz. Tverdogo Tela, 
vol. 2, pp. 608 610; April, 1960.) The accuracy 
with which the transition frequency can be 
calculated is within 4 per cent. 

537.311.33:546.28 2667 
Heat-Treatment Centres in Silicon Y. 

Matukura. (J. Phys. Soc. Japan, vol. 16, pp. 
192 197; February, 1961.) 

537.311.33:546.28 2668 
«-Trapping Centres in n-Type Silicon J. 

Okada and T. Suzuki. (J. Phys. Soc. Japan, 
vol. 15, p. 1709; September, 1960.) The a-
t rapping centers correspond to complexes which 
contain not only oxygen atoms |see 1926 of 
1959 (Kaiser el al.)], but also vacancies, inter¬ 
stitials or dislocations. 

537.311.33:546.28 2669 
The Effect of Heat Treatment on the Elec¬ 

trical Properties of /»-Type Silicon I. 1). 
Kirvaldze and V. F. Zhukov. (Fiz. Tverdogo 
Tela, vol. 2, pp. 571-574; April, 1960.) A 
report of measurements is given of the resis¬ 
tivity and carrier concentration of different 
single-crystal samples before and after heat 
treatment in air at temperatures up to 1200°C. 

537.311.33:546.28 2670 
Volume Recombination in /»-Type Silicon 

Subjected to Heat Treatment at High Tem¬ 
peratures -G. X. Galkin. (Fiz. Tverdogo Tela, 
vol. 2, pp. 8 14; January, 1960.) Heat treat¬ 
ment above 1200°C produced a recombination 
level in the lower half of the forbidden band 
0.13 ±0.01 ev from the valence band. The 
temperature dependence of the capture cross 
sections for electrons and holes was determined. 

537.311.33:546.28:530.12.04 2671 
Defects in Irradiated Silicon : Part 1— 

Electron Spin Resonance of the Si-A Centre— 
G. D. Watkins and J. W. Corbett. (Phys. Rev., 
vol. 121, pp. 1001 1014; February. 1961.) 

537.311.33:546.28:539.12.04 2672 
Defects in Irradiated Silicon : Part 2— 

Infrared Absorption of the Si-A Centre—J. W. 
Corbett, G. 1). Watkins, R. M. Chrenko, and 
R. S. McDonald. (Phys. Rev., vol. 121, pp. 
1015 1022; February. 1961.) Part 1: 2671 
above. 

537.311.33:546.28:539.12.04 2673 
Annealing of Radiation Damage on Lifetime 

in Silicon K. Matsuura and Y. Inuishi. (J. 
Phys. Soc. Japan, vol. 16, p. 339; February, 
1961.) 

537.311.33:546.289 2674 
Recombination Noise in Germanium in the 

Range of Defect Semiconductivity—G. Lautz 
and M. Pilkuln. (Natunciss. vol. 47, pp. 394; 
September, 1960.) A report is made of noise 
measurements on n- and /»-type single-crystal 
Ge with differing impurity content, in the 
temperature range 5 300°K. 

537.311.33:546.289 2675 
The Relation between Excess Noise and 

Surface Trapping in Germanium—L. S. 
Sochava and D. X. Mirlin. (Fiz. Tverdogo 

Tela, vol. 2, pp. 23 25; January, 1960.) Field¬ 
effect frequency characteristics are compared 
with the excess-noise spectrum for the same 
specimens to test the validity of the McWhorter 
model (see 173 of 1957 (Kingston and Mc¬ 
Whorter)]. 

537.311.33:546.289 2676 
Determination of the Impurity Concentra¬ 

tion on Germanium R. M. Vinetskil and 
E. G. Miselyuk. (Fiz. Tverdogo Tela, vol. 2, pp. 
67 69; January, I960.) A method based on the 
effect of impurity scattering on resistivity is 
described. The impurity concentration is calcu¬ 
lated from the measured values of resistivity 
at two temperatures, and the values are given 
for change in the resistivity due to lattice scat¬ 
tering on lowering the temperature from 290 to 
100°K in /»-type and «-type Ge. 

537.311.33:546.289 2677 
The Absorption of Light in Germanium— 

M. I. Kornfel'd. (Fiz. Tverdogo Tela, vol. 2, pp. 
179 180; January. 1960.) An empirical expres¬ 
sion for the absorption coefficient is given. 

537.311.33:546.289 2678 
Thermal Conductivity of p- and n-Type 

Germanium with Different Carrier Concentra¬ 
tions in the Temperature Range 80-440 K — 
E. D. Devyatkova 1. A. Smirnov. (Fiz. 
Tverdogo Tela, vol. 2, pp. 561 565; April, 1960.) 
An earlier investigation is continued (1620 of 
1959) using a different method of measurement. 

537.311.33:546.289 2679 
Anisotropy of the Surface Breakdown of 

Germanium in the Range of Strong Fields 
A. 1. Morozov. (Fiz. Tverdogo Tela, vol. 2. pp. 
620 623; April. I960.) Single current pulses of 
of 10 1000-jusec duration and maximum ampli¬ 
tude 30a were passed through a point contact 
on samples of n- and /»-type Ge of resistivity 
0.1 40SLcm. Discharges observed along the Ge 
surface were in the form of a straight band 
emitting reddish light. The experiment showed 
that the surface breakdown in Ge is anisotropic, 
which may be due to the anisotropy of “hot’’ 
electrons. 

537.311.33:546.289 2680 
Effect of a Constant Electrical Field on 

Germanium Fast Surface States—Y. Margo 
ninski. (Phys. Rev., vol. 121, pp. 1282 1285; 
March, 1961.) To resolve conflicting ex¡>eri-
mental evidence, careful measurements of sur¬ 
face recombination velocity and surface con¬ 
ductivity were lærformed before and after ap¬ 
plication of de fields of about 2 X 10®v/cm. 
Resultsconfirm the assumption that the energy 
of the recombination centers is not affected by 
the field. 

537.311.33:546.289 2681 
Current Flow across Grain Boundaries in 

n-Type Germanium: Parts 1 and 2 R. K. 
Mueller. (J. A ppi. Phys., vol. 32, pp. 635-645; 
April, 1961.) A theory of current flow is given 
and confirmed by measurements. The meas¬ 
urements were made on s¡>ecially grown bi¬ 
crystals in the temperature range 200 350°K 
where carrier generation in the space-charge 
region could be* neglected in the theoretical 
treatment. 

537.311.33:546.289:535.215:538.639 2682 
Theory of the Anisotropic Photomagnetic 

Effect in Germanium—A. A. Grinberg. (Fiz. 
Tverdogo Tela, vol. 2, pp. 153-156; January, 
1960.) A mechanism is proposed accounting 
for the effects observed by Kikoin and Bykov¬ 
skii (2460 of 1958). 

537.311.33:546.289:538.632 2683 
Sign Reversal of Hall Coefficients at Low 

Temperatures in Heavily Compensated /»-type 

Germanium—IL Yonemitsu, H. Maeda, and 
H. Miyazawa. (J. Phys. Soc. Japan, vol. 15, 
pp. 1717 1718; September, I960.) Sign re¬ 
versal occurred at about 5°K. 

537.311.33:546.289:539.12.04 2684 
Mobility of Radiation-Induced Defects in 

Germanium—P. Baruch. (J. A ppi. Phys., vol. 
32, pi). 653-659; April, 1961.) The high elec¬ 
tric field in the space-charge region of a reverse-
biased Ge p + n junction is used to study the 
motion of defects induced in the structure by 
1-Mev electrons or y rays. Evidence is obtained 
of the nature of these defects and they arc cor¬ 
related with thermal annealing studies. 

537.311.33:546.289:548.0 2685 
Crystal Dislocation and Growth of Etch 

Pits -W. Riessler. (Z. angew. Phys., vol. 12, 
pp. 433 442; October, I960.) Experimental in¬ 
vestigations are made on Ge to determine the 
effects of various etchants and to interpret the 
course of etch-pit formation from an examina¬ 
tion of their shape. 

537.311.33:546.57’72’241 2686 
Semiconducting “Compound’’ AgFeTe»— 

J. H. Wernick and R. Wolfe. (J. A ppi. Phys., 
vol. 32, p. 749; April, 1961.) AgFeTe» is shown 
to contain at least two phases, one of which is 
AgjTe. The ternary phase, ideally AgFeTe», 
has not been identified. 

537.311.33:546.571’241 2687 
Degeneracy in Ag.Te—C. Wood, V. Harrap, 

and W. M. Kane. (Phys. Rev., vol. 121, pp. 
978-982; February, 1961.) 

537.311.33:546.571’241:539.23 2688 
Electrical Conduction in Thin Films of 

Silver Telluride—W. M. Kane and C. Wood. 
(J. Eleclrochem. Soc., vol. 108, pp. 101 102; 
January, 1961.) 

537.311.33:546.681’86 2689 
Electrical Properties of n-Type GaSb 

A. J. Strauss. (Phys. Rev., vol. 121. pp. 1087 
1090; February, 1961.) Certain experi¬ 
mental data are not explained by the two-
band model of Sagan (2448 of 1960). Syste¬ 
matic differences between the properties of 
Se-doped and Te-doped samples are probably 
associated with impurity conduction of the 
metallic type. 

537.311.33 :1546.628’ 18 + 546 68 1 ’ 19 2690 
Diffusion in Compound Semiconductors 

B. Goldstein. (Phys. Rev., vol. 121, pp. 1305 
1311; March, 1961.) Self-diffusion in single¬ 
crystal InP and (¡aAs has been measured, 
together with the diffusion of Cd, Zn, Sand Se 
in Ga As; the object was primarily to find the 
diffusion constants and activation energies and 
then to determine the sjæcific mechanism of 
diffusion. 

537.311.33:546.682’86 2691 
Observations of Electron-Hole Current 

Pinching in Indium Antimonide M. Glicks-
man and R. A. Powlus. (Phys. Rev., vol. 121, 
pp. 1659 1661; March, 1961.) Observations of 
the current and voltage as a function of time 
provide substantial corroboration for the occur¬ 
rence of pinching suggested earlier |3388 of 
1959 (Glicksman and Steele)]. 

537.311.33:546.73’28 2692 
An Investigation of the Semiconducting 

Properties in the Silicon-Cobalt System 
E. X. Xikitin. (Fiz. Tverdogo Tela. vol. 2, pp. 
633-636; April, 1960.) 

537.311.33:546.814-31 2693 
Semiconducting Tin Dioxide—A. Ya. 

Kuznetsov. (Fiz. Tverdogo Tela, vol. 2, pp. 35 
42; January, 1960.) Methods of preparation 
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and projxTties ot SnO* films for heating appli¬ 
cations are described. 

537.31 1.33 :546.817’241 :538.63 2694 
Oscillatory Magnetoresistance in n-Type 

PbTe V. Kanai, R. Nii, and X. Watanabe. 
(J. Phys. Soc. Japan, vol. 15. p. 1717; Septem¬ 
ber, I960.) Oscillatory galvanomagnetic effects 
were observed in w-type PbTe at 4.2° K in a 
strong pulsed magnetic field. 

537.311.33:548.5 2695 
Method of Growing Uniform Single Crys¬ 

tals of Alloyed Semiconductor Materials, 
Solid Solutions and Intermetallic Compounds 
of Given Composition Determined by the Com¬ 
position of the Melt S. V. Alrapetyants and 
G. I. Shmelev. (Fiz. Tverdogo Tela. vol. 2, pp. 
747 755; April, I960.) Details arc given of a 
float ing-crucible technique different from that 
described by Leverton (3896 of 1958), in which 
the melt composition in the socket of the float¬ 
ing crucible from which the crystal is pulled is 
that of the melt entering from the outer 
crucible. 

537.311.33:621.317.3 2696 
Electrodeless Measurement of Semicon¬ 

ductor Resistivity at Microwave Frequencies— 
Jacobs, Brand. Meindl. Benant, and Benjamin. 
(See 2730.) 

537.31 1.33 :621.362 2697 
Semiconducting Materials for Thermoelec¬ 

tric Power Generation F. I). Rosi, E. F. 
Hockings, and X. E. Lindenblad. (RCA Rev., 
vol. 22. pp. 82 121; March, 1961.) 

537.311.33:621.391.822 2698 
Fluctuation Noise in Semiconductor Space-

Charge Regions -L. J. Giacoletto. (Proc. 
IRE, vol. 49. pt. 1. pp. 921 927; May, 1961.) 
In addition to circuit noise, basic noise arises 
from fluctuations in the ionization state of the 
impurity atoms. Experimental verification of 
this noise would provide a new method for 
evaluating some of the properties of semicon¬ 
ductors. 

537.311.33:621.391.822 2699 
1// Noise and Channel in Ge p-n Junction 

K. Komatsubara, Y. Inuishi, H. Edagawa, and 
T. Shibaike. (J. Phys. Soc. Japan, vol. 15, pp. 
1713 1714; September, I960.) Direct evi¬ 
dence is given that the inversion-layer channel 
formation is a predominant source of 1// noise 
in reverse-biased p-n junctions. 

537.311.35 2700 
Electrokinetic Effects in Liquid Semicon¬ 

ductors V. B. Fiks and G. E. Pikus. (Fiz. 
Tverdogo Tela. vol. 2, pp. 65 66; January, 
I960.) The application of an electric field to a 
liquid semiconductor filling a capillary is con¬ 
sidered. By measuring the electrokinetic effects, 
the potential difference between the semicon¬ 
ductor surface and bulk can be determined. 

537.323 2701 
Effects of Doping Additions on the Thermo¬ 

electric Properties of the Intrinsic Semicon¬ 
ductor Bi_Te? iSeo.9—L. C. Bennett and J. R. 
Wiese. (J. A ppi. Phys., vol. 32, pp. 562-564; 
April, 1961.) 

537.323 2702 
Effect of Freezing Conditions on the Ther¬ 

moelectric Properties of BiSbTe. Crystals — 
G. J. Cosgrove, J. P. McHugh, and W. A. Til¬ 
ler. (J. A ppi. Phys., vol. 32. pp. 621 623; 
April, 1961.) 

537.533.8 2703 
Fine Structure of Secondary Emission vs 

Angle of Incidence of the Primary Beam on 
Titanium Single Crystals -R. W. Soshea and 

A. J. Dekker. (Phys. Rev., vol. 121, pp. 1362 
1369; March. 1961.) 

538.221 2704 
Magnetic Viscosity due to Solute Atom 

Pairs: Part 2—Experimental Results G. 
Biorci, A. Ferro , and G. Montalenti. (J. A ppi. 
Phys., vol. 32. pp. 630 635; April, 1961.) The 
results confirm the theory given in Part 1 (1250 
of April). 

538.221 2705 
Domain Configurations about Nonmagnetic 

Particles in Iron W. D. Xix and R. A. Hug¬ 
gins. (Phys. Rev., vol. 121, pp. 1038 1042; 
February, 1961.) 

538.221 2706 
Small-Angle Grain Boundaries as Obstacles 

to the Movement of Bloch Walls in Silicon 
Iron W. Stephan. (Z. ange^v. Phys., vol. 12. 
pp. 398 400; September. 1960.) 

538.221:537.311.31 2707 
The Influence of Aging Treatment on the 

Temperature Dependence of the Electric Re¬ 
sistance in Alnico 5 Magnet -T. Fujiwara and 
T. Kato. (J. Phys. Soc. Japan, vol. 15. p. 1705; 
September, I960.) 

538.221:539.23 2708 
Direct Measurement of the Uniaxial Mag¬ 

netic Anisotropy of Vapour-Deposited Thin 
Films of Iron, Nickel, Permalloy and Cobalt 
—Z. Málek and W. Schüppel. [Aww Phys. 
(Lpz)., vol. 6, pp. 252 261; September, 1960.J 
See also 267 of January (Málek el al.). 

538.221:539.23 2709 
Spin-Wave Resonance in Ni Films II. 

Nose. (J. Phys. Soc. Japan, vol. 15. pp. 1714 
1715 ; September, 1960.) 

538.221:539.23 2710 
Magnetization-Reversal Processes in Thin 

Ferromagnetic Ni-Fe Films S. Middlehock. 
(Helv. Phys. Ada, vol. 33, pp. 519 -524; Octo¬ 
ber, 1960. In German.) A study is made of 
hysteresis loops in directions parallel and per¬ 
pendicular to the applied magnetic field, to 
determine the remanence characteristics. 

538.221:539.23 2711 
Ni-Fe Single-Crystal Films and their Mag¬ 

netic Characteristics— R. R. Verderber and 
B. M. Kostyk. (J. Appl. Phys., vol. 32, pp 
696 699; April, 1961.) 

538.221:539.23 2712 
Free and Forced Oscillations of the Mag¬ 

netization in Thin Permalloy Films I’. Woll. 
(Z. Phys., vol. 160, pp. 310 319; October. I960.) 
Free oscillations in the range 500 1100 Me have 
been excited in films of thickness 1000 3000 A. 
Comparisons are made with the characteristics 
of forced oscillations observed in ferromagnetic 
resonance ex|x*riments. Results show reason¬ 
able agreement with theoretical results based 
on the Landau-Lifshitz equation. See also 
3591 of 1960 (Dietrich et al.). 

538.221:539.23 2713 
Magnetoresistance Effect in the Magnetiza¬ 

tion Reversal of Permalloy Films -E. Tatsu-
moto, K. Kuwahara, and M. Goto. (J. Phys. 
Soc. Japan, vol. 15, p. 1703; September, 1960.) 
Confirmation was obtained that the magnetiza¬ 
tion reversal in low frequency fields takes place 
by domain wall motion and rotation respec¬ 
tively parallel and perpendicular to the easy 
direction. 

538.221:539.23:621.385.833 2714 
Display of Weiss Domains in Thin Ferro¬ 

magnetic Films by means of an Electromag¬ 
netic Electron Microscope —E. Fuchs, (Natur-

wiss., vol. 47. p. 392; September, 1960.) A 
method is described for using electromagnetic 
lenses without affecting the magnetic structure 
of the film, and without having recourse to 
shadow and schlieren methods. 

538.221:539.234:538.61 2715 
The Application of the Magnified Magneto¬ 

optical Kerr Effect to Render Visible the Mag¬ 
netic Domains of Polycrystalline Cobalt and 
Nickel J. Kranz ami A. Schauer. ( Xalurwiss. 
vol. 47, pp. 392 393; September, I960. Further 
application of the method used in 1281 of 1959 
(Kranz and Drechsel) 

538.221:621.318.134 2716 
Effects of a Magnetic Field on Heat Con¬ 

duction in some Ferrimagnetic Crystals I). 
Douthett and S. A. Freidberg. (Phys. Rev., 
vol. 121, pp. 1662 1667; March, 1961. 

538.221:621.318.134 2717 
The Measurement of Galvanomagnetic 

Properties of Ferrites —K. Zaveta. (Fiz. 
Tverdogo Tela. vol. 2, pp. 106 108; January, 
1960.) The anomalous temperature dependence 
of the change of resistance with magnetic field 
measured near Curie point [3912 of 1958 
(Belov and Talalaeva)] can be considered as a 
magnetot herma! effect . 

538.221:621.318.134 2718 
Experimental Determination of the Com¬ 

ponents of the Permeability Tensor and the 
Spectroscopic Splitting Factor of Mg-Mn 
Ferrites in the Microwave Region : Part 1 
K. II. Gothe. [Aww. Phys., (Lpz), vol. 6, pp. 
298 306; September, 1960. )J An IF method 
was used for measurement at 3.2 cmX with the 
apparatus described. Additional measurements 
to determine the frequency dependence of the 
splitting factor were made at 1.25 cmX. 

538.221:621.318.134 2719 
Time Decrease of Magnetic Permeability 

in some Mixed Ferrites— K. Ohta. (J. Phys. 
Soc. Japan, vol. 16, pp. 250 258; February, 
1961.) Disaccommodation measurements for a 
number of ceramic ferrites and also for a single 
crystal of Xi-Zn ferrite, are described. The dis¬ 
placement of either vacancies or interstitial ions 
may be the main origin of the phenomenon. 

538.221:621.318.134 2720 
Ferromagnetic Alignment by Antiferromag¬ 

netic Exchange Interaction. Note on the Mag¬ 
netic Behaviour of Neodymium Garnet 
W. P. Wolf. (J. Appl. Phys., vol. 32. pp. 742 
743; April. 1961.) 

538.221:621.318.134:537.311.33 2721 
Electric Conduction of Ferrites containing 

Fe Ions X. Miyata. (J. Phys. Soc. Japan, 
vol. 16. pp. 206 208; February, 1961.) A 
measurement and interpretation are given of 
de conductivities from 100 300° K, for the 
ferrite solid solution (.l/Fc-AMi -„(Fe.iO^)^, 
where \i = Mn. Xi, Mn-Xi. or Zn. 

538.221:621.3 18. 134 : 538.569.4 2722 
Subsidiary Absorption above Ferrimagnetic 

Resonance—P. ('. Fletcher and X. Silence. (J . 
Appl. Phys., vol. 32, pp. 706 71 1 ; April, 1961.) 
Theory is developed and confirmed by experi¬ 
ment showing that subsidiary absorption can 
be observed above Kittel resonance. This 
verifies Suhl’s theory of high-power phenomena 
in ferrites. The absorption occurs at many un-
sus|K‘Cted field strengths and is controlled to a 
certain extent by sample shape and material. 

538.221:62 1.3 18. 134:538.569.4 2723 
Measurement of Saturation Magnetization 

of Ferrites by means of Ferromagnetic Reso¬ 
nance —F. Schneider. (Z. angew. Phys., vol. 12, 
pp. 447 450; Octolwr. I960.) The saturation 
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magnetization of three polycrystalline ferrites 
is calculated from the line spacing of the ab¬ 
sorption spectrum. Good agreement with values 
measured by’ magnetic balance is obtained. 

538.221 : 621.318.134: 538.569.4 2724 
Temperature Dependence of the Line 

Width of Ferrimagnetic Resonance in Poly¬ 
crystalline Nickel-Cadmium Ferrite S. Take¬ 
moto. (J. Phys. Soc. Japan, vol. 16. p. 344; 
February, 1961.) 

538.221:621.318.134:548.5 2725 
Voluntary and Forced Growth Orientation 

in the Growing of Ferrite Single Crystals U. 
Rösler and G. Elbinger. (A»». Phys., (Lpz.), 
vol. 6, pp. 236 240; September, I960.] 

538.222: 538.569.4 2726 
Paramagnetic Relaxation Rates Deter¬ 

mined by Pulsed Double Resonance Experi¬ 
ments— B. Bolger and B. J. Robinson. (Physica, 
vol. 26, pp. 133 141; February, 1960.) Results 
ot exjieriments on synthetic ruby and 
KaCrfCNjij/KaCoiCX)« indicate that the Cr 
concentration in these salts can be increased to 
give maser action at higher temperatures. 

538.222:538.569.4:621.375.9 2727 
Cross-Relaxation and Concentration Ef¬ 

fects in Ruby R. W. Roberts, J. 11. Burgess, 
and H. D. Tenney. (Phys. Rev., vol. 121, pp. 
997 1000; February’, 1961.) Cross-relaxation 
can improve maser performance even in the ab-
sence ot doping. Its effect in ruby maser cry’S-
tals is treated by the introduction of a cross¬ 
relaxation probability in the rate equations. 

MATHEMATICS 
517.432.1 2728 

New Substantiation of Heaviside’s Opera¬ 
tional Calculus : Contribution to the Theory of 
the Solution of Linear Differential Equations 
G. W unsch. (Hochfrequenz, und Eleklroak., vol. 
69, pp. 133 139; August, 1960.) An alternative 
method is proposed which is not based on the 
Laplace transformation; it is simpler mathe¬ 
matically and more adaptable to the solution of 
practical electrical engineering problems. 

MEASUREMENTS AND TEST GEAR 
621.3.087.4 2729 

An Automatic Check-Out and Recording 
Network -R. Mansey. (Electronic Eng., vol. 33, 
pp. 284 291; May, 1961.) A description is 
given of British equipment, designed for the 
automatic checking of a missile system, which 
has proved suitable for any aircraft or similar 
system where the parameters are predomi¬ 
nantly electrical. 

621.317.3:537.311.33 2730 
Electrodeless Measurement of Semicon¬ 

ductor Resistivity at Microwave Frequencies 
H. Jacobs, F. A. Brand, J. D. Meindl, M. 
Benant, and R. Benjamin. (Proc. IRE, vol. 49, 
pt. 1, pp. 928 932; May, 1961.) The new 
method depends on the absorption of micro¬ 
wave power in the semiconductor medium. It 
gives results which depend on bulk properties 
of the medium and is less subject to errors 
arising from surface leakage and crystal imper¬ 
fections. 

621.317.3 :538.632 2731 
The Voltage Sensitivity of Hall-E.M.F, 

Probes—V. V. Galavanov. (Fiz. Tverdogo 
Tela, vol. 2, pp. 62 64; January, 1960.) Ge 
probes have a sensitivity almost 3.7 times that 
of InSb under no-load conditions. With an ex¬ 
ternal load In As and InSb probes have a higher 
figure of merit than Ge. Below 120°K the sensi¬ 
tivity of a probe of high-purity InSb is 20,000 
/xv/oersted, 400 times higher than at room 
temperature. 

621.317.3:621.374.32 2732 
Digital Measurements—P. R. Darrington. 

(Wireless World, vol. 67, pp. 313 318; June, 
1961.) Counter techniquesand display methods 
for frequency, time and voltage measurements 
are reviewed. 

621.317.3:621.391.822 2733 
Measurement of Noise Power Spectra by 

Fourier Analysis—A. Z. Akcasu. (J. Appl. 
Phys., vol. 32, pp. 565 568; April, 1961.) The 
theory of the calculation of the power spectrum 
by’ direct Fourier analysis is developed and 
shown to be comparable with autocorrelation 
analysis in resolution, accuracy and computer 
req uirements. 

621.317.335:537.311.33 2734 
Measurement of the Electrical Conductivity 

and Dielectric Constant without Contacting 
Electrodes—T. Ogawa. (J. Appl. Phys., vol. 
32, pp. 583 592; April, 1961.) The torque 
exerted on a siæcimen of semiconducting or 
dielectric material suspended in a circularly or 
linearly polarized electric field gives the imagi¬ 
nary and real parts of the dielectric constant 
respectively. The theory of the method is given 
together with some experimental results ob¬ 
tained on CdS crystals and powders in the 
frequency range 25 cps 2kc. 

621.317.7:621.373.421 2735 
A Transistorized Frequency Synthesizer— 

G. Husson and B. X. Sherman. (J. Bril. IRE, 
vol. 21, pp. 347-350; April, 1961.) A brief de¬ 
scription is given of a light-weight unit pro-
viding discrete frequencies in the range 2 32 
Me in 1-kc steps from a 1-Mc frequency stand¬ 
ard. Spurious responses are reduced to levels 
impracticable with conventional filter tech¬ 
niques by using an automatic phase-control 
circuit. 

621.317.7:621.391.82 2736 
A Portable Instrument for the Measure¬ 

ment of Radio Interference in the Frequency 
Range 0.15-3 Mc/s H. Albsmeier. (Elektro-
tech. Z., Edn B., vol. 12, pp. 483-486; October, 
I960.) The battery-operated instrument de¬ 
scribed conforms to the German VDE specifi¬ 
cations for interference-measurement equip¬ 
ment. 

621.317.7.029.63/.64 2737 
A Coaxial Connector System for Precision 

R. F. Measuring Instruments and Standards — 
D. Woods. (Proc. I EE,, pt. B, vol. 108, 
pp. 205 213; March. 1961.) The connector sys¬ 
tem does not introduce uncertainties greater 
than about 3 parts in 104 in the admittance 
parameter, for frequencies up to 4 Gc. 

621.317.725:621.374.32 2738 
Digital Voltmeter Employs Voltage-to-

Time Converter B. Barkerand M. McMahan. 
(Electronics, vol. 34, pp. 67 69; May, 1961.) 
An inexpensive instrument using no stepping 
switches is described, in which clock pulses are 
gated into a counter in proportion to the am¬ 
plitude of the input voltage. 

621.317.733 2739 
Transformer-Ratio-Arm Bridges—J. F. 

Golding. (Wireless World, vol. 67, pp. 329-335; 
June, 1961.) The principle of the three-terminal 
impedance-measuring facility and various cir¬ 
cuit arrangements are described. An assess¬ 
ment of accuracy and a comparison with con¬ 
ventional bridges are made. 

621.317.733.029.4 2740 
An Ultra-Low-Frequency Bridge for Di¬ 

electric Measurements —D. J. Scheiber. (J. 
Res. NBS, vol. 65C, pp. 23-42; January-
March, 1961.) The bridge described is capable 
of measuring the parallel capacitance and re¬ 

sistance of dielectric sjxjcimens in the fre¬ 
quency range 0.008 200 cps. 

621.317.738 2741 
Highly Stabilized and Sensitive Reactance 

Meter — B. Ichijo and T. Arai. (Rev. Sei. 
Instr., vol. 32, pp. 122 130; February, 1961.) 
The instrument has a range of 10-3 10 ,J pf 
with a sensitivity of 0.001 pf when measured 
with an ammeter of 100/x f.s.d. Possible appli¬ 
cations are mentioned. 

621.317.742 2742 
Reflectometers— I). E. Watt-Carter. (P.O. 

Elec. Engrg. J., vol. 54, pt. 1. pp. 37 39; April, 
1961.) The principles of directional-coupler and 
of wattmeter types of reflectometer suitable for 
inclusion in coaxial feeders from HF trans¬ 
mitters are described. 

621.317.755:621.374 2743 
Distortion of Steep Pulse Edges due to 

Finite Electron Transit Time between Parallel 
Deflection Plates —H. Lotsch. (Frequenz, vol. 
14, pi>. 264 268; August, 1960.) Investigations 
of the ('RO distortion of step functions with 
vertical or sloping fronts in relation to electron 
transit time. A formula is given for calculating 
true rise time from the measured value. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

621-52:62 1.387.3 2744 
Cold-Cathode Tube Circuits for Automa¬ 

tion R. S. Sidorowicz. (Electronic Eng., vol. 
33, pp. 138 143, 232 237, ami 296-302; 
March -May, 1961.) 

621.362 + 621.56 2745 
The Influence of the Temperature Depend¬ 

ence of Parameters of the Materials on the 
Efficiency of Thermoelectric Generators and 
Refrigerators — B. Ya. Molzhes. (Fiz. Tverdogo 
Tela, vol. 2, pp. 728 737; April. 1960.) 

621.362 :537.227 2746 
Application of Ferroelectricity to Energy 

Conversion Processes -W. II. Clingman and 
R. G. Moore, Jr. J Appl. Phys., vol. 32. pp. 
675 681; April, 1961.) Simplified and more 
general expressions are derived for the energy 
conversion efficiency of a ferroelectric device 
converting heat energy to electrical energy. 
Xumerical values are obtained for BaTiOa 
which has an efficiency in the range 0. 5-1.0 j>er 
cent. Future applications are discussed. 

621.302:537.311.33 2747 
Semiconducting Materials for Thermo¬ 

electric Power Generation—F. D. Rosi, E. F. 
Hockings, and X. E. Lindenblad. (RCA Rev., 
vol. 22, pp. 82 121; March, 1961.) 

621.362:621.387 2748 
Plasma Synthesis and its Application to 

Thermionic Power Conversion—K. G. Hern-
qvist. R( I Rev., vol. 22, pp. 7 20; March, 
1961.) Thermionic energy converters are dis¬ 
cussed in which the electron space charge is 
neutralized by positive ion injection. 

621.362:621.387 2749 
Direct Conversion of Heat to Electromag¬ 

netic Energy—F. M. Johnson. (RCA Rev., vol. 
22. pp. 21 28; March, 1961.) “The conversion 
of heat into electromagnetic energy is achieved 
by utilizing the intrinsically unstable space¬ 
charge properties of a thermionic cesium 
plasma diode. Experimental studies of this 
phenomenon are described. A physical model 
for the observed relaxation oscillations is pro¬ 
posed which is in qualitative agreement with 
experiments.” 

621.362.012.8 2750 
Equivalent Circuits for a Thermoelectric 
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Converter -E. L. R. Webb. (Proc. IRE, vol. 
49, pt. 1, pp. 963 964; May, 1961.) 

621.375.9:621.372 .44 :621.313.13 275 1 
Parametric Variable-Capacitor Motor — 

II. E. Stockman. (Proc. IRE, vol. 49, pt. 1, p. 
970; May, 1961.) A note on the ofieration of an 
cxi>eri mental electric motor analogous to the 
variable-inductance devices considered earlier 
(3232 of I960). 

621.384.621 2752 
Ion Optics in Long, Multistage Accelerator 

Tubes M. Sonoda, A. Katase, M. Seki, and 
V. W'akuta. (J. Phys. Soc. Japan, vol. 15, pp. 
1680 1684; September , 1960.) 

621.387.422: 537.31 1.33 2753 
P-N Junctions as Solid-State Ionization 

Chambers E. Baldmger, W. Czaja, and 
A. Z. Faroogi. (Helv. Phys. Acta. vol. 33, pp. 
551 557; October, 1960. In German.) The char¬ 
acteristics of p-n junction diodes used for 
counting a-particles and protons are discussed 
with reference to experimental results. 

621.398:621.3.087.4 2754 
An Equipment for Processing Time-Multi¬ 

plexed Telemetry Data I). J. McLauchlan 
and T. T. Walters. (J. Bril. Interplanetary 
Soc., vol. 18, pp. 33 38; January/February, 
1961. Discussion, pp. 38 39.) A description of 
the TIMTAPE equipment. It has a magnetic-
tajx* input and, after analogue processing, pro¬ 
duces outputs in the form of film and punched 
cards. 

PROPAGATION OF WAVES 
621.371:621.396.945 2755 

Propagation of Electromagnetic Pulses in a 
Homogeneous Conducting Earth —J. R. W’ait. 
(A ppi. Sei. Res., vol. B8, No. 3, pp. 213 253; 
I960.) The theory of EM propagation in both 
infinite and semi-infinite conducting media is 
derived, using Laplace transform theory, for 
various forms of pulse excitation. 

621.391.812 2756 
The Phase Variation of Very-Low-Fre-

quency Waves Propagated over Long Dis¬ 
tances B. G. Pressey, G. E. Ashwell, and J. 
Hargreaves. (Proc. IEE, pt. B, vol. 108, pp. 
214 226; March. 1961.) A description and 
analysis are given of long-term phase variations 
Ixlween two receivers spaced up to 280 km 
apart and oriented both transverse to and along 
the direction of the transmitter, at 17.2 kc over 
a 1000 km path and 15.5 kc over 6000 km. 

621.391.812.63 2757 
Propagation in a Plasma —P. A. Clavier. 

(J. A ppi. Phys., vol. 32, pp. 578-582; April, 
1961.) “The boundary conditions for a radio 
signal incident normally on a layer of plasma 
are discussed. It is shown that 10 different 
modes must in general propagate in the layer, 
instead of the usually assumed six. The 10 
modes are obtained when the Langevin form of 
the force is used in Boltzmann’s equation.” 

621.391.812.63:550.389.2 2758 
Radio Propagation Conditions in the Inter¬ 

national Geophysical Year B. Beckmann and 
A. Ochs. (Nachrtech. Z., vol. 13, pp. 414 418; 
September, 1960.) The work during the IGY 
of the radio propagation service of the German 
Federal Post Office is reviewed. 

621.391.812.63:551.507.362 2759 
Doppler Shifts and Faraday Rotation of 

Radio Signals in a Time-Varying, Inhomo¬ 
geneous Ionosphere: Part 2—Two-Signal 
Case J. M. Kelso. (J. Geophys. Res., vol. 66, 
pp. 1107 1115; April, 1961.) The work de¬ 
scribed in Part 1 (1294 of April) is extended to 
the calculation of frequency shift in a two-fre¬ 

quency Doppler experiment and to the deter¬ 
mination of rate of Faraday rotation. The for¬ 
mulas contain parameters which require a 
knowledge of the ray paths. 

621.391 .812.63 :551.507.362.2 2760 
Calculation of the Faraday Effect relative 

to the Ionosphere E. Argence, E. Harnisch¬ 
macher, H. A. Hess, and K. Rawer. (Ann. 
Géophys., vol. 16, pp. 272 275; April June, 
1960.) Some relations concerning the Faraday 
effect are established in order to study trans¬ 
missions from 1958 0> at Breisach, Germany. 
The effect is also examined for frequencies 
greater than 100 Me. 

RECEPTION 
621.391.8:538.312 2761 

On the Reception of Electromagnetic 
Waves IL Bondi. [Proc. Roy. Soc. (London) 
.4, vol. 261, pp. 1 9; April, 1961.] The energy 
that can be obtained by a receiver from a wave 
is calculated, assuming that the receiver has 
full knowledge of the structure of the incident 
radiation. 

621.391.812.6:551.507.362.2 2762 
VHF Satellite Signals Received at Extra-

Optical Distances -L. J. Anderson. (Proc. 
IRE, vol. 49. pt. 1, pp. 959 960; May. 1961.) 
Data is given on the reception of VHF signals 
from distances up to 1900 miles beyond the 
radio horizon. 

621.391.822 2763 
A Method of Measurement of the Proba¬ 

bility Density of a Noise Voltage and Experi¬ 
mental Verification of the Tendency towards a 
Gaussian Law by Selective Filtering B. Picin-
bono. [C. R. Acad. Sei., (Paris), vol. 250, pp. 
4123-4125; June, I960.) An experimental 
method of determining the probability law of 
background noise by sampling and analyzing 
the sample with an amplitude selector is de¬ 
scribed. 

621.391.822.1 2764 
The High-Frequency Minimum Protection 

Ratio between Two Transmission Channels 
Amplitude- Modulated with the Same Pro¬ 
gram -W. Freutel and F. von Rautenfeld. 
(Rundfunklech. Milt., vol. 4. pp. 181 193; 
October, 1960.) The protection ratios required 
for various test conditions are determined on 
the basis of subjective assessments by a group 
of listeners. See also 3464 of 1959 (Belger and 
von Rautenfeld). For English version see 
E. B. U. Rev., no. 63A, pp. 197-208; October, 
1961. 

621.396.62:621.396.677:538.632 2765 
Pick-Up Devices for Very-Low-Frequency 

Reception —G. J. Monser. (Electronics, vol. 34, 
pp. 68 69; April, 1961.) The sensitivities of 
loop and whip antennas vary by as much as 60 
db over the frequency range 10 cps-ÍOkc. The 
advantages of using a Hall device as a receiving 
element arc discussed. 

621.396.62.001.4 :621.391.82 2766 
Evaluating Radio Receiver Susceptibility to 

Interference —B. T. Newman, H. Cahn, and 
R. Keyes. (Electronics, vol. 34, pp. 70-74; 
April, 1961.) A method is described for com¬ 
paring the various receiver characteristics 
which affect intelligibility with those of an 
idealized standard receiver. 

621.396.62.029.63/ .64:523.164.32 2767 
Microwave Swept Receiver uses Zero In¬ 

termediate Frequency —D. W. Casey, II. 
(Electronics, vol. 34, pp. 59-63; April. 1961.) A 
frequency sweep from 2 to 4 Gc is achieved 
every 10 sec in synchronism with a cr tube 
sweep using a backward-wave local oscillator. 
The signal band of the IF amplifier extends 

from zero to 5 Me, giving a 3-db improvement 
in noise figure and eliminating image rejection 
problems. 

STATIONS AND COMMUNI¬ 
CATION SYSTEMS 

621.39:621.372.8 2768 
Long-Distance Waveguide Transmission 

Hamer. (See 2458.) 

621.396.1 2769 
Radio Supervision \ Vincentz. (Elektro-

tech. Z., Edn B, vol. 12, pp. 581 583; Novem¬ 
ber, I960.) International arrangements for su¬ 
pervising the occupation of allocated frequency 
bands and for eliminating sources of interfer¬ 
ence to radio services are reviewed. Specially 
designed receiving equipment for use at moni¬ 
toring stations is mentioned. 

621.396.65 2770 
Bases for Planning a Telecommunication 

Network in North-West Spain Arbones 
Marino. (Rev. Telecommun. (Madrid), vol. 16, 
pp. 26 34; December, I960.] Considerations 
underlying the planning of a radio-link network 
for local broadcast and television services in 
difficult terrain are detailed with reference to a 
projected system. 

621.396.65 2771 
A Radio-Link System for the Transmission 

of Five High-Quality Broadcast Channels from 
30 c/s to 15 kc/s —H. Oberbeck. (Telefunken 
Zig., vol. 33, pp. 216 222; September, 1960. 
English summary, p. 246.) Application is 
given, with slight modifications, of the PPM 
system described in 597 of 1958 and back refer¬ 
ences. 

621.396.65 2772 
The Determination of Harmonic Distortion 

Coefficients of Radio Links starting from the 
Linearity Characteristics -R. Codelupi. (Note 
Recensioni Notiz., vol. 9. pp. 823 834; Sei>-
tember/October, I960.) A general method is 
given for deriving the coefficients of harmonic 
distortion of the output voltage from a quadri¬ 
pole with nonlinear response characteristic. 

621.396.65:621.372.55 2773 
The Use of Echo Equalizers at Carrier Fre¬ 

quencies in Wide-Band Transmission Systems 
—H. Gutsche. (Frequenz, vol. 14, pp. 295 299; 
September, I960.) The function and adjust¬ 
ment procedure of echo equalizers for use, e.g., 
in television cable links, are discussed. 

621.396.65:621.376.55 2774 
PPM60—a Transistorized Pulse-Phase-

Modulation Equipment for 60 Channels 
H. M. Christiansen and M. Schlichte. (Nachr¬ 
tech. Z., vol. 13, pp. 392 399; August, I960.) 
The design is partly based on that of 24-chan-
nel equipment described in 2166 of 1960 (Chris¬ 
tiansen and Senft). 

621.396.65.029.63 2775 
The Standardization of International Mi¬ 

crowave Radio-Relay Systems W J. Bray. 
(Proc. IEE, pt. B. vol. 108, pp. 180-200; 
March, 1961.) The reasons for defining the par¬ 
ticular characteristics adopted by CCIR and 
CCITT for line-of-sight paths are discussed. 

621.396.72 1:621 .396.932 2776 
Problems in the Design of a Marine V.H.F. 

F.M. Radio Telephone —D. W. Ford and G. 
Eyre. (Marconi Rev., vol. 24, no. 140, pp. 1 25; 
1961.) Features in the design of low-cost 50-
channel equipment using a simple synthesized 
drive source are discussed. 

621.396.722 :551.507.362.2 2777 
Ground Equipment for Radio Observations 

of Artificial Satellites B. G. Pressey. (J. Brit. 
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Inter planetary Soc., vol. 18, pp. 20 27; Jan-
uary/February, 1961. Discussion.) Interferom¬ 
eters for directional measurements, equipment 
for the precise measurement of Doppler fre¬ 
quency shift and methods of recording and 
analyzing telemetry signals from both Russian 
and American satellites are described. 

621.396.74:621.395.97 2778 
The Swiss Program Transmission Network 

- R. Ziegler. (Tech. Milt. PTT, vol. 38, pp. 
406 419; December, 1960. In German and 
French.) Description of the development, pres¬ 
ent extent and operation of the Swiss system of 
broadcast transmission over telephone lines. 

621.396.93 2779 
The Problem of the Reduction of Channel 

Width for Mobile Radio Services—A. Ess¬ 
mann. (Elektrotech. Z., Edn. B, vol. 12, pp. 
584 588; November, 1960.) The reduction of 
frequency excursion in FM systems and its 
effect on receiver sensitivity and range are dis¬ 
cussed. in comparison, the use of SSB systems 
would increase the number of channels avail¬ 
able but would introduce other difficulties. A 
reduction of channel width combined with a re¬ 
duction of service area may Im* the answer. 

SUBSIDIARY APPARATUS 
621.311.69:551.507.362.2 2780 

Power Supply for the Tiros I Meteorological 
Satellite—S. 11. Winkler, I. Stein, and P. 
Wiener. (RCA Rev., vol. 22, pp. 131-146; 
March, 1961.) 

621.311.69:621.382.23 2781 
Low-Impedance Thermoelectric Device 

powers Tunnel Diodes—E. L. R. Webb and 
J. K. Pulfer. (Cañad. Electronics Engrg., vol. 5, 
pp. 40 43; February, 1961.) The power supply 
described consists of several BijTej couples in 
series, heated by ac- of dc-driven resistance 
elements and having an output impedance of 
0.02 SL Results obtained with tunnel-diode mi¬ 
crowave oscillators are briefly discussed. 

621.31 1.69:621.383.5 2782 
The Effect of Series Resistance on Photo¬ 

voltaic Solar Energy Conversion—J. J. Wy¬ 
socki. (RCA Rev., vol. 22, pp. 57-70; March, 
1961.) “The series resistance in a photovoltaic 
cell is divided into two components: contact 
and sheet resistance. Each of the components 
is examined theoretically and expcrimetally, 
and qualitative agreement 1x1 ween theory and 
experiment is shown. It is concluded that con¬ 
tact resistance reduces the conversion efficiency 
more than sheet resistance.” 

621.311.69:621.383.5 2783 
Considerations of Photoemissive Energy 

Converters W. E. Spicer. (RCA Rev., vol. 22, 
p¡). 71-81; March, 1961.) “The efficiency of 
a solar-energy converter consisting of a 
[CsJNaoKSb emitter and an Ag-O-Cs collector 
is calculated, taking into account the initial 
velocities of the photoelectrons but ignoring 
space charge. Efficiencies between 2 and 2.1% 
are obtained for output voltages between 0.8 
and 1.6 v. The efficiency increases as the ¡>er-
centage of blue and ultraviolet radiation in the 
source is increased. To minimize space-charge 
effects, the emitter-collector spacing must be of 
the order of 0.01 cm or less.” 

621.311.69:629.19 2784 
Optimum Capacitor Charging Efficiency for 

Space Systems P. M. Most or, J. L. New-
inger, and D. S. Rigney. (Proc IRE, vol. 49, 
pt. 1, pp. 941 948; May, 1961.) Several theo¬ 
rems for the “perfect” time-shaiied source volt¬ 
ages which optimize the efficiency of energy 
transfer from source to load are derived. The 
practical application of the theorems is dis¬ 
cussed. 

621.314.58:629.19 2785 
Three-Phase Static Inverters power Space-

Vehicle Equipment—R. J. Kearns and J. J. 
Rolfe. (Electronics, vol. 34, pp. 70-73; May, 
1961.) A 115-v three-phase output at 400 cps is 
obtained from a de input of 22 29 v by means 
of Si controlled rectifiers. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397:[535.7-|-159.931 2786 
Physiology and Psychology of Television — 

E. ()tt<>. (Tech. Milt. ERF, Berlin, vol. 4, pp. 
94 100; September, 1960.) Various factors con¬ 
trolling the process of vision and the formation 
of visual impressions are discussed in relation 
to television. 

621.397.132:621.317.755 2787 
Test Instrument tor Colour Television—II. 

Görling and J. Lindner. (Nachriech. Z., vol. 12. 
pp. 428 431; September, I960.) The mode of 
operation, the construction and the application 
of a vectorscope are described. 

621.397.331.222 2788 
Origin and Possible Methods for Compen¬ 

sation of Retrace Noise in Vidicon Camera 
Equipment II. D. Schneider. (Elektron. Rund¬ 
schau, vol. 14. pp. 367-368,371; September, 
1960.) The flyback in the horizontal scan cir¬ 
cuit produces noise in vidicon cameras, which 
may result in errors in the output signal. 
Causes of the noise are analyzed and methods 
for its elimination are quoted. 

621.397.331.24 2789 
Development of a High-Slope Television 

Picture Tube—E. Gundert and H. Lotsch. 
(Telefunken Zig., vol. 33, pp. 223-230; Septem¬ 
ber, 1960. English summary, pp. 246 247.) An 
experimental tube for use with low modulation 
voltages is described (see also 1042 of March). 
The electron beam is controlled by a very fine 
frame grid at 30 p from the cathode. 

621.397.61.029.6 2790 
Problems of U.H.F. Television: Transmis¬ 

sion—T. M. J. Jaskolski. (J. Telev. Soc., vol. 
9, pp. 351 366; January-March, 1961.) Fac¬ 
tors affecting the effective radiated power at 
UHF are briefly surveyed under the following 
headings, 1) transmitting tubes for the power 
amplifier, 2) techniques in RF amplifier design, 
3) antennas and transmission lines, 4) combin¬ 
ing filters. 

621.397.61.029.63 2791 
Operational Experience with a 10-kW Tele¬ 

vision Transmitter for Band IV with Klystron 
Output Stage—A. Kolarz and A. Schweisthal. 
(Rundfunklech. Mitt., vol. 4, pp. 194 200; Oc-
tober, 1960.) Report on the experience gained 
with the high-power band-IV transmitter de¬ 
scribed in 682 of 1960. 

621.307.62 :621.314.222 2792 
Third-Harmonic Tuning of E.H.T. Trans¬ 

formers— E. M. Cherry. (Proc. I EE, pt. B, 
vol. 108, pp. 227 236; March, 1961.) Tuning 
the leakage inductance of a television receiver 
line output transformer to the “2.8th har¬ 
monic” of the flyback pulse prevents ringing 
and maximizes the h.v. pulse. A detailed anal¬ 
ysis is given. 

621.397.712.3 2793 
Technical Equipment and Facilities of the 

B.B.C. Television Centre, London II. Bishop. 
(E. B. U. Rev., no. 63A, pp. 190-196; October, 
1960.) 

621.397.74 2794 
Television Standards Conversion—(H7re-

less World, vol. 67, pp. 290 292; June, 1961.) 
A method of removing the 10-cps flicker pro¬ 

duced when converting from 50- to 60-cps field 
frequency’, is described. 

621.397.74 2795 
A Standards Converter for Television Ex¬ 

changes between Europe and North America — 
A. V. Lord. (£. B. U. Rev., no. 63A, pp. 209 
213; October, 1960.) Converter equipment in¬ 
corporating a storage-type camera tube is de¬ 
scribed which is suitable for use between tele¬ 
vision standards having 50- and 60-cps field 
frequencies. For German version see Rund-
funklech. Mitt., vol. 4, pp. 201 204; October, 
1960. 

621.397.74:621.396.65 2796 
U.K. Television Links W. L. Newman. 

(Wireless World, vol. 67, pp. 323-326; June, 
1961.) The distribution network of the British 
Post Office is described. 

TUBES AND THERMIONICS 
62 1.38: 62 1.375.029.64/.65 2797 

Low-Noise Amplifiers for Centimetre and 
Shorter Wavelengths -Wade. (See 2515.) 

621.382 2798 
Operation of Tunnel-Emission Devices 

C. A. Mead. (J. A ppi. Phys., vol. 32. pp. 646-
652; April, 1961.) The operation of tunnel 
emission devices using thin layers of metals and 
insulators is discussed. Diode and triode de¬ 
vices are described, with their frequency, cur¬ 
rent-density and transfer-ratio limitations. Ex¬ 
perimental results are presented for both types 
using various materials. See 2180 of 1960. 

621.382.22 2799 
Surface Currents in Inversion Layers on 

Semiconductors—E. Groschwitz, E. Hofmeis¬ 
ter, and R. Ebhardt. (Arch, elekl. Übertragung, 
vol. 14, pp. 380 396; September, 1960.) Theo¬ 
retical and experimental results are given relat¬ 
ing to the structure of inversion lay’ers and 
to physical phenomena causing structural 
changes. Investigations are carried out on 
point-contact Ge diodes and cover low direct-
voltage conditions. See also 3670 of 1960 
(Groschwitz and Ebhardt). 

621.382.22:621.376.23 2800 
Measurements on Power-Conversion Gain 

and Noise Ratio of the 1N26 Crystal Recti¬ 
fiers—A. Dymanus and A. Bouwknegt. (Phys-
ica, vol. 26, pp. 115 126; February, 1960.) 

621.382.23 2801 
Tunnelling Current in Esaki Diodes— 

C. W. Bates, Jr. (Phys. Rev., vol. 121, pp. 1070-
1071; February, 1961.) The integral giving the 
net current in a tunnel diode is evaluated. 
Curves calculated for 200, 300 ami 350°K com¬ 
pare favorably with those given by Esaki (1784 
of 1958). 

621.382.23 2802 
Impurity-Band Conduction and the Prob¬ 

lem of Excess Current in Tunnel Diodes — 
T. P. Brody. (J. A ppi. Phys., vol. 32, pp. 746-
747; April, 1961.) Tunnel currents calculated 
on the basis of different impurity-band theories 
are compared. A number of observations sup¬ 
port an impurity-band model which postulates 
a Fermi level close to the conduction band edge. 

621.382.23:621.317.61 2803 
Tunnel-Diode Curve Tracer is Stable in 

Negative-Resistance Region J. A. Narud and 
T. A. Fyfe. (Electronics, vol. 34, pp. 74 75; 
May, 1961.) The unit described can trace the 
characteristics of tunnel diodes having G^/Cd 
ratios as high as 109 mhos2/pF. 

621.382.23:621.372.44 2804 
R.F.-Induced Negative Resistance in Junc¬ 

tion Diodes—J. C. McDade. (Proc. IRE, vol. 
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49, pt. 1, pp. 957 958; May, 1961.) While the 
fundamental RF power is driving a junction di¬ 
ode used as a harmonic amplifier, a negative¬ 
resistance effect is present near zero bias 
whether the frequency power is dissipated or 
not. 

621.382.3-71 2805 
Cooling Transistors with Beryllia Heat 

Sinks K. II. McPhee. (Electronics, vol. 34. 
pp. 76 78; May, 1961.) Particular advantages 
of the ceramic material are high thermal con¬ 
ductivity and low dielectric loss. 

621.382.3.012.8 2806 
Transistor Parameters —G. de Visme. 

(H’nr/ess World, vol. 67. pp. 293 299; June. 
1961.) Transistor characteristics are defined 
anrl the interrelation of the different sets of 
parameters is discussed. 

621.382.3.012.8 2807 
A Valve Analogue Circuit for Representing 

Transistor Properties in the Low-Frequency 
Region K. H. Franke. (Elektronik, vol. 9. pp. 
330 332; No vein be . I960.) For proof of the 
analogy on which the circuit given is based see 
1343 of April (Tigler). 

621.382.333 2808 
The Frequency Characteristics of Alloy 

Transistors R. Paul. (Nachrtech., vol. 10. pp. 
340 347; August. 1960.) An equivalent circuit 
of a p-n-p alloy junction transistor is derived 
on which investigation of the frequency de-
|x*ndence of circuit parameters is based. 

621.382.333 2809 
The Mutual Conductance of H.F. Alloy-

Junction and Drift Transistors as a Function of 
Frequency and Working Point and its Deriva¬ 
tion W. Minner. (Arch. elekl. Übertragung, 
vol. 14. pp. 411 420; September. I960.) Equa¬ 
tions are derived and their validity is confirmed 
by reference to measured values. 

621.382.333.33:621.318.57 2810 
Designing Avalanche Switching Circuits 

R. P. Rufer. (Electronics, vol. 34. pp. 81 87; 
April, 1961.) Avalanche ojieration of Si mesa 
transistors is discussed and a criterion for the 
selection of suitable transistors is given. Typ¬ 
ical circuits and operating conditions are de¬ 
scribed. 

621.383.032.217.2 2811 
Photoelectric and Optical Properties of 

Sb-Cs and Sb(Mg)-Cs Films—M. Wada. T. 
Takahashi, and M. Hagino. (Sei. Repts. Res. 
Insts. Tohoku Univ.. Ser. B, vol. 11 no. 2, pp. 
75 96; 1959.) A method proposed by Schaetti 
(1611 of 1954) for reducing the dark current of 
photomultipliers by the addition of Mg to the 
Sb-Cs cathode material is investigated. 

621.383.292 2812 
Photomultiplier with Sb-Na-K Cathode 

W. Baumgartner and J. Linder. (Helv. Phys. 
Acta, vol. 33. pp. 608-611: October. 1960. In 
German.) A preliminary report is given on the 
preparation of Sb-Na-K films and on results 
obtained with photomultipliers incorporating 
such cathodes. 

621.383.5:621.311.69 2813 
Spectral Response of Photovoltaic Cells— 

J. J. Loferski and J. J. Wysocki. (RCA Rev., 
vol. 22. pp. 38 56; March, 1961.) A theoretical 
and experimental investigation is made of the 
response of p-w-junction photocells 

621.383.5:621.311.69 2814 
Large-Area Thin-Film Photovoltaic Cells 

H. I. Moss. (RCA Rev., vol. 22. pp. 29 37; 
March, 1961.) Progress has been made with 
vacuum deposition of CdS on to heated trans¬ 
parent conducting surfaces. Solar conversion 
efficiencies of 1 per cent are reported. 

621.383.5:621.311.69 2815 
A p-n Junction Photocell of Cadmium Tel¬ 

luride -Yu. A. Vodakov, G. A. Lomakina, 
G. P. Naumov. and Yu P. Maslakovets. (Fiz. 
Tverdogo Tela. vol. 2. pp. 3 7; January, I960.) 
CdTe photocells have been produced with l/V 
characteristics similar to those of Si. Their ef¬ 
ficiency as solar-energy converters is 4 |ht cent. 

621.383.5:621.311.69 2816 
Properties of p-n Junctions in Cadmium 

Telluride Photocells Yu. A Vodakov, G. A. 
Lomakina, G. P. Naumov. and Yu. P. Mas¬ 
lakovets. (Fiz. Tverdogo Tela. vol. 2, pp. 15 22; 
January, 1960.) The l/V characteristics of 
CdTe photocells are discussed. With an ap¬ 
propriate technique of preparation p-n junc¬ 
tions can be produced near the surface which 
give good efficiency at high and low illumina¬ 
tion intensities. 

621.385.032.213.23 2817 
Thermionic Emission of Barium Tungstate 

—A. I Mel’nikov, A. V. Morozov, R. B. 
Sobolevskaya, and A. R. Shul’man. (Fiz. 
Tverdogo Tela, vol. 2, pp. 704 708; April, 1960.) 

621.385.032.26 2818 
On the Problem of Magnetic Focusing of a 

Beam of Electrons Emitted with Thermal Ve¬ 
locities J. Vejvodova. (J. Brit. IRE, vol 21, 
pp. 337 344; April, 1961.) An analysis is made 
to determine the distribution of the current 
density in a beam of circular or rectangular 
cross section focused by a homogeneous longi¬ 
tudinal magnetic field and simultaneously ac¬ 
celerated by a longitudinal electrostatic field. 
The dependence of the total current passing 
through the anode aperture on the intensity of 
the focusing magnetic field is calculated, the 

source of electrons being located in the mag¬ 
netic field. 

621.385.032.269.1 2819 
Effect of Filament Magnetic Field on the 

Electron Beam from a Pierce Gun A. S. Gil¬ 
mour, Jr. (Proc. IRE. vol. 49, pt. 1, p. 976; 
May, 1961.) Graphs show the measured cur¬ 
rent density distributions across the beam for 
different instantaneous filament currents. 

621.385.1:534.29 2820 
Microphony in Electron Tubes S. S. Dag-

punar, E. G. Meerburg and A. Stecker. (Philips 
Tech. Rev., vol. 22. pp. 71-88; January. 1961.) 

621.385.13:621.391.822.33 2821 
Experimental Investigation of the Ampli¬ 

tude Distribution of Scintillation Noise H 
Rogenhagen and K. H. Simon. (Z. angew. 
Phys., vol. 12, pp. 395 397 ; September, 1960.) 
Statistical analysis of LF noise in the region of 
12.5 cps produced by a narrow-band filter 
amplifier with an oxide-cathode thermionic 
valve in the first stage. Results are compared 
with those based on theoretical distribution. 

621.385.15:621.391.822.33 2822 
Secondary-Emission Flicker Noise R. C. 

Schwantes and A. Van der Ziel. (Physica, vol. 
26, pp. 1162 1166; December, I960.) The 
method used to study flicker noise in ixmtodes 
(2824 below) has been extended to secondary¬ 
emission valves. Results confirm that the sec¬ 
ondary-emission flicker effect is real. 

621.385.3:621.391.822.33 2823 
Flicker Noise in Triodes with Positive 

Grid R. C. Schwantes and A. \'an der Ziel. 
(Physica, vol. 26, pp. 1143 1156; December, 
I960.) Results were obtained for the magni¬ 
tude of flicker noise and its correlation at grid 
and anode for low and high frequencies. 

621.385.5:621.391 822.33 2824 
Flicker Noise in Pentodes: Flicker Parti¬ 

tion Noise R. C. Schwantes and A. \’an der 
Ziel. (Physica. vol. 26, pp. 1157 1161; Decem¬ 
ber, 1960.» The approach used to study flicker 
noise in positive-grid triodes (2823 above) is 
modified for pentodes. The existence of a par¬ 
tition component (see 898 of 1955 (Tomlinson)] 
is confirmed, which is represented by a noise 
current generator connected between screen 
grid and anode. 

621.387:621.362 2825 
Plasma Synthesis and its Application to 

Thermionic Power Conversion Hernqvist. 
(See 2748.) 

621.387:621.362 2826 
Direct Conversion of Heat to Electromag¬ 

netic Energy —Johnson. (See 2749.) 



High-speed computers are able to process data many 
times faster than the data can be entered manually from 
the checks, invoices, premium notices and other docu¬ 
ments that are the source of most business information. 
Now IBM has developed a character-sensing system that 
can “read” numerical data right from printed documents 
and translate it for direct input to a computer at the 
rate of 480 characters a second. The system is able to 
read type stvles used by IBM accounting machines. 

The IBM engineering group that developed this remark¬ 
able system started its inquiry with a theoretical ques¬ 
tion: What amount of information must a machine 
acquire and maintain in order to distinguish one charac¬ 
ter from another? The investigation then ranged across 
many technical boundaries— optics, for developing scan¬ 
ning methods; photosensing, for converting the light 
image into electric impulses; electronic circuit design, 
for converting the analog signals of characters to digital 
information; and statistical analysis, for creating logic 
capable of distinguishing between the many character 

patterns. The next step for this engineering team is to 
develop equipment that can recognize alphabetic and 
special characters. 

This wide-spectrum approach to problem-solving is typi¬ 
cal of the development work IBM currently is doing in 
such areas as control systems, semiconductors, polymers, 
and optics. It is an approach that requires people who 
can think creatively. In turn, it provides these people 
with an unusual opportunity to grow professionally and 
personally. If this approach interests you—and you have 
a degree and experience in engineering, mathematics 
or one of the sciences —we’d like to hear from you. 

All eligible applicants will be considered for employ¬ 
ment without regard to race, creed, color or national 
origin. Please write: 

Manager of Technical Employment 
IBM Corporation, Dept. 645J 
590 Madison Avenue 
New York 22, New York IBM 

CHARACTER SENSING: 
Developing machines 

that can read 
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Great Neck, New York 

Editors: G. Mourier 
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phie sans Fil, Orsay, France 
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S-F-D Laboratories, Inc., Union, 
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E. Kettlewell 
General Electric Company Ltd., 
Wembley, England 

Assistant Editor for Volume 1: 
G. R. Feaster 
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Volume J 
Jane 1961, 648 pp., 330 illustrations, 

$22.00 
PRINCIPAL ELEMENTS OF CROSSED-FIELD 
DEVICES 

Volume 2 
June 1961 , 520 pp., 370 illustrations, 

$18.00 
PRINCIPAL TYPES OF CROSSED-FIELD DE¬ 
VICES, ANALYSIS OF OSCILLATOR SYSTEM 
PERFORMANCE, REGIONAL PROGRESS 
AND TRENDS 

These two volumes fill an important 
gap in the literature by summarizing the 
progress and state of the art of crossed-
field microwave devices in theory and 
practice. In order to indicate not only 
established uses but also possible future 
applications, the authors have included 
thorough surveys of the available litera¬ 
ture and have added new material as war¬ 
ranted. Their primary objective has been 
to enable students and professional physi¬ 
cists and engineers to understand the 
fundamentals of all existing important 
types of crossed-field devices, to perceive 
the problems posed by each element of 
the devices in practice and in theory, to 
know the essentials of the means avail¬ 
able for solving these problems, and to 
develop approaches to the design of other 
devices. 

There is no other work which covers 
the subject so completely. 

Detailed tables of contents 
available upon request. 

111 Fifth Avenue, New York 3, New York 
17 Old Queen Street, London, S.W. 1 
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Dayton—October 6 
“High Intensity Sound System,” S. 

Biener, Stromberg-Carlson. Rochester, 
N. Y. 

San Francisco— May 17 
"Ampex 6-Channel High Level Switch¬ 

ing Theatre System,” \. Lewis, Ampex 
Corp., Sunnyvale, Calif. 

San Francisco- April 12 
“Advances and Applications in l ltra-

sonics,” J. Mariner, Stanford Research 
Institute, Menlo Park. 

Automatic Control 
Boston- .May 25 

“An Automatic Field-Analyzing Sys¬ 
tem,” D. \ . Stallard, Sylvania, Waltham, 
Mass. 

Chicago—May 19 
“Analysis and Synthesis of Block Di¬ 

agrams for Nonlinear Systems,” L. R. 
Axelrod, Powers Regulator Co., Skokie, 
111. 

Chicago—February 10 
“Communication and Control in Cer¬ 

tain Physiological Systems,” R. \\ . Jones, 
Northwestern University, Chicago. 

(Continued on page 102A) 
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with AUTOMATIC TRANSFER 
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0-40 volt, 500 ma, regulated 
DC power supply featuring 
AMBITROL, a transistor¬ 
ized regulator providing 
continuous control of volt¬ 
age or current to .05%. 
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Transistor High Stability Amplifier 
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Audio Equipment 
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One hundred Papers 
• Studio Equipment 
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• Loudspeakers 

• Oceanography and Underwater 
Sound 

• Microphones and Earphones 

• Sound Reinforcement 

• Audio Instruments 

• Disc Recording and Reproduction 

• Tape Recording and Reproduction 

• Amplifiers 

• FM Stereo Multiplex 

• Stereophonies 

SESSIONS: Monday through Friday, 
9:30 a.m., 1:30 and 7:30 p.m. Annual 
Award Banquet, Thursday, 6:00 p.m. 

EXHIBITION: Tuesday through Friday, 
noon to 6:45 p.m. except Thursday and 
Friday to 5:00 p.m. 

For Program write or telephone 

Program Chairman 
Audio Engineering Society 

P.O. Box 12, Old Chelsea Station, 

New York 11, N.Y. 
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AIRCRAFT CORPORATION 

less of panel type, ma¬ 
terial. size and structure. 

que 
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TRUSS EVALUATIONS 
of hoop stresses vs. radial stresses 
have demonstrated means of 
maintaining true contour 
under varying attitudes in 

both static and dynamic 
conditions for high 

Months of intensive studies on 
many antenna problems together 
with a tremendous backlog of air¬ 
craft structures experience put Rohr 
in the position to precision-build 
large antennas better, faster, at less 
cost. And, we’re ready to prove it. 
Research and development programs 
such as those shown above have given us 
the facts for production of better antenna 
structures. At the same time we have been 
manufacturing antenna structures of a major 
nature. Whatever the size —whatever the toler¬ 
ance— whatever the technique — we’d like to 
discuss your antenna program. For Rohr has the 
facts-the facilities-the imaginative engineering 
— the metal forming experience to design and build 
antennas. For immediate and specific antenna infor¬ 
mation, please contact Mr. A. R. Campbell, Sales 
Manager, Dept. 69, Rohr Aircraft Corporation, Chula 
Vista, California. Main Plant and Headquarters: Chula 
Vista, California; Plant: Riverside, California; Assembly 
Plants in Winder, Georgia, and in Auburn, Washington 
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ROHR HAS 
THE FACTS 
AND STRUCTURES EXPERIENCE 
TO BUILD PRECISION ANTENNAS 
THAT WILL MEET TOLERANCES Mmds 

El 

n c y 
ion. 
iSuL 
AE 

WIND 
STUDIES 

have shown it 
impractical in 

design to overpower 
wind in larger antenna 

structures. Answers are 
found through optimizing 

point of rotation p KV’w 
for minimum torque. —  2g 

VIBRATION STUDIES 
here have indicated methods of 

designing structures for high natural 
frequency with full regard for high 

response servo f —A_ w _ 1 \/ K 
requirements. — T— 2- — 2rr 'm 

CONTOUR MEASURING STUDIES 
have led to the development of practical 
and accurate contour measuring systems 
applicable in all positions of the antenna. 
Advanced information has been gained in 
the fields of pointing accuracy 5 

and orthogonality error. —  S Nf 

ENVIRONMENTAL STUDIES 
have provided extensive data on distortion 
and heat conduction properties of varying 
antenna structural shapes At(r)(l2) 
and materials. —  h(8) 

SURFACE PAN E L TESTS 
prove that precise tolerances can be held 
in manufacture— as specified —regard-
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FILTRON RF filters have suppressed unwanted inter¬ 
ference signals virtually everywhere... in radar, elec¬ 
tronic and electrical equipment. .. manned aircraft. .. 
missiles. ..satellites. . .weapons systems. .. launch¬ 
ing platforms. . .and shielded laboratories too! These 
applications have required suppression throughout 
the entire electro magnetic spectrum — from 30 
cycles to over 50,000 megacycles— both broadband 
and narrow band. In all, more than 7,000 different 
types of Filtron RF interference suppression filters 
have been designed and manufactured under 
Filtron’s exclusive patented circuit design. Millions 
are in use today. 

If electrical disturbance is interfering with the satis¬ 
factory operation of your device, on land, sea or in 
the skies. .. FILTRON has a solution to meet all 
military specifications. 

COMPANY, INC. 
FLUSHING 55, N. Y. • CULVER CITY & PALO ALTO, CALIF. • DAYTON, OHIO 

RF INTERFERENCE FILTERS • RADAR PULSE PACKAGES • PULSE FORMING NETWORKS 
SPECIALTY CAPACITORS • DELAY LINES 

RF INTERFERENCE TESTING • SYSTEMS ENGINEERING 

Professional a 

Group Meetings 3

(Continued from page 

New York May 23 
“Developments in Computer Control 

Systems,” J. Truxall, Poly tech. Inst. 
Brooklyn. 

Philadelphia -May II 

“Precision Timing and Control of the 
C-Stellerator," A. S. Buchman and J. S. 
Cashen, RCA Industrial Electronic Prod¬ 
ucts, Natick, Mass. 

BIO-MEDICAL ELECTRONICS 

Chicago—April 14 
“Instrumentation Applications in Neu¬ 

rosurgery for Parkinsonism," M. L. 
Petrovick, Dr. J. Brumlik, Dr. N. Wetzel, 
Northwestern University Medical School, 
Chicago. 

Columbus—May 2 
“Ultrasonic Applications in Bio-Medi¬ 

cal Fields, including Neurosurgery," Dr. 
W. J. Fry, University’ of Illinois, Urbana, 
111. ‘ 

Columbus March 29 

“General Discussion of Computers in 
Bio-Medical Electronics," Dr. R. W. 
Stacey, Ohio State I Diversity, Columbus. 

“Automatic Computer Methods lor 
System Parameter Determination in I In¬ 
mans,’’ Dr. G. Ornstein, North American 
Aviation, Columbus. 

“Solutions of Psychiatric Problems us¬ 
ing Digital Computers," Dr S. Rettig, 
Columbus Psychiatric Institute, Colum¬ 
bus. 

Huntsville—April 28 
“Instrumentation in Medical Elec¬ 

tronics; Engineering Problems," E. A. 
Myers, ( niversity oí Tennessee. 

“Instrumentation in Medical Elec¬ 
tronics; Applications Problems," Dr. C. I). 
Ray, University of Tennessee. 

lour and demonstration ol medical 
electro-mechanical equipment. 

I luntsville April 5 
“Factors Influencing the Selection of a 

Precision Ocilloscope, " C. I.. Bouffiou, 
Tektronix, Inc., Atlanta, Ga. 

Metropolitan New York April 13 

“Television Spectroscopy in Bio-Medi¬ 
cal Research,” S. S. W est, W estern Reserve 
University. 

Metropolitan New York- February 15 

“Ultrasonography in Medical Diag¬ 
nosis,” G. Baum, \ A Hospital, Bronx. 

Metropolitan New York- January 25 
“Problems in the Automatic Analysis 

of Biological Air Populations,” S. S. Nel¬ 
son, U. S. Army Chemical Corps, Fort 
Detricks, Md. 

(Continued nil page ln4.d) 
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For Navy’s surface-to-air Terrier missile, the SPG-55 Missile 
Guidance Radar by Sperry - shown above on the new missile 
frigate USS Dahlgren -provides “20/20” target acquisition and 
tracking, together with precision guidance of missile to target. 

Other radars by Sperry range from a portable field unit for 
detecting enemy vehicle and personnel movements in combat, 
to a network of giant area defense “fortress” radars on 24-hour 
air search duty continent-wide. Tracking, guidance, navigation, 
weather, tactical search, area defense-advanced Sperry radars 
are on duty in these and many other areas of commerce and 
defense -in-action evidence of one of the widest-ranging radar 
capabilities available today. General offices: Great Neck, N. Y. 

Typical examples of Sperry radars are (I. to r.): USMC's airliftable tactile! early 
warning radar, TPS-34; diminutive Army PPS-4 battlefield surveillance radar; 
Air Force APN-59 air navigation radar; commercial Radar 5 for small craft navi¬ 
gation: FPS-35 for USAF’s Continental Aircraft Control and Warning System. 



Setting A New High Standard Of Performance! 

★ Life tests hove proved that El-Menco Mylar-Paper Dipped Capacitors — 
tested at 105°C with rated voltage applied — have yielded a failure rate 
of only 1 per 1,433,600 unit-hours for l.O.MFD. Since the number of unit¬ 
hours of these capacitors is inversely proportional to the capacitance, 0.1 
MFD El-Menco Mylar-Paper Dipped Capacitors will yield ONLY 1 FAILURE 
IN 14,336,000 UNIT-HOURS. 

CAPACITANCE 
AND VOLTAGE 

CHART 

• Five case sizes in 
working voltages 
and ranges: 

200 WVDC — .018 to 5 MFD 

400 WVDC — 0082 to .33 MFD 

600 WVDC — 0018 to .25 MFD 

1000 WVDC — .001 to .1 MFD 

1600 WVDC — 001 to .05 MFD 

THE ELECTRO MOTIVE MFG. CO., INC. 
Manufacturers of El-Menco Capacitors 

WILLIMANTIC CONNECTICUT 
• molded mica • mica trimmer • dipped mica • silvered mica films 

• tubular paper • mylar-paper dipped • ceramic feed-thrus • ceramic discs 
Arco Electronics, Inc., Community Drive, Great Neck, L.I., New York 

Exclusive Supplier To Jobbers and Distributors in the U.S. and Canada 
WEST COAST MANUFACTURERS CONTACT: 

COLLINS ELECTRONIC SALES, INC ,535 MIDDLEFIELD ROAD, PALO ALTO,CALIFORNIA 

ENCYCLOPAEDIC DICTIONARY OF PHYSICS 
The indispensable work of reference . . . 

complete in 8 volumes • 15,000 physical terms 
60 sections • subject-indexed • bibliography for each article 

approx. 8,000 pages • page size 9 %" x 7%" • 6-language glossary 
Of indispensable value to industry and government, scientists, engineers, chemists, 
mathematicians and all who work in the physical sciences! Covers physics proper, 
mathematics, astronomy, aerodynamics, hydraulics, geophysics, metrology, physical 
metallurgy, radiation chemistry, physical chemistry, structural chemistry, crystallog¬ 
raphy. medical physics, biophysics and photography. Unique 6-language glossary, 
included with the set, is a comprehensive compilation of physical terms in English. 
French. Spanish. German, Russian and Japanese. $298.00 the set 

Write today for special money-saving offer on the set! 

PERGAMON PRESS, INC. Dept. IR1, 122 E. 55th St., New York 22, N.Y. 

Group Meetings 3 
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Metropolitan \ew York — December 20 
“Pressure Measurements within the 

I Inman Body,” Dr. T. Hansen, Rockefeller 
Institute. 

Metropolitan New York—November 17 
“Problems of Electrodiagnostic In¬ 

strumentation,” J. Rogoff, M.D., Jewish 
Chronic Disease Hospital of Brooklyn. 

Metropolitan New York—October 11 

“The Necessity of Physiological Moni¬ 
toring in the General Hospital,” G. Rad¬ 
cliffe, Columbus Hospital, Newark, N.J. 

Portland—May 25 
“Instrumentation Problems in Eye Re¬ 

search,” Dr. R. Hill, Longview, Wash. 
“Differential Transformers and Strain 

Gages,” R. Beck, Tektronix, Inc., Beax er¬ 
tön, Ore. 

Portland—April 27 
Engineers’ Night at the Medical School, 

University of Oregon, Portland 
“Servo Analysis of Posture Control,” 

Dr. J. W . Brookhart, Dept, of Physiology. 
“Blood Pressure Micro- Transducer, ” 

Dr. C. T. Dotter, Dept, of Radiology. 
“Blood Flow through Small Apertures” 

Dr. R. L. Swank, Dept, of Neurology. 
“Radio-Assay Techniques," Dr. J. T. 

\'an Bruggen, Dept, of Bio-Chemist ry. 
“Cardiac Counter,” Dr. H. E. (iris-

wold, Dept, of Cardiology. 
“Artificial Kidney," Dr. R. D. Gron-

dahl. Dept, of Clinical Pathology. 

Broadcast and Television 
Receivers 

Chicago—May 12 
“A MADT with a Guaranteed Noise 

Figure less than 4.5 db at 200 me " C. R. 
Gray, Phi Ico Corp., Lansdale, Pa. 

Chicago—February 10 
“A New Concept in Transistor Con¬ 

verters,” L. Plus and R. A. Santilli, RCA, 
Somerville, N. J. 

( iRt tit Theory 

San Francisco—June 7 
“Parametric Amplifiers: Circuit I heory 

and Design," E. S. Kuh, University of 
California, Berkeley. 

San Francisco—May 3 
“The Synthesis of Circuits Active at 

Po," R. \\ . Newcomb. Stanford University, 
Stanford, Calif. 

(Continued on fuge 107A) 
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Manufacturers of glass silicon diodes 

which meet the most challenging requirements of our industry's 

high-temperature, low-leakage, fast-switching technology. 

COMPUTER DIODE 
CORPORATION 

250 GARIBALDI AVENUE • LODI. NEW JERSEY • PRESCOTT 3-2511 • CABLE ADDRESS- COD! LODI 
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PLAN NOW, ! 
to attend the 

CANADIAN 
ELECTRONICS 
CONFERENCE 
and exposition featuring 

“PROGRESS THROUGH ELECTRONICS’’ 
SEE the far reaching application of electronic equipment 
and techniques in every phase of industry, commerce, 
medicine and defence—dramatically portrayed in over 150 
exhibits by leading Canadian, U.S. and overseas companies. 

HEAR what the nation’s leading scientists and engineers 
have developed or planned for the future in electronics— 
a highly informative program of eighty technical papers 
and two panel discussions. 

JOIN with those engaged in the Industry and the 
thousands of users and potential users of electronic 
equipment who will attend this great three day programme. 

OCTOBER 2, 3 & 4, 1961 

IRE CANADIAN ELECTRONICS CONFERENCE 
1819 YONGE STREET, TORONTO, CANADA 

TELEPHONES: HUDSON 8-7768 AND HUDSON 1-3331 

Sponsored by the Canadian Region of the 

Institute of Radio Engineers 

PROGRAM MAILED UPON REQUEST 
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Communications Systems 

Chicago—May 12 
“High-Frequency Digital Communica¬ 

tions,r P. J. Leahy, Admiral Corp., Chi¬ 
cago. 

Los Angeles—June 27 

“The J. P. L. Venus Radar System,” 
R. Goldstein and AL Easterling, PJL. 

San Francisco—June 20 
“Time I)elay and Echo Problems with 

Various Satellite Communications Sys¬ 
tems,” Dr. L. Hunter and J. Stewart, 
General Telephone and Electronics Lab., 
Menlo Park. 

Syracuse—May 2 
“A Ground-Air-Ground Data Link In¬ 

vestigation,” \\’. W. Felton, FAA Bureau 
of Research & Dev., Atlantic City, N. J. 

Communication Systems 
VEHICULA R COMMUN I CAT IONS 

Omaha-Lincoln—June 30 
“150 Megacycle Cavity Resonator— 

Exhibit and Experience,” C. Crozier, NW, 
Bell, Neb. 

“How FCC Monitoring Stations Help 
Resolve Radio Interference Problems,” 
A. A. Johnson, FCC Station, Grand Is¬ 
land, Neb. 

“Panoramic Receiver Principles— 
Demonstration and Discussion,” C. D. 
DeW itt, Electronic Designs, Omaha. 

(Symposium on Communications In¬ 
terference Problems) 

Component Parts 

Chicago—March 10 
“Accelerated Life Testing of Electron 

Tubes,” D. S. Wright, Bendix Corp., 
Eatontown, N. J. 

Chicago—December 9 

“Use of Plastic Film Dielectrics for 
Capacitors,” G. Mistic, Gudeman Co., 
Chicago, Ill. 

Metropolitan New York—October 18 

“Redundant Techniques Using Mag 
Cores to Improve Computer Reliability,” 
R. Wasserman, Hermes Electronics Co., 
Cambridge, Mass. 

“The Mag Core as a Switching Ele¬ 
ment,” E. Geissler, Sprague Electric, 
North Adams, Mass. 

New York—May 24 

“Round Table Discussion of Synchro 
Performance and Reliability," R. Pickus, 
Sperry Gyroscope Co.; B. Sachs, Paratron 
Corp.; C. Lang, Kearfott Co. 

(Continued on pape 109A) 

U. S. Army L23D produced by Beech Aircaft—equipped with AN/UPD-1 high-
resolution ground mapping radar developed and built by Tl in cooperation with 
the University of Michigan and the U. S. Army Signal Corps. 

Tl IN SURVEILLANCE 
SYSTEMS 

APPARATUS 
DIVISION 

Texas Instruments 
INCORPORATED 
6, COO LEMMON AVENUE 
P O BOX6O:5 D A L L A S 2 2. T E X A S 

x©.©©©J 

MULTIPLE 
INDICATORS 
in a compact “package”-

Ready to Install 
in a minimum of space! 

The DIALCO DATA MATRIX 
Manufacturing Service aids you 3 ways: 
(1) Supplies ultra-miniature Lamp Holders with 
read-out Lamp Cartridges... (2) Fabricates panels 
to order. ..(3) Assembles Lamp Holders on panels. 
For computers, data processing equipment 
Lamp Holders accommodate DIALCO’s 
own Lamp Cartridges. Shown Vi size: 
Data Matrix No. DM-7538-40 with 40 
Lamp Holders and Cartridges... Shown 
actual size: Incandescent Cartridge 
No. 39-6-1471 with short cylindrical 
lens; Neon Cartridge No. 38-1531 with 
long cylindrical lens. Many other features, 

Complete details in Brochure L-160B. 

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

PILOT LIGHTS 
''The Eyes of 

Your Equipment" 

DIALCO Foremost Manufacturer of Pilot Lights 

DIMIGHT 
CORPORATION 
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Sockets from Fastex Division, Illinois Tool Works 

for plug-in sockets and printed circuits 
This new series of silicon rectifiers is especially 

suited for use in printed circuit assemblies, or 
can be plugged directly into special sockets to 
facilitate assembly and servicing. Insulated case 
— 11/32" X 3/16" X 1/4" high—eliminates many 
mounting problems. Leads are on 7/32" centers. 

Reliability is excellent—in part because the con¬ 
struction minimizes axial strain on the junction. 
Special Tarzian oversize junctions increase inrush 
current protection, contribute to low voltage loss, 
and lengthen useful life in this as in other Tarzian 
silicon devices. Prices are realistic. 

Complete line catalog available. Application engineering assistance 
is also available without obligation. Send for data sheet. 

Tarzian 
Type 

Amps DC 
(85°C) PIV 

Maximum 
RMS Volts 

Maximum 
Recurrent 

Peak 

Amps 
Surge 
(4MS) 

a
 
a
 
a
 

(J)
 
£
 
M
 in 

m
 

in 

200 
400 

600 

140 
280 

420 

7.5 

7.5 
7.5 

in 
in 

in 
b
 
b
 
b
 

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

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

SEMICONDUCTOR DIVISION • BLOOMINGTON, INDIANA 

In Canada: 700 Weston Rd., Toronto 9 • Export: Ad Auriema, Inc., New York 
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W ashington—May 31 
“Tantalum Thin Film Components and 

Integrated Circuitry,” Dr. N. Schwartz, 
Bell Telephone Labs., Murray Hill, N. J. 

Component Parts 
Reliability and 
Quality Control 

Los Angeles—June 19 

Panel Discussion—“New Techniques 
Employed in the Minuteman Reliability 
Program.” 

J. J. Seidman, Space Tech. Labs., Los 
Angeles; Dr. W. |. West, Autonetics Div., 
NAA, Downey, Calif.; W. H. Roberts, 
General Electric Co., Irmo, N. C. 

Electron Devices 

Metropolitan New York—March 9 
“Recent Advances in Crossed-Field 

Amplifiers, " Dr. J. Eeinstein, SFD Labs., 
Inc. 

Ei.e< Tron Devices 
Microwave Theory 
AND Till UNIQUES 

San Francisco—May 18 

“ I he Laser,” Dr. T. II Maiman, 
Quantatron Inc., Santa Monica. 

Electronic Computers 

Binghamton June 15 
“Computer Design: Logical Equations 

vs. the Old Fashioned Way,” Dr. M. 
Phister, Scantlin Electronics Co., Los 
Angeles. 

“Integrated Micrologic Elements,” D. 
M. Farina, Fairchild Semiconductor Corp., 
Mountain \ iew, Calif. 

“Automation in Air Traffic Control," 
I. R. Bennett, FAA-NAFEC, Atlantic 
City, N.J. 

Chicago—February 10 
“Suggestions for the Digital Systems 

of Nuclear Instruments,” W. Orvedahl, 
University of Chicago, III. 

Day ton—April 13 
“Design of Micromodule Circuits," |. 

\\ . Knoll, RCA, Camden, N. J. 
“Application of Micromodules to a 

Tactical Data Processor,” M. Gottlieb, 
RCA. Camden, N. J. 

Dayton—February 9 

“Westinghouse Molecular Electronic 
Block Program,” Dr. S. M. Skinner, Wes¬ 
tinghouse Air Arm Division, Baltimore. 

(Continued on page 111AJ 

Hughes’ FALCON Air-io- Air Missiles in front of Convair F-102A 

Tl INFRARED OPTICS 

IN MISSILE SYSTEMS 

APPARATUS 
DIVISION 

Texas Instruments 
INCORPORATED 
6OOO LEMMON AVENUE 
P.O BOX 6015 DALLAS 2 2. TEXAS 

NOW AVAILABLE! 

Electrical and Electronic 
Test Equipment Data Handbook 

Here is an invaluable aid to engineers, government personnel, contractors, purchasing agents 
and electronic equipment buyers in selecting specific test equipment. Eleven books, describing 
over 1600 test equipments categorized in 19 funcional classifications. This new, revised edition 
of the T.E.D. Handbooks will definitely save a countless number of technical man-hours and 
research dollars. Order yours now. 

COMPLETE SET . $200. 
FRC pays postage on pre-paid orders. 
In the case of purchase orders, f.o.b. Wheaton, Md. 

For complete information write 

FREDERICK RESEARCH 
CORPORATION 

WHEATON, MARYLAND 
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Nickel Alloy Springs last longer in Corrosive 
Environments and at High Temperatures 

Kick out switches, relays, circuit 
breakers, solenoid valves, diaphragms 
and other spring type assemblies play 
a vital part in the efficiency of electrical 
equipment. If corrosion or high tem¬ 
peratures are important factors in the 
reliability and service life of your spring 
assembly, make sure they are made 
from a high nickel alloy for: (1) high 
strength stability; (2) resistance to re¬ 
laxation at elevated temperatures; (3) 
oxidation resistance; (4) resistance to 
corrosive environments with good elec¬ 
trical properties. 

INCONEL* Alloy X-750 is the out¬ 
standing choice for springs operating up 
to 1200° F because of its high strength 
stability, good oxidation and corrosion 
resistance, and resistance to relaxation. 

DURANICKEL* Alloy 30 1 gives excel¬ 
lent service at temperatures up to 600° 
F. It is used for infrared bulb spring con¬ 
tacts, springs in sun lamps and spark 
plugs, electric toaster coils and numer¬ 
ous other applications requiring relaxa¬ 
tion resistance at elevated temperatures. 

Design Stress for age-hardened DURANICKEL 
Alloy 301 and PERMANICKEL Alloy 300 springs 
at elevated temperatures. 

Coiling Maximum Shearing Stress for 
Method temperatures (°F.) indicated 

Up to 400 F. 550 to 600 F 

Cold 70,000 psi 60.000 psi 

Hot 70,000 psi 60.000 psi 

The physical constants of DURANICKEL Alloy 301 
and PERMANICKEL Alloy 300 

PHYSICAL CONSTANT 

SPECIFIC GRAVITY. GM/CM 

DENSITY, LB./CU. IN. 0.298 0.316 

128/137 * 400 

MAGNETIC TRANSFORMATION TEMP. F. (APPROX.) 200** 563 ** 

Age- Hardened 

0.0000072 
0.000013 

0.002 
0.0036 

0.0006 
0.001 

0.0000072 
0.000013 

MEAN COEF. OF THERMAL EXPAN. AT (77°-212°F.), 
IN./IN./°F. AT (25-100°C.) CM./CM./°C. 

TEMP. COEF. OF RESISTIVITY 
PER F. (68°-212°F.) 
PER°C. (20°-100°C.) 

94.5 e1 * 
15.7** 

DURANICKEL 
Alloy 301 

8.26 

260 * 
43** 

PERMANICKEL 
Alloy 300 

8.75 

THERMAL CONDUCTIVITY AT (32°-212°F.) 
BTU./SQ. FT. /HR. °F./IN. 

ELECTRICAL RESISTIVITY OHMS/CIR 
MIL. FT. (68CF.) 
MICROHMS/CM. (20cC.) 

Other nickel alloys recommended for 
electrical spring assemblies include — 
PERMANICKEL* Alloy 300 high 
electrical and thermal conductivity 
requirements, MONEL* Alloy 400 for 
general applications requiring corrosion 
resistance in addition to toughness and 
strength up to temperatures of 450° F 
and INCONEL Alloy 600 for good 
strength, ductility, resistance to oxida¬ 

tion and good spring properties up to 
750° F. 

You can get the complete story on nickel 
alloy springs. Write for our technical 
bulletin T-35. “High Nickel Alloy Heli¬ 
cal Springs.” Our corrosion and high 
temperature engineers will be glad to 
help you with any specific problem you 
may have. • Refçlstered trademark 

HUNTINGTON ALLOY PRODUCTS DIVISION 
The International Nickel Company, Inc. 

Huntington 17, West Virginia 

HUNTINGTON ALLOYS 
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Long Island—April 19 
‘‘Combination Analog-Digital Tech¬ 

niques in Computing," Dr. II. Skram-
stadt, NBS, Washington, D. C 

Los Angeles—May 18 

‘‘Complexes, Concepts and Compu¬ 
ters," Dr. M. Adelson, Hughes Aircraft 
Co. 

New Jersey— 

“Nervous Systems and Computers," 
L. Harmon, Bell Telephone Labs. Murray 
Hill. 

New York and Northern New Jersey -
April 20 

“Field Trip—Strategic Air Command 
lest Facility," N. Raver, I nt. Elec. Corp., 
Paramus, N. J. 

Engagement displays for Nike-Zeus— the U. S. Army's anti-missile defense system, 

beirg developed by Bell Telephone Laboratories under a Western Electric Co. prime contract. 

Tl ENGAGEMENT DISPLAYS 

IN MISSILE SYSTEMS 

New York and Northern New Jersey— 
February 28 

“Pulse Transformer Design by a Digi¬ 
tal Computer," D. Wildfeuer, American 
Bos« h Arma Corp., L. L, N. Y. 

APPARATUS 
DIVISION 

Texas Instruments 
INCORPORATED 
6000 LEMMON AVENUE 
P O 60X6015 DALLAS 22. TEXAS 

New York and Northern New Jersey — 
October 26 

“World-Wide Message Handling of 
Computer Techniques," N. Raver, Inter¬ 
national Electronic Corp., Paramus. N. J. 

Orange County—June 1 
‘‘Teat hing Machines," Dr. J. Coulson, 

Systems Development Corp., Santa Mon¬ 
ica. 

Philadelphia -May 11 

“Control of Nuclear Experiments ( sing 
('-Stellerators," A. S. Buchman and J. S. 
(ashen. 

Philadelphia—Nov ember 7 
“Operation Ballot," S. 1. Neuwirth, 

RCA. 

San Francisco -June 27 
“Logical Synthesis and Fabrication of 

( ryot ron Networks," J. W. Bremer, Gen¬ 
eral Electric. Mountain View, Calif. 

San Francisco—May 23 

“Significance of Advanced Program¬ 
ming Techniques to the Computer En¬ 
gineer," Dr. II. I). Huskey, University of 
Calif., Berkeley, Calif. 

Syracuse June 7 

“Trend- in Computer Memories," D. 
Elder, IBM. Endicott, N. Y 

(( ont iniicd on page 1ISA) 

capacities 

West Coast Office: 
4203 Spencer St., 
Torrance, Calif. 

Philco APS-103 search radar on the lookout for bogies 
and bandits. The liquid cooling unit has a capacity 
of 1600 watts, but weighs only 15 lbs., and fits into 
a compact 5 9/32" x 9-7/8” x 7-7/8” volume. De¬ 
signed for operation to 50,000 feet, it features an 
ingenious internal manifold which makes for sim¬ 
plicity, reliability, and which eliminates most internal 
connections. If you need efficient, miniaturized light 
weight cooling units for airborne electronics cooling, 
call on Eastern. Eastern is your perfect source for 

liquid tube cooling units for 
_ from 50 to 20,000 watts. 

EASTERN INDUSTRIES I 
100 Skiff Street, Hamden 14, Conn. | 
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THE ONLY SIMPLE FORMULA 
FOR 

B 

C' c 

INTERFERENCE 
MEASUREMENTS 

ENTIRE 
FREQUENCY 

LOW FREQUENCY* Model NF-105 HIGH FREQUENCY* Model NF-112 RANGE 
F » y .— » y 

14 KC-1OOO MC 1000-10,000 MC 14 KC-10 KMC 

COMPLETE 2 

EC 
e a 2 

3 

,| I lililil.lT' 

Uwilililililili^lilihlilililtliliTihliltltlilililii 

_ 
° I 
K í < I < I•Itl ■ I 

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

field intensity meter for the frequency range from 150 kilocycles to 1OOO megacycles. The versatility 

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

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

joined by Model NF-112 which covers the frequency range from 1000 to 10,000 megacycles. The 

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

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

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

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

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

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

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

interference measuring job from 14 KC all the way up to 10,000 MC. 

For complete technical information, 
send for Catalog 614. 

Plan to attend our next seminar on interference 
instrumentation. Details upon request. 

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

MANUFACTURERS OF: FIELD INTENSITY METERS • DISTORTION ANALYZERS • IMPULSE GENERATORS • COAXIAL ATTENUATORS • CRYSTAL MIXERS 
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Engineering Mana<;em ent 

Baltimore—May 11 
“Engineer’s Unions,” Dr. !.. M. Ost- | 

reicher, The Martin Co., Baltimore. 

Chicago—January 18 
“The Role of the Executive Program in j 

Management Development,” N. E. | 
Stearns, Chicago University. 

“The Business of Business Schools," 
J. H. Lorie, Chicago University. 

“Future of R. & D,” Prof. S'. Brozen. 
“Can Computers Handle Management 

Problems?" Prof. Robert Graves. 

Dayton—April 20 

“You Didn’t Understand Me,” G. I 
Biersack, University of Dayton, Ohio. 

Dayton—March 9 
“Practical Systems Management,” Dr. | 

R. D. O’Neal, Bendix Corp., Detroit, 
Mich. 

Dayton—January 26 
“Objective Management in a Subjec¬ 

tive Environment,” Major Gen. J. R. 
Holzapple, USAF. 

Los /Angeles—May 24 

“Trends in Executive Development,” 
Dr. J. G. Phelan, Los Angeles State Col¬ 
lege, Calif. 

New York—May 17 

“Manager or Engineer—-The Role of 
Genetics,” J. O'Connor, Johnson O’Connor 
Research Foundation. 

New York—May 4 

“Economic Aspects of Solid State Elec¬ 
tronics,” J. A. Morton, Bell Telephone 
Labs., Murray Hill, N. J. 

New York—October 19 

“Technical Continuity from Research 
to Production,” Dr. H. Trotter, General 
Telephone and Electronics Lab., Bayside, 
N. Y. 

New York, Long Island and Northern 
New Jersey—December 20 

“Management Problems in Small Com¬ 
panies,” S. Dubin, Telechrome Mfg. Co.; 
R. S. Marston, Crosby-Teletronics Corp.; 
A. Dorne, Dorne & Margolin, Inc. 

Engineering Writing 
and Speech 

Chicago—December 9 

“Communicating—Your Key to Suc¬ 
cess,” G. L. Smith, Alexander Hamilton 
Institute, Inc., New York, N. Y. 

(Continued on l'âge 116A) 

Sidereal timers and ground equipment developed and buht by Tl p-ovide highly accurate reference 
time for the U. S. Air Force SKYBOLT missile—designed and built by Douglas Aircraft Company. 

Tl TIMERS IN 
MISSILE SYSTEMS 

APPARATUS 
DIVISION 

Texas Instruments 
INCORPORATED 
6 0 0 0 LEMMON AVENUE 
P O BQX6O15 DALLAS 22. TEXAS ' 

CLEAN 
PRINTED-
CIRCUIT 
BOARDS Send for Product Data Sheet No. 7 

AUTOMATICALLY 
Remove activated and non-activated fluxes and other contamina¬ 

tion from assembled printed-c rcuit boards with new ultrasonic 

cleaner using Freon® solvent. No trace of flux under “Black light” 

inspection; no trace of residual contamination; no damage to 

mounted components. 

Will handle 300 500 boards per hour -board sizes up to 10 x 20 

inches. Also availab e less conveyor for manual operation. Written 

quotation upon 'eceipt of production volume and board sizes 

®r»EOH IS A REO 'STEREO TRADEMARK OF DUPONT 

NATIONAL ULTRASONIC CORPORATION 
95 Park Avenue • Nutley 10, N. J. 
NOrth 1-1515 • TWX NUT 1030 
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28 Fields of Special Interest-
The 28 Professional Groups are listed below, together with a brief definition of each, the name of 

Aerospace and Navigational 
Electronics 

Annual fee: $3. 

The application of electronics to opera¬ 
tion and traffic control of aircraft and 
to navigation of all craft. 

Mr. George M. Kirkpatrick, Chair¬ 
man, General Electric Co., Syra¬ 
cuse, N.Y. 

40 Transactions. <>. & ’S, Vol. 1, No. 3; Vol. 
2, No. 1-3; Vol. 4, No. 1. 2. 3; Vol, 5. No. 2, 3, 
4; Vol. 6. N„. 1, 2, 4: Vol. 7, No. 1. 2, 3, 4; 
X "I. 8, No. I. 2. 

Automatic Control 

Annual fee: $3. 

The theory and application of auto¬ 
matic control techniques including 
feedback control systems. 

Mr. John M. Salzer, Chairman, 909 
Berkeley St., Santa Monica, Calif. 

13 Transactions. PGAC 3 -4-5-6. AU-4, No. 1, 
2, 3; AC-5, No. 1, 2, 4; AC-6, No. 1, 2. 

Broadcasting 
Annual fee: $2. 

Broadcast transmission systems engi¬ 
neering. including the design and utili¬ 
sation of broadcast equipment. 

Mr. Raymond F. Guy, Chairman, 
264 Franklin St., Haworth, N.J. 

19 Transactions. No. 10, 11, 12, 13, 14; BC-6. 
No. 1, 2, 3; BC-7, No. 1, 2. 

Component Parts 
Annual fee: $3. 

The characteristics, limitation, applica-
' tions, development, performance and re¬ 

liability of component parts. 
Mr. Floyd E. Wenger, Chairman, 
Headquarters ARDC, Andrews AFB, 
Washington 25, D.C. 

24 Transactions, CP-4, No. 1. 2. 3, 4; CP-5, 
No. 1, 2, 3, 4; CP-6, No. 1, 2, 3, 4; CP-7, No. 1, 
2, 3, 4; CP-8, No. 1, 2. 

Electronic Computers 
Annual fee: 54. 

Design and operation of electronic com¬ 
puters. 

Dr. A. A. Cohen, Chairman, Rem¬ 
ington-Rand Univac, St. Paul 16. 
Minn. 

38 Transactions. EC-6, No. 2, 3; EC-7, No. 1, 
2, 3, 4; EC-8, No. 1, 2, 3, 4; EC-9, No. 1. 2, 3, 
4; EC-10, No. 1, 2. 

Antennas and Propagation 

Annual fee: $6. 

Technical advances in antennas and 
wave propagation theory and the utili¬ 
sation of techniques or products of this 
field. 

Dr. Harry Fine, Chairman, Applied 
Propagation Branch FCC, Washing¬ 
ton, D.C. 

37 Transactions, *\ ol. AP-2. No 2; AP-4, 
No. 4: AP-5, No. 1-4; AP-6, No. 1, 2, 3, 4; 
AP-7, No. 1, 2, 3, 4; AP-8, No. 1, 2, 3, 4, 5, 6; 
A P-9, No. 1, 2, 3, 4. 

Bio-Medical Electronics 

Annual fee: $3. 

The use of electronic theory and tech¬ 
niques in problems of medicine and 
biology. 

Mr. George N. Webb, Chairman, 
Dept, of Med. Biophysical Div., 
Johns Hopkins Hospital, Baltimore 
5, Md. 

21 Transactions, 8, 9, 11, 12; ME-6, No. 1. 2, 
3, 4; ME-7, No. 2, 3, 4; BME-8, No. 1, 2. 3. 

Circuit Theory 

Annual fee: 54. 

Design and theory of operation of cir¬ 
cuits for use in radio and electronic 
equipment. 

Dr. James H. Mulligan, Jr., Chair¬ 
man, College of Eng., New York 
University, New York 53, N.Y. 

31 Transactions, CT-4, No. 3-4; CT-5. No. 1, 
2. 3, 4; CT-6, No. 1, 2. 3, 4; CT-7, No. 2, 3, 4; 
CT-8, No. 1. 2. 

Education 

Annual fee: 53. 
To foster improved relations between 
the electronic and affiliated industries 
and schools, colleges, and universities. 

Mr. George E. Moore, Chairman, 
Westinghouse Electric Corp., East 
Pittsburgh, Pa. 

14 Transactions, V’ol. E-l. No. 3, 4; E-2, No 
1, 2, 3, 4; E-3, No. 1, 2, 3, 4; E-4, No. 1, 2. 

Engineering Management 
Annual fee: $3. 

Engineering management and adminis¬ 
tration as applied to technical, indus¬ 
trial and educational activities in the 
field of electronics. 

Mr. T. W. Jarmie, Chairman, Engi¬ 
neered Electronics, 1441 East Chest¬ 
nut Ave., Santa Ana, Calif. 

22 Transactions, EM-3. No. 2; EM-4 No 1 
3, 4; EM-5, No. 1-4; EM-6, No. 1, 2, 3; EM-7 
No. 1, 2, 3, 4; EM-8, No. 1, 2. 

Audio 
Annual fee: $2. 

Technology of communication at audio 
frequencies and of the audio portion of 
radio frequency systems, including 
acoustic terminations, recording and 
reproduction. 

Prof. Cyril M. Harris, Chairman, 
Columbia University, 632 W. 125 St., 
New York 27, N.Y. 

59 Transactions. ’Vol. AU-1, No, 6; ‘Vol. 
AU-2, No. 4; Vol. AU-3. No. 1. 3, 5; Vol. 
AU-4, No. 1, 5-6; Vol. AU-5. No. 1. 2. 3, 4. 
5, 6; AU-6, No. 1, 2, 3, 4, 5, 6; AU-7. No. 1, 
2, 3. 4, 5, 6; AU-8, No. 1, 2, 3, 4, 5, 6: AU-9, 
No. 1, 2, 3. 

Broadcast & Television 
Receivers 
Annual fee: $4. 

The design and manufacture of broad¬ 
cast and television receivers and com¬ 
ponents and activities related thereto. 

Mr. Robert R. Thalner, Chairman, 
Sylvania Home Electronics, Batavia, 
N.Y. 

28 Transactions, *7. 8; BTR-1, No. 1-3, 
BTR-2, No. 1-2-3; BTR-3, No. 12; BTR 4, 
No. 2, 3-4; BTR-5, No. 1, 2; BTR-6, No. 1, 
2, 3; BTR-7, No. 1. 

Communications Systems 

Annual fee: $2. 

Radio and wire telephone, telegraph 
and facsimile in marine, aeronautical, 
radio-relay, coaxial cable and fixed sta¬ 
tion services. 

Mr. Ralph L. Marks, Chairman, 
Rome Air Dev. Center, Griffiss AFB, 
N.Y. 

22 Transactions, CS-5, No. 2, 3; CS-6, No. 1, 
2; CS-7, No. 1, 3, 4; CS-8, No. 1, 2, 3, 4; CS-9, 
No. 1, 2. 

Electron Devices 
Annual fee: $3. 

F.lectron devices, including particularly 
electron tubes and solid state devices. 

Mr. Willis A. Adcock, Chairman, 
Texas Instruments Co., Dallas 9, 
Tex. 

33 Transactions. *Vol. ED-1, No. 3, 4; ED-3, 
No. 2, 4; ED-4, No. 2, 3, 4; ED-5. No. 2, 3, 4; 
ED-6, No. 1, 3; ED-7, No. 2, 3, 4; ED 8, No. 
1, 2, 3. 

Engineering Writing and Speech 
Annual fee: 53. 

The promotion, study, development, 
and improvement of the techniques of 
preparation, organisation, processing, 
editing, and delivery of any form of 
information in the electronic-engineer¬ 
ing and related fields by and to in¬ 
dividuals and groups by means of direct 
or derived methods of communication, 

John M. Kinn, Jr., Chairman, IBM 
Journal, 545 Madison Ave., New 
York, N.Y. 

9 Transactions, Vol. EWS-1. No. 2; EWS-2, 
No. 1, 2, 3; EWS-3, No. 1; EWS-4, No. 1, 2. 

THE INSTITUTE OF RADIO 
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-IRE’s 28 Professional Groups 
the group chairman, and publications to date. * indicates publications still available 

Human Factors in Electronics 

Annual fee: $2. 

Development and application of human 
factors and knowledge germane to the 
design of electronic equipment. 

Mr. Robert R. Riesz, Chairman, Bell 
Tel. Labs, Murray Hill, NJ. 

3 Transactions, HFE-1, No. 1, 2; HEE-2, 
No. 1. 

Instrumentation 

Annual fee: $3. 

Measurements and instrumentation uti¬ 
lising electronic techniques. 

Mr. Harvey W. Lance, Chairman, 
Natl. Bureau of Standards, Boulder, 
Colo. 

20 Transactions, PG I-4, Vol. 1-6, No. 2. 3, 4; 
Vol. 1-7, No. 1, 2; Vol. 1-8, No. 1, 2; Vol. 1-9, 
No. 1, 2, 3; Vol. 1-10, No. 1. 

Nuclear Science 

Annual fee: $3. 

Application of electronic techniques and 
devices to the nuclear field. 

Mr. Louis Costrell, Chairman, 
N.B.S., Washington 25, D.C. 

21 'Transactions, NS-1. No. 1; NS-4, No. 2¡ 
NS-5, No. 1, 2, 3; NS-6, No. 1, 2, 3, 4; NS-7, 
No. 1, 2-3, 4; NS-8, No. 1, 2, 3. 

Reliability and Quality 
Control 

Annual fee: $3. 

Techniques of determining and con¬ 
trolling the quality of electronic parts 
and equipment during their manufac¬ 
ture. 

Mr L. J. Paddison, Chairman, 
Sandia Corp., Sandia Base, Albu¬ 
querque, N.M. 

20 Transactions, *3, 5, 10, 11, 12, 13, 14, 15; 
RQC-9, No. 1, 2. 3; RQC-10, No. 1. 

Vehicular Communications 

Annual fee: $3. 

Communications problems in the field 
of land and mobile radio services, such 
as public safety, public utilities, rail¬ 
roads, commercial and transportation, 
etc. 

Mr. Richard P. Gifford, Chairman, 
General Electric Co., Lynchburg, 
Va. 

18 Transactions. 5. 8, 9, 10, 11, 12, 13; Vol. 
VC-9, No. 1, 2, 3; Vol. -10, No. 1, 2 

Industrial Electronics 

Annual fee: $3. 

Electronics pertaining to control, treat¬ 
ment and measurement, specifically, in 
industrial processes. 

Mr. J. E. Eiselein, Chairman, RCA 
Victor Div., Camden, N. J. 

15 Transactions, PGIE 1, 3, 5, 6, z, 8, 9. 10, 
11; IE-7, No. 1, 2, 3; IE-8, No. 1. 

Information Theory 

Annual fee: $4. 
The theoretical and experimental as¬ 
pects of information transmission, 
processing and utilisation. 

Dr. George L. Turin, Chairman, 
Dept, of E. E., Univ, of California, 
Berkeley 4, Calif. 

27 Transactions, PG1T-4. IT-1, No. 3! IT -2. 
No. 3; IT-3, No. 1, 2, 3, 4; IT-4, No. 1, 2, 3, 
4. IT-5, No. 1, 2, 3, 4; IT-6, No. 1, 3, 4, 5; 
IT-7, No. 1, 2. 3. 

Microwave Theory and 
Techniques 

Annual fee: $3. 
Microwave theory, microwave circuitry 
and techniques, microwave measure¬ 
ments and the generation and amplifica¬ 
tion of microwaves. 

Mr. Tore N. Anderson, Chairman, 
EMT Corp., Syosett, Long Island, 
N.Y. 

36 Transactions, MTT-4, No. 3: MTT-5, 
No. 3, 4; MTT-6, No. 1, 2, 3, 4; MTT-7, 
No. 2, 3, 4; MTT-8, No. 1, 2, 3, 4, 5, 6; 
MTT-9, No. 1, 2, 3. 

Product Engineering 
& Production 

Annual fee: $2. 

New advances and materials applica¬ 
tions for the improvement of produc¬ 
tion techniques, including automation 
techniques. 

Mr. Alfred R. Gray, Chairman, As-
tronics of Florida, Inc., Orlando, 
Fla. 

8 Transactions, No. 2-3, 4, 5. 6, PEP-5, No. 
1, 2. 

Space Electronics and Telemetry 

Annual fee: $3. 

The control of devices and the meas¬ 
urement and recording of data from 
a remote Point by radio. 

Mr. Kenneth V. Uglow, Chairman, 
Electro-Mechanical Research Inc., 
Sarasota, Fla. 

18 Transactions, TRC-1, No. 2-3; TRC-2, 
No. 1; TRC-3, No. 2, 3; TRC-4, No. 1; 
SET-5, No. 1, 2, 3, 4; SET-6, No. 1, 2, 3-4; 
SET-7, No. 1, 2. 

Military Electronics 

Annual fee: $2. 

The electronics sciences, systems, ac¬ 
tivities and services germane to the re¬ 
quirements of the military. Aids other 
Professional Groups in liaison with the 
military. 

Mr. Willie L. Doxey, Chairman, EC 
Dept., USASRDL, Fort Monmouth, 
N.J. 

13 Transactions, MIL-1, No. 1; MIL-2, No. 
1; MIL-3, No. 2, 3, 4; MIL-4. No. 2-3, 4; 
MIL-5, No. 1, 2, 3. 

Radio Frequency Interference 

Annual fee: $2. 

Origin, effect, control and measurement 
of radio frequency interference. 

Mr. Harold E. Dinger, Chairman, 
Naval Research Lab., Washington 
25. D.C. 

2 Transactions, RFI-1, No. 1, RFI-2, No. 1. 

Ultrasonics Engineering 

Annual fee: $2. 

Ultrasonic measurements and commu¬ 
nications. including underwater sound, 
ultrasonic delay lines, and various 
chemical and industrial ultrasonic de¬ 
vices. 

Dr. Vincent Salmon, Chairman, 
Stanford Research Inst., Menlo Park, 
Calif. 

10 Transactions, PGUE, 5, 6, 7; UE-7, No. 1, 
2; UE-8. No. 1. 

USE THIS COUPON 
Miss Emily Sirjane PG-9-61 
IRE—1 East 79th St., New York 21, N.Y. 
Please enroll me for these IRE Professional Groups 
. $. 
. $. 
Name . 
Address . 
Place . 

Please enclose remittance with this order. 
Professional group membership is limited to active IRE members. 

ENGINEERS 1 East 79th Street, New York 21, N.Y. 
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Precise quantometric analysis of each cell daily 

Special tools, crucibles and handling apparatus to avoid con¬ 
tamination 

More than 300,000 pounds of Raffinai" (CONALCO's 

super purity aluminum, 99.99+% pure) are produced monthly 

in Consolidated Aluminum Corporation's exclusive 26-cell 

refining plant. Purity is rigidly maintained by: 

Why Capacitor Makers 
Depend On RAFFINAL 

M  Professional a 

Group Meetings 

(Continued from pajtc 113.4) 

Indi striai. Electronics 

Chicago—May 12 
‘‘Centralized Vehicular Traffic Con¬ 

trol," C. 11. Willyard, Motorola, Chicago. 

Omaha-Lincoln—June 16 
“The Westinghouse Manual of Ultra¬ 

sonics Cleaning," C. J. Dallinger, Wes¬ 
tinghouse X-Ray Div., Omaha. 

“Demonstration of the Westinghouse 
Ultrasonic Clinical Cleaning I’nit," J. A. 
Rogers, Westinghouse Elevator Div., 
Omaha. 

“Waveforms of the Westinghouse 
l ltrasonic Cleaner and Cardiac Pacer,” 
R. I . Hill. Radio Engineering Institute, 
Omaha. 

Information Tiieoky 

Los Angles—June 20 

“A Look Ahead at Information Process¬ 
ing," P. Davies, Abacus, Inc. 

• Mixing of Raffinai pigs in a large induction furnace with special 
lining, assuring minimum gas pickup, oxidation orother impurities 

• A special holding and pouring furnace with lining to prevent 
contamination 

• Modern rolling equipment turning out foil without roll pickup. 
Only the cleanest oils are used. 

• Extensive laboratory test facilities, where each roll is checked to 
insure highest quality shipments 

Conalco's super purity 
aluminum is available 

in other forms as 
well as foil for 

highest reliability 
capacitors. For 

information, write or 
call any of the 
offices listed. 

CONSOLIDATED 
ALUMINUM 

CORPORATION 
Executive Office • Jackson, Tenn. 

General Sales Office • 9 Rockefeller Plaza • Nev* York, N. Y. 

Plants—Jackson, Tenn.— Elizabeth, N. J. 

Instrumentation 

Chicago—April 14 

“Status Report on de and Low Fre¬ 
quency ac Standards," IL R. Brownell, 
Sensitive Research Instrument Corp., 
New Rochelle, X. Y. 

Los Angeles—May 10 

“Calibration of Instrumentation,” 
A. B. Kaufman, Litton Systems, Wood¬ 
land Hills, Calif. 

Los Angeles—January 11 

“Wired and Wireless Transmission 
Systems,” E. D. Cochran, Bendix Pacific, 
Hollywood, Calif. 

Microwave Theory 
AND TeCHNIQI ES 

Boston—May 24 

“Optical Dielectric Waveguides,” Dr. 
E. Snitzer, .American Optical Co., Stur¬ 
bridge, Mass. 

Chicago—February 10 
“Understanding Plane Wave Propa¬ 

gation in Plasma Media,” G. T. Flesher, 
Bendix Corp, and M. Subramanian, Pur¬ 
due University. 

Chicago—January 13 

“Applications of the Extremely High 
Frequency Range to Space Electronics,” 
J. Markin, Zenith Radio Corp., Chicago. 

Branch Sales Offices 

2962 Grandview 
Atlanta. Ga. 
CEdar 3-5414 

Detroit, Mich. 
Call Birmingham. 
Mich. -646-71 72 

Minneapolis. Minn. 
Call PArkway 4-9377 

Box 325 
La Habra. Calif. 
OWen 7-3215. Whittier 

33 South Clark St. 
Chicago. III. 
ANdover 3-6557 

Boston, Mass 
Liberty 2-5255 

Hanna Builcing 
1422 Euclid Ave 
Cleveland. Ohio 
MAin 1-899G 

Meadows Building 
North Central Express 
Dallas, Tex is 
EMerson 8-7992 

Long Island — May 2 
“Microwave Considerations for the 

Advent Program," S. P. Brown, Army Sig¬ 
nal Research and Development Lab. 

(Continued on page 119.4) 
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Frame Grid 

Hitachi also produces other receiving tubes and components for television which, when 

Automatic tube testing equipment 

used 

even 
together with the new 6R-HH8, cannot fail to ea'n any maker a market reputation 
better than he currently 

Cable Address: "HITACHY" TOKYO 

The Highest Sensitivity 
and the lowest noise • < 

ILWJl _ 

96 102 108 170 176 182 188 194 200 206 
frequency (MC) 

Advanced electronic research by Hitachi technicians 

has now resulted in the development of a superb 

frame grid type twin triode (6R-HH8) with excellent 

high gain and low noise characteristics. As a 

component of the tuner, the 6R-HH8 ensures an 

excellent picture with a re rkable degree of 
definition. 
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GET 5% DESIGN TOLERANCE 
IN CORNING C RESISTORS FOR 6? 
You can design better circuits tor less money when you know your resistance values won't budge more 
than 5% . . . ever. Corning C resistors give you this assurance of stability, the kind that lets you 
drop an entire amplifier stage or use broader tolerance, cheaper tubes or transistors. We build stabil¬ 
ity into '2.1 and 2 watt C resistors with a tin-oxide conductor fired into a glass substrate. The helix 
is cut under precise electronic control. Then we add a special solvent-resistant insulation. These 
resistors meet MIL-R-22684 ( Navy ) all the way . . . and cost as little as 6c. Use C resistors in place 
of composition types to boost product performance at virtually the same cost or to maintain the high 
performance of precision-type resistors at much less cost. 

New, free booklet Get full details on C resistors and the remarkable design 
tolerances they give you. Write for "The Story Behind the Corning C Resistor" and 
for Data Sheet CE-2.12 to Corning Glass Works. 542 High Street. Bradford, Pa. 

CORNING ELECTRONIC COMPONENTS 
CORNING GLASS WORKS, BRADFORD, PA. 
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Group Meetings ‘ 

(Continued from paye lló.d) 

Long Island—April 14 
“Interaction Structures for High Power 

Trax cling Wave rubes,’’ W. II. Yocom, 
Varian Associates, Calif. 

Long Island January 31 
“Coupling Holes Between Resonant 

Cavities or Waveguides,” H. A. Wheeler, 
Hazeltine Corp., Great Neck, X. V. 

Long Island Xox ember 29 
“Japan: Engineering ( Diversities and 

Microwave Labs.,” Dr. A. A. Oliner, 
Polytech. Inst, of Brooklyn. 

Long Island September 20 
“Solid State Microwave Amplifiers— 

Performance and Problems,” J. C. Greene, 
Airborne Instruments Lab., Melville, 
N. Y. 

Los Angeles—June 8 
“Tunnel Diodes," Dr. K. K. X. Chang, 

RCA, Princeton, X. J. 

Xew York—May 11 
“Low Xoise Antennas,” Dr. D. C. 

Hogz, Bell Telephone Labs., Holmdel, 
N.J. 

Xew York March 1 
“The Thin Film Cryotron, 

DeLano, Jr., IBM Research 
Yorktown Heights, X. Y. 

R. B. 
Center, 

Xew York—February 23 

“Engineering Applications of Tunnel 
Diodes," M. E. Hines, Microwave Asso¬ 
ciates, Burlington, M.iss. 

Xew York- February 16 

“Optimum Performance and Synthesis 
of runnel Diode Amplifiers,” L. 1. Smilen, 
Microwave Research Institute, Brooklyn. 

Xew York—February 9 
“Application of Tunnel Diodes in High 

Frequency Circuits,” J. J. Tiemann, Gen¬ 
eral Res. Lab., Schenectady. 

Xew York February 2 
“Parametric Amplifier Performance 

Theory and Measurement,” Dr. R. I). 
Havn, Jr., Westinghouse Res. Labs., 
Pittsburgh. 

Xew York—January 26 

“Parametric Amplifiers—Theory and 
Microwave Structures,” P. P. Lombardo, 
Airborne Instruments, L. L, and E. M. 
Sard, Airborne Instruments, L. I. 

Xew York -January 19 
“Fundamentals of Parametric Ampli¬ 

fiers,” Dr II Seidel, Bell Telephone 
Labs., Murray Hill. 

San Francisco—Max 24 
“The S-Band Horn-Reflector An¬ 

tenna and Maser Receiving Equipment 
for Project Echo,” Dr. R. W. DeGrasse, 
Microwave Electronics Corp., Palo Alto. 

Military Electronics 
Chicago—March 10 

“Application and Circuit Design Con¬ 
siderations of PXPX Triode Switching 
Dex ices," Lloyd Dixon, Solid State Prod¬ 
ucts, Inc., Salem, Mass. 

Chicago—January 13 
“Characteristics of a Doppler- I ype 

Mis-Distance Indicator for Missile Scor¬ 
ing,” J. J- Pakan and A. B. Przedpelski, 
Armour Res. Foundation, Chicago. 

Fort lluachuca—June 12 
“Electron Beam Parametric Ampli¬ 

fiers," Dr. B. Crumley, Zenith Research, 
Menlo Park, Calif. 

Long Island—May 16 
“Automatic Checkout for Ground 

Support," C. J. Broomer, SETE, Xew 
York University. 

Los Angeles- May 31 
“The Future Role of Aerospace Corpo¬ 

ration in Weapon System Management,” 
J. F. Blackburn, Aerospace Corp., Haw¬ 
thorne, Calif. 

Philadelphia—December 6 
“Missile Tracking Activities at the 

DAMP Research Center," E. A. Met hler, 
RCA, Camden, X. J. 

Tour through the DAMP facilities at 
RCA Moorestown. 

San Francisco—June 6 
“Use of Refractory Materials in Elec¬ 

tronic Circuitry,” W . D. Fuller, Lockheed 
Research and Development, Palo Alto. 

San Francisco—May 3 
“Stanford Research Institute Radar as 

a Space Research Tool,” G. Parks, Stan¬ 
ford Research Institute, Menlo Park, 
Calif. 

Field trip to Stanford Research In¬ 
stitute 150-foot radar telescope site. 

X UCLEAR SCI ENCE 

Chicago—March 10 

“Recent Advances in Radiation De¬ 
tectors,” Dr. C. A. Stone, Armour Re¬ 
search Foundation, Chicago. 

Chicago—February 10 

“Suggestions for the Digital Systems 
of Xuclear Instruments,” W. Orvedahl, 
University of Chicago. 

Product Engineering 
and Production 

Boston—April 4 
“Communication Between Engineering 

and Production,” R. Eames, Raytheon 
Co., Wayland, Mass 

(Continued on pape 120A) 

PRECISE, 
RELIABLE 

! POWER 
SUPPLIES 
IN A WIDE 
CHOICE OF 
OUTPUT 
RANGES 

Optional 0.1% or 0.01% regulation: 

Three rack sizes: 8%” H, 5%” H, and 
3¥2" H. Impervious to operational 
damage: circuit protection is an in¬ 
herent function of input transformer 
and regulator characteristics. 

31/2" PANEL HEIGHT 

0.1% DC OUTPUT 0.01% 
REGULATION RANGE REGULATION 

MODELS VOLTS AMPS MODELS 

SM 14-7M 0-14 0-7 SM 14-7MX 
SM 36-5M 0-36 0-5 SM 36-15MX 
SM 75-2M 0-75 0-2 SM 75-2MX 

SM 160 IM 0-160 0-1 SM 160-1MX 

SM 325-0. 5M 0-325 0-0.5 SM 325-0.5MX 

51/4" PANEL HEIGHT 

SM 14-15M 

SM 36-10M 

SM 75-5M 

SM 160-2M 

SM 325 IM 

0-14 0-15 
0-36 0-10 
0-75 0-5 
0-160 0-2 
0-325 0-1 

SM 14-15MX 

SM 36-10MX 

SM 75-5MX 

SM 160 2MX 

SM 325-1MX 

83/4" PANEL HEIGHT 

0-14 0-30 SM 14-30M 

SM 36-15M 

SM 75 8M 

SM 160-4M 
SM 325-2M 

0-36 0-15 
0-75 0-8 
0-160 0-4 
0-325 0-2 

SM 14 30MX 

SM 36-5MX 
SM 75-8MX 

SM 160 -4MX 
SM 325-2MX 

FOR COMPLETE SPECIFICATIONS 
ON MORE THAN 175 STANDARD 
MODEL POWER SUPPLIES, SEND 
FOR KEPCO CATALOG B-611. 

131-42 SANFORD AVENUE 

FLUSHING 52, N. Y. 
IN 1-7000 • TWX #NY4-5196 
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from the Vi watt 
500 series. 

• IRK Directory 

• tloctronic Buyer* 
Guide 

• Radio flectronic 
Matter 

Circuit 
Component 
Controlled by 
LIGHT 

For tabulated technical 
data on 2S different 
Claire« Photoconduciort 

... the 
CLAIREX 
Photoconductor 

"The light touch . . . 
in automation and contrat 

Illustrated; an 
extremely sensi¬ 
tive cadmium 

CLAIREX 
CORPORATION 

19 W. 26 St., New York 10, N. 
MU 4-0940 

/W>\ Professional 

Group Meetings 1 
(Continued from page U9A) 

Metropolitan New York- June 15 

“Microcircuitry and Electronic Pack¬ 
aging” 

“Thin Film Circuit Techniques,” Dr. 
J. Bohrer, International Resistance Co., 
Harrisburg, Pa. 

“Design and Manufacturing of a Sim¬ 
plified Grid Module," L. Jacobson, Gen¬ 
eral Electric Co., Syracuse, N. Y. 

New York March 14 
“Can We Afford to Mechanize?" J. A. 

Hosford, Western Electric Engineering, 
Princeton, N. J. 

New York—February 7 
“Trade Off Considerations in Using 

Automatic Test Equipment,” E. L. Roel, 
Sperry Gyroscope Co., Great Neck, New 
York. 

Product Engineering and 
Prodi ction Reliability and 
Quality Control 

New York, Northern New Jersev and Long 
Island—May 17 

“Second Reliability Problem,” A. T. 
Finocchi, ITT Federal Labs., Nutley, N. J. 

Send for your FREE 

1ÛC9 HEATHKIT 
luUL CATALOG 
The world's biggest kit catalog 

Save up to 50/O on Stereo Hi-Fi, Test Instru¬ 
ments, Amateur Radio, Marine, Educational 
and General Interest items that we guarantee 
you can build. Over 250 different kits illus¬ 
trated with specifications, schematics and 
full descriptions in this new 100 page catalog. 
Send for your free copy today! Send your 
friends’ names too. 

World’s Largest Manufacturer of Electronic Kits 

HEATH COMPANY 

Benton Harbor 4, Michigan 

Please send FREE 1962 Heathkit Catalog 

NAME 

ADDRESS 

CITY_ ZONE STATE 

New York, Northern New Jersey, and 
Long Island—April 25 

“Industrial Mobilization for Produc¬ 
tion,” L. Schuman, U. S. Army Signal 
Corps. 

Radio Frequency 
Interference 

Philadelphia—June 20 

“Panel Discussion on RF1 Activities,” 
E. J. Hebert, Philco Corp.; George A. 
Olive, RCA; Raymond A. Stahl, Arma 
Corp.; Octavio M. Salati, University of 
Pennsylvania. 

San Francisco—June 7 
Established standing committees for 

membership, technical program and co¬ 
operative interference committee activities. 

Radio F requency 
1N T E R E E R E N C e/S P A C E 
Electronics and 
Telemetr y 

San Francisco—May 16 

“Radio Frequency Interference Con¬ 
siderations in the Selection and Establish¬ 
ment of Satellite Tracking Stations,” 
J. Kavanaugh, Philco, Palo Alto. 

Reliability and 
Quality Control 

Chicago —March 10 

“Accelerated Life Testing of Electron 
lubes,” D. S. Wright, Bendix Corp., 
Eatontown, N.J. 

Chicago—December 9 
“Air Force Buys Reliability in Com¬ 

munications and Navigational Systems, ” 
G. W. Lindsay, Aeronautical Systems 
Center, W right-Patterson AFB. 

Los Angeles—June 19 

“Technical Direction of Reliability 
Program for Minuteman Electronic As¬ 
semblies,” J. J. Seidman, Space lech. 
Labs. 

“Reliability Techniques as Applied to 
Guidance & Control for Minuteman," 
Dr. W. J. West, Autonetics. 

“Reliability Assurance for Tantalum 
Capacitors," W. 11. Roberts, General 
Electric Co., Irmo, S. C. 

Metropolitan New York—February 23 

“Designing Reliability Circuits," M. 
Joseph, ITT Kellogg. 

Metropolitan New York—October 14 

New York Conference on Electronic 
Reliability—sponsored jointly with ASQC 
Electronics Division. 

“The Value of Reliability," E. J. Nucci, 
Office of the Director of Defense, Research 
and Engineering, Washington, I). C. 

“The Reliable Application of Parts,” 
W . T. Sumerlin, Philco Corp. 

(Continued on (age IST.d) 
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1963 , 1962 
1964 

LAMBDA 
Power Supplies 
guaranteed 

years 

Every Lambda power supply carries a written guarantee that 
it will perforin to specifications for five full years. You can 
install power supplies now with complete assurance that they 
will still perform to design standards in 1966. Lambda's 
guarantee, which covers workmanship and materials (except 
for tubes and fuses), has been in 
effect on all power supplies sold since 
1953. It is your strongest assurance 
of power supply performance in 
installations where dependability is 
an absolute necessity for round-the-
clock, heavy-duty service. 

SEND FOR NEW LAMBDA CATALOG 61 

1965 

1966 

Voltages up to 330 VDC—Currents up to 20 Amp 
Convection Cooled—Short Circuit Proof 

LAMBDA ELECTRONICS CORP. 
515 BROAD HOLLOW ROAD • HUNTINGTON, L.I., NEW YORK • 516 MYRTLE 4-4200 

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

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

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



Strategic Move? 
Many unusual opportunities are available to qualified engi¬ 
neers and scientists capable of assuming responsible posi¬ 
tions with HRB-Singer. One of the country’s leading R & D 
organizations, HRB continues to expand its research and 
development activities at a rate far surpassing most elec¬ 
tronics industries. Top scientific personnel continue to make 
state-of-the-art advancements in the development of com¬ 
plete electronic systems but a constant supply of new talent 
is essential to the continued growth of any organization. 

HRB-Singer, the acknowledged leader in the development of 
airborne infrared reconnaissance systems, provides exten¬ 
sive R & D facilities in an atmosphere conducive to profes¬ 
sional development. 
In addition to the many technical challenges, HRB provides 
an exceptional employee benefit package which includes Com¬ 
pany financed graduate study at the Penn State University, 
free hospitalization and life insurance along with an ex¬ 
tremely liberal vacation program. 

If you are interested in learning more about career opportunities at 

HRB-Singer, write George H. Rimbach, Supervisor of Personnel, Dept. R-4. 

A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 

Science Park, P.O. Box 60. State College, Pa. 

The following positions of interest to 
IRE members have been reported as 
open. Apply in writing, addressing reply 
to company 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 
I East 79th St., New York 21. N.Y. 

DELAY LINES 

Electrical Engineer with design experience in¬ 
volving components for pulse circuitry with em¬ 
phasis on lumped and distributed delay lines. Back¬ 
ground in filters, R. F. coils, and pulse transform¬ 
ers also desirable. This position with progressive 
and expanding eastern components manufacturer 
offers excellent opportunity for eventual advance¬ 
ment to position of Chief Engineer. Send complete 
resume and salary requirements with first letter 
to Box 2052. 

ASSISTANT PROFESSOR OF ELECTRICAL 
ENGINEERING 

Ph.D. required with special interests in circuits, 
controls or electromagnetic theory to teach atid do 
research. Foreign applications welcome. Apply to 
Chairman of E.E. Dept., Villanova University, 
Villanova. Pa. 

ELECTRONIC RESEARCH ENGINEERS 

4-20 years experience, M.E.E. or D.E.E. Re¬ 
search positions are open for Senior Electronic 
Engineers interested in sophisticated programs 
on multi-dimensional radar resolution, secure com¬ 
munications, space guidance. AICBM radar, 
superresolution pulse compression and long 
range sonar. The work includes theoretical and 
laboratory research relating to communication and 
radar systems analysis, network synthesis, digital 
techniques, statistical communication theory, com¬ 
puter design, error analysis and operations re¬ 
search. Contact Donald Richman, Assoc. Di¬ 
rector of Research. Hazeltine Research Corp., 
Little Neck 62, N.Y. FAculty 1-2300 (NYC). 
Positions are at the Plain view. Ixmg Island, labo¬ 
ratory. 

ELECTRONIC ENGINEERS & 
ELECTROMECHANICAL ENGINEERS 

Electronic engineers with experience m digital 
system design, digital analysis and design, plus 
circuitry, simulation, and telemetry. To work on 
computers, test equipment and instrumentation. 
Electromechanical engineers with experience in 
servos, switches, relays and analog computers. To 
work on trainers and simulators. Address resume 
to D. J. Wishart. Aircraft Armaments, Inc., 
Cockeysville. Maryand. 

CHIEF ENGINEER—MILITARY 
ELECTRONICS 

Unusual opiwrtunity. $25,000 starting salary 
(stock ’options, etc.). Requires Doctorate in sci¬ 
ence, electronic engineering or physics. Must have 
strong engineering administrative abilities. Send 
complete resume to Box 2054. 

ASSOCIATE OR FULL PROFESSOR 

Associate or Full Professor of E.E. Ph.D. re-
qutred. Interest in either electronics or power 
fields. Undergraduate and graduate teaching 
through M.S. research activities desired, but teach¬ 
ing is emphasized. Salary open. Contact Prof. 

(Continued on page 126A) 
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Lockheed-California Company proves this every day. For 
nowhere do Scientists and Engineers find a more creative, 
more stimulating, more academic climate. 

In this environment Scientists and Engineers are encouraged 
to try the untried; to express new ideas; to experiment and 
explore. And in so doing, win recognition and reward. 
Small wonder Lockheed’s future in Spacecraft and Aircraft 

is brighter than ever before! 
Scientists and Engineers of initiative and talent will find it 
worth while to examine immediate openings in: Aerodynamics; 

thermodynamics; dynamics; electronic research, servosys¬ 
tems; electronic systems; physics (theoretical, infrared, plas¬ 
ma, high energy, solid state, optics); hydrodynamics; ocean 
systems; structural design (wing, empennage, fuselage). 
Write today to Mr. E. W. Des Lauriers, Manager Professional 

Placement Staff, Dept. 1809, 2402 N. Hollywood Way, Bur¬ 
bank, California. All qualified applicants will receive con¬ 
sideration for employment without regard to race, creed, 
color, or national origin. U.S. citizenship or existing Depart¬ 
ment of Defense industrial security clearance required. 

LOCKHEED^CALIFORNIA CO. 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 
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• •• . 

IONOSPHERIC tf 
PROPAGATION ̂ 4 
AND HF f 

If you have the background, the imagination and the desire to contribute to important 
programs in these fields, you are invited to join a carefully selected team of outstanding 
scientists and engineers now contributing significantly to current knowledge through 
advanced research. 

Our present needs are for: 

SENIOR IONOSPHERIC PHYSICISTS 
Ph.D. preferred, with several years’ experience in the study of Ionospheric 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-regior and beyond. Qualified 
individuals with supervisory abilities will have 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 PHYSICISTS 
Advanced degree in Physics or E. E. preferred. Must be familiar with latest techniques in the 
design of advanced HF receivers and transmitters and possess working knowledge of modern 
HF networks employing ferrites and metallic 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 inc ude substantial experience in data process 
and data recovery systems using both analog and digital techniques. Knowledge of principles 
and application of modern information 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 o* HF communications and data 
process equipment. Should have formal electronics schooling and 2 years’ experience in circuit 
design checkout or analysis of HF communications. Rada- Pulse, Analog/ Digital or Data Recovery 
equipment. Construction of prototypes of new and interesting equipment and desgn of indi¬ 
vidual components of communications and data processing systems will comprise the major 
efforts of selected applicants. 

FIELD STATION ENGINEERS 
B.S.E.E. or equivalent, consisting of combined civilian or military technical school, with work 
experience. Presently employed as a field engineer cr project engineer with a valid 1st or 2nd 
Class FCC license and a good command of some of the follow ng: Radar, preferably high power; 
HF long-distance communications 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. 

These programs are being conducted at our ELECTRO-PHYSICS LABORATORIES in the SUBURBAN 
WASHINGTON, D. C. area, ideally located from the viewpoint of advanced study which may be 
conducted at one of several nearby universities; for reacily available housing in pleasant resi¬ 
dential neighborhoods; and for the general amenities of living offered by this important Metro¬ 
politan center. 

All avohfiad applicant! •rill tactiva con-
adataban lor amploymant •rithaul toward 
to roca. c'ffd, color or notional origin. 

For a prompt reply to your 
inquiry, please forward 
resume in confidence to: 

W. T. WHELAN 
Director of Research & Development 

ACF ELECTRONICS 
DIVISION 

ACF INDUSTRIES 

HYATTSVILLE, MARYLAND 

Increased technical responsibilities 
in the field of range measurements 
have required the creation of new 
positions at the Lincoln Laboratory. 
We invite inquiries from senior 
members of the scientific community 
interested in participating with us 
in solving problems of the greatest 
urgency in the defense of the nation. 

RADIO PHYSICS 

and ASTRONOMY 

RE-ENTRY PHYSICS 

PENETRATION AIDS 
DEVELOPMENT 

TARGET IDENTIFICATION 
RESEARCH 

SYSTEMS: Space Surveillance 
Strategic Communications 
Integrated Data Networks 

NEW RADAR TECHNIQUES 

SYSTEM ANALYSIS 

INFORMATION PROCESSING 

COMMUNICATIONS: Techniques 
Psychology 
Theory 

SOLID STATE Physics, Chemistry, 
and Metallurgy 

A more complete description of the 
Laboratory's work will be sent to 
you upon request. 

All qualified applicants will receive consideration 
for employment without regard to race, creed, color 
or national origin. 

Research and Development 

LINCOLN LABORATORY 
Massachusetts Institute of Technology 

BOX 16 

LEXINGTON 73, MASSACHUSETTS 
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in astronautics 

aeronautics 

and automation 
McDonnell achievements in aeronautics, astronautics and automation are often directly related 
to swift-paced developments in electronics. Wherever McDonnell requirements cannot be met 
by standard electronics systems, special equipment is designed and developed by McDonnell’s 
own electronic engineers. These consistently demanding objectives have fashioned an electronics 
division geared to the design of highly specialized systems and components — products which 
often prove to be broad-scope advancements with many applications. McDonnell Electronics is 
now being expanded, and desirable openings exist for electronic engineers who are qualified 
to provide leadership in areas of systems and equipment development. 

DEPARTMENT and DIVISION MANAGERS 
Advanced degree in E.E., M.E. or Physics required 
(experience at the supervisory level is desirable 
in at least one of the following areas: ) 

COMMUNICATIONS 9 DIGITAL TECHNIQUES • AUTOMATIC TEST EQUIPMENT • MILITARY AIRBORNE 
& SOLID STATE ELECTRONICS 9 ELECTROMAGNETIC FIELD THEORY 9 MASER AND LASER THEORIES • 
MICROWAVE TECHNIQUES 9 RADIATION AND ABSORPTION PHENOMENA 9 ELECTRODYNAMICS 

For full details, please submit your resume in complete confidence to: 
MR. R. F. KALETTA, PROFESSIONAL PLACEMENT, DEPT. E, 

MCDONNELL. 
P.O. Box 516, St Louis 66, Missouri 
ALL QUALIFIEE APPLICANTS WILL RECEIVE CONSIDERATION FOR EMPLOVMEN, WITHOUT 

REGARD TO RACE, CREED, C ALOR CR NATIONAL ORIGIN. 
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WELCOME 
ABOARD! 
Responsible positions 

available for 

STATIC INVERTER 
RESEARCH SPECIALISTS 
Ph.D. or M.S.. with two or more 
years of experience, to participate 
in an advanced design and develop¬ 
ment program utilizing transistor 
and silicone-controlled rectifiers. 

SOLID STATE 
PHYSICISTS 

Ph.D. or equivalent, with experi¬ 
ence in: preparative techniques and 
measurements of physical proper¬ 
ties and a working knowledge of 
bond theory and its application to 
solid state devices; or in design of 
solid state devices. 

Astropower is an expanding pro¬ 
pulsion R & D firm located in the 
ideally-situated research center at 
Newport Beach, California, one of 
the finest recreation areas in the 
world. Superior employee benefits. 
Submit resumes to Dr. George Moe. 
\ ice President. Research. Qualified 
applicants will receive consider¬ 
ation without regard to race, creed 
or national origin. 

ASTROPOWER, INC. 
A subsidiary of Douglas Aircraft Co. 

2968 Randolph Avenue 
Costa Mesa, California 

(Continued from page 122A) 

Edwin M. Anderson, Chairman, E. E. Dept., 
North Dakota State University. Fargo. North 
Dakota. 

DIGITAL COMPUTER PROGRAMMER 

Digital Computer Programmer wanted for scien¬ 
tific analysis of biomedical research. Full time, 
permanent position. Knowledge of mathematics or 
statistics and programming experience required. 
Salary depending upon qualifications. Position in¬ 
cludes faculty appointment in the School of Medi¬ 
cine. Write to Salomon Rettig, Ph.D., Research 
Div.. Columbus Psychiatric Institute & Hospital, 
Ohio State University Health Center, 473 W. 
12th Ave., Columbus 10, Ohio. 

RESEARCH DIRECTOR 

Ph.D. to head up research facilities of large 
capacitor manufacturer. Must have background 
in all dielectrics. This is top organization posi¬ 
tion. Replies in confidence. Box 2055. 

TELEVISION BROADCAST TECHNICIAN 

Seeking experienced, qualified television tech¬ 
nician for maintenance and operation at commer¬ 
cial VHF station in growing market. CBS affili¬ 
ate; progressive management with long broadcast 
experience. Station is well-equipped; maximum 
power; 1000 foot tower; two Ampex Videotape 
Recorders. Applicant must be ambit ous, depend¬ 
able, and have 1st class phone license. Some for¬ 
mal schooling in electronics preferred. Salary 

(Continued on page 129A) 

TRANSFORMER 
DESIGN 
ENGINEER 
The Motorola Military Electronic Di¬ 
vision in Phoenix needs a transformer 
designer in the R&D lab. Position 
would involve both design and super¬ 
vision of fabrication of pulse, power, 
audio and servo transformers, and also 
low frequency, high frequency, IF, and 
charging inductors. 

BSEE or equivalent is required. Mini¬ 
mum of 3 years related experience in 
the above areas is necessary. 

Motorola offers considerable growth po¬ 
tential plus liberal employee benefits, 
including a very attractive profit-shar¬ 
ing program. All qualified applicants 
will receive consideration for employ¬ 
ment without regard for race, creed, 
color or national origin. 

Send complete resume, including salary 
requirements, to: 

PHIL NIENSTEDT 
Professional Personnel Representative 

MOTOROLA 
WESTERN CENTER 

P. O. Box 1417 
Scottsdale, Arizona 

THE 

Dikewood 

Theory of Communications 
Self-Adaptive Systems 

Nuclear Weapons Effects 
Space Physics 
Operations Research 

RESEARCH ENGINEERS ANO PHYSICISTS 
UNUSUAL OPPORTUNITIES FOR PROFESSIONAL CAREERS. 

CHALLENGING THEORETICAL PROBLEMS IN: 

Owned and Managed by Employee-Scientists 
Southwest Climate • Low Population Density 
Wide Range of Benefits Including Profit Sharing 
Emphasis Placed on Theoretical Concepts 
No Hardware Development • Advanced Degree Desirable 

ADDRESS INQUIRIES TO: 

O N 

Albuquerque, N.M. 
COR POR 

1805 Meuaul Blvd. N.E. 
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ELECTROMAGNETIC 
COMPATIBILITY 

ANALYSIS 

alAuAít M i 

■ » u I * la i) < I i 11 

Annapolis, Manland for iudi-

RADAR AND COMMUNICATION 

SYSTEM ANALYSIS 

RADAR MEASUREMENT 

TECHNIQUES 

PROPAGATION ANALYSIS 

dence to Mr. K. L. Plimpton. 

Center. 

more of the following 
fields . . 

Here is your opportunity for 
professional growth in a chal¬ 

and extremely inter-

Annapolis, Maryland 

ARMOUR 
RESEARCH 
FOUNDATION 
Electromaanetic Compatibility Analysis 

Stan members receive attrac-
up to four weeks 

insurance vacation generous 
benefits and retirement 

tuition free graduate study. 
All qualified applicants will 
receive consideration for cm-

wilhoul regard Io ploymenl 
creed, color or national 

Armour ne-
specialist »rarrh foundation. 

in electronic interference eval¬ 
uation 

stall and l.i< i it K -

ments in the area of E retro-
magnetic Compatibility Anal-

g for quali-Wr are lookin 

I B.S. through Ph.DJ 
applied for and 

studies concerned with system 
analysis and performance pre-

Immediate opening (ict ion 
at either our 

Chicago laboratories 
\RE’ Electromagnetic ('om-

THE FIRST SUCCESSFUL MICROWAVE SOLID-STATE TRANSMITTER 

WITH POWER CAPABILITY ADEQUATE FOR SATELLITE APPLICATION 

A DEVELOPMENT BY THE SCIENTISTS AT AMHERST LABORATORIES 

The objective assigned to the Amherst Laboratories’ scientists was this : 
Advanee the state-of-the-art of microwave space vehicle transmitters by increasing 

performance, reducing size, reducing weight and increasing reliability. 
The time was June I960. One year later, these objectives had been reached 

and exceeded by a wide margin. 
The result: a solid-state transmitter applicable for satellite use, 

operating within the S-band, about half the size of a carton of cigarettes, 
and with a life expectancy of two years. 

This significant achievement is representative of many challenges currently 
being met by the scientists at Amherst Laboratories. 

PAPER ON REQUEST: The paper which explains the new techniques employed in 

development of the new microwave Solid-State Transmitter authored by W. J. Maciag 

is available to engineers and scientists on request. Write for the paper entitled 

"Solid State S-band Smgie Side Band Suppressed Carrier Transmitter" 

AMHERST LABORATORIES • 118 1 WEHRIE DRIVE • WIUIAMSVHIE, NEW YORK 

SYLVANIA ELECTRONIC SYSTEMS 
( Kivernincnt systems Management 

for GENERAL TELEPHONE & ELECTRONICS 

Shrinking the Universe .. . through Communications" 



PROJECT 
ENGINEERS 

To assume major responsibilities 

275 Massachusetts Avenue 
Cambridge, Massachusetts 

• Automatic Checkout & Monitoring 
• Analog to Digital Conversion 
• Electro-medical Instrumentation 

EXCELLENT SALARIES . . . 
. . . STOCK OPTIONS 

Applicants must have design experience in transistor circuits 
for data systems, computers, linkages, telemetry or medical 
electronics and have delivered hardware. 
Join our dynamic staff of f>00 employees by writing: 

Ivan P. Samuels 

ATLANTIC 
RESEARCH 
CORPORATION 

needs electronic engineers 
for Jansky & Bailey Division's ex¬ 
panding antenna systems design 
activities and Solid Propellant Di¬ 
vision's instrumentation mainte¬ 
nance. 

ANTENNA ENGINEERS 

For J&B's Research and Engineering De¬ 
partment: one, to head up group for ship¬ 
board antenna problems; the other to per¬ 
form theoretical and practical calculations 
for high frequency antenna systems design. 
Experience in model measurements, antenna 
impedance, broad band H.F. antenna de¬ 
sign, and matching network design, B.S., 
M.S. in engineering or physics. 

ELECTROMAGNETIC ENGINEER 

To solve near-field problems in high-gain 
antennas via theoretical calculations. B.S. 
in physics or engineering, up to 5 years 
practical experience. 

INSTRUMENTATION ENGINEER 

For ARC'S rocket production and test fa¬ 
cility: to maintain and develop the instru¬ 
mentation for firing bay measuring devices 
and propellant processing. Familiar with 
general measuring circuitry, oscillographs, 
pressure, transducers, strain gages, multiplc¬ 
point temperature recorders, electronic 
process instrumentation, etc. B.S. engineer¬ 
ing. 3 years minimum practical instrumenta¬ 
tion experience. 

IntereMed? Send tour resume to 
Technical Personnel Recruitment (ire) 

ATLANTIC RESEARCH 
CORPORATION 

(Suburban Washington, D.C.) 
An equal-opportunity employer 

How Sanders 
meets rising need for design simplification of 

sophisticated electronic equipments 

Equally Challenging Assignments 

New Beam-Forming 
Matrix for Electronic Scanning 

at Microwave Frequencies 
Y This new Sanders development drastically reduces 
' the astronomical number of components required 
by conventionally designed antennas. For 
instance, a 64 x 64 array requiring almost half 
a million 3-port dividers needs less than 25,000 
hybrids with Sanders’ new techniques. 

L Accompanying diagrams illustrate radiation 
pattern and eight-element, eight beam matrix, > 

formed by TRI-PLATE® components, a 
Sanders first dating back to 1952.^^^ 

Open to Engineers 
at Sanders in Diverse Fields Such as: 

Phased Array Radar 

Pulse Doppler Radar Systems 

Space and Communications Systems 

SFINDERS RSSDEIRTES, INE. 

Specific background required in 

SYSTEMS DESIGN • TRANSISTOR CIRCUIT DESIGN 

RECEIVER DESIGN • TRANSMITTER DESIGN 

® reg. 
U. S. trademark 

This phenomenal growth company—up from 11 
men to over 2000 in 10 years—today has a back¬ 
log of over $90 million in diversified R&D and 
production contracts. Concentration on bold 
technical innovations rather than marginal im¬ 
provements is the dynamic force behind this 
growth. If you believe your career will flourish 
in a creative atmosphere that favors the indi¬ 
vidual contributor, send a resume now to R. W. 
McCarthy. 

All qualified applicants will be considered 
without regard to race, creed, color or 

_ national origin 

(in the New Hampshire hills about an hour from downtown Boston) NASHUA, NEW HAMPSHIRE 
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(Continued frmn Page 126A) 

commensurate with experience and ability. Re¬ 
plies treated tn confidence. Write Chief Engineer, 
\\ LAC T\ . Nashville, Tenn. 

ASSISTANT CHIEF ENGINEER 

Seeking college graduate electronics engineer to 
assist Chief Engineer of commercial VHF fele-
vision «talion in growing marke:. CBS affiliate; 
progressive management with long broadcast ex¬ 
perience: good record of low personnel turnover. 
Majority of equipment RCA; two Ampex \'ideo-
tape Recorders; maximum power; 1000 foot 
lower. Applicant should be capable of doing <le-
sign ami con'trnd ion work, and «hotild have 
Mime administrative abdity. Salary commtn«urate 
with ex|»eriencv ami ability. Replies treated in 
confidence. Write Chief Engineer, WLAC -TV, 
Nashville, Tenn. 

COMMUNICATION ENGINEER 

College graduate interc-ted in associating with 
long <«iablished public service companx serving 
Middle Amern i. Position o;»en al Engineering 
Dept.. Tropical Radio Telegraph Co.. P.O. 
Drawer 97. Hingham. Ma-s. (near Boston). 

SENIOR ELECTRONIC ENGINEER 
Opening for an electronic engineer with ex¬ 

perience in circuitry, instrumentation and product 
design with a B.S. in E. E. and at lea-t 5 .wars 
of experience. High salary. Excellent opporuinity 
for advancement to the position of Chief Engineer. 
( opportunity for higher degree with tuition paid. 
Semi complete resume to A< Yu Electronics Lab., 
Inc., 249 Terhune Ave.. Passaic. New Jersey. 

DEPARTMENT HEAD 

Head professor for 12-man E. E. Department. 
Excellent opportunity for energetic and progres¬ 
sive Ph.D. with ex|XTicnce ami potential to build, 
administer, ami participate in a balanced program 
«if teaching, research, and extension. Box 2056. 

ANTARCTIC RESEARCHER 
Douglas Aircraft has an opening at Antarctic 

station for experimental investigations of the 
ionospheric absorption «»f extraterrestrial radio 
waves. Applicants must have an advanced degree 
(or equivalent) in physics or electrical engineer¬ 
ing with a knowledge of ionospheric physics and/ 
or solar flare events and r. f. propagation in the 
atmosphere. Experience required in «lata reduc¬ 

tion and analysis, scientific instrumentation, and 
communication systems. Applicants should also 
be familiar with operation of a riometer, although 
not required. In order to quality, individuals 
must be 21 years of age, single (preferred), and 
will he required to pass stringent medical exami¬ 
nation. Apply to S. Amestoy. Douglas Aircraft 
Co., Inc., 3000 Ocean Park Blvd., Santa Monica. 
California. 

OVERSEAS FIELD ENGINEER 

Electronic Field Engineers are needed for over¬ 
seas assignments. Applicants must have a B.S. de¬ 
gree and at least 1 year of experience in elec¬ 
tronics and must possess initiative, ingenuity, and 
the ability to get a job done. Base salary during 
training in Denver with overseas differential and 
per diem while on overseas assignment. Address 
inquiries to: C. A. Hedberg. Head, Electronic« 
Div.. Denver Research Institute. I’Diversity of 
Denver. Denver 10, Colorado. 

ANTENNA ENGINEER 

Experienced in antenna design and project work-
in »he field of communications antenna systems. 
Write inchiding complete resume and salary re¬ 
quirements to Roger Olson. Director of Engineer¬ 
ing. Hy-Gatn Antenna Products Corp.. 1135 North 
22ml St., Lincoln. Nebraska. 

DATA PROCESSING ENGINEER 

An attractive position is open for an engineer 
or mathematician with one to four years experi¬ 
ence (or the equivalent in graduate education) 
who would like to attack challenging problems such 
as the analysis of automatic control, data process¬ 
ing. and tracking systems. Education and/or ex¬ 
perience in disciplines such as control systems, 
«tatistical communication« theory, digital systems, 
ami network analysis desirable. Opportunity to 
work with an energetic group of taleu'ed engi¬ 
neers in a conducive research atmosphere. Con¬ 
tact Mr. A. P. Rentschler. Employment Mgr.. 
Cornell Aeronautical Lab., 4455 Genesee S:.. 
Buffalo 21. New York. 

ENGINEERS 
Two Electrical Engineering |M»«itions open with 

Application Engineering Dept, charged with the 
responsibility of assisting the technical groups of 
customer« and prospective customers in the appli¬ 
cation of products manufactured by the company, 
with especial emphasis on the application of capaci¬ 
tors to equipment and systems. This group supple¬ 
ments the work of the sales personnel in the field, 
works closely with the Design ami Product Depts. 
One Engineer desired with strong background in 
electronic circuitry and filter design; «econd En¬ 
gineer, with experience with electronic computers 
and computer circuits. Location: East coast. Write 
including personal resume and curriculum vitae. 
Box 2058. 

To match your background 
with these coast to coast 
Fee Paid openings, send 
resume today to . . . 

Opportunities for career advancement in logic and cir¬ 
cuit design are at their peak. If you have been contem¬ 
plating a change, you will find that your talents are in 
greater demand than ever. 

LOGIC DESIGN 
CIRCUIT DESIGN 

Personnel Service 
management consultants 

seven saint paul street • baltimore 2, maryland • mulberry 5-4340 

COMPANY-SPONSORED RESEARCH: 

THIN FILMS 
AND 

SOLID STATE 

Senior Scientists are needed for 
immediate openings in the General 
Dynamics Astronautics Electronics 
Research Laboratories. 
A large company-sponsored pro¬ 

gram in thin film and solid state 
research for applications to Micro-
minialuri~ation. Solar Energy Con¬ 
version, and Magnetic Computer 
Components is in progress. Included 
are: ( 1 ) studies of the kinetics and 
structures of films using advanced 
electron microscope techniques; 
(2) epitaxy studies using pyrolytic 
vapor decomposition and ultra-high 
vacuum deposition of thin film crys¬ 
tals; (3) materials research for thin 
film passive and active components 
prepared by vacuum deposition, 
sputtering, anodization and electron 
beam graphics and cathodolysis; 
and (4) techniques for accurately 
monitoring and controlling the fab¬ 
rication conditions and film charac¬ 
teristics for thin film microcircuit 
and large area energy conversion 
device fabrication. 

If you are interested and have 
experience in these tasks and are 
trained in solid state physics, metal¬ 
lurgy and ceramics, physical chem¬ 
istry or electronics, inquire now. 
Advanced degrees preferred but not 
necessary if talent and experience 
in these areas are indicated. 

Please write Mr. R. M. Smith, 
Industrial Relations Administrator-
Engineering, Dept. 130-90. 

G II Illi) 
GENERAL 
DYNAMICS 

ASTRONAUTICS 
(formerly CONVAIR/ASTRONAUTICS) 

5686 Kearny Villa Road 
San Diego. California 

ALL QUALIFIED APPLICANTS WILL 

RECEIVE CONSIDERATION FOR EMPLOY¬ 

MENT WITHOUT REGARD TO RACE. 

CREED, COLOR OR NATIONAL ORIGIN. 
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expansion at VITRO creates 
new career positions in 

ADVANCED 
DEVELOPMENT 

SYSTEMS 

DESIGN 

... and an unusual opportunity for pleasant 

and rewarding living 

If you are a talented engineer or physicist, it will pay 
you to check one of the new and permanent career 
positions at Vitro Electronics. 

The assignments are exciting and include state-of-the-art 
level work. You have to be creative, capable of 
developing original concepts, and you should have 
experience in one of the following areas: design of 
receivers, transmitters and associated equipment in the 
RF and microwave fields, particularly 30 - 3000 m.c. 
regions; solid state circuitry and printed circuit 
applications; parametric and other low noise 
preamplifiers; spectrum display equipment, signal 
generators, microwave components, wide band IF and 
Video amplifiers and TV circuitry, and phase 
measuring equipment. 

Our facilities are located in Silver Spring, Maryland, a 
residential suburb of Washington, D. C„ affording you 
a choice of country, suburban or city living. Public schools 
are excellent and five nearby universities offer graduate 
courses. The cultural pleasures of the Nation's Capital 
are just minutes away, and the countryside provides 
every opportunity for sports, from mountain climbing to 
boating and fishing on the Chesapeake Bay. 

All qualified applicants will receive consideration for 
employment without regard to race, creed, color or 
national origin. 

Address your inquiry to: 
Mr. D. R. Statter, Director of Industrial Relations 

■y/itrÕ\ELECTRONICS 
A Division of the Vitro Corporation of America 

PRODUCERS OF 1ST E îvi S ‘ C? I-l EQUIPMENT 

919 JESUP-BLAIR DRIVE, SILVER SPRING, MD. 

(Suburb of Washington, D.C.) 

0 . . 
A Positions 
rbd Wanted 

llllllllllllllll 

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 month or more I oilowing a 

1 previous insertion and the maximum num¬ 
ber of insertions is three per year. The 
IRE necessarily reserves the right to 

I 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. 

ELECTRONICS TECHNICIAN 

Graduate RCA Institutes V7 course. Age 28, 
married. Experience in repair of spectrophotom¬ 
eters, pH meters, hemophotometers, titrimeters, 
G. C. etc. Knowledge of Danish, German, French 
and Spanish. Seeks jiosition with bio-medical 
mfr. as technician or representative. Willing to 
relocate to Denmark. Sweden or in U.S. Box 
3941 W. 

(Continued on page 132A) 

CHIEF SCIENTIST 
$30,000 

I One of nation’s leading research labs re¬ 
quires the services of a Ph.D. to guide the 

I technical efforts of a large scientific group. 
Ideal background would be in missile or 
anti-missile field. Degrees should be in E.E. 
or Physics. For further information on this 
outstanding position, simply write your 

' home address and phone number on the 
I back of your business card and mail it to 

THOMAS E. MORRIS 

DAVIES-SHEA, Inc. 
Electronics Personnel Consultants 
332 S. Michigan—Chicago 4, III. 

WEbster 9-3833 

Serving the electronic» industry exclusively— 
with integrity. FOR OTHER positions of this 
caliber in your field, tend your business card 
with your home address and phone number to 
Davies-Shea, the scientists of electronics employ¬ 

ment. Employer handles all expenses. 
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Honeywell Aero,., for the best of both 

CLIMATE FOR CREATIVITY —Honey well 
Aero is now producing inertial platforms for the Polaris 
Missile. In addition Aero Division Engineers have cre¬ 
ated an Electrically Suspended Gyro for use on Polaris 
launching submarines, which is capable of providing 
accuracies never before achieved in an inertial naviga¬ 
tion system. This project is typical of the creative con¬ 
cepts and ideas which are being evolved and further 
developed into working hardware at Honeywell Aero. 
We invite you to share in this creative atmosphere 
where there is ample opportunity for a man of imagi¬ 
nation, drive and talents to grow in professional stature 
and have his accomplishments recognized and rewarded. 

CLIMATE FOR ENJOYMENT-Spectator or 
participant, you’ll find whatever sport interests you in 
the Minneapolis area. For example, this is the heart of 
America’s finest fresh water fishing country. At the end 
of a busy day or week you can angle for pike, bass, 
trout, or scrappy panfish in the more than 80 lakes 
within 25 miles of Minneapolis. Fishing is just one 
aspect of the many recreational, educational, social, and 
cultural pleasures you and your family will enjoy when 
you work at Honeywell’s Aeronautical Division in 
Minneapolis. F or information on specific openings, write: 
Mr. R. Richardson, Technical Director, Aeronautical 
Division, 2666 Ridgway Road, Minneapolis 40, Minn. 

To explore professional opportunities ir» other Honey well operations, coast to coast, send your application in confidence to: Mr. H. T. Eckstrom, Honeywell, Minneapolis 8, Minn. 
All qualified applicants will receive consideration for implement without regard to ract, creed, color, or national origin. 
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fmc 
CALIFORNIA 

appointment. interview 

Putting Ideas to Work 

fmc 

CORPORATION 

CORRORATIOU 

Formerly Food Machinery 
and Chemical Corporation 

1O1CER 

CENTRAL 
ENGINEERING 

® LABORATORIES 

ELECTRICAL ENGINEERS 
OR PHYSICISTS 

Experienced circuit designers, 
systems engineers, and special¬ 
ists, or recent graduates inter¬ 
ested in industrial electronics 
and automation are needed to 
work on advanced assignments 
in the design of optimum sys¬ 
tems using electronic and me¬ 
chanical components. 

FMC's Central Engineering Lab¬ 
oratories’ major expansion pro¬ 
gram requires well-qualified 
engineers with a high degree 
of creative imagination to staff 
our new million dollar facilities 
in the San Francisco Bay Area. 
BS required and advanced de¬ 
grees desirable for these re¬ 
sponsible positions. 

Interested? Send a resume of 
your background and profes¬ 
sional experience to E. M. 
Card, Jr., FMC Central Engi¬ 
neering, 1105 Coleman Ave¬ 
nue, San Jose, California, or 
telephone CY press 4-81 24 foi 

Offers Career Opportunities 
for challenging assignments 
in commercial products R&D 
to: 

• TRANSISTOR CIRCUIT 
DESIGN ENGINEERS 

• LOGICAL DESIGN 
ENGINEERS 

FMC's Central Engineering 
Laboratories has started a 
major program using the latest 
techniques in the design of spe¬ 
cial purpose computers and 
memory devices. Experience is 
desirable in transistor circuitry 
including digital and linear cir¬ 
cuits, logical design, systems 
design, memory systems, input/ 
output equipment and power 
supplies. 

PROFESSOR 
Professor of Electrical Engineering. Age 38; 

Ph.D. 15 years teaching and industrial experfence, 
research, publications. Desires challenging posi¬ 
tion in education or industry. Box 3954 W. 

By Armed Forces Veterans 
(Continued from page 130A) 

ELECTRONICS TECHNICAL WRITER 
(FREE LANCE) 

Desires free-lance technical writing assignments 
for short term contracts. Prefer Southern Cali¬ 
fornia area. Age 30. 10 years experience in mili¬ 
tary and civilian electronics. 2 years experience in 
technical writing. Active member in IRE and 
STWP. Resume upon request. Box 3942 W. 

ENGINEERING MANAGER 

Age 36. BSEE., MSEE. Completed course cred¬ 
its for Ph.D. EE. Control, communicationsand sys¬ 
tems engineering. Teaching experience and busi¬ 
ness training. Presently manager of small con¬ 
sultant team to U. S. Army. Will consider over¬ 
seas assignment. Box 3943 W. 

ENGINEER 

Communications oriented. Age 33. 15 years 
experience in communications and allied fields, 
with some broadcast experience. Desires chal¬ 
lenging i»osition in this field in either develop¬ 
ment or application. Feeling of accomplishment 
more important than salary or location. Box 
3952 W. 

SALES ENGINEER 

Graduate engineer experienced in promotion and 
sale of test equipment and power supplies to OEM 
and government agencies, set up and super¬ 
vision of reps. Locate anywhere for challenging 
position. Box 3953 W. 

BUSINESS TRAINEE 
B.E.E., very high score on the admission test 

for graduate study in business. Would like Busi¬ 
ness Trainee position. Desire general business 
experience and training program or an area in 
which I can obtain Master’s degree in business. 
Box 3955 W. 

ELECTRONICS TECHNICIAN 
Electronics Technician desires position in West¬ 

ern Europe. Single, 35. 11 years experience com¬ 
munications, navigation, avionics (military-com¬ 
mercial). 2 years field engineer, radar. College 
graduate RCA Institutes. Resume upon request. 
Box 3956 W. 

SALES REPRESENTATIVE 
Competent Electronics Engineer with extensive 

sales experience seeks to represent good compo¬ 
nent lines and equipments; thoroughly experi¬ 
enced in microwaves as well as all lower fre¬ 
quencies down to DC. Prefer Metropolitan New 
York area including Long Island and New Jersey, 
and/or export franchise. Master’s Degree, age 
37, married. Excellent financial backing. I offer 
rapid growth in sales by providing engineering 
consultation services and fast liaison as your man 
on the scene, in contrast to the nontechnical “sales¬ 
man” who always answers with the “I don’t 
know” and takes up your time with needless 
questions. Why take less when you can get the 
best! If your domestic markets are already cov¬ 
ered, let me handle your exports and take your 
sales way up; I am that type of engineer that 
knows the business side as well as the technical 
side; my financial assets prove it. Box 3957 W. 

(Continued on page 134A) 

Kollsman 

Create Continuing Needs for 

Please tons arel resumes, in confidence, 
to T. A. DeLuca. 

Graduate EE's, ME’s and Physicists with experience 
in the fields of flight control and space navigation 

instrumentation and systems. 

Kollsman Instrument Corporation 
A Subsidiary of Standard Kollsman Industries Inc. 80 08 45th AVE . ELMHURST 73. QUEENS. NEW YORK 

All qualified applicants will be considered for employment 
without repard to race, creed, color or national origin. 

132A WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS Of THE IRE September, 1961 



opportunities for 

systems analysts 
Hughes Aerospace Engineering Division 
has openings for Systems Analysts to 
consider and analyze a wide spectrum of 
basic problems such as: 

What are the requirements for manned 
space flight? 

Justify choice of systems considering 
trade-off of choice in terms of cost 
effectiveness. 

Automatic target recognition 
requirements for high speed strike 
reconnaissance systems or unmanned 
satellites. 

IR systems requirements for ballistic 
missile defense. 

Optimum signal processing techniques 
for inter-planetary telecommunications. 

Analysis of weapon systems from 
conception through development, test 
and customer use. 

Design concepts for new airborne 
weapon systems. 

The positions involved with the solution of 
these basic and critical questions present 
opportunities for the optimum application 
of the technical and analytical backgrounds 
of graduate physicists and engineers witn 
both systems and specialized experience. 

If you are interested in helping to solve 
these questions and are a graduate physicist 
or engineer with a minimum of three years 
experience in weapon systems analysis, 
operations analysis, IR, physics of space, 
signal processing or communication 
theory, we invite your inquiry. For 
immediate consideration, please airmail 
your resume to Mr. Robert A. Martin, 

Supervisor, Scientific Employment, 
Hughes Aerospace Engineering 
Division, Culver City 84, California. 

All qualified applicants will be considered for 
employment without regard to race, creed, color or 
national origin. 

We promise you a reply within one week 

HUGHES AIRCRAFT COMPANY 

AEROSPACE DIVISIONS 



ELECTRICAL 
ENGINEERS 

LENKURT ElECTRIC wants your experienced talents 

Lenkurt Electric, a recognized leader in telecommunications, has immediate career 
opportunities for electrical engineers. The requirements include a BSEE degree 
and 2-8 years experience. As a major specialist in telecommunications systems and 
equipment. Lenkurt Electric constantly seeks to improve the product and the 
state-of-the-art. To do this we need qualified men with the experience to design 
transistorized circuits for telecommunications equipment. Immediate openings 
are now being tilled in such areas as: 

• Modulating Circuit Design • Circuit Design 
• Amplifier Circuit Design • Level Regulating Circuits 
• Load Distortion. Wide Band Amplifier Design 
• Phase Lock Loops in Data Handling & Transmission 
• and Associated Openings 

We also have openings for qualified engineers with experience in telecommunica¬ 
tions systems & product development. 
We offer a top salary and well-rounded fringe benefits—including stock purchase 
plan and an outstanding education refund plan. Relocation expenses are guar¬ 
anteed for selected engineers. Plus the top location of all—in the heart of the 
San Francisco Peninsula. 

If you qualify for any of these openings, send your resume to: 

E. Jack Shannahan, Employment Manager • Lenkurt Electric 
1105 County Road • San Carlos, California • LY 1-8461, Ext. 281 

LENKURT ELECTRIC 
Subsidiary of 

GENERAL TELEPHONE & ELECTRONICS 

By Armed Forres Veterans 
(Continued from page J32A) 

FIELD SERVICE ENGINEER 

Age 32; 10 years field service experience with 
airborne radio and radar systems, fire control, 
analog computers and test equipments, FCC First 
Phone. Member IRE, (’RET Grad. Desires Field 
Service position with progressive company. Box 
3958 W. 

ACADEMIC POSITION 
B.S. and M.S. in E. E.; present position Assist¬ 

ant Professor; 7 years teaching experience and 1 
year training in Guided Missiles. Desires teach¬ 
ing position in Fall of 1962 with opportunity for 
graduate study. Box 3961 W. 

Professional s 

Group Meetings 
■MM* . ' 

(Continued from page 120A) 

San Francisco—June 21 
“Reliability in Space Electronics,” 

H. R. Powell, Space Technology Labs., 
Los Angeles. 

San Francisco- April 19 
"Project Virtue—Semiconductor Reli¬ 

ability," W. P. Cole, Philco, Lansdale, Pa. 

San Francisco—March 29 
“Optimum Use of Redundant Infor¬ 

mation to Improve Reliability,” W . Pierce, 
Stanford University, Palo Alto, Calif. 

Space Electronics and 
Telemetry 

Albuquerque—May 9 
“Frequency Translation Systems,” 

R. A. Runyon, Data Control Systems, Inc., 
Danbury, Conn. 

Albuquerque—April 11 
“Digital Communications,” B. J. Wes¬ 

ton, Sandia Corp., Albuquerque. 
“The Digilock System,” Capt. R. M. 

Joppa, KAFB (SW RT), Albuquerque. 

Chicago—January 13 
“Applications of the Extremely I ligh 

Frequency Range to Space Electronics and 
Telemetry,” J. Markin, Zenith Radio 
Corp., Chicago. 

Dayton—April 6 

Integrating the Machine and Man to 
Gain Production and Versatility in Data 
Processing,” D. Belloff, Telecomputing 
Services, Inc., Holloman AFB, X. Mex. 

Detroit May 24 
Election Ri Officers for 1961 62. 

(Continued on page 136A) 
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DOING — New space communications concepts 
Consider a career at PHILCO Western Devel¬ 
opment Laboratories, on the San Francisco 
Peninsula. New concepts of communications 
with lunar reaches and beyond can be your 
projects. Here you devise and "do”, unencum¬ 
bered by dogma or dialectics. Constantly 
expanding programs and new research assign¬ 
ments assure you personal recognition and 
advancement. 
PHILCO Western Development Laboratories 

pioneers in all phases of space communica¬ 
tions, with important and growing projects that 

include satellite instrumentation, range design 
and operation, missile tracking, data handling 
and control equipment. 
Your family will enjoy Northern California. 

You ski, swim and sail in season, or just bask, 
with both the opportunity and wherewithal 
to enjoy your favorite diversions. PHILCO 
Western Development Laboratories is indeed a 
fortunate conjuncture of challenging work and 
affluent living. For information on opportuni¬ 
ties in electronic engineering, for men with 
degrees from B.S. to Ph.D., please write Mr. 
W. E. Daly, Dept. R-9. 

Al! qualified applicants will receive consideration for employment without regard to race, creed, color or 
national origin: U. S. citizenship or current transferable Department cf Defense clearance required. 

PH ILCO 
Quality tAe ¿lorfá Over 

WESTERN DEVELOPMENT LABORATORIES 
3875 Fabian Way, Palo Alto, California 
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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. 

• 

I 
I 
I 
• 

I 

A 
CREATIVE 

CHALLENGE 
with unlimited 

opportunity for 

ENGINEERS 
SCIENTISTS 

in Machine Intelligence BIONICS studies 
Melpar's established and expanding Bionics Programs have 
created senior positions for engineers or scientists with ad-
vanced degrees in Mathematics, Physics, or Biophysics, to 
make original theoretical contributions in the now field 
of Bionics. 
Experience in synthesis of digital circuits; switching 
matrices, transfluxors, parametrons, and biophysics 
Heuristic programming desired. 

MELPAR y INC 

Write in confidence to 
Mr. John Haverfield, 
Employment Manager 

A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 

3662 Arlington Blvd. 
Falls Church, Virginia 

• 

I 
I 
I 

I 

An Equal Opportunity Employer 

Group Meetings 

(Continued from l'âge 134A) 

Los Angeles—June 20 
“Universal Digital Decommutator Sys¬ 

tems," Dr. J. P. Magnin, Electro-Mechan¬ 
ical Research, Sarasota, Fla. 

“Advanced PCM Transmission Meth¬ 
ods,’’ K. M. Uglow, Electro-Mechanic al 
Research, Sarasota, Fla. 

Los Angeles- May 16 
“Mariner—Instrumentation,” Dr. W. 

II. Pickering and B. D. Martin. 

San Francisco—June 21 
“New Frontiers and Problems in 

SPACE,’’ II. Powell, Space Technology 
Labs., Los Angeles. 

San Francisco—May 16 
“RFI Considerations in Satellite Track¬ 

ing Station Planning,’’ J. Kavanaugh, 
Philco WDL, Palo Alto. 

Washington, D. C.—May 16 

“Environmental Testing of Space 
Probes," W. S. Shipley, Jet Propulsion 
Lab., Pasadena, Calif. 

VEHICULAR ( OMMI NICATION 

Chicago—May 25 

“Airline/O’Hare Airport Communica¬ 
tions,” G. Kidd, United Airlines, O’ II.ire 
Field, Chicago. 

“FAA Facilities,” R. C. Schwank, 
FAA, O’Hare Field, Chicago. 

Field trip to visit FAA and United 
Airlines communications facilities at O’¬ 
Hare. 

Chicago—March 14 
“A Bus Supervisory Communications 

System,” R. Tracey, Chicago Transit 
Authority, Chicago. 

Metropolitan Xew York March 22 
PGVC Annual Dinner. 

Twin Cities—May 25 

“Maximum Security Communication 
with Infrared Light," P. \\ . Kruse, Honey¬ 
well Research Center, Hopkins, Minn. 

Membership 

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

Transfer to Senior Member 
Baghdady, E. J., Weston, Mass. 
Bargh, P. F., Alexandria, Va. 
Benewicz, T. F., East Paterson, N. J. 
Benjamin, R. P., Silver Spring, Md. 
( Carlson, C. ( I x» Angeles, Calif. 
Cook, J. S., Whippany, N. J. 

(Continued on page 138A) 
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AWCS-412-L I Consisting of a closely coord nated network of data 
acquisition stations, data processing and d splay centers and 
weapon bases. Air Weapons Control System 412-L provides the tools 
for effective and flexible air space management, continent-wide or 

in single point defense. Vital detection and tracking information is 
supplied automatically to human decision-makers within seconds. 
Effective direction of both manned and unmanned weapons, includ* 
ing return of manned aircraft to base, is a system function. 

ZM9.I STAFFEXPANDING 
as program moves ahead in advanced development phase 
If you are one of the fast-growing group 
of scientists and engineers who recog¬ 
nizes the unequaled career advantages 
and satisfactions to be gained through 
work on very large-scale, complex sys¬ 
tems, we urge you to scan this abbre¬ 
viated list of current openings on412-L. 
If your background, experience or in¬ 
terests are represented, write us today. 
We promise you a careful review of 
your qualifications and a prompt reply. 

COMMUNICATION SYSTEMS 
Training in information theory and switching 
theory; broad experience in both RF and wire 
communication systems design especially auto¬ 
matic subscriber and dial systems; to determine 
and specify characteristics for intra- and inter 
site command and control complexes. 

OPERATIONS ANALYSIS 
Involves synthesis/analysis of computet oriented 
weapons control systems (grovndZalr environ¬ 
ments) from an operations' standpoint. Estimates 
system (personnel & equipment) capabilities; 
derives and evaluates system procedutes us ng 
analyses and computer simulation as tools. 
BSZMS — minimum 3 years experience. 

EQUIPMENT EVALUATION 
Solving man-machine problems, évaluât ng alter¬ 
native components, displays, cr techniques, de¬ 
vise simulators. Advanced degree in experimental 
psychology required. 

An Equal Opportunity Employer 

SYSTEM EQUIPMENT ANALYSIS 

Performs analysis on system-equipments and 
their functions; derives criteria and parameters 
tc meet operational requirements. Work in areas 
of signal processing, detection, tracking and digi¬ 
tal communications. Requires BS/MSZEE/PhysicsZ 
Math-knowledge of simulation techniques, feed¬ 
back theory, p-obability and information coding 
desirable. 3 years experience. 

WEAPONS INTEGRATION 

Determines and specifies optimum weapon utili¬ 
zation. Specifies weapon Interfaces to equip¬ 
ment designers to insure system compatibility. 
Support Z provide analytical inputs relative to 
weapons capabilities; analytical studies to assure 
optimum weapon employment within specific 
computer capabilities. BSZMS. 2 years mannedZ 
unmanned weapons system experience. 

INFORMATION PROCESSING 
& DISPLAY SYSTEMS 
Training in information and statistical theory; 
broad experience in design and integration of 
tactical and strategic data p-ocessing systems; 
to define system parameters, identify interface 
problems, perform math analyses of control loops 
as applied to real-time processing and display 
systems. 

TECHNICAL WRITERS 
Creation of systems manuals, engineering re¬ 
ports, proposals; required is at least 2 years of 
technical education with minimum of 5 years In 
engineering writing. Knowledge of graphic arta 
techniques would be helpful. 

PROGRAMMING ANALYSIS 
Degree required. Math background; 2 years 
experience on meoiumZIarge-scale digital com¬ 
puters solving real-time military operational 
problems. Activity ranges from problem analysis 
to program development, Including flow dia¬ 
gramming, coding and debugging in the utility 
control, simulation and operation areas. 

ANTENNA & MICROWAVE COMPONENTS 
BSEE, advanced degree preferred; experience 
with high power phenomenon, antenna develop¬ 
ment, RF plumbing, modulators, transmitters and 
receivers. 

APPLIED MATHEMATICS 

Performs mathematical analyses on all phases 
of ground electronic control systems. Utilizes 
probability theory, numerical analysis, complex 
variables; knowledge and utilization of analcgZ 
digital computers desirable. BSZMS Math re¬ 
quired; 2 years experience on applied math 
problems in engineering field. 

Write in confidence to Mr. P. W. Christos, Div. 53-MI, 
DEFENSE SYS I EMS DEPARTMENT (A Department of the Defense Electronics Division), 

General Electric, Northern Lights Office Building - Syracuse, New York 

GENERAL^ ELECTRIC 
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Challenge in Missilery for 

Electronics Engineers 
Now in the initial stage of a long range program in product engineering 
and program management for re-entry vehicles, components and GSE, 
Lycoming offers a broad spectrum of opportunities. 

Immediate assignments for qualified BSEE's with experience in the following areas. 

Electronics Engineers 
• Instrumentation, calibration, laboratory techniques, 

model fabrication. Knowledge of military equipment 
desired. 3 years' experience. 

• SHF & VHF antennae for missiles. Telemetry 
knowledge desired. 3 years’ experience. 

• Background in telemetry for military missiles. 
3 years' experience. 

• Field engineering on military GSE. Some 
design or manufacturing knowledge desired. 
Moderate travel. 5 years’ experience. 

• Electronic product engineering — must be 
familiar with military designs, techniques, design 
change order procedures, proposals and 
specifications. 2 years’ experience. 

Sr. Project Engineer - Electronics 
Strong varied background in military electronics project 
direction in areas of missiles, GSE, design, 
manufacturing and test. 10 years' experience. 

Sr. Electronics Engineer 
• Military electronics — design and development of 

missiles components such as antennae, telemetry 
circuits and UHF equipment. 5 years' experience. 

• Feedback control systems. transistor amplifiers, 
servo analysis and military electronics design. 
5 years' experience. 

• Background in automatic checkout equipment for 
military use. 5 years' experience. 

Successful applicants will be working for Chester A. Sandner. Chief Electronic Engineer. 

Send complete resume including 
salary requirements to 
Mr. Harry A. Stone Lycoming 

STRATFORD, CONN. 

Division of 

AVCO 
Corporation 

All qualified applicants will be considered regardless of race, creed, color or national origin. 

THE 

MAN 

EXCEP¬ 
TIONAL The Exceptional Man is rarely 

looking for a job . . . the job is 

looking for him. 

Locating the Exceptional Man 

is our function. 

The combination of professional 

competence, leadership ability and 

business acumen required today for 

technical management responsibility 

calls for the Exceptional Man. 

CHarks’A. BÚlSWCOUJCT ASSOCIATES 
INCORPORATED 

EXECUTIVE SEARCH SPECIALISTS 

44 FRANKLIN BUILDING • BALTIMORE 2, MD. • PLAZA 2-5013 

Membership 

(Continued from l'une ISóA) 

Downer, E. W., North Olmsted, Ohio 
DuHamel, R. H., Buena Park, Calif. 
Ervin, H. D., Canoga Park, Calif. 
Faflick, C. E., Lexington, Mass. 
Gabel, W., Mountain Lakes, N. J. 
Garon, R. J., El Segundo, Calif. 
Keitel, G. H., Palo Alto. Calif. 
Krowl, G. W., Baltimore, Md. 
Kugler, F., Wyndmoor, Philadelphia, Pa. 
Manwarren, T. E., Fernwood, N. Y. 
Montgomery, D. N., Newport Beach, Calif. 
Okwit, S., Plainview, L. 1., N. Y. 
Pippin, J. E., Clearwater, Fla. 
Rekoff, M. G., Jr., College Station, Tex. 
Rowe, J. E., Ann Arbor, Mich. 
Schott, F. W., Los Angeles, Calif. 
Sinclaire, L. W., Eau Gallie, Fla. 

Admission to Senior Member 
Burch, C. F., Jr., Palos Verdes Estates, Calif. 
Burkhalter, .1. IL, Buffalo, N. Y. 
Caroselli, F., Jersey City, N. J. 
Crooks, J. W., Jr., San Diego, Calif. 
Deal, C. D., Oklahoma City, Okla. 
Deal, W. R., Washington, D. C. 
Dunn, A., Ithaca, N. Y. 
Fairbanks, G., Urbana, III. 
Fletcher, E. W., Cambridge, Mass. 
Gibson, W. R., Philadelphia, Pa. 
Harrington, J. B., Whitesboro, N. Y. 
Heller, G. S., Lexington, Mass. 
Hendrickson, H. T., Seattle. Wash. 
Krasnow, M. E., Chicago, 111. 
Kuroda, K., Nagata ku. Kobe. Japan 
Lacy, J. W., Dallas. Tex. 

(Continued on l'aire 1-I2el) 
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REPUBLIC AVIAW» 
NEW RECONNAISSANCE ROLE 
FOR"ELECTRON1C PLANE 
HEW EHIME CONTRACT AW»»» BEBU»UC CREATES 
DEMANDING ASSIGNMENTS FOR EE s & PHYSICISTS 

AU Republic p;°^™rcb ' 

sssEse-

’S For further information, write 
Long 

► Mr. George R. Hickman 
Technical Employment Manager. 

Dept. 1 4J 
Republic Aviation Corporation 
Farmingdale, Long Island. New York 

► Mr. Paul Hartman 
Technical Employment, Dept. 14J-A 
Missile Systems Division 
Republic Aviation Corporation 
223 JerichoTurnpike 
Mineola, Long Island. N.Y. 

_ f msD marks the first mar* 

Flieht control, navigation, target seening, 
weapons are all automatically con ro c . becomes a flying elec-

J Digital Computers 

Radars (front & side looking) F1|ght & Contro( Systems 

Infrared Systems H|gh Speed Tape Recorders 

Antennas, Radomes optical Systems 

DataLÍ"kS Aerospace Ground Support Equipment 

at 2 Republic locations: Mineola and Farmingdale, 

These opportunities write in confidence to: 

AU qualified applicants will receive consideration for 

. rira creed color or national origin, 
employment without regard to race, creed, 

ELECTRONIC ENGINEERS & PHYSICISTS 
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Why don’t youTalkwith 

Westinghouse 
about new Fleet Weapon Systems like 

TYPHON 
Split Second Integration of 

Acquisition -Tracking - Guidance 

Important contributions are still to be made in the develop¬ 
ment of this tremendously effective shipboard weapon control 
system. You can be a part of this great step forward in 
Defense at Westinghouse. You can work on Typhon and 
other advanced weapon systems under the stimulating 
direction of the leaders. 
Westinghouse-Baltimore has many career opportunities in 
major projects in airborne, landbased and shipboard 
electronics. 

Current opportunities include: 

Electronic Countermeasures Pulse Circuitry 
Electronic Counter-countermeasures Semiconductor Circuitry 
Microwave Techniques Research Design & Development 
Radio Frequency Control Liaison & Field Engineering 

An Equal Opportunity Employer 

w 
Send resume to: Mr. J. F. Caldwell, Dept. 425 

.Westinghouse 
) BALTIMORE 
F P. O. Box 746 Baltimore 3, Maryland 

AIR ARM • ELECTRONICS • ORDNANCE 

NEWS A 
New Products^^ 

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

Audio Engineering Society Announces 
Thirteenth Annual Convention Program 

and Professional Products Exhibit 
One hundred papers will be presented at the Fall Convention 

of the Audio Engineering Society, representing the largest num¬ 
ber given at one time in the Society’s history. The convention will 
be held the week of October 9th through 13th at the Hotel New 
Yorker, Eighth Ave. and 34 St., New York City. 

Among the fourteen sessions in the well-packed five days will 
be three important subjects never before presented to a profes¬ 
sional society: Oceanography and Underwater Sound, including 
eight papers covering many phases of the Artemis project de¬ 
veloped by the U. S. Navy; Sound Reinforcement 1, in which 
several papers discuss the practical use of frequency shifters in 
public address systems; FM Stereo Multiplex, the first formal dis¬ 
cussion on Multiplex design problems since the recent FCC de¬ 
cision. 

Another highlight of the convention will be the nine-paper 
diversified session on Psychoacoustics which includes a paper by 
Moe Bergman on testing the hearing of the savage Mabaan tribe 
in the Sudan. 

For the third successive year the Society is holding its “silent” 
exhibit of professional equipment for the audio engineer which 
will run concurrently with the technical sessions. 

The annual convention and exhibit of professional equipment 
have been organized by Hermon H. Scott, executive vice president 
of the Society and chairman of the convention, Victor H. Pomper, 
vice chairman, and the following members: Benjamin B. Bauer, 
Robert W. Carr, Murray G. Crosby, Gilbert F. Dutton, Edmond 
G. Dyett, Jr., Philip Erhorn, Lawrence A. Gregory, F. Summer 
Hall, J. Donald Harris, F. K. Harvey, H. Philip lehle, R. A. 
Isberg, Irving Joel, Ronald D. Klumpen, C. J. LeBel, B. M. 
Oliver, Norman Parker, John Preston, Richard H. Ranger, Har¬ 
vey Sampson, Jr., M. R. Schroeder, B. D. Spalding, Emil Vin¬ 
cent, and D. R. von Recklinghausen. 

I he complete list of subject titles of the technical sessions to 
be held in the Grand Ballroom follows: 

Monday, October 9 
9:00 A.M.— Annual Business Meeting 
9:30 A.M.—Studio Equipment 
1:30 P.M.—Psychoacoustics 
7:30 P.M. Music 

Tuesday, October 10 
9:30 A.M. Loudspeakers 
1:30 P.M.-Oceanography and Underwater Sound 
7:30 P.M. Microphonesand Earphones 

\\ ednesday, October 11 
9:30 A.M.—Sound Reinforcement—1 
1:30 P.M.—Audio Instruments 
7:30 P.M. Sound Reinforcement—II 

Thursday, October 12 
9:30 A.M. — Disc Recording and Reproduction 
1:30 P.M.—Tape Recording and Reproduction 
6:00 P.M.- Social Hour 
7:00 P.M.- Annual Banquet—Presentation of Awards 

Friday, October 13 
9:30 A.M.—Amplifiers 
1:30 P.M.—FM Stereo Multiplex 
7:30 P.M.—Stereophonies 

EXHIBIT HOURS—AUDIO ENGINEERS SHOW 

Tuesday through Friday Noon to 6:45 P.M., except 
October 10-13, 1961 Thursday and Friday to 5:00 P.M. 

(Continued on l'âge 154A) 
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Hamo-Wooldridge designs and produces data 

processing systems, computers, display devices, 

man-machine communication consoles, and 

related peripheral equipment for military and 

commercial applications. 

Select openings exist in systems analysis and 

applications, computer programming, equip¬ 

ment design and applications engineering. 

All qualified applicants will receive consideration for employment without regard to race, creed, color 

or national origin. Write for our free career brochure An Introduction to Kamo-Wooldridge. Address 

Mr. Theodore B. Coburn at Hamo -Wooldridge, a Division of Thompson Ramo Wooldridge Inc. 8433 

Fallbrook Avenue, Canoga Park, California. 
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DIGITAL 
PROCESSORS 

Mr. Robert L. Baker, 

360 No. Michigan Ave., 

Chicago, III. ANdover 3-3131 

Mr. Garrett Sanderson. 

375 Park Ave., 

New York City, New York. 

PLaza 3-6060. 

If you live in the 

EAST or MIDWEST 

write or phone 

the LITTON 

Research & Engineering 

Staff Representative 

nearest you: 

Mr. Harry Laur, 

221 Crescent Street, 

Waltham, Mass. 

TWinbrook 9-2200. 

Our Data Systems Division applies advanced techniques 
to the design and development of airborne and ground-based 
digital data processing systems. If you have at least 2 years of 
design, system integration, testing or production experience in 
digital systems, your talents may find application in the solution 
of our technical problems. Write Mr. Harry Laur. 
Qualified applicants will be considered regardless of race, creed, color or national origin. 

LITTON SYSTEMS, INC. Data Systems Division 
Canoga Park, California 

Primary Standards 
Measurement Engineers 
There are openings at Boeing, 
now, in research, development 
and maintenance of primary 
measurement standards. Re¬ 
quirements are a B.S. degree 
plus experience in precision 
measurement, or an advanced 
degree. I hese positions, offering 
the opportunity to contribute to¬ 
ward advancement of the state-
of-the-art, are in the following 
areas: 

Acoustics 

Dimension 

Direct Current 

Alternating Current 

Radio Frequency 

Microwave 

Temperature 

Infrared 

Pressure 

Vacuum 

Acceleration 

Optics 

Salaries will be commensurate with 
your education and experience. If rite 
today, to: Mr. W. B. Erans, The 
Boeing Company, P. O. Box 3707-
PRL. Seattle 24, Washington. All 
qualified applicants will receive con¬ 
sideration for employment without 
regard to race, creed, color or na¬ 
tional origin. 

Membership 
tjtii i i i -M 

( Continued from l'âge 13Fsl ) 

Lees, V. A., Springfield, Va. 
Lohrer, G. H., West Concord. Mass. 
Manoogian, II. A., Hempstead. L. I., N. Y. 
Morrison, F. P., Arlington. Va. 
Petosalo, A. E., Inno, S. C. 
Phillips. R. D., Dallas, Tex. 
Powell. R. W., North Hollywood. Calif. 
Reininger, W. G.. Baltimore, Md. 
Richardson, C., Cambridge, Mass. 
Satyendra. K. N.. Hawthorne, Calif. 
Shanks. H. E., Hawthorne, Calif. 
Shaw. R. W., Omaha, Neb. 
Shea, P. D., Manhasset, L. I., N. Y. 
Spreadbury, F. G., London, N.W. 2, England 
\ erhagen. C. J. D. M., Delft, Holland 
Westervelt, G. J.. San Diego, Calif. 
Wissolik, R. A., Chatham, N. J. 
Worthing, J., Wantagh, L. L, N. Y. 

Transfer to Member 
Ames. R. W., Tonawanda, N. Y. 
Emerson, R. L., Lake Charles, La. 
Holdcraft. F. E., Jr., Omaha, Neb. 
Kasouf, G., Great Lakes. 111. 
Kazakevicius. A. H., Placentia. Calif. 
Michael. L. E., East Tawas, Mich. 
Olsen, R. C.. Indianapolis, Ind. 
Pinsky. C., Outremont, Que., Canada 
Rahman, U., Karachi, Pakistan 
Serra. I. C., So. Farmingdale. L. I.. N. Y. 
Simms. T., Nigeria. West Africa 
Stockberger. J. M.. Winston-Salem. N. C. 
Sullivan. R. D.. Uke Charles. La. 
Weido. V. C., Downey, Calif. 
Ziller. M A.. Bridgeport, Conn. 

(Continued on l'âge 144A ) 

ASSISTANT DIRECTOR—R & 0 
Our client, a multi-plant Corporation listed on 
the New York Exchange, plans to employ an 
Assistant Director of Corporate Research & De¬ 
velopment, capable of moving into the top job 
in the very near future. 

This rapidly growing Eastern Company requires 
an advanced technical degree preferably in 
electronics or physics, with minimum 10-15 
years experience, plus demonstrated ability in 
three major areas: 

—Applied research of relatively sophis¬ 
ticated nature. 

—Administrative skills in supervising 
groups of 50-100 professionals includ¬ 
ing project accountability, budgets, 
forecasts, etc. 

—Personal participation at high level in 
scientific societies, technical confer¬ 
ences, and other external activities as 
a top corporate representative. 

The products involved include electrical, me¬ 
chanical, and electronic components and sys¬ 
tems progressively becoming more complex with 
advancing industrial and military requirements. 

The company offers the opportunity to under¬ 
study the retiring Director, a comprehensive 
benefits and retirement program, a stock par¬ 
ticipation arrangement, and a well-evaluated 
five figure starting salary. 

Reply in complete confidence, by duplicate 
resume to Dept. 21-B. 

STURM-BURROWS & COMPANY 
Executive Search 

and Personnel Placement Specialists 

1420 Walnut Street Philadelphia, Pa. 
Kingsley 6-41 11 
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...in 
SYLVANIA’S 

YESTERDAY ,9 
. WAS 1964.. 

electronic 
warfare 

preparedness 

AT THE ELECTRONIC DEFENSE LABORATORIES you have the opportunity to solve the constantly advancing 
challenges of electronic warfare. This is a proven quick reaction facility where weapons requirements for 
defense must be anticipated, where concept to hardware time must be compressed, where “tomorrow” is 
already here, in terms of accomplishment. 

Challenging positions are open in which thinking and doing are combined in the development of “de to 
daylight" electronic warfare systems. Compact groups of scientists and engineers are concerned with the 
study of the EW environment, the origination of advanced systems and equipment concepts, the design of 
unique electronic circuits and the development of experimental electronic equipment in a broad range of 
areas vital to the national defense: 

operations research * systems analysis and synthesis 

propagation studies * signal analysis * antennas 
SAN FRANCISCO 

receivers transmitters • data handling 

product engineering • mechanical design 

GENERAL 

7274 

STANFORD 
UNIVERSITY 

SYLVANIA 
MOUNTAIN VIEW All qualified applicants will 

receive consideration for 
employment without regard 

to race, creed, color 
or national origin. 

Sylvania’s Electronic Defense Laboratories, just 40 minutes south of 
San Francisco, offer you these stimulating professional opportunities plus 

the good fortune of living in the ideal climate of the San Francisco Peninsula. 

Positions require U.S. citizenship and B.S. or M.S. degree, Ph.D. required 
for some assignments. For complete information, please contact Mr. R. R. Keeffe, 

Electronic Defense Laboratories, Box 205, Mountain View, California. 

SYLVANIA ELECTRONIC SYSTEMS 
Government Systems Management 
GENERAL TELEPHONE & ELECTRONICS 
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ENGINEERS’SCIENTISTS 

^Environment for 

|^^aximum 

(Responsibility 

Broad technical objectives at Electro¬ 
Mechanical Research, Inc. (e.m.r), in¬ 
cluding the development of the test 
instrumentation subsystem for the 
Dyna-Soar manned space glider, pro¬ 
vide an environment for maximum 

responsibility for senior engineers 

and scientists. 

e.m.r is engaged in the concep¬ 
tion, design and construction of air¬ 

borne and ground telemetry and 
data processing equipments. Funda¬ 
mental investigations are also being 
made into advanced electronic 

systems. 

At e.m.r, growth is planned and 
diversified, research is company-
sponsored, bringing exceptional op¬ 
portunity to engineers and scientists 
with broad capabilities and a sincere 
desire to advance the state of the art. 

Immediate career 
incentives for 
SYSTEM DESIGN 
SPECIALISTS 
Must hove at least five years' hard¬ 
ware design experience, in such areas 
as magnetics and solid state circuitry, 
RF transmitters, and semiconductor 

applications, DC through UHF. 

Please direct inquiries in confidence to 

ROLAND E. HOOD, JR., 

Personnel Manager, Systems Division 

electro¬ 
mechanical 
research, inc. 

P.O. Box 3041, Sarasota 1, Florida 

exploration . . . 

manufacture/reliability 

Qualified applicants considered without regard 
to race, creed, color or national origin. 

: Membership 

(Continued from page 142.-1) 

Admission to Member 
Adams. J. E., Boulder, Colo. 
Aiello, S. AL. Decatur. Ala. 
Allen, R. J., Fort Worth, Tex. 
Anand, J. C., Bangalore, India 
Ansari, I. A., Karachi, Pakistan 
Asin, J. S., Roosevelt, N. J. 
Bacon, C. Ai.. Stillwater, Okla. 
Bahr, K. F., East Orange, N. J. 
Bailey, L. L., Falls Church, Va. 
Baker. C. IL, Dallas. Tex. 
Balash, E. L, Metuchen, N. I. 
Bandlow. J. IL, Levittown, N. J. 
Barker, F., Rome, N. Y. 
Baugh. C. L, Caseyville. Ill. 
Baur, F., Denver, Colo. 
Bean, A. AL, Tucson, Ariz. 
Beeri, Y., Tel Aviv. Israel 
Bender. P. A., Baltimore. Aid. 
Benice, R. J.. Buffalo, N. Y. 
Bennet, Aí. B.. Houston. Tex. 
Berber, IL, Brooklyn, N. Y. 
Bergren, D. A., Burbank, Calif. 
Bernhard, F., Passaic, N. J. 
Binder, B. B., Tarzana, Calif. 
Blecksmith, J. E.. Santa Ana, Calif. 
Bligh, A. B., Washington, I). C. 
Boczan, A., Chicago, III. 
Boron, P. E., Torrance, Calif. 
Bourguignon. W A.. Jr.. Bayport, L. L, N. Y 
Bowman. W. T., North Syracuse. N. Y. 
Boyden, E. P., Thornhill. P.O.. Ont., Canada 
Boyden, G. L., Jr.. West Acton. Mass. 
Braker. D. R., Sunnyvale. Calif. 
Braun. R. J., Tarzana, Calif. 

(Continued on page 146A) 

SENIOR 
CIRCUIT 
DESIGNER 

Senior Engineer with approximately 5 
years' circuit design experience. He 
will be concerned with the develop¬ 
ment of circuitry for our nuclear instru¬ 
ment line and will be responsible for 
technical specifications, design and 
comparative studies of currently avail¬ 
able commeicial instrumentation. 
Therefore, experience in commercial 
circuit development where cost is a 
basic consideration is highly desirable. 
We would prefer a man with experience 
in the nuclear instrument field but re¬ 
lated experience in high frequency am-
plifieis, pulse, analog and transistor 
circuitry would be considered. 

This engineer will play an important 
role in the future of our commercial 
instrument line. Thus we require an in¬ 
dividual with a high degree of maturity 
and combined interest in the practical 
and theoretical. 

Please submit resume to: 

Mr. Herbert Aronson 
Chief Engineer 

Instrument Laboratory 
All qualified applicants will receive con¬ 
sideration for employment without regard 
to race, creed, color or national origin. 

^>4 /A>2D -ATOM/C, /NC. 

33 university road ■ Cambridge M mass 

ELECTRONICS DIVISION 
of Space Technology Laboratories, Inc. 

Offers Immediate Assignments 

in Southern California 

The continuing growth and diversification of Space Technology Laboratories, Inc. 
creates immediate career openings in the Communication, Electromechanical, Guid¬ 
ance, and Space Physics Laboratories of STL’s Electronics Division. 

In supporting STL's expanding contributions to the Advent, OGO, Atlas. Titan, 
and Minuteman programs, this division's responsibilities include analysis, design, and 
development of advanced guidance, control, and communications systems at every 
phase from applied research through electronic product and ground support equip¬ 
ment design. 

Immediate career opportunities exist 
in the fields of: 
• Digital computers 
■ Logical design 
• Communication systems analysis 
• Parts application 
• Electronic packaging 
• Electromechanical 

systems development 
• Ground support circuit design 
• Systems design and integration 
• Equipment systems— 

checkout and evaluation 
• Support equipment systems design 

here for outstanding engineers and scientists 

• Control systems analysis 
• Electromechanical design 
• Space communications systems 
• Telemetry systems design 
• Antenna systems 
• R-F transistor equipment design 
• Transistor circuit design 
• Guidance systems analysis 
• Materials and processes 
• Reliability 
• Aerospace ground 

equipment design 

All qualified applicants, regardless of race, creed, color or national origin, are invited 
to communicate with Dr. R. C. Potter, Manager of Professional Placement and 
Development. 

SPACE TECHNOLOGY LABORATORIES. INC. 
a subsidiary of Thompson Romo Wooldridge Inc. 

P. O. Box 95OO5J1, Los Angeles 45, California 
Visit STL Booth 216 when attending ARS Space Flight Report to the Nation 
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THERE’S A FUTURE 

,N FLORIDA AT 
SPERRY 

MICROWAVE 
ELECTRONICS 

CO. 
FOR PROGRESSIVE ENGINEERS 

WHO SEEK PROFESSIONAL 

GROWTH AND OPPORTUNITY. 

Significant Programs Are Underway 

Which Offer Exciting Areas of Chal¬ 

lenge in the Fields of: 

ELECTRONIC SYSTEMS 
SYNTHESIS 

(RADIOMETRY, TEST SYSTEMS) 

ELECTRONIC CIRCUITRY 
(VIDEO, I.F., R.F., AFC, AGC) 

MICROWAVE COMPONENTS 
(FILTERS, COUPLERS, MIXERS, LOADS AND 

ATTENUATORS) 

MICROWAVE ANTENNAS 
(BROADBAND, HIGH RESOLUTION, AND 

MILLIMETER) 

MICROWAVE 
SOLID STATE DEVICES 
(ISOLATORS, CIRCULATORS, LIMITERS, 

PARAMETRIC AMPLIFIERS) 

Qualifications from B.S. to Ph.D. in 

physics and E.E. with a reasonable 

amount of experience, will receive 

careful consideration. 

You are invited to investigate these 

possibilities by writing: 

R. C. CARROLL 

SPERRY 

MICROWAVE 

ELECTRONICS 

CO. 
A Division of Sperry Rand Corporation 

P.O. Box 1828 

Clearwater, Florida 

All inquiries held confidential 

All qualified applicants will be considered for 
employment without regard to race, creed, color 
or national origin. 

COMPRESSED TIME...AND A NATION S NEED 

• AIR TRAFFIC CONTROL SYSTEM DEVELOPMENT 

Write in confidence to: Vice President — Technical Operations, 
The Mitre Corporation, PO. Box 208, MW4. Bedford, Mass. 

• OPERATIONS RESEARCH 

• ADVANCED SYSTEM DESIGN 

• MATHEMATICS 

• COMPUTER TECHNOLOGY 

• RADAR SYSTEMS AND TECHNIQUES 

MICROWAVE COMPONENTS 

Engineers and scientists interested in the vital field of command 
and control technology are invited to inquire about openings in: 

The time available between alarm and decision has shrunk to 
minutes. In this compressed time, pertinent information must be 
gathered, transmitted, evaluated and displayed to the commanders 
through a variety of systems. 

Design, development and evaluation of such command and con¬ 
trol systems for the urgent present and the uncertain future is the 
vital function of MITRE. 

Systems such as SAGE, BMEWS, MIDAS, Strategic Air Com¬ 
mand and Control System. NORAD Combat Operations Center 
and others are all within the scope of MITRE’S system integra¬ 
tion work for the Air Force Electronic Systems Division. 
The job is challenging — the opportunity exists to break out of 

a single specialty — the reward is not confined to the financial. 

• SYSTEM ANALYSIS 

• COMMUNICATIONS 

• ECONOMICS 

• ECONOMETRICS 

• HUMAN FACTORS 

• ANTENNA DESIGN 

All qualified applicants trill receive consideration for employment 
without regard to race, creed, color or national origin 

THE ■■■■■■■■■■■ 

MITRE 
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Current Openings with 
GENERAL DYNAMICS ' ELECTRONICS 

SINGLE SIDEBAND 
COMMUNICATIONS 

Requires 6 to 10 years experience, 
with emphasis on high power vac¬ 
uum tube amplifier design. Also 
desirable is a background in single 
sideband linear amplifier techni¬ 
ques. 

LOGIC DESIGN 
To participate in system design of 
all - electronic co mm uni cat ion 
switching systems. Will be respon¬ 
sible for solving circuit problems 
from concept and interpretation of 
laboratory test results to final ap¬ 
proved drawings. Requires BSEE 
with 5 to 10 years experience in 
telecomm única tions or other 
switching field. 

RELIABILITY 
1/ To set up a reliability 

group in military elec¬ 
tronics. Requires BSEE with 
10 years experience in elec¬ 
tronics engineering, includ¬ 
ing design, and a minimum 
of 3 years in reliability. 

2/ To make reliability anal¬ 
yses of circuits and com¬ 

ponents for commercial 
electronic telecommunica¬ 
tions. Requires BSEE with 
5 years experience in engi¬ 
neering design and 3 years 
in reliability. 

ANTI-SUBMARINE WARFARE 
To supervise receiver section of 
ASW Laboratory. Requires BSEE 
with over 5 years experience in¬ 
cluding RF and audio circuit 
design, ASW communications 
problems and signal processing. 

ELECTRONIC SWITCHING 
For development work in elec¬ 
tronic telephone switching and 
other areas of digital logic, storage 
and control. Requires BS in EE or 
Physics with several years experi¬ 
ence and a sound knowledge of 
solid state. 

Please address resumes 
to M. J. Downey. 

Gllllll ID 
GENERAL DYNAMICS | ELECTRONICS 

1476 N. Goodman St., Rochester 3, New York 
All qualified applicants will be considered for employment without regaid to race, creed, color or national origin. 

SENIOR RESEARCH SCIENTIST 

Salary to $15,000 

This position in our new Research Laboratory in a desirable New Eng¬ 
land location reports to the Associate Director of Research and is re¬ 
sponsible for conducting company-sponsored basic and applied research 
on 

ELECTRON TRANSPORT PHENOMENA 
IN METALS AND SEMICONDUCTORS 

The position entails responsibility for long-range, individual science 
efforts in conducting basic research and direction of support staff in 
laboratory set-up. Experimental studies on solids involve such things as 
using a precision built magnet, making measurements on thermomag-
netic and galvanomagnetic effects, using low temperatures, to con¬ 
tribute to the Company’s basic technology. 

Requires a Ph.D. in Physics, Electrical Engineering, or Engineering 
Sciences, and up to 5 years of related industrial experience, or teaching 
experience in related fields. 

Submit resume in complete confidence to Box 2061, Institute of Radio 
Engineers, 1 East 79th St., New Rork 21, N.Y. 

All qualified applicants considered, without regard to race, creed, color or national origin. 

^f^\ Membership 

(Continued from page 144 A) 

Bray, C. W., Baldwinsville, N. Y. 
Breitschwerdt. K. (»., Norwalk, Conn. 
Breland, G. W., Atlanta, Ga. 
Brookmire, J. L., Syracuse. N. Y. 
Brunnert. R. C.. Jr.. St. Louis, Mo. 
Buckingham, S. 1)., Kuching. Sarawak, Borneo 
Burke, R. F., Inglewood, Calif. 
Butler. L C.. Jr., Garden (¡rove, Calif. 
Canaris, J. M., Carmichael, Calif. 
Carroll, P. E., Houston, Tex. 
Chambers, M. T., Englewood, N. J. 
Chapman, G. N.. Baldwinsville, N. Y. 
Cheel, K. IL. Ottawa. Ont., Canada 
Cheney, C. L., Wichita, Kan. 
Clark. A. N., San Carlos, Calif. 
Cline. J. E., Brookline, Mass. 
Coffman, E. G., Jr., Sherman Oaks, Calif. 
Collin, S. R., Washington. I). C. 
Collins, G. G., Neptune, N. J. 
Collins. R. I... Keesler A.F. B.. Miss. 
Conlan, W. E., Victoria. B. C., Canada 
Conn, R. M., Rome, N. Y. 
Constant, R. N., Ann Arbor, Mich. 
Cooper, H. S.. Scranton, Pa. 
Cooper, W. G., Cambridge, Mass. 
Copie, W. J., Jr., Deer Park, L. I., N. Y. 
Coralnick, P., New York, N. Y. 
Corcoran. J. P., Jr.. Baltimore, Md. 
Coryell, D. A., Stillwater, Okla. 
Cotant, R. R., San Jose, Calif. 
Courtney. L. J., Beverly Hills, Calif. 
Crawford, J. M., Los Angeles, Calif. 
Cullen, C. H., El Paso, Tex. 
Cunniffe, M. J., Short Hills, N. J. 
Czorpita, S., Philadelphia, Pa. 
Dagostino, B. J., Caldwell. N. J. 

(Continued on page 148A) 
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The National Cash Register Company presents above-average oppor¬ 
tunity for the experienced scientist or engineer to apply his talents 
in a stable organization. Whether your interest lies in commercially 
oriented projects or advanced military electronic development, you 
will find lasting satisfaction and encouragement for professional 
advancement. 

If your interests lie in one of the many fields of endeavor being 
carried on by The National Cash Register Company, you are invited 
to submit your resume to us for consideration for one of the fine 
opportunities now open in Dayton, Ohio at our modern Research and 
Development facility. 

SEMI CONDUCTOR RESEARCH 
LOGIC AND CIRCUIT DESIGN 
COMPONENT EVALUATION 
TECHNICAL WRITING 

ADVANCED ELECTRONIC SYSTEMS 
SYSTEMS RELIABILITY 
DIGITAL COMMUNICATIONS 

THE NATIONAL CASH REGISTER COMPANY, da yton 9, OHIO 

ONE OF THE WORLD'S MOST SUCCESSFUL CORPORATIONS 

77 YEARS OF HELPING BUSINESS SAVE MONEY 

Positions open are at all levels 
oj experience, including Project 
Manager. Prompt and personal 
attention will be given to your 
inquiry. All qualified applicants 
will be considered regardless of 
race, creed, color or national origin. 
Send resumé and letter oj 
application to: T. F. Wade, 
Technical Placement, G-2 
The National Cash Register Co., 
Main and K Streets, 
Dayton 9, Ohio. 

DIVERSIFIED CHEMICAl PRODUCTS 

ADDING MACHINES • CASH REGISTERS 

ACCOUNTING MACHINES • NCR PAPER 
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ENGINEERS 
NOW—CHOOSE YOUR ASSIGNMENT 

AND LOCATION THROUGH OUR 

NATION-WIDE PLACEMENT SERVICE 

SALARIES $9,000 to $20,000 

SOME POSITIONS FOR RESIDENT NON-CITIZENS AND CANADIANS 

design and development 

INDICATE YOUR AREAS OF INTEREST 

□ □ Reliability Transmitters Antennas 

Receivers □ Microwave □ Servos 
□ □ Displays 

□ Satellite Tracking □ Structures 

□ □ 

ervice 

□ 
□ 
□ 

□ 
□ 
□ 

Precision 
Mechanisms 

Engineering 
Reports 

Engineering managers, systems, projects, and 
engineers: 

Weapon Systems 
Analysis 

A National Electronic Placement Service Established in 1937. You 
are assured of prompt and completely confidential service by for¬ 
warding three resumes to HARRY L. BRISK (Member IRE) 

We can offer you a large selection of diversified 

positions with America’s foremost electronic or¬ 

ganizations WITH NO COST TO YOU. 

Analog and Digital 
Devices 

Radar Techniques 

Logic Design 

IF Devices 

Employment Counselors Since 1937 

’ Department A 

12 South 12th St., Philadelphia 7, Penna. WAInut 2-4460 

THEN YOU— 
Wait to hear from ns or our clients. There is no need to 
write directly to any companies, as we do all that for you 
and at absolutely NO COST TO YOU! 

WHAT WE DO FOR YOU-
Take all the work from you—no need for you to write to 
five or six companies, fill out applications for each one. 
only to find there is no job that interests you. We do all 
that for you, find the job that you want—in the location 
you want—we work with over 250 companies—all over 
the country. 

ALL WE ASK YOU TO DO-
Send us 3 complete resumes, telling us your present and 
desired salary; the kind of work you want and where you 
would like to live. That is all you have to do! 

Membership 

(Continued from page 1'16.1) 

Dant, L., South Bend, Ind. 
Davis, M. A., Edmonds, Wash. 
Deavers, W. IL, Huntsville, Ala. 
de-Tager, J. T., Dwingeloo, The Netherlands 
De Kerf, J. L., Mortsel. Belgium 
Dennison, C. AL, Hiawatha, Iowa 
Dickinson, W. B.. Hyattsville. Md 
Dimenna, D. L., Lawrence. Alass. 
Dixon, J. AI., Indianapolis, Ind. 
Douthett, D., Poughkeepsie. N. Y. 
Dowling. I)., White Sands Alissile Range. N. AI. 
Dozier. S. T., Bridgeton. Mo. 
Drebinger, J. W.. Woodland Hills, Calif. 
Drimmel. L. 1’., Agincourt. Ont.. Canada 
Driscoll, L. C., Sudbury, Alass. 
Duggan. R. !.. Stamford. Conn. 
Duncan. E. AL. Silver Spring. Aid 
Dunning. AL R., San Carlos. Calif 
Efird, J. L., Arlington, Ya. 
Elder. T. G., Toronto. Ont., Canada 
Elder. S. AL, San Diego. Calif. 
Elliott, D. F., Whittier, Calif. 
Elliott. J. A.. Winnipeg. Alan.. Canada 
English, F. C.. Falls Church. Va. 
Evans, R. !.. Groton. Conn. 
Faber, U., Pleasant Valley. N. V. 
Fallstrom, R. D.. Richardson. Tex. 
Farese. E. H., Clifton, N. J. 
Farrow, I. E.. Washington. D. C. 
Ferrara, A. J., Norwalk, Conn. 
Fischer. C. O.. San Francisco, Calif. 
Fishfeld, A.. Plymouth Aieeting, Pa. 
Fitzgerrell. R. G., Boulder, Colo. 
Foley. T. K., Seattle, Wash. 
Fowles. H. Ai.. Boulder. Colo. 
Freeland. P. A.. Na|»erville. 111. 

(Continued on l'âge 151 A) 

ENGINEERS 
SENIOR ENGINEER, at least 10 
years broad experience in design 
and development communications 
circuits, both tube and transistor 
techniques, LF to UHF. Location 
—Maine coast. 

SENIOR ENGINEER, under¬ 
water sound and some VHF com¬ 
munications experience to assist in 
implementation of sonar test facil¬ 
ity, and related electronic research 
and development. Location—cen¬ 
tral Maine coast. 

SENIOR ENGINEER, to assume 
complete responsibility for con¬ 
verting developmental prototype 
equipment into final production 
models, and supervise all produc¬ 
tion operations. At least 10 years 
broad experience with HF com¬ 
munications circuits, equipment 
and production techniques, both 
civilian and military. Location— 
Connecticut. 

Write to 

VOCALINE COMPANY 
OF AMERICA, INC. 
Old Saybrook, Conn. 

LAMCO DIVISION, Waldoboro, Me. 
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We don’t want to put life on other planets 
Just one living cell. The discovery of just one living cell in space would 
be one of man’s greatest accomplishments. It would affirm the possi¬ 
bility that man-like civilizations could exist on other worlds. 

But what if the life we found in space had been put there by our own 
spacecraft? What a tragic irony that would be! 
To prevent this awesome mistake, Cal Tech’s Jet Propulsion Labora¬ 

tory is designing its spacecraft for the National Aeronautics and Space 
Administration to be 100% sterile before leaving our atmosphere. 

The JPL Sterilization Program began even before the first Ranger 
shot. Different sterilization techniques are being tested in the JPL Lunar 
Program: heat soaking internal components at 125° Centigrade for 24 
hours; coating all exposed surfaces of the spacecraft with ethylene 
oxide gas; using liquid sterilants during the spacecraft assembly. 

By the time Mariner A makes the first “fly-by” to Venus, these tech¬ 

niques will be perfected. Then, spacecraft will be free of any living 
organism that might upset our hopes of finding other life on otherplanets. 

Spacecraft sterilization is only a small part of the work on JPL’s 
Planetary Program and the job of space exploration as a whole. It’s a 
job that requires the most creative, inventive minds this country has to 
offer. Minds that will only take know for an answer. 

Write to us. Learn first-hand about the fascinating work our scientists 
and engineers do as America's leaders in space exploration. Learn how 
you can be part of this work... how your particular talent will be taxed 
to the limit in this, the greatest experiment of mankind. 

JET PROPULSION LABORATORY 
4804 Oak Grove Drive, Pasadena, California 
Operated by California Institute ol Technology for the National Aeronautics and Space Administration 

All qualified applicants will receive consideration for employment without regard to race, creed or national origin. / U. S. citizenship or current security clearance required. 



You can bring new meaning to your career ir engi 

ACF ELECTRONICS 

where your status as an 
individual and your career 

in engineering grow 
hand 'n hand-

gL». day by day 

neering by investigating opportunities m state-of-the-art 
developments at ACF. Experienced engineers at all 
levels are cordially invited to inquire aoout challenging 
positions in the following fields: 

ANALOG & DIGITAL TECHNIQUES 
SIMULATOR ENGINEERING 

IONOSPHERIC PROPAGATION 
HF, RF COMMUNICATIONS 

MICROWAVE COMPONENTS & SYSTEMS 
OPTICS & INFRARED 

AIRBORNE RADAR SYSTEMS 
FIELD ENGINEERING 

These openings involve assignments at our laboratories located 
in SUBURBAN WASHINGTON, D C. and the New York metro 
politan area at Paramus, New Jersey. Pleasant residential 
neighborhoods provide read i y available housing. Advanced 
study under tuition refund may be conducted at nearby univer 
sities. All qualified applicants will receive consideration for em¬ 
ployment without regard to race, creed, color or national origin. 

Send resume to 
A. C. SUGALSKI 

Manager, 
Professional Employment 
at our Riverdale Facility 

Dept. 2 

ACF ELECTRONICS 
CIVISION 

ACF INDUSTRIES 

RIVERDALE. MARYLAND • HYATTSVILLE, MARYLAND • PARAMUS, NEW JERSEY 

ELECTRONIC 
ENGINEERS 
Research and 
Development 

Armour Research Foundation, one of 
the largest independent research or¬ 
ganizations. offers exceptional oppor¬ 
tunities in Chicago for qualified Elec¬ 
tronics research engineers to work on 
a variety of industrial and military 
research projects in the fields of 

RADAR 
ANTENNAS 
MICROWAVES 
PROPAGATION 
COMMUNICATIONS 
SIGNAL PROCESSING 

CIRCUIT DEVELOPMENT 

MEASUREMENT TECHNIQUES 

Applicants should have a B.S., M.S., 
or Ph.D. in Electrical Engineering 
with above average academic grades 
and should have research experience 
in one or more of the above fields. 
Our environment combines the better 
features of academic and industrial 
research and offers you the oppor¬ 
tunity to work on advanced research 
programs. 
Staff members receive attractive sal¬ 
aries, up to 4 weeks vacation, gener¬ 
ous insurance anil retirement benefits, 
and tuition paid graduate study. Our 
Chicago location offers excellent cul¬ 
tural and recreational advantages. 
All qualified applicants will receive 
consideration for employment with¬ 
out regard to race, creed, color, or 
national origin. Please reply in con¬ 
fidence to Mr. R. B. Martin. 

ARMOUR 
RESEARCH 
FOUNDATION 
OF ILLINOIS INSTITUTE OF TECHNOLOGY 
TECHNOLOGY CENTER. CHICAGO 16, ILL. 
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Friedman, ,1.. Brooklyn. N. Y. 
Garber. B. I).. Rockville. Md. 
Garcia, J., Raleigh, N. C. 
Garfinkel. I)., Philadelphia. Pa. 
Garrett. L. Y., Dayton. Ohio 
Geary, J. J., Fairlawn. N. J. 
Georgi, H. W., La Jolla, Calif. 
Gordon. C. K., Jr.. Hollywood, Calif. 
Gore, R. A., Los Alamos. N. M. 
Gorrie, J. P. R., Chelmsford. Essex, England 
Gosling, L. J.. British Columbia. Canada 
Gottling, J. G., Cambridge. Mass. 
Grill. M.. Seaford. L. L, N. Y. 
Grosjean, B. G., Columbus, Ohio 
Haas, H. H., Greencastle, Pa. 
Hale. D. P., Oneida. N. Y. 
Hale. IL C.. Mississippi City, Miss. 
Hamilton, S. A.. Huntington. !.. I.. N. Y. 
Hanas, < ). .1 .. Philadelphia, Pa. 
Hannemann, E. IL. Milwaukee. \\ is. 
Hannigan, J. F., Alexandria, Va. 
Hardy, C. A., Fort Worth. Tex. 
Harmon. L. D.. Ontario. Calif. 
Hart, P. J.. Sudbury. Mass. 
Hascall. N. C., Eau Gallie, Fla. 
Hauber. L. J.. Teaneck. N. J. 
Hauge, T. A., Minneapolis. Minn. 
Hendrickson, H. L.. Morgan City. La. 
Hcrshman. G. E.. Valparaiso. Ind. 
Hilfing, L IL, New York, N. Y. 
Hill. C. A.. Fort Wayne. Ind. 
Hill. 1). L.. Liverpool, N. Y. 
Holland. M. G., New Orleans, La. 
Hoyer, S., Peabody. Mass. 
Hubert. J. A.. Camarillo, Calif. 
Hubner. K., Palo Alto. Calif. 
Huckins, H. C.. Ottawa, Ill. 
Hurley, J. D.. Mountain View. Calif. 
Husick, C. B., Flemington, N. J. 
Hutchins, T. B.. Beaverton. Ore. 
Infante, E. F., Austin. Tex. 
Jacobsen. C. IL. El Paso, Tex. 
Janke. IL. Montreal. Que.. Canada 
Idanowski. S. E.. Nixon, N. J. 
Johnston, D. M., Wichita. Kan. 
Jones, L. G., Jr., Los Gatos. Calif. 
Kahrs. G. J. IL, Fullerton, Calif. 
Kassel. S., Washington, D.C. 
Kaufman, R. L, Allentown. Pa. 
Kearney, C. D., Ontario. Calif. 
Kelley. D. J., Lexington, Mass. 
Kellogg, E. D., Northridge, Calif. 
Kennedy, R. A., Downey, Calif. 
Killen. J. M., Minneapolis. Minn. 
Killinger, G. B., Pittsburgh, Pa. 
King, F.. Washington. I). C. 
King, J. L., Huntsville, Ala. 
Knoebel, D. E., Edison, N. J. 
Knorr, G. A., Jr.. New Monmouth. N. J. 
Kompelien, A. I).. Minnea|>olis, Minn. 
Krawczyk, R. G., Chicago. III. 
Kroen, G. A., Randallstown. Md. 
Kulhanek, W. 1).. Huntington Station, L. L.N. Y. 
Lackey. F. D., La Puente, Calif. 
Largess. G. J.. Washington. I). C. 
Lazzaro, A. J., North Highlands, Calif. 
Lee. I).. Washington, D.C. 
Leone, A. J., Levittown, N. J. 
Levereault. L. A., Ann Arbor, Mich. 
Levy, N.. North Massapequa, L. I.. N. Y. 
Lewter. R. R., Decatur, Ga. 
Long, R. IL, Redstone Arsenal. Ala. 
Loh. W. C., East Orange. N. J. 
Lowrance. R. E.. Macon, Ga. 
Luxemburg, S. R.. Montreal, P. Q.. Canada 
Maistrow, L. S., Forest Hills, L L, N. Y 
Mandai, IL. Yokohama. Japan 
Matyuch, J. S.. North Long Beach, Calif. 
Mayer. W. A.. Minneaixdis, Minn. 
Mayzner. M. S., Deal, N. J. 
McIntosh, E R., Los Angeles, Calif. 

(Continued on page 153A) 

The quest for accurate tornado "signatures” by scientists at CAL may 
one day permit tornado path prediction at great savings in life and 
property. Here, CAL engineers conduct meteorological radar echo studies 
applying Doppler radar techniques to weather observation. The heart of 
this program is a Doppler Velocity Measuring Tornado Warning System 
which has been developed for the United States Weather Bureau. 

If you have a background of accomplishment in the fields of radar 
and electronics, and would Like the opportunity to range into such areas 
as propagation of electromagnetic energy, atmospheric electricity, 
weather radar, and experimental radar systems, CAL has openings which 
you will find worth investigating. 

More than 100 of the Laboratory's 400-man professional staff are 
electronic engineers or scientists. 

CORNELL AERONAUTICAL LABORATORY. INC. 

of Cornell University 

J. P. RENTSCHLER 

CORNELL AERONAUTICAL LABORATORY. INC. 

Buffalo 21, New York 

Please send me a copy of “A Community of Science.” 

Name 

Street 

City Zone State 

□ Please include employment information. 

All qualified applicants wd* receive consideration for employment without regard to 
race, creed, color or national origin. 
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What will the Surveyor 
find on the moon? 
Sometime in 1963, this spacecraft will 
land on the moon. In it will be over 200 
pounds of scientific instruments designed 
to gather, analyze and transmit informa¬ 
tion about the moon’s surface, subsurface 
and atmosphere. 

The Hughes-designed Surveyor will be 
built to “soft land.” As it approaches the 
moon, after a 66-hour flight from the 
earth, retro-rockets will be fired to cush¬ 
ion the impact of landing. 

Then, standing on three legs, the 750-
pound moon explorer will set Io work — 
as scientists here on earth watch via tele¬ 
vision. High-quality television pictures of 
the lunar landscape will be taken and 
transmitted. Drills will pierce die moon’s 
surface and samples will be brought up 
into the spacecraft for chemical analyses. 
Other instruments will measure the geo¬ 
physical characteristics of the lunar sur¬ 
face. as well as the moon’s magnetic and 
radiation fields. 

Hughes will build seven Surveyor vehi¬ 
cles which are scheduled to be launched 
at Cape Canaveral during the period 
1963-66. The work is being performed for 
the National Aeronautics and Space 
Administration. Technical direction is by 
the California Institute of Technology 
Jet Propulsion Laboratory. 
The information which Surveyor gives 
us will be an important step toward the 
day when man himself will stand on the 
moon and look out into the universe. 

Creating a new world with electronics 

HUGHES AIRCRAFT COMPANY 



Electronics is our business. Imaginative 
pioneering in advanced electronics by 
more than 5,000 Hughes engineers and 
scientists is speeding man’s progress in a 
host of new ways — with revolutionary 
3-dimensional radar systems, with ion 
engines to take man on long space jour¬ 
neys, with computers that can do years of 
work in hours. Such creative efforts have 
helped build Hughes into one of the 
world’s most important producers of elec¬ 
tronic systems and products. 

(Continued front paye 151 A) 

McKerchar, W. D., Shoreham, L. I., N. Y. 
McLean, W. E., Independence. Kan. 
McKay, G. A., Baltimore. Md. 
McNulty, J. F., Danbury, Conn. 
Meny, J. J., Dallas. Tex. 
Messner, G., Sea Cliff. L. I.. N. Y. 
Michelotti, C. A., Norridge, 111. 
Miller, N. A., New York, N. Y. 
Moede, J. M., Faribault. Minn. 
Mohamed. M. E.. Coventry. Warwickshire, Eng¬ 

land 
Monell, L. E., Ix>s Angeles. Calif. 
Morawetz, P. L., Hopkins, Minn. 
Morgan, K. C., Richardson, Tex. 
Morley, K. A.. Palo Aho, Calif. 
Morris. R. G., Sunbury on Thames, Middlesex, 

England 
Muir. .1.. San Tose. Calif. 
Munk. B. A.. Midlothian. 111. 
Nagy, L. E.. Higganum, Conn. 
Nakano, IL, Tokyo. Japan 
Nicholson. M. W„ Bel Air. Md. 
Noel, C. A., Los Angeles, Calif. 
Ohls, R. H., Scott A.F.B.. 111. 
Olson, R. B.. Lincoln. Neb. 
Oppeboen. IL C.. Wappingers Falls, N. Y. 
Orme, D.. Hatboro, Pa. 
Paletto, R.. Catania. Italy 
Paley, M. O., Poughkeepsie. N. Y. 
Patton, W. IL. El Segundo. Calif. 
Peace, W. F., Richardson. Tex. 
Pedelty, M. J., Arrandale. Va. 
Penner. R. S., Paterson. N. J. 
Petroff, I. K.. Los Angeles. Calif. 
Pfister, P.. Granby. Que., Canada 
Phelan. J. J.. Canoga Park. Calif. 
Pitcher, L. S.. Waltham. Mass. 
Po|M)vitch, F. S.. Neuilly-Sur-Seine. France 
Porto. E. J., Jericho. L. L. N. V. 
Probst. G. G.. Palos Verdes Estates. Calif. 
Rahbek-Jen>en. J.. Voorburu. The Netherlands 
Rainey. G. L.. Indianapolis. Ind. 
Rapko, M., Biloxi. Miss. 
Raths, O., Long Island City. N. Y. 
Reddeck, T. J.. III. Charlotte, N. C. 
Rees, F., East Meadow. L. L, N. Y. 
Reid. L. L., Vancouver. B. C., Canada 
Renaud, F. I... Rockland. Mass. 
Rhodes. M. I... Boston .McKeesport. Pa. 
Rice. H. H., Des Plaines. III. 
Riley. W. B., Detroit, Mich. 
Robinson. R. F., Del Mar, Calif. 
Rossi, F., Rome. Italy 
Rudd, W. E., Fremont, Calif. 
Sabin, F. L., Bountiful, Utah 
Saltz, F., Binghamton. N. Y. 
Schiller, M., New York, N. Y. 
Sedgwick, H. K., Weston. Mass. 
Sergakis, E. M.. Winston-Salem. N. C. 
Shaikh, M. S., Karachi. Pakistan 
Shannahan, W. J.. Jr.. Huntsville, Ala. 
Shaw, E. K., Belmont. Calif. 
Sherman. J. R., Los Altos. Calif. 
Sierawski, F. J., Rome. N. X . 
Sinfield. G. R.. Sunnyvale. Calif. 
Sinnott. D. B., Downieville. Calif. 
Slaninka. R., Rolling Meadows, Ill. 
Slojkowski. F. E.. Summit. N. J. 
Smith. F. A.. Huntington, L. L, N. Y. 
Sproule, R. R., State College, Pa. 
Stallard, D. V., Wayland. Mass. 
Stricter. H. I).. Cocoa Beach, Fla. 
Stephenson. C. D., Chicago, 111. 
Swanson, J. P., Fullerton. Calif. 
Szego, G. P., Lafayette, Ind. 
Tebbutt, F. S.. Scarsdale, N. Y. 
Teece, K. A.. Hayes. Middlesex. England 
Thomas, B. W.. Richardson. Tex. 
Thomas, G. W., Oceanport, N. J. 
Togo, T. K., Torrance, Calif. 

KODAK EKTRON 
DETECTORS 

-for the 1p. to Q‘ infrared 

a wide open choice in spectral 
responsivity and time constant 

a wide open choice of physical forms 
— large, small, complex shapes, 
multiple arrays, "immersed,” Dewar-
housed—ingenuity is the only limit, 
almost 

For more precise explanations and a price 
list of off-the-shelf Kodak Ektron Detectors 
(or to see if we can build a complete 
infrared system for you), write— 

EASTMAN KODAK 
COMPANY 
Apparatus and Optical Division 

Rochester 4, 
N.Y. 

(Continued <n paye 156A) 



NEWS A 
New Products^ 

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

(Continued from page 140A) 

PAM Multiplexers and Demultiplexers 
Sierra Research Corp., P.O. Box 22, 240 Cayuga Rd., Cheek¬ 

towaga, X. Y., announced a new series of PAM Multiplexers and 
Dem id tiplexers meeting I RIG standards, which has been used 
successfully in air-to-ground telemetering and ground-to-air data 
link applications. When operated in conjunction with conventional 
FM transmitters and receivers, these units have been applied in 
aircraft and missile programs and helicopter and fixed wing drone 
requirements. Features of the telemetering link include a small 
size and low weight resulting from solid state techniques, plus ex-
tremel}- high information capacity within a narrow RI' band¬ 
width. 

This equipment is available in a seven, fourteen, thirty and 
sixty channel capacity with both ac and/or de proportional out¬ 
puts. Channel bandwidths adequate for transmission of 2 kc vibra-

ultra-miniature metallized 

. - -*wi 

m i tronics ¡nc
132 Floral Ave., Murray Hill, N.J. 

Phone 277-3400 

$ The products produced by Mitronics are backed by years 
tof experience and proprietary techniques. The rapid growth 

and long list of satisfied customers Mitronics' enjoys is a 
y testimonial to the quality and dispatch with which each 
$ order is handled. 

X • Metallized Ceramics 
± • Metal to Ceramic Seals 
X • Component Substrates for Micromodular Program (Met-
• allized and Unmetallized) 
& • Resistor Housings 
± • Diode Housings 
.T • Soft Solder Terminals 
• • High Alumna Ceramics 
X • Beryllium Oxide Ceramics 
• • Ceramic Printed Circuits 
¿i • Insulating Mounting Studs 
& • Metallized Ceramic Terminal Strips 
X • Rectifier Housings 
y • Ceramic Transistor Bases 
X • Insulated Ceramic Discs 

tion data are available upon request. RF Carrier failure sensing 
can be provided together with individual channel memories, if 
required. All units have full automatic frequency control and 
automatic gain control to correct for system drifts. 

Specifications 
M-104 
Multiplexer 

D-104 
Demultiplexer 

Performance : 
Input 

Voltage 
Input 
Impedance 

Output 
Voltage 

Output 
Impedance 

Sampling 
Rate 

Frequency 
Response 

Accuracy 
Crosstalk 
Input Power 
Estimated 

Life 
Information 
Channels 

0 to ±2.0 vdc 

50 K ohms 

0 to ±2.0 V video 

500 ohms 

0 to ±5.0 video 

10 K ohms 

0 to ±2 vdc 

1000 ohms 

125 samples/sec/channel AFC’d to coder 

60 cps/channel 
±0.25% of full scale 
Better than 40 db 
10 watts 

10 cps/channel 
±1.0% of full scale 
Better than 40 db 
40 watts 

10,000 hours 

60 

10,000 hours 
30 continuous 
30 selectable 

Mechanical: 
Size 
Weight 
Construction 

7X7X5’ 
5.75 lbs. 
Per MIL-E-5400 

19X17X17 (Std. Rack 
30 lbs. 
Per MIL-E-5400 

Environmental: 
Temperature — 55°C to +50°C 
Vibration 5 g's, 0 to 1 kc 
Altitude 0 to 50,000 ft. 

— 20°C to +50°C 
5 g’s, 0 to 1 kc 
0 to 50,000 ft. 

50 Watt Fixed Attenuator 
A new line of precision high power attenuators designed for 

operation from de to 1 kMc has been announced by R L C Elec¬ 
tronics, Inc., 805 Mamaroneck Ave., Mamaroneck, X. Y. 

These fixed attenuators, Model 
A-500, can be supplied in attenuation 
values from 0 to 20 db. The attenu¬ 
ator accuracy (including absolute 
accuracy, variation of attenuation 
asa function of frequency, and vari¬ 
ation of attenuation as a function of 
power) is J db. VSWR of these units 
with Type X connectors is 1.2 maxi¬ 
mum from de to 1 kMc. Power rating 
is 50 watts average, 50 kw peak. 
These units are calibrated at 0.95 
kMc, and can be supplied with Type 
N, C or HM connectors. They are 
designed for 50 ohms. 

Model A-500 is but one of the comprehensive line of coaxial 
attenuators covering the frequency range from de to 11 kMc. 
Special attenuators, requiring extremely close tolerances, differ¬ 
ences in frequency range, higher power levels, special connectors, 
different materials and finishes, and so forth, can also be supplied. 
RLC also produces a wide range of terminations and filters. 

Available from stock to 2 weeks. Price is $250.00 to $260.00. 
Complete information about Model A-500 attenuators and other 
items in its line can be secured by writing to the manufacturer. 

Pulse and Time Delay Equipment 
Rutherford Electronics Co., 8944 Lindblade St., Culver City, 

Calif., announces the introduction of a completely new line of 
ptdse and time delay equipment, the Model B-9. 

(Continued on page 156A) 
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look into Panoramic’s new PA-4a 
exclusive features for more reliable 
spectrum analysis iq mc to 44,000 me 

USABLE SENSITIVITY 

and 

RF SENSITIVITY’ 

- ,0 to- godbm 
Z 60 to — 85 dbm 

noise equal 2« noise 

2 t0 4 TIMES THE 

aW 

narrow pulsed signals,. 

BAN% _ 420 MC 
V 350 _ 1000 MC 
?' ajo - 2200 MC 

m lrrc 
i. ^.r r kmc 
•measured when signal 

■ 

£ 

j dependable \ 
CERTIFIED 

\ SPECIFICATIONS ' 
X. lor accurate y 

I data 

„CLONALLY tow DISTORTION 

tion capabilityt H m odu-
near first earner 

»hoto unretouched. 

Distortion analysis 'llust^. 
SP4-4a «'de rang n here 1S 

mX’^ moreWan 50 db 

M 20 db above full sca!e). 

photo unretouched. 

highly «solv^ —UO 
Reduced internal hum 
improves resolution o 
closely spaced signals, 
also improves minimum 

dispersions for more 
highly magnified 
analyses. Marker 
modulation permits 
highly accurate 
measurements ot 
frequency differences 

during high sPeed 
analysis. See photos., 

Extended dynamic srangepcom 

parison of 2 s g oxer fUn 
Larger is . 9 at _28 db 

¡»ÄSS 

Reduced threshold 
allows SPA-da to operate 
at smaller input signal 
Uis (and attenuated 
lareer ones). Unre-
touched screen photos 
Xhow this permru 
virtually aponous-neo 
measurement-over 

wide dynamic rango 

be' «ry small. (Unretouched) 

utilizing 3 stabilized, low hum local oscillators 
(1 HF triode and 2 klystrons). Fundamentals to 11 
kmc. Direct reading with ±1% accu-acy. 

2. TWO INDEPENDENT FREQUENCY DISPERSION RANGES: 
Continuously adjustable. 0-70 mc with exceptional 

Important as these advantages are, there are many more. -< 
flatness, stable 0-5 mc for narrow band analysis. 
Both swept local oscillators operate on fundamentals 
only for spurious-free analysis. 

Panoramic 

Sec. 2900 

Easy to use, too ... human 
engineered for simple operation, 
component accessibility. 
The advanced new SPA-4a is 
unmatched for visually analyzing 
FM, AM and pulsed signal systems 
—instabilities of oscillators 
—noise spectra—for detection of 
parasitics—studies of harmonic 
outputs, radar systems and other 
signal sources. 
Write, wire, phone today for detailed 
SPA-4a specification bulletin 
and new Catalog Digest. 

ELECTRONICS, INC. 

Formerly Panoramic Radio Products, Inc. 

the pioneer is the leader 

3. PUSH-BUTTON FREQUENCY RANGE SELECTOR. 
4. ADJUSTABLE IF BANDWIDTH 1 KC to 80 KC. 
5. 3 CALIBRATED AMPLITUDE SCALES - 40 db log, 

20 db lin, 10 db power. 
6. SYNCHROSCOPE OUTPUT WITH 40 DB GAIN. 
7. SWEEP RATE ADJUSTABLE FROM 1-60 CPS. May be 

set free running, synchronized to the line or to 
external prf. Also provisions for sweep rate calibrations. 

PANORAMIC ELECTRONICS, INC. 
522 South Fulton Avenue, Mount Vernon, N. Y. • Phone: OWens 9-4600 
TWX. MT-V-NY-5229 • Cables: Panoramic, Mount Vernon, N. Y. State 

See us at E.I.M.E. • Syracuse, N.Y.—Sheraton Inn—Sept. 21 • Norwalk, Conn.—Treadway Inn—Sept. 25 • Roosevelt Field, L.I., N.Y.—Sagamore Room—Sept. 27, 28 



Give your Products 

MORE RELIABILITY and 
BETTER PERFORMANCE with 

FREED 
HERMETICALLY SEALED, 

MIL-T-27A 
PULSE TRANSFORMERS 

• Maximum power efficiency and optimum 

pulse performance. 
• For use in blocking oscillator, interstage 

coupling and low level output circuits. 

• Ruggediied construction — Grade 4. 

• Series or parallel connection of windings 

for optimum turns ratio. 

01 DM- 8 OM-M DM-

■ Ruggedized, 

MIL STANDARD 
POWER & FILAMENT TRANSFORMERS 

Primary 105/1 1S/125 V 50-60~ 

Cat. No Appl MIL Std. MIL Type 

MGP 1 Plate & Fil. 90026 TF4RX03HA001 

MGP 2 Plate & Fil. 90027 TF4RX03JB002 

MGP 3 Plate & Fil. 90028 TF4RX03KB006 

MGP 4 Plate & Fil. 90029 TF4RXO3LBOO3 

MGP 5 Plate & Fil. 90030 TF4RX03MB004 

MGP 6 Plate 90031 TF4RX02KB001 

MGP 7 Plate 90032 TF4RXO2LBOO2 

MGP 8 Plate_ 90036 TF4RXO2NBOO3 

MGF 1 Filament 90016 TF4RX01 EB002 

MGF 2 Filament 90017 TF4RXO1GBOO3 

MGF 3 Filament 90018 TF4RX01 FB004 

MGF 4 Filament 90019 TF4RX01 HB005 

MGF 5 Filament 90020 TF4RX01 FB006 

MGF 6 Filament 90021 TF4RX01 GB007 

MGF 7 Filament 90022 TF4RX01 JB003 

MGF 8 Filament 90023 TF4RX01 KB009 

MGF 9 Filament 90024 TF4RX01 JB012 

gMGF 10 Filament 90025 TF4RX01KB013 

Ruggedized, 

MIL STANDARD 
AUDIO TRANSFORMERS 

Cot No Imped level-ohm« Appl MIL Std MIL Type 

MGA 1 Pn 10 000 C T 
Sec. 90.000 
Split * C.T. 

nteritage 90000 TF4RX1 5AJ00I 

MGA 2 Pm 600 Split 
Sec 4 8 16 

Matching 9000) TF4BX16AJ002 

MCA 3 rri. 600 Split 
Sec 135.000 C T 

nput 90002 T F 4B X 1^ A J001 

MGA 4 Rri. 600 Split 
Sec 600 Split 

Malching 90003 TF4HX16AJ001 

MGA 5 Fri. 7 600 Top 
e 4 800 
Sec. 600 Split 

Output 90004 TF4BX1 3AJ001 i 

MGA 6 rri. 7.600 Tap 
e 4 800 
Sec 4. •, 16 

Output 90005 TF4ÍX1 3AJOC? 

MGA 7 rri. 1S.000 C.T. 
Sec 600 Split 

Output 90006 TF4RX1 3AJOO3 

MGA 8 rri 24.000 C T 
Sec 600 Split 

Output 90007 TF48X1 3AJ0O4 

MGA 9 rri 60 000 C.T. 
Sec 600 Split 

Output 90001 TF4ÍX1 JAJ005 

FREED TRANSFORMER CO., INC. 
1720 Weirfield St.. Brooklyn (Ridgewood) 27. N.Y. 

(Continued from page 15 (el 

I Jesigued on the modular building block 
concept, a complete line of repetition rate, 
delay, width, pulse forming, and power 
supply packages will make possible a new 
line of standard pulse and time delay gen¬ 
erators, as well as giving the company the 
ability to build up special purpose gen¬ 
erators to meet any pulse requirement. 

The Model B-9 system features highly 
accurate, largely transistorized circuitry 
in a wide range of repetition rates, delays, 
and pulse widths. 

The firm feels that the introduction of 
the Model B-9 system is a major step 
foward in the company’s overall plan to 
produce high quality pulse and time delay 
instrumentation to meet the most exacting 
of present and future requirements. 

For further information, write to the 
i firm. 

Important 1 20 page book . . . 
of interest to people in the 

SOLID STATE FIELD 

Instructions — Outline — Pre-Index for 

SOLID STATE ABSTRACTS 
ON CARDS 

Solid State Abstracts on Cards provides 
a cumulative reference file to the techni¬ 
cal literature of solid state physks and 
electronics. The 120 page book, written 
by Geoffrey Knight, Jr., Ph.D. editor of 
SOLID STATE ABSTRACTS JOURNAL, 
completely describes the fundamental 
classification system used . ..together with 
suggestions for the effective use of Solid 
State Abstracts on Cards. Keep well in¬ 
formed ...send for your copy today . . . 

By writing direct to publisher 

CAMBRIDGE 
COMMUNICATIONS 
CORPORATION 

238 MAIN ST., CAMBRIDGE 42. MASS 

Membership 

(Continued from l'âge 155 A) 
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Trickett, T.. Wotport, Conn. 
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Turner. 1*. C.. Sudbury. Ont.. Canada 
Tyne. A. V., San Leandro. Calif. 
VanAuker, .1. B.. Detroit. Mich. 
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Trebisacci, S. J., Westerly, R. I. 
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Yearta, W. R., Jr., Seattle, Wash. 



high-directivity coax couplers 
Specifically designed for 
REFLECTOMETER applications ! 

• Here are two brand new coax couplers, specifically designed by Narda 
to provide the extremely high directivity needed in Reflectometer set¬ 
ups. And when we say “extremely high directivity”, we mean it ! For 
example: Model 3020 (250 to 1000 me) has a directivity of 35 db 
minimum, which means a maximum error in VSWR of only 1.035 can 
occur as a result of the finite directivity. Main line VSWR is held to 
1.05 maximum; secondary line VSWR is 1.10 maximum! 

• What’s more, each model covers two full octaves; each features 
extremely accurate tracking (0.3 db maximum change in difference 
between forward and reverse coupling over the band) ; each has a power 
rating of 100 watts CW, 10 kw peak. Check the table for full specifica¬ 
tions—and compare with any other units available. 

• These are just two examples of the complete line of unusually fine 
microwave and UHF instrumentation available from Narda. Write today 
for your free copy of our newest catalog. Address: Dept. PIRE-61-4. 

SPECIFICATIONS MODEL 3020 MODEL 3022 

Frequency 250 to 1000 me 1000 to 4000 me 
Directivity 35db min 30db min 
Coupling -both arms 20db nominal 20dt nominal 

- Frequency sensitivity ±0.6db approx. i0.6db approx. 
Max VSWR-main line 1.05 1.10 
Max VSWR -secondary 

lines 110 1.15 
Power Rating 100W cw 100W cw 

lOkw peak lOkw peak 
Tracking 0 3db total 0.3db total 
Price $200. $185. 

<®S®> the narda corporation 
118160 HERRICKS ROAD, MINEOLA, L. I., N. Y. • PIONEER 6-4650 
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Now from TELEX/AEMCO 

TELEX/AEMCO 
a division of Telex, Inc. 

Mankato, Minnesota, U.S.A. 

TELEX/AEMCO 

presents this new complete catalog of 
electro-magnetic relay and motor-driven 

timer products. 

Request your free copy on your letterhead 

or send coupon today. 
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MODEL 865B 

the Newest Addition to the 
* 

Family 

/ Compact 

POWER 
SUPPLY 

Constant VoHage / Constant Current Operation 

Auto Series & Auto Parallel Operation 

SPECIFICATIONS 

Output: 0-40 Volts, 0-0.5 Amps D.C. 
Load Regulation: 

Constant Voltage: 0.01% or 4 mv. 
Constant Current: 0.05% or 250 ̂ a. 

Line Regulation: 
Constant Voltage 0.01% or 4 mv. 
Constant Current: 0.05% or 250 Ma. 

Ripple and Noise: 
Constant Voltage: 200 gv. 
Constant Current: 200 ¿<a. 

Transient Recovery Time: 50 nsec. 
Size: 5'/u" H X 7”/„" W X S'/î" D 

jypT ARWeP! 

Price: $169.00 MODEL 865B Features 
Operation Auto-Paralle 

OTHER PRECISE, VERSATILE AND COMPACT POWER SUPPLIES INCLUDE: 

ply also available HLAB Model 855B 

Write for new 44 page, illustrated "1961 Long Form Catalog' 

UAB HARRISON LA BO RATO RI ES 

Phone 464-1234 - TWX SUMMIT, NJ. 977 

t Auto-Senes 
Operation 

* Permits any number of units to be 
seriesed (up to 500 volts) or paralleled 
with no internal wiring changes’ 

HEIGHTS, NEW 45 INDUSTRIAL 

Remote Control Of: 
Constant Voltage 0-40 volts 
Constant Current 0-500 ma 

Bench Or Rack Mounted • Front And 
Rear Terminals • Remote Sensing • No 
Turn-On Or Turn-Off Overshoot • Con¬ 
tinuously Variable Voltage and Current 
• Companion 0-18 volt 0-1.5 amp sup 

Model E Out 1 Out 
Bench 
Model 

Rack 
Model 

Continuously 
Variable Special Comments Price 

520A 0-36 0-25 X Yes High Efficiency $575.00 
800A-2 0-36 0-1.5 X X Yes Dual Output 580 00 

800B-2 0-36 0-2.5 X X Yes 
Low Cost Medium 
Current Supply 339 00 

802B 0-36 0-1.5 X Yes 
Dual Output 
Remote Sensing 580.00 

806AM 0-20 0-2.0 X Yes 
Remote Sensing 
Remote Programming 350.00 

808A 0-36 0-5 X Yes 
Constant Voltage / 
Constant Current 475.00 

810B 0-60 0-7.5 X Yes 
Constant Voltage / 
Constant Current 795.00 

812C 0-32 0-10 X No Remote Sensing 550.00 

814A 0-36 0-25 X Yes 
Constant Voltage / 
Constant Current 775.00 

855B 0-18 0-1.5 X X Yes 
Constant Voltage / 
Constant Current 169.00 

880 0-100 0-1.0 X X Yes Wide Voltage Span 375.00 

881A 0-100 0-1.0 X Yes 
Constant Voltage / 
Constant Current 475.00 

890A 0-320 0-0.6 X Yes Remote Programming 495.00 
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PROFESSIONAL CONSULTING SERVICES 

Advertising rates 

Professional Consulting Service Cards. 

I insertion $ 30.00 
12 insertions $240.00 

50% discount to IRE members on 3 or more 
consecutive insertions. 

In IRE DIRECTORY $30.00 flat rate. 
I inch only, no cuts or display type. 

New rate effective January 1962 
I insertion $35.00 

12 insertions $300.00 
50% discount to IRE members on 
3 or more consecutive insertions. 

In IRE DIRECTORY $35.00 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. 

M. D. ERCOLINO 
Antenna Laboratories and Engineering 

Staff 
Consultation and Development 

Antennas, Systems, Baluns, Rotators, 
Rotatable Antenna Masts 

Asbury Park, NJ. PRospect 5-7252 

Proposals Research Development 
Reports Prototype Units 

DR. A. W. FRIEND, P. E. 
CONSULTING ENGINEER 

AND PHYSICIST 
5903 City Avenue TEnnyson 9-3098 
Philadelphia 31, Pa. MOhawk 4-0275 

LEON HILLMAN 
Engineering Staff and Laboratory 

• Instrumentation • Control Systems 
• Electronic Research and Development 

255 County Rd.. Tenafly. NJ. LOwell 7-3232 

Engineering • Consulting • Proposal Assistance 

S. HIMMELSTEIN 
and staff 

Magnetic Recording Systems 
Computer Peripheral Equipments 

Transports, Drums, Discs, Photoreaders, Circuitry 

3300 West Peterson, Chicago 45 • IRving 8-9850 

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, LI., N.Y. 
FReeport 9-8800 

JOHN LESSER & staff 
Engineering— Design— Development 

For Edge Light Panels Qualified to MIL-P-7788A 
and Instruments Illuminated to MIL-L-25467A 

JOHN LESSER & staff 
238 Huguenot St., New Rochelle, N.Y. 

NE 6-4664 

LEONARD J. LYONS 
Consulting Mechanical Engineer 

COOLING—HEATING—FLUID FLOW 
Analysis and Testing. 

Heat Transfer & Thermodynamic Problems 
3710 Crestway Dr. AXminster 1-5446 

Los Angeles 43, California 

LEN MAYBERRY 
ELECTRONICS CONSULTING ENGINEER 

Laboratories and Staff 

Transistorized Modular Equipment 
Product Design • Test Equipment Design 

III South Oak Street ORegon 8-4847 
Inglewood, California 

Telecommunications Consulting Engineers 
"Worldwide Experience" 

V. J. Nexon and staff 
WIRE, CARRIER, RADIO, MICROWAVE, 

TROPO SCATTER 
Feasibility Studies, Terrain Surveys, System De¬ 
sign, Job Supervision, Government Proposals, 
Market Research, Product Planning. 
U.S. 46 & Cisco, Denville, N.J. OAkwood 7-7400 

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 
Area Code 617 • 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. 
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RIXON. . . 
DATA 
COMMUNICATION’S 

It is difficult to find words to describe 
our position without appearing boastful 

. . but here ore the facts: 
Over the post three years, Rixon has 

consulted on and solved special data com¬ 
munications and related processing prob¬ 
lems on the average of two each week 

Our design and development of practical 
and reliable wireline, voice bandwidth 
high speed data modems (up to 4800 
bits/sec and higher speeds for special 
applications) has established Rixon as an 
authority on data communications and 
related equipment. 

We, of Rixon, offer more than just 
OFF-THE-SHELF ' pieces of technical hard¬ 

ware We offer -OFF-THE-SHELF” solu¬ 
tions to your system design problems. 
Our professional engineering staff can 
solve your specialized problems which are 
bound to arise during all stages of 
systems development. 

You are invited to discuss your special¬ 
ized problems with our engineers. Rixon 
is prepared to discuss your requirements 
TODAY 

Write for descriptive literature on our 

Montgomery Industrial Park 
roring, Md. MAyfair 2-2121 

BALLANTINE Battery-Powered Vacuum Tube 
VOLTMETER 

model 
302C 
Price: $255 

MEASURES 
VOLTAGES 

100pV 
to 1000V at 
Frequencies from 2 cps to 150 kc 

This is a vacuum tube voltmeter capable of measuring 100 microvolts to 1000 volts in 
seven decade ranges with an accuracy better than 3% at any point on the scale. No 
other battery-operated instrument on the market meets this performance. It may be 
used as a hum-free amplifier with a maximum gain of 60 db, a high input impedance 
and an equivalent short-circuit input noise of less than 10 microvolts, which is con¬ 
siderably better than a transistorized amplifier with similar input impedance and band¬ 
pass. Panel controls are available to vary the preamplifier gain continuously or to select 
the more appropriate of two meter damping positions. Excellent as a null detector. 
Battery life exceeds 100 hours of normal operation. 

SPECIFICATIONS 

Voltage Range. 100 mV-1000 V 
Frequency Range. 2 cps-150 kc 

Accuracy . . 3% 5 cps-100 kc 

and 5% elsewhere ANY POINT ON SCALE 

Input Impedance. 2 Mi! shunted by 
10 pF or 25 pF 

Noise Level . Less than 10 referred to 

shorted input circuit 

Scales Logarithmic voltage scale from 1-10: 

linear decibel scale from 0 to 20 

Wr/ie for brochure giving many more details 

— Since 1932 — 

BALLANTINE LABORATORIES me. 
— Boonton, New Jersey 

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

ASK ABOUT OUR LABORATORY VOLTAGE STANDARDS TO I 000 MC 

September, 1961 
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STANDARD SIGNAL GENERATOR 

Individually Calibrated Scale 

PRICE OF THE MODEL 65B IS $875.00. PRICES 
F.O.B. BOONTON, NEW JERSEY. 

MODEL 
65-B 
RANGE 
75 KC 

to 
30 MC 

MANUFACTURERS OF 

Standard Signal Generators 

Pulse Generators 

FM Signal Generators 

Square Wave Generators 

Vacuum Tube Voltmeters 

UHF Radio Noise & Field 
Strength Meters 

Capacity Bridges 

Megohm Meters 

Phase Sequence Indicators 

Television and FM Test 
Equipment 

OUTPUT: Continuously variable, .1 microvolt to 2.2 volts. 
OUTPUT IMPEDANCE: 5 ohms to .2 volt, rising to 15 ohms at 

2.2 volts. 

MODULATION: From zero to 100%. 400 cycles, 1000 cycles 
and provision for externa! modulation. Built*in, low dis¬ 
tortion modulating amplifier. 

POWER SUPPLY: 117 volts, 50-60 cycles, AC. 

DIMENSIONS: 11" high, 20" long, 10% " deep, overall. 

WEIGHT: Approximately 50 lbs. 

EXTENDED FREQUENCY RANGE 
with these STANDARD SIGNAL GENERATORS MODEL 80 

2 Me to 400 Me 
$590.00 

MODEL 80-R 
5 Me to 475 Me 

$625.00 

FEATURES 

• Direct-Reading scales 
and dials; individually 
calibrated. 

• Convenient microvolt 
and DBM output scales. 

• Accurate indication of 
output voltages at all 
levels. 

• Low residual FM due to 
hum and noise. 

• Provision for external 
pulse modulation. 

V_ J 

SPECIFICATIONS 

FREQUENCY RANGE: (Model 80) 2 to 400 Me in 6 bonds. 
(Model 80-R) 5 to 475 Me in 6 bands. 

FREQUENCY ACCURACY: ±0.5% 

FREQUENCY DRIFT: Less than .1 % after warm-up. 

OUTPUT VOLTAGE: Continuously variable from 0.1 to 100,000 
microvolts (-7 to -127 DBM). 

OUTPUT ACCURACY: ±10% at 0.1 volt from 5 to 200 Me. 
±15% at 0.1 volt from 200 to 475 Me. 

MODULATION: AM is continuously variable from 0 to 30%. 
Internal modulation, 400 and 1000 cycles. 
External modulation, 50 to 10,000 cycles. 

RESIDUAL FM: Less than 500 cps at 450 Me for Model 80-R, 
and correspondingly lower for both models at lower 
frequencies. 

POWER SUPPLY: H7v, 50-60 cycles, 70 watts. 
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Imc or WOmc-dock Computer For a 

' n T e 

1O to 1OO me 

COMPUTERS 

3 to 20 me 

COMPUTERS 

Four new Philco 150 mw *Micro-Alloy Diffused-
base Transistors bring even more versatility to 
industry’s most reliable transistor line. Now, you 
can benefit from MADT proven product advan¬ 
tages in a broader-than-ever range of applica¬ 
tions, including those that require high power 
dissipation. In addition to an expanding line of 
150 mw types, there’s the new ultra-high-speed 
100 mxv MADT type 2N976—the world’s fastest 
switch. There’s an MADT that gives you optimum 
cost efficiency for your specific requirements. 

For complete information on these high power 
dissipation MADT’s, and application assistance 
on any transistor circuit, write Dept. IRE961. 

Philco 150 mw 
MADT’s are 
immediately available 
in quantities 1-999 
from your Philco 
Industrial Semi¬ 
conductor Distributor 

Seven important circuit advantages, inherent in every 

Philco MADT, are: 

1. Tight Parameter Control; 

2. Charge-Control Specification; 

3. Exceedingly Low V (SAT); 

4. Very Low Collector Capacitance; 

5. Freedom from Latching; 

6. Excellent Temperature Stability; 

7. Industry’s Best-Documented Reliability. 

THERE’S A PHILCO 
150 mw 
MADE 

1 to 5 me ' 

Computers i 

PH ILCO 
QfiaMy f/ie Otvr 

LANSDALE DIVISION, LANSDALE, PENNSYLVANIA 



G-R COUNTER RUNS 4100 HOURS* WITHOUT DOWNTIME 

J 
McCoy Electronics Co., Mount Holly Springs, Pa. uses the G-R 1130-A Counter to 
measure the temperature stability of crystals in production testing. The crystal is 

stream whose temperature can be controlled over a range from 
— 10 C to -t-lOiX. Frequency is measured directly with the Counter. 

. . . and still going strong! 

A G-R 1130-A Counter at McCoy Electronics Company has been in continuous service for 
4157 hours without replacement, adjustment, or maintenance of any kind! This is not an 
isolated instance — similar records are being run up daily by other G-R Counters in service. 

THIS RECORD OF RELIABILITY IS NOT SURPRISING: 
This instrument uses a simplified decade code not found in any 

other counter. Unreliable multiple feedback loops required by other 
codes have been completely avoided. This counter will not “go soft” 
or give erroneous readings without warning. 
The Counter’s circuits have been designed to operate properly 

under the worst possible combination of cumulative tolerances im¬ 
posed by tubes, component values and voltage levels. In fact, this 
Counter will perform properly even when its tubes approach the half¬ 
dead state. 
The Counter uses proven “hard bottoming” multivibrator dividers 

for exceptional stability, eliminating periodic adjustments of time¬ 
base circuits. 
There are many, many other built-in reasons that make the G-R 

1130 Digital Time and Frequency Meter the most reliable Counter 
ever built. For a complete description of this remarkable new instru¬ 
ment write for our Counter Bulletin. 

SPEC I Fl CATI ON S 

Display: 8 digits intermittent; 4 digits continuous 
readout (previous count displayed continuously 
during counting interval; changes to new value 
when count is completed). 

Measurement Ranges: 
Frequency: de to 10 Me 
Period: 10/ssec to 107 sec 
Time Interval: lMsec to 107 sec 
Also measures 10 periods, frequency ratios, 
phase shifts, pulse characteristics, and 
counts random events. 

Sensitivity: 0.25v rms 

Accuracy: ±1 count ± time-base stability. A 
variety of time-base generators are available 
with short-term stabilities ranging from 1 part 
in 108/min to 1 part in 10 9/min. 

Price: From $2,585 to $2,950 depending on 
time-base generator desired. 

Accessories Available: Digital-to-Analog Converter, 
Data Printer. Frequency Converter to extend 
measurements to 500 Me under development. 

*As of August 3, 1961 
GENERAL RADIO COMPANY 

WEST CONCORD, MASSACHUSETTS 

NEW YORK, worth 4-2722 CHICAGO 

District Office in Ridgefield, N. J. Oak Park 
WHitney 3-3140 Village 8-9400 
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Abington 
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WASHINGTON, D.C. 
Silver Spring 
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Los Altos 

WHitecliff 8-8233 
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Los Angeles 
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IN CANADA 
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