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ad\ ertesement SERIES V, NO. 10 

Here is the first of two reports on work we recently completed to help improve our 
nation’s airports. This report (prepared by M. A. Warskow and E. N. Hooton of 
our Department of Aviation Systems Research) describes the operations research 
phase. The second report, to appear in May, will describe some of the mathe¬ 
matical concepts and considerations. 

Analyzing Airport Design 
PART I 

Creating airport capacity adequate to cope with the ever-increasing 
volume of air traffic requires improved runway designs, more run¬ 
ways, and often more airports. These improvements in some cases 
will include new electronic devices to control airport aircraft traffic. 
For example. TRACE (Taxi Routing and Coordination Equ'pment • 
may be used to ease taxi and runway crossing problems to increase 
capacity. Since these improvements cost a great deal, airport plan¬ 
ners must have a reliable yardstick to measure the capacity of their 
airports. They must be able to measure the improvement in service 
the most important being the reduction in delays—against the cost 
of new installations. 

Recently, on behalf of the FA A Bureau of Research and Develop¬ 
ment, we studied airport operations in great detail with the object of 
devising a technique that would enable planners to predict airport 
capacity for any given design and stage of development. The technique 
developed utilizes mathematical models to predict the average delay 
caused by aircraft using any given runway system. 

Since we were to forecast the results of actual, rather than theo¬ 
retical, operations, the inputs to the models were based on the results 
of time and motion studies of actual operations at 11 airports around 
the country. Some of these data were also used to verify the suita¬ 
bility of our mathematical models. The results from testing the models 
over a wide range of operating rales are considered satisfactory. 

Figure 1. VFR Spacing for Departure Followed by Departure 

As part of our studies, we documented the actual spacings between 
aircraft using a common runway/taxiway system. It was soon ap¬ 
parent that the pilots and controllers at the airports become more 
efficient as the number of operations increases until the runway is 
completely loaded. An example of this “pressure factor,” as we call it, 
is shown in Figure 1, which shows the decrease in time intervals be¬ 
tween successive departures with increasing movement rates at vari¬ 
ous airports. 

Figure 2. Effect of Runway Turn-Off Layout 

\t all these airports except one (Wichita >. the mixture of aircraft 
was predominantly four-engine airliners. At W ichita, the traffic con¬ 
sisted mainly of small, light aircraft. Figure 1 illustrates the fact that 
these light aircraft can space themselves much closer and can there¬ 
fore directly affect capacity (in this case, giving an increase in ca¬ 
pacity). Other combinations of aircraft (for example, a jet follow¬ 
ing a jet) have their own distinctive spacing factors, which have 
been determined for realistic inputs into the airport capacity cal¬ 
culation. Similar data were obtained for other spacings: <1» succes¬ 
sive arrivals, (2) departures followed by arrivals, and (3) arrivals 
followed by departures. Data analysis ami model development ( based 
on queueing theory • went hand in hand until the most realistic model 
was obtained. 

By the use of the models developed, it is possible to show, for ex¬ 
ample. in Figure 2. the increase in capacity resulting from the u-e of 
improved high-speed turnoffs on any given runway. Note that at an 
average steady-state delay of 6 minutes, the operating rate varies from 
35 to 53 movements per hour, depending on the runway layout. To 
determine model inputs, we must specify (as in Figure 2) the aircraft 
population, the runway layout, the operating rates, the ratio of ar¬ 
rivals to departures, and the weather. 

In Figure 2. the reduction of delay resulting from the addition of 
better turnoffs can be related to cost. The reduction of cost is obtained 
by placing a dollar value on the cost of delays to the aircraft await¬ 
ing arrival or departure. This is an appreciable cost about $15 per 
minute for jet 707-type aircraft. 

Thus, for the first time, the airport planner has a yardstick for 
measuring airport capacity in terms that we can all understand. 

.4 complete bound set of our fifth series of articles 
is available on request. II rite to Harold Hechtman at 
AIL for your set. 
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Powerlytic* Capacitors are packed with capacitance! 
Designed specifically for applications requiring 

maximum capacitance in small physical size, Sprague 
Type 36D Aluminum Electrolytics find wide use in 
power supplies for digital computers, industrial con¬ 
trols, high-gain amplifiers, and allied equipment. 
Furnished in case sizes ranging from I3/»" dia. x 
2,/s" long to 3" dia. x 4%" long, Powerlytic Capacitors 
are available with capacitances which were previously 
impossible to obtain in the various case sizes. 
engineered for 65 C Operafica 

In Powerlytics, Sprague’s many years of research, 
design, and production experience have produced a 
capacitor which allows the equipment designer maxi¬ 
mum space economy for operating temperatures up to 
65 C. This encompasses the great majority of applica¬ 
tions in transistorized digital equipment and similar 
apparatus. 
Outstanding Performante Characteristics 

Powerlytic Capacitors have not only low ESR and 
low leakage currents but offer extremely long shelf 
life as well. Furthermore, they have the ability to 
withstand unusually high ripple currents. 
Superior Seal and Safety Vents 

Type 36D Powerlytics use the most reliable seal that 
Sprague has developed for aluminum electrolytic 

capacitors. This consists of crimping a beaded alu¬ 
minum can onto a rubber gasket recessed in a rigid 
molded cover. Pressure-type safety vents employing 
silicone rubber are used on all case covers. 
Choice of Terminal and Insulating Tube Styles 

Tapped terminal inserts, often preferred for strap 
or bus bar connections, are available as well as solder 
lug terminals for use with permanently wired con¬ 
nections. In addition to the standard bare case, Power¬ 
lytic Capacitors may also be obtained with a new 
clear skin-tight plastic tube which adds very little to 
the bare case dimensions. They are also available with 
a Kraftboard tube. 
Broad Range of Standard Ratings 

Sprague’s standard line of Powerlytic Capacitors 
includes 183 ratings covering capacitance values from 
45 to 150,000 /¿F, in voltages from 3 to 450 WVDC. 
Each rating is the maximum capacitance available 
for a given case size. 

For complete technical data on Type 36D Powerlytic 
Capacitors, write for Engineering Bulletin 3431 to 
Technical Literature Section, Sprague Electric Company, 
235 Marshall Street, North Adams, Massachusetts. 
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NEW 
BELL LABORATORIES 
RESEARCH FORESHADOWS 
COMMUNICATIONS 
AT OPTICAL 
FREQUENCIES A revolutionary 

new device, the continuously operating Optical 
Gas Maser, now under investigation at Bell Tele¬ 
phone Laboratories, foreshadows a whole new 
medium for communications: light. 

Light waves vibrate at frequencies tens of 
millions of times higher than broadcast radio 
waves. Because of these high frequencies, a beam 
of light has exciting potentialities for handling 
enormous amounts of information. 

Now for the first time, Bell Laboratories’ new 
Optical Gas Maser continuously generates light 

waves that are “coherent.” That is, the light 
waves move in phase as seen looking across the 

beam. 

With further research, it is expected that such 

beams can be made to carry large amounts of 
information. The beams can be transmitted 

through long pipes. They can be projected very 
precisely through space, and might be used for 
communications between space vehicles. 

Research with coherent light is another ex¬ 
ample of how Bell Laboratories prepares ahead 
for communications needs. 

The Optical Gas Maser (above) was first demonstrated at Bell Telephone 

Laboratories. Heart of unit is a 40-inch tube containing helium and 

neon. Interaction between gas atoms produces a continuous, coherent 

beam of infrared light that may one day be used in communications. 

BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 



New Raytheon broadband 
TWT drives Amplitron* in 
high-duty-cycle frequency¬ 
diversity applications 

QKW 750A lias 60 kw minimum peak power, 18 <1I> minimum 
gain, and more than sufficient bandwidth to drive the QKS 622 
Amplitron in S-band MOPA chain. 
A new traveling wave tube —Raytheon’s QKW 750A —now makes pos¬ 
sible a complete broadband, high-power MOPA chain at S-band. 
The tube has a duty cycle of .015 and is designed for pulsed operation 
over the full 2,900 to 3,100 Me range. It provides a minimum of 18 db 
gain and 60 kw peak power to drive a Raytheon QKS 622 Amplitron. 
Output of the amplifier chain is in the megawatt range. A companion 
tube— the QKW 782— covers the 2,700 to 2,900 Me range. 
Microwave systems designers should note that the bandwidth, peak and 
average power capability, and gain characteristics of the new TWT are 
well above the specified values as shown in the accompanying curve. 
This fact lends a high degree of conservatism and reliability to system 
design. 
Write for detailed information and application service to Microwave 
and Power Tube Division, Raytheon Company, Waltham 54, Massachu¬ 
setts. In Canada: Waterloo, Ontario. 

♦Raytheon Trademark 

FREQUENCY - Me 

R AY TH E ON COM PA NY 
MICROWAVE AND POWER TUBE DIVISION 

BOSTON, MASS., BRownhg 2-9600 . ENGLEWOOD CLIFFS, N. J., LOwell 7-4911 . BALTIMORE. MD., SOuthfield 1-0450 • CHICAGO, ILL., NAtional 5-4000 

DAYTON, OHIO, BAIdwin 3-8128 • LOS ANGELES, CALIF., Plymouth 7-3151 • CANADA: Waterloo, Ont., SHerwood 5-6831 



DELIVERY! 

aUjUBn 

WEST COAST WAREHOUSE: 1161 Bay Laurel Drive. Menlo Park. Cal . 155T North Western Ave . Los Angele;. Cal 

silicon RSCIH«" 
. _ _ C aannlV 

Fast delivery on special transformers. 

NEW 1961 Catalog NOW available. 

LOW LEVEL CHOPPER 
tMMlm 30 to 500 cps Trim 

due*! or Thermocouple Signals to msbu 
ment amplifiers Sign*! level tange horn 

I 5p» to 5 volts Resin impregnated to 

AVAILABILITY! 
Immediate delivery of stock items at fac¬ 
tory prices from franchised distributors. 
Warehouses on Eost and West coasts. 

RELIABILITY! 
Quality is built in, not inspected in. Micro¬ 
tron has one of the finest records of quality 
in the industry. 

^ NS,STO»t 
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OR STOCK 
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TRANSFORMERS 
... with confidence 
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• 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. 

April 12-13, 1961 

15th Annual .Spring Technical Con¬ 
ference— “Electronic Data Process¬ 
ing. Hotel Alms, Cincinnati, Ohio. 

Exhibits: Mr. J. R. Ehheler, 70.30 Ellen 
Ave., Cincinnati .39, Ohio. 

April 19-21, 1961 

SWIRECO, South West IRE Con¬ 
ference Ä Electronics Show, Dalia 
Memorial Auditorium and Baker Hotel 
Dallas. Tex. 

Exhibits: Mr. I!. Williams, Texas Instru-

April 26-28, 1961 

Seventh Region Technical Confer¬ 
ence and Trade Show. Westward Ho 
Hotel. Phoenix. Ariz. 

Exhibits: Mr. G. T. Royden, 912 W. 
Linger Lane. Phoenix, Ariz. 

May 8-10. 1961 

National Aerospace Electronics Con¬ 
ference (NAECON), Miami & Dav-
Ion-Biltmore Hotels. Dayton. Ohio. 

Exhibits: Mr. Roheit .1. Stein. 1.36 W. 
Second St.. Rm. 202. Dayton 2. Ohio. 

May 9-11, 1961 

Western Joint Computer Conference, 
Ambassador Hotel. Los \ngeles, Calif' 

Exhibits: John IL Whitlock \ssociates, 
253 Waples Mill- Road. Oakton. Va. 

May 22-24, 1961 

Fifth National Global Communica¬ 
tions .Symposium (CLOBECOM 
V), Sherman Hotel. Chicago, III. 

Exhibits: Mr. Fred Hilton. Motorola. 
Inc.. 1501 w. Xugusta Blvd., Chicago. 

May 22-24 1961 

National Telemetering Conference, 
Sheraton Towers Hotel. Chicago, III. 

Exhibits: Mr. Frank Finch, 795 Gladys 
Ave., Long Beach 4, Calif. 

June 6-8, 1961 

Armed Forces Communications Ä 
Electronics Show, Sheraton Park and 
Shoreham Hotels, Washington. D.C. 

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

June 13-14, 1961 
Fifth National Conference on Prod¬ 

uct Engineering & Production. 
Philadelphia. Pa. 

Exhibits: Mr. Paul J. Riley. Radio Corp, 
of America, Building 10-6, Camden 2, 

(Continued on paye IDA) 
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SWEEP AUDIO FREQUENCIES and HIGH-Q FILTER CIRCUITS 
with the Ease and Precision of RF Sweep Techniques 

KAY 

FEATURES 

• Built-In Audio Detector 

• Sharp, Pulse-Type Markers 

• Logarithmic and Linear Frequency Sweep 

• Both Swept and Manual Frequency (and scope dis¬ 

play) Control 

• Variable Center Frequency 

• Variable Sweep Width Built-In Attenuators 

• Zero Reference Line 

• All-Electronic 

Frequency Range: 20 cps to 200 kc, variable. 

Sweep Width: 20 cps to 20 kc, variable. 

Repetition Rate: 0.2 to 25 cps, variable. 

Price: $895.00 plus $22.00 per Marker F.O.B., Factory ($985.00 

plus $25.00 per Marker F.A.S., N. Y.) 

Kay Zigna-Sweep^ =— sk v 
ALL ELECTRONIC—AUDIO, VIDEO, VHF 

SWEEPING OSCILLATOR 
COVERS WIDE RANGE 200 CPS TO 220 MC. 

FEATURES 

• From 10 me Down to 1 kc in One Wide Video Sweep. 

• Highly Stable, Narrow-Band Video Frequency Sweeps (20 

kc on Variable Bands, 200 cps on Fixed). 

• Logarithmic Sweep for Low-End Expansion. Linear Sweeps 

0.2 cps to 30 cps; Linear Sweep Locked to Line Frequency. 

• Audio Sweep— 200 cps to 20,000 cps. 8 Fixed, Narrow-

Band Video Frequency Sweeps for Repetitive Operations. 

• Fundamental Frequency 10 me to 220 me. (Widths to 30 

me Plus. ) 

• Continuously Variable Center Freqs. Direct-Reading Dial 

10 kc to 220 me. 

• High-Level RF Output— 1.0-v rms Into 70 ohms. AGC'd to 

±0.5 db Over Widest Sweep. 

• Price: $1295.00 F.O.B., Factory ($1425.00, F.A.S., New 

York). 

For high-frequency work, the Kay Ligna-Sweep Model SKI' provide* 
9 sweep bands, operating at fundamental frequencies, for wide, stable 
sweeps from 10 to 220 me. At the low end of the spectrum, an audio¬ 
frequency sweep from 200 to 20,000 cps is provided. 

For checking high-Q circuits and low-frequency response characteristics, 
variable rep-rates down to 0.2 cps are available. This wide choice of sweep 
rates (continuous to 30 cycles, and fixed 60-cycle lock) makes it easy to 
select that highest rep-rate which gives both an accurate response dis¬ 
play and easiest, brightest viewing on the scope screen. A nominally 
logarithmic 30-cyclc sweep, most useful for studying audio and video low-
pass circuits, provides an expanded view of the low-frequency end, 
while showing over all frequency characteristic. 

Write for Complete Catalog Information 

KAV ELECTRIC COMRANV 
DEPT. 1-4, MAPLE AVENUE, PINE BROOK, N. J. CApital 6-4000 
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TRUE RMS Voltmeter 
with 

PAMÂCY 
measures 

wide range of Waveforms WWJUUi-% 

Meetings 
with Exhibits 

llillllllllllllllllllllllllltm : 'H!llllllll||||lllllll!llllllllllllllllllllllllll 

(Continued from t'agi' 8.-I) 

June 19-20, 1961 
Second National ('onference on 
Broadcast anti Television Re¬ 
ceivers, O'Hare’s Inn. Des Plaines, 
III. 

Exhibits: Mr. Ray Lee, Phi Ico Corp., 
6957 West North Ave., Oak Park. III. 

June 26-28, 1961 
Fifth National Convention on Mili¬ 

tary Electronics, Shoreham Hotel. 
Washington, D.C. 

Exhibits: Mr. L. David Whitelock, 6511 
Greentree Road, Bethesda 14, Md. 

BALLANTINE model 350 
features: 

• High accuracy achieved on waveforms in which 

peak voltage may be as much as twice the 

RMS. Not limited to sinusoidal signals. 

• Left-to-right DIGITAL READ-OUT. Fast, simple 

nulling operation consists of selection of dec¬ 

ade range by push-button, and adjustment of 

four knobs for minimum meter indication. 

These operations attenuate the input signal to 

a predetermined value, causing a bridge cir¬ 

cuit to be balanced by changing the current 

through a barretter. 

• Temperature-controlled oven contains the bar¬ 

retter and and ambient temperature compen¬ 

sating resistor. Effect of ambient temperature 

changes is less than 0.005%/° C from 20° C. 

• Proper NIXIE digit is lighted automatically 

while bridge is being balanced. No jitter. 

• Rugged, accurate. Doesn’t require the extreme 

care of many laboratory standard instruments. 

No meter scales to read. Useful for laboratory, 

production line, and in the field. 

specifications: 

VOLTAGE RANGE: 0.1 to 1199.9 V 

FREQUENCY RANGE: 50 cps to 20 kc 

$720 

ACCURACY: %% 0.1 to 300 V, 1OO cps to 1O kc; 

1/s% °-1 * t° 1199.9 V, 50 cps to 20 kc 

INPUT IMPEDANCE: 2 megohms in parallel with 15 pF to 45 pF 

POWER: 60 watts, 115/230 v, 50 to 400 cps 

WEIGHT: 19 lbs. for portable or rack model 

Available In Cabinet or Rack Models 

Write for brochure giving many more details 

— Since 1932 — 

|[A BALLANTINE LABORATORIES inc. 
Boonton, New Jersey 

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

ASK ABOUT OUR LABORATORY VOLTAGE STANDARDS TO 1.000 MC 

July 16-21, 1961 
Fourth International Conference on 
Medical Electronic* & Fourteenth 
('onference on Electrical Tech¬ 
niques in Medicine «X Biology, 
Waldorf-Astoria Hotel, New York. 
NA. 

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

August 22-25, 1961 
Western Electronic Show and Con¬ 
vention (WESCON), Cow Palace 
and Fairmont Hotel, San Francisco, 
Calif. 

Exhibits: Mr. Don Larson. \\ ESCON. 
701 Welch Road. Palo Aho, Calif. 

September 6-8. 1961 
National Symposium on Space Elec¬ 

tronics Al Telemrtrv, Albuquerque. 
N.M. 

Exhibits: Mr. V. V. Myers, 2912 T< xa* 
N.E., Albuquerque. N.M. 

October 2-4, 1961 
Seventh National Communications 
.Symposium, Hoh l Etica & I tica 
Municipal Auditorium. I lira, NA. 

Exhibits: Mr. R. E. Bischoff. 19 West¬ 
minister Road, Utiea. N.Y. 

I October 2-4, 1961 
IRE ('anadian Convention. Automo¬ 

tive Building, Exhibition Park. To¬ 
ronto. Canada. 

Exhibits: Business Manager. IRE Cana¬ 
dian Convention, 1819 Yonge St.. To¬ 
ronto 7, Ontario, ('añada. 

I October 911, 1961 
National Electronics ('onference, 

Hotel Sherman, Chicago. III. 
Exhibits: Mr. Rudy Napolitan, National 

Electronics Conference. 228 N. LaSalle 
St.. Chicago. 111. 

A 

Note on Professional Group Meetings: 
Some of the Professional Groups con¬ 
duct meetings at which there are ex¬ 
hibits. Working committeemen on these 
groups are asked to send advance data to 
this column for publicity information. 
You may address these notices to the 
Advertising Department ami of course 
listings are free to IRE Professional 
Groups. 
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New HF SSB Receiver 
heart of a whole new "state of the art” 

New flexibility. Building block modules make the 
Westrex 600 receiving system the most versatile 
communications receiver. The RF, IF, AFC, syn¬ 
thesizer, test and power supply modules can be 
arranged in any manner dictated by user require¬ 
ments. As an example, a typical 4-voice channel 
SSB circuit can be established using one RF and 
four IF modules. As many RF channels as required 
can be accommodated using fixed frequency or 
continuously tunable RF modules. Operation can 
be either “local” or “remote.” 

New high performance. Significant features are: 
• Extremely low third-order distortion (85-90 

db) is made possible by a breakthrough in 
receiver front-end design. 

• The sensitivity is very high. Image and IF 
PROCEEDINGS OF THE IRE April, 1961 

spurious rejection is excellent. The AGC is 
extremely flat over a range of 130 db. 

• The SSB filters have exceptionally high per¬ 
formance with very low pass-band phase 
distortion and very steep selectivity skirts. 

• Cast aluminum housings are used for the RF, 
IF, and synthesizer modules, keeping radia¬ 
tion to a fraction of common receiver values. 

Learn more about this significant receiver develop¬ 
ment. Write or phone today. 

Westrex Corporation 
A DIVISION OF LITTON INDUSTRIES I Ü 
Communications Equipment Department, Section 163 * 

540 W. 58th St., New York 19, N. Y. 1625 I St., N.W., Wash. 6, D. C. 



SPECIAL PRODUCTS 
SPECIAL SYSTEMS 
SPECIAL SERVICES 

FROM A SPECIAL SOURCE LIONEL 
Special Announcement: 

From its long history in the development of dependable products, the 
Lionel Corporation is emerging as a new force in U.S. industry. Together with the 

outstanding experience and proven products of its newly acquired subsidiaries, 
Lionel represents a strong new combination ... an important single-source for the 

electronics industry, with dynamic management, engineering, production, 
and quality control. We believe it is to the interest of every electronic, electrical, 

and nucleonics engineer to investigate the products and services available 
from Lionel. A capsule listing of our products follows. For full facts, fill out coupon. 

from LlONEL/TELERAD, Flemington, New Jersey 
R-F Systems and Components: A full line of r-f 

coaxial and waveguide transmission components, plus 
complete transmission systems, are offered by our 
Telerad Division. These are precision products, with an 
established reputation for high performance. A few of 
the individual components are: »powersupplies »signal 
generators ■ feeds and horns ■ antennas ■ missile radar 

beacons ■ mixers ■ duplexers ■ directional couplers 
■ rotary joints ■ filters ■ attenuators ■ waveguides, fixed 
and flexible ■ frequency meters ■ and many other prod¬ 
ucts manufactured to rigid industrial and MIL specifica¬ 
tions. We welcome special orders for either components 
or r-f transmission systems, constructed to your exact 
requirements. 

from L / Brooklyn, New York 

Connectors, l ubes, Nuclear Systems: The Anton 
Division of Lionel produces a wide line of precision con¬ 
nectors and voltage regulator tithes. It is also well known, 
of course, for its nuclear radiation-sensing tubes, cham¬ 
bers, and nuclear systems, which are truly standards for 
the industry. A nton corona-discharge V-R tubes run the 
full gamut of sizes and voltage ratings ... from subminia¬ 
ture to miniature to standard dimensions, from 300 Volts 
to 30 KV. All operate in the microampere and very low 
milliampere range, with voltage tolerances of ±1 % when 

required, ±2% standard. Anton V-R tubes are highly 
reliable units and are designed to meet MIL specs wher¬ 
ever applicable. Anton precision connectors are designed 
and tested to withstand severe environmental conditions 
such as shock, altitude, vibration, and moisture. Offered 
as standard are miniature rack and panel types, printed 
circuit types, and housed rack and panel types. Special 
designs are available on request. All standards are 
designed to meet MIL requirements. 

12A WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS Of THE IRE April, 1961 



from LIONEL, Hillside, New Jersey 
Electromechanical Systems and Components: 

Our central plant has for years been a major producer 
of miniaturized electromechanical systems for both com¬ 
mercial and military use. Now for the first time, we are 
offering many of these components to industry at large. 
Some of the components now available include: sequence 
relays, latching relays, time delay and power switches, 
bi-directional sequence relays, military low-energy trans¬ 
fer switches, and a series of miniaturized D.C. and uni¬ 
versal motors. In addition to our primarily commercial 
line, we also produce miniature servo motors, servo¬ 
mechanisms, electrical and mechanical fuses, precision 
instruments, ordnance and communications equipment, 
and other electronic products to customer specifications. 

Our subsidiary, the LIONEL/INTERCONTINENTAL 
MANUFACTURING COMPANY, at Garland, Texas, 
is an important, experienced producer of rocket motor 
casings, thrust nozzles, missile air frames, and other parts 
and components for many weapons, including NIKE 
HERCULES, HONEST JOHN and LITTLE JOHN. 
We have demonstrated our competence on numerous 
prime and subcontracts to the government and industry, 
and have established an enviable reputation for fine 
product design and delivery on schedule. 

For more information on any of the Lionel Corporation’s 
products, systems, or services, check your area of interest 
on the coupon below, or contact us by phone or letter. 

THE LIONEL CORPORATION 
HoITman Place, Hillside, New Jersey 

I am interested in receiving information on the following: 

( I Frequency meters 
□ Coaxial lines 
01 Mixers 
F ] Duplexers 
(H Feeds and horns 
□ Power supplies 
□ Signal generators 
F 1 Missile beacon 
□ The complete line of Anton connectors 
0 Flexible waveguide 
□ Directional couplers 
0 Rotary joints 

□ Antennas 
□ Filters 
□ Straight waveguide sections 
0 Voltage regulator tubes 
' 2) Precision potentiometers 
0 Relays 
0 Switches 
0 Motors 
0 Nuclear radiation sensing tubes and chambers 
0 Nuclear systems 
0 R F transmission systems 
0 Lionel facilities and capabilities 

NAME_ _ TITLE_ _ 

DEPT- COMPANY_ 

ADDRESS_ __ 
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IRE News and Radio Notes 

Current IRE Statistics 
(As of February 28, 1961) 

Membership—88,353 
Sections*—110 
Subsections*—29 
Professional Groups*— 28 
Professional Group Chapters—281 
St udent Brauchest - 200 

* Sv March, 1901 issue for a list. 
t See October, I960 issue for a list. 

Calendar of Coming Events 
and Authors’ Deadlines* 

1961 
Symp. on Information and Decision 

Processes, Purdue Univ., Lafayette, 
Ind., Apr. 12-13 

15th Ann. Spring Tech. Conf., Hotel 
Alms, Cincinnati, Ohio, Apr. 12-13. 

SWIRECO, Dallas, Tex., April 10-21. 
7th Region Tech. Conf. & Trade Show, 

Westward Ho Hotel, Phoenix, Ariz., 
April 26—28. 

URSI-IRE Spring Mtg., Georgetown 
Univ., Washington, D. C., May 1-4. 

Electronic Components Conf., Jack Tar 
Hotel, San Francisco, Calif., May 
2-4. 

2nd Nat’l. Symp. on Human Factors in 
Electronics, Marriott Twin-Bridges 
Motor Hotel, Arlington, Va., May 
4-5. 

Workshop in Graph Theory, University 
of Illinois, Urbana, May 6. 

5th Midwest Symp. on Circuit Theory, 
Allerton Park & Urbana Campus, 
Univ, of Ill., Urbana, May 8-0. 

NAECON, Miami & Biltmore Hotels, 
Dayton O., May 8-10. 

Western Joint Computer Conf., Am¬ 
bassador Hotel, Los Angeles, Calif., 
May 9—1 1. 

Microwave Theory and Tech. Nat’l. 
Symp., Sheraton Park Hotel, Wash¬ 
ington, D. C., May 15-17. 

GLOBECOM V, Sherman Hotel, Chi¬ 
cago, Ill., May 22-24. 

Nat’l. Telemetering Conf., Chicago, 
Ill., May 22-24. 

Electro-Optical Devices Symp., Los 
Angeles, Calif., May. 

3rd Nat’l. Symp. on Radio Frequency 
Interference, Sheraton-Park Hotel, 
Washington, D. C., June 12-13. 

5th Nat’l. Symp. on Product Engrg. and 
Production, Hotel Sheraton, Phila¬ 
delphia, Pa., June 14-15. 

2nd Nat’l. Conf, on Broadcast and Tele¬ 
vision Receivers, O’Hare Inn, Des 
Plaines, Ill., June 19-20. 

MIL-E-CON 1961, Shoreham Hotel, 
Washington, D. C., June 26—28. 

JACC, Univ, of Colorado, Boulder, June 
28-30. 

Int’l. Conf, on Elec. Engrg. Education, 
Syracuse, N. Y., June. 

*DL = Deadline for submitting ab¬ 
stracts. 

(Continued on pane 15 A) 

SWIRECO Annoi n< es 
Program Moderators 

Moderators for twelve tec hnical sessions 
have been announced for the 13th Annual 
Southwestern IRE Conference and Elec¬ 
tronics Show (SW IRECO) in Dallas, lex., 
on April 19 21, 1961, at the Dallas Memorial 
Auditorium and the Baker Hotel. 

According to technical program chair¬ 
man, Orville Beckhind of I exas Instru¬ 
ments, Inc., the moderators and their 
pa neis are: 

Dr. II. Huskey, University of California, 
Berkeley, “Computer Design" and “Com¬ 
puters"; Dr. G. E. Moore, Fairc hild Semi¬ 
conductor Corp., Palo Alto, CaliL, “Semi¬ 
conductor Devices"; F. liefer, Dresser Elec¬ 
tronics, Houston, lex., “Microminiature 
Devices and Digital Design"; Maj. J. E. 
Steele, M.D., W right Air Development Div., 
Wright -Patterson AFB, Ohio. “Bionics and 
Medic al Electronics.” 

Also, Prof. W. L. Hughes, Oklahoma 
State University, Stillwater, “Magnetic De-
V ices"; G. '1'. Bennett, Curtis Mathes Manu-
factoring Co., Dallas, “Equipment Design"; 
Dr. W. II. Hartwig, The University of 
Texas, Austin, “Circuit Theory"; J. C. 
McElroy . Collins Radio Co., Cedar Rapids, 
Iowa, “Communications and Telemetry"; 
Dr. J. F. Reagan, Chance Vought Corp., 
Dallas, Tex., “Systems”; Dr. II. T. Born, 
Geophysical Research Corp., Tulsa, Okla., 
“Geophysics"; and F. C. Smith. Jr., Danne-
miller-Smith, Inc., Houston, Tex.. “Indus¬ 
trial Electronics." 

Dr. W . W . I lagertv. Dean of the College 
of Engineering, The University of Texas, 
Austin, will moderate a pane! on engineering 
education. 

Dr. Lloyd V. Berkner. President of the 
IRE, will be a spec ial guest speaker at the 
Conference. His topic- is “Graduate Educa¬ 
tion in the Southwest and the Graduate Ro¬ 
seare h ('enter." I)r. Berkner will address the 
entire Conference at a special session on 
Thursday afternoon. April 20. in the Dallas 
Memori. d Auditorium. 

It was also announced that F. J. Ocna-
schek has replaced F. J. Fogarty, Chance 
Vought Corp., Dallas, as registration chair¬ 
man for the Conference. Preregistration and 
hotel reservation forms are available from 
Mr. Ocnaschek at Collins Radio Co., 1200 
X. Alma Rd., Ric hardson, lex. 

PROFESSIONAL GROUP NEWS 
At its meeting on February 14, 1961. the 

IRE Executive Committee approved the fol¬ 
lowing new c hapters: Joint PG on Antennas 
and Propagation and Microwave Theory and 
Techniques Seattle Chapter; PG on Auto¬ 
matic Control Pittsburgh Chapter; PG on 
Engineering Writing and Speech Twin 
Cities Chapter; PC} on Military Electronics 
—Omaha-Lincoln Chapter; PG on Military 
Electronics Ottavv. i Chapter; and PG on 
Radio Frequency Interference— Philadelphia 
Chapter. 

IRE (ANADIAN ('(INFERENCE 

AN nou na es X ew Meeting Dat es 
The IRE ('anadian Electronics Confer¬ 

ence announces that the dates for its 1961 
meeting have been changed from October 
4-6 to Oc tober 2 4. In addition, the name of 
the Conference has been changed officially 
to “IRE Canadian Electronics Conference.’’ 
The deadline for submitting abstracts of 
papers to be presented at this Conference 
has been set at May 15. 1961. 

Reliability Training Course 
To be Held in Syracuse 

The arrangements for a Northeast Re¬ 
liability Training Course, sponsored jointly 
by the IRE and the Electronic Division of 
the American Society for Quality Control, 
have been completed. The course will be 
held at the Sheraton Inn in Syracuse, N. Y., 
on May 22-27. 1961. 

During the past dec ade, the field of relia¬ 
bility engineering has grown rapidly. Relia¬ 
bility specifications are becoming common 
form in military contracts, and understand¬ 
ing of their significance from a cost stand¬ 
point as well as from a tec hnical standpoint 
is becoming vital. 

Companies sending representatives to 
this Reliability Training Course will benefit 
dircc tlv . Completion of i his course will equip 
the individual with the basic- tools and 
knowledge required to pursue a systematic 
approac h to reliability problems and to up¬ 
grade the reliability jobs in his company. 

Persons spending a majority of their time 
on reliability work such as analy sis testing, 
design review, statistical quality control, 
component application, malfunction report¬ 
ing, etc., will benefit most from this course 
whic h is designed to furnish techniques for, 
and practice in, solving day to day problems 
in component and sy stem reliability . The 
course will be especially helpful for the mili¬ 
tary, aircraft and missile industry , and for 
the military elec tronic component and sys¬ 
tems manufacturer, but it is not limited to 
problems in these holds. 

The course will be directed by foremost 
consultants in the ’.¡eld of reliability and 
quality control, ( lasses will total 50 hours, 
from 9 A.M. Monday, May 22, until 4 p.m. 
Saturday, May 27. In the evenings noted 
guest speakers will talk and lead disc ussions 
on various aspects of reliability . Registration 
is limited to 35 persons in order to preserve 
an atmosphere of individual tutorship. 

Registration is open to all applicants and 
is complete only upo i the receipt of the full 
registration fee, which includes the cost of 
course materials, lunc hes, and one dinner. 

The registration fee of 8225, as well as 
the name, address, and company affiliation 
of the registrant, should be sent to the Regis¬ 
trar: Mrs. X. J. McAfee, 2106 Tucker Lane, 
Apt. A-8, Baltimore 7, Md. For further in¬ 
formation, contact: F. A. Gall, Chairman, 
Reliability Training Course, General Elec¬ 
tric Co., French Road, I tica, X. Y. 
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Program Highlights of 
MIL-E-CON 1961 Announced 

Five state-of-the-art reports by special¬ 
ists will highlight the technical program of 
the Fifth National Convention on Military 
Electronics (MIL-E-CON 1961), according 
to Harry Davis, Chairman of the Technical 
Program Committee. 

MIL-E-CON 1961 will meet at the 
Shoreham Hotel, Washington, D. C., on 
June 26-28, 1961. This annual meeting is 
sponsored by the Professional Group on 
Military Electronics of the IRE. Major 
General F. I.. Ankenbrandt, USAF (Ret.), 
member of the Technical Staff of Defense 
Electronic Products, RCA, Camden, N. J., 
is Convention President for MIL-E-CON 
1961. 

The topics and sponsors of the five state-
of-the-art sessions are: Low-Noise Ampli¬ 
fiers, Dr. M. N. Lebenbaum, Airborne In¬ 
struments Laboratory; Computer Technol¬ 
ogy, Dr. S. N. Alexander, National Bureau 
of Standards; Space Physics, Dr. R. Jastrow, 
National Aeronautics and Space Adminis¬ 
tration (NASA); Plasma Physics, Prof. 
W . K. Kahn, Polytechnic Institute of Brook-
lyn; and Radio and Radar Astronomy, Dr. 
J. P. Hagen, NASA. 

The I nited States Air Force Research 
and Development Command (ARDC) will 
sponsor live classified sessions at MIL-E-
CON 1961. Tentative arrangements have 
been made for the following topics to be dis¬ 
cussed: Anti-Submarine Warfare, Office of 
Naval Research; Aerospace Physics, Aero¬ 
space Corporation; Command and Control, 
Mitre Corporation and Command and Con¬ 
trol Development Division, ARDC; Satel¬ 
lite Communications, U. S. Army Research 
and Development Laboratories and Defense 
Communications Agency; Project DE¬ 
FENDER, Advanced Research Projects 
Agency. 

I he 1961 Conference Proceedings will be 
distributed free to all registrants at the Con¬ 
vention and will contain the unclassified 
papers, except those presented in the state-
of-the-art sessions. 

In addition to hearing technical papers 
at a total of 25 sessions, registrants will see 
displays of components, instrumentation, 
equipment and systems of particular inter¬ 
est and significance in military electronics. 
According to L. D. Whitelock, Exhibits 

Chairman, more than half of the 214 exhibit 
booths had already been reserved by the 
middle of February. The exhibits will also 
be open to the scientific public. 

More than 5000 engineers, scient sts, and 
executives from industry, government 
agencies and laboratories, and universities 
attended MIL-E-CON 1960, and an even 
larger attendance is indicated this year. 

“HERO” Congress 
To Be 11 eld in May 

The Congress on Hazards of Electromag¬ 
netic Radiation to Ordnance, sponsored by 
the I . S. Naval W eapons Laboratory, Dahl¬ 
gren, Va., will be held at the Franklin Insti¬ 
tute, Philadelphia, Pa., on May 24 26, 1961. 

The purpose of this Congress is to review 
the present state of knowledge of the hazards 
to ordnance from environmental radio fre¬ 
quency fields. 1'he program is to include 
progress of current investigations, surveys 
and discussions of new ideas, techniques, 
components, and materials, and anticipation 
of future needs. It is believed that the Con¬ 
gress will provide for exchange of informa¬ 
tion and ideas, stimulate efforts toward early 
solutions to present problems, help to iden¬ 
tify new problem areas, serve as a means of 
reviewing over-all program objectives, and 
provide, in the Proceedings, a state-of-the-
art report. 

Plans call for the presentation of formal 
papers anti informal discussion periods. Pro¬ 
ceedings will be distributed to attendees at 
a later date. The following subjects are 
tentatively scheduled: 

1) Determination of Extent of Hazard 
of Current Weapons—Testing and Analysis, 
Instrumentation and Measuring Techniques, 
and Theory and Prediction. 

2) Fixes for Existing Weapons—Com¬ 
ponentsand Materials, Systems, and Evalu-
ations. 

3) Optimum Design Features and Speci¬ 
fications. 

Secret security clearance and, in case of 
non-government organizations, certification 
of need-to-know by the cognizant military 
agency will be required for attendance. 

Further details, security forms, and hotel 
reservations information will be mailed di¬ 
rectly by the Franklin Institute at a later 
date. 

Call for Papers 

1961 Western Electronic Show and 
Convention (WESCON) 

August 22-25, 1961 

Cow Palace, San Francisco, Calif. 
I he 1961 W estern Electronic Show and Convention now issues a call for papers 

for its 1961 meeting, which is to be held August 22-25, at the Cow Palace in San 
Francisco, Calif. 

Prospective authors are required to submit 100- to 200-word abstracts and 500- to 
1000-word detailed summaries of their papers by May 1, 1961, in order to be con¬ 
sidered for inclusion in the program. They will be notified by June 1, 1961, of ac¬ 
ceptance or rejection of their papers. 

Submissions should be sent to: E. W. Herold, c/o WESCON's Northern California 
Office, 701 Welch Road, Palo Alto, Calif. 

Calendar of Coming Events 
and Authors’ Deadlines* 

(Continued from page 14A) 

4th Int’l. Conf. On Medical Electronics 
& 14th Conf, on Elec. Techniques 
in Medicine & Biology, Waldorf-
Astoria Hotel, N. Y., N. Y., July 
16-21. (DL*: April 1, 1961, H. P. 
Schwan, Moore School of E. E., Phil¬ 
adelphia 4, Pa.) 

WESCON, San Francisco, Calif., Aug. 
22-25. (DL*: May 1, E. W. Herold, 
WESCON North Calif. Office, 701 
Welch Rd., Palo Alto, Calif.) 

3rd Int’l. Conf, on Analog Computation, 
Belgrade, Sept. 4-9. 

1961 Nat’l. Symp. on Space Electronics 
and Telemetry, Albuquerque, N. M., 
Sept. 6—8. 

Joint Nuclear Instrumentation Symp., 
North Carolina State College, Ra¬ 
leigh, N. C., Sept. 6-8. 

Engrg. Writing and Speech Symp., 
Bellevue Stratford Hotel, Phila¬ 
delphia, Pa., Sept. 14-15. 

9th Ann. Engrg. Management Conf., 
New York, N. Y., Sept. 14-16. 

10th Ann. Industrial Electronics Symp., 
Boston, Mass., Sept. 20-21. 

7th Nat’l. Communications Symp., 
Utica, N. Y., Oct. 2-4. (DL*: June 
1, R. K. Walker, 34 Bolton Rd., New 
Hartford, N. Y.) 

IRE Canadian Electronics Conf., Auto¬ 
motive Bldg., Toronto, Canada, 
Oct. 2—4. 

IRE Canadian Conv., Exhibition Park, 
Toronto, Can., Oct. 4—6. 

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

5th Nat’l. Symp. on Engrg. Writing and 
Speech, Kellogg Ctr. for Continuing 
Education, Michigan State Univ., 
East Lansing, Oct. 16-17. (DL*: 
July 15, J. Chapline, Philco Corp., 
Computer Div., 3900 Welsh Rd., 
Willow Grove, Pa.) 

East Coast Conf, on Aerospace & 
Navigational Electronics, Lord Balti¬ 
more Hotel, Baltimore, Md., Oct. 
23-25. 

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

PGNS 8th Ann. Mtg., Hotel Riviere, 
Las Vegas, Nev., Oct. 23-26. 

Elec. Tech, in Medicine & Biology 
Conf., Univ, of Nebraska, Lincoln, 
Oct. 26-27. 

Symp. on Instrumentation Facilities for 
Biomedical Res., Sheraton Fonte¬ 
nelle Hotel, Omaha, Neb., Oct. 26-
27. 

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

Radio Fall Mtg., Hotel Syracuse, Syra¬ 
cuse, N. Y., Oct. 30-31. 

NEREM, Boston, Mass., Nov. 14-16. 
MAECON, Kansas City, Mo., Nov. 

14-16. 
PGVC Conf., Hotel Leamington, Min¬ 

neapolis, Minn., Nov. 30-Dec. 1. 
Eastern Joint Computer Conf., Shera¬ 

ton-Park Hotel, Washington, D. C., 
Dec. 3-7. 

1962 
8th Nat’l. Symp. on Reliability and 

Quality Control, Statler Hilton Ho¬ 
tel, Washington, D. C., Jan. 9-11. 
(DL*: May 15, 1961, E. F. Jahr, 
IBM Corp., Owego, N. Y.) 

* DL = Deadline tor submitting ab¬ 
stracts. 
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TIMS To Meet In Brussels 
I'he 8th Annual International Meeting of 

1'he Institute of Management Sciences will 
be held in the Palais des Congrès at Brussels, 
Belgium, on August 23-26, 1961. The follow¬ 
ing topics will be included in the program: 
1) Programming under Uncertainty, 2) Sim¬ 
ulation and Gaming, 3) Rational Investment 
Decisions, 4) Organization Theory and 
Analysis, 5) Subjective and Objective Prob¬ 
ability, 6) Reality and Theory in Manage¬ 
ment Science, 7) Adaptive Systems, and 8) 
Behavioural Sciences. Arrangements will be 
made for meetings of the colleges, and special 
sessions are also being planned, including 
one which will be devoted to reports on re¬ 
sea rch from the newly founded International 
Center for Management Science at Rotter¬ 
dam, I'he Netherlands. 

I'he registration fee is S12 for TIMS 
membersand SI 5 for others. Registration for 
North Americans is handled by H. II. 
Cauvet, Executive Director of TIMS, 250 
North St., White Plains, N. Y. All other 
registrations are handled by Max Duval, 
Office Belge pour l’Acroissement de la Pro¬ 
ductivité, 60, rue de hi Concorde, Brussels, 
Belgium. The registration will be closed on 
April 1, 1961. Prospective participants who 
fail to apply before that date are advised to 
write to Dr. Jacques Dreze, Chairman of the 
Local Arrangements Committee, Depart¬ 
ment of Economics, University of Louvain, 
Louvain, Belgium; no guarantee can be 
given that registration will then be possible 
in view of space limitations. Participants 
who want to contribute a paper are required 
to submit either the paper or an adequate 
abstract to the Program Chairman, Profes¬ 
sor \\ . W . Cooper, Graduate School of In¬ 
dustrial Administration, Carnegie Institute 
of 'Technology, Pittsburgh 13, Pa. 

Changes Indicated 
for 1961 WESCON Program 

Early planning of the technical program 
for the 1961 \\ ESCON has developed sev¬ 
eral points of immediate interest to authors 
expecting to participate in the convention 
August 22 25, 1961, in San Francisco. 

E. W . Herold, Chairman of the Techni¬ 
cal Program Committee, recently reported 
for A. J. Morris, WESCON Board Chairman, 
and Dr. J. V. N. Granger, Convention Di¬ 
rector, the decision of the \\ ESCON Board 
to reproduce individual preprints of the 
papers. They will be made available at a 
nominal charge in advance of the presenta¬ 
tions. 

Authors scheduled for the technical pro¬ 
gram will be asked to submit papers to 
W’ESCON Headquarters in reproducible 
form by July 1, 1961. 

There will be no restriction on authors 
for post-convention publication of their ma¬ 
terial in journals and magazines of choice. 
Authors will be encouraged to seek publica¬ 
tion, and are assured of assistance from 
WESCON. 

'I'he 'Technical Program Committee has 
decided to develop further the “new look’’ 
approach initiated at the 1959 WESCON. 

In this approach, technical sessions will 
include invited discussion of all formal 

papers by internationally known experts, as 
well as floor discussion, thereby enhancing 
interest considerably over presentation of 
the papers alone. In addition to submitted 
papers, the committee promises to exploit 
new media for exceptional invited papers 
and expects the program’s content to be the 
best in history. 

Although all the detailed session topics 
are not yet available, it is expected that most 
professional groups of the IRE will be repre¬ 
sented. 

It was further announced that a special 
radio astronomy session will be held jointly 
with the International Astronomical Union, 
whose worldwide members will be meeting 
simultaneously at Berkeley, Calif. 

Among the program departures, special 
attention will be given to the generation, 
detection and application of coherent infra¬ 
red and optical electromagnetic radiation, 
using the latest quantum-electronic tech¬ 
niques. 

Still other sessions are planned for other 
new advances in the electronic art, for which 
the committee has requested particular sug¬ 
gestions. 

Prospective authors are asked to send 
100-200-word abstracts and 500- 1000-word 
summaries for committee use by May 1, 
1961. Submissions are to be directed to the 
attention of E. W . Herold at WESCON’s 
Northern California Office, 701 Welch Road, 
Palo Alto, Calif. Notifications of acceptance 
or rejection will be made by June 1, 1961. 

PGPEP AnNOI N< ES 
J i ne Conference 

I'he Fifth Annual Conference of the Pro¬ 
fessional Groupon Product Engineering and 
Production (PGPEP) of the IRE will be 
held at the Sheraton Hotel in Philade phia, 
Pa., on June 14-15, 1961. The program, 
entitled “Mechanical Engineering in Space 
Age Electronics, ” will consist of four main 
sessions: 1) Research—“Better Products 
through Advances in Design Technology,” 
Dr. A. N. Goldsmith, RCA consultant, 
moderator; 2) Digital Technology—“Com¬ 

puters and Data Processing," I. Auerbach, 
President, Auerbach Electronics, modera¬ 
tor; 3) Packaging—“Packaging Applica¬ 
tions for Missile and Space Vehicles,” J. B. 
Duryea, GE Staff Engineer, moderator; 4) 
Systems Technology— “Systems Engineer¬ 
ing and Related Research- Development,” 
Dr. IL Knitter, Chief Scientist, USNADC, 
Johnsville, Pa., moderator. 

Approximately 30 linns will exhibit prod¬ 
ucts pertinent to the technical program of 
the Conference. 

In addition to the regular program, T. A. 
Smith, of RCA, and .mother prominent 
speaker will deliver talks on subjects which 
will be announced at a later date. 

I'he Conference committee consists of 
the following: Chairman. P. Riley, RCA; 
Vice Chairman, F. Dougherty, Turbo Ma¬ 
chine Company; Program Chairman, J. 
Knoll, RCA; Registration, W. Welsh, RCA; 
Arrangements, \\ . Hennessy, Burroughs; 
Exhibits, A. Ansley, Arthur Ansley Com¬ 
pany, and L. Schwartz, Remington Rand 
Univac; Publicity. R. Renner, Turbo Ma¬ 
chine Company, and II. Olson, RCA. 

Denver Research Institute 
ANNOUNCES Svmposicm 

The Denver Research Institute of the 
University of Denver will hold its 8th An¬ 
nual Symposium on Computers and Data 
Processing at the Elkhorn Lodge in Estes 
Park, Colo., on June 22-23, 1961. The con¬ 
tinuing theme of this series of meetings has 
been the advanced treatment of basic prob¬ 
lems in computer technology. Papers will be 
presented in the fields of Components and 
Devices, Logic Design, Philosophy of Com¬ 
puter Design, and Computers and Educa¬ 
tion. 

Although it is anticipated that the pro¬ 
gram will be comprised largely of invited 
papers, a limited number will be selected 
from papers submitted without invitation. 

For further information, contact: W. II. 
Eichelberger, Denver Research Institute, 
University of Denver, Denver 10, Colo. 

P. K. McElroy (left), Chairman of the PGRQC, presented the “1960 IR 1*3 Professional Group on Reliability 
and Quality Control Award" to the joint recipients, R. L. Easton and M. T. Votaw (center.and richt'), oi the 
Naval Research Laboratories, at the Seventh National Symposium on Reliability and Quality Control, which 
was held at the Bellevue-Stratford Hotel, Philadelphia, Pa., on January 9 11, 1961. 
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SUPER POWER KLYSTRONS 
Varian Associates has developed quantity production techniques for the 
super power VA-842 amplifier klystron. 

These mighty tubes are the largest production-model klystrons in the 
world. VA-842 tubes operate at 400-450 Me., providing 75 kW average 
power and 1.25 megawatts peak power. 40 db gain, efficiency to 40%. 
Pulse duration: 2000 microseconds. 

Varian’s broad experience in the design and manufacture of super-power 
tubes made possible the VA-842's record transition time from drawing 
board to delivery and acceptance— just nine months! 

In 
Quantity 

Production 

Varian’s production capacity in 

super power tubes may be of use 

to you. For full information and 

technical data, write Tube Division. 
BOMAC LABORATORIES, INC. 
VARIAN ASSOCIATES OF CANADA, LTD. 
S-F-D LABORATORIES, INC. 
SEMICON ASSOCIATES, INC. 
SEMICON OF CALIFORNIA, INC. 
VARIAN A. G. (SWITZERLAND) 

FEATURES ■ Tunable 400 to 450 Me. ■ 75 Kilowatts Average i 40 db Gain 

■ 1.25 Megawatts Peak ■ Efficiency over 40% ■ Pulse duration 2000 microseconds 

VARIAN associates 
PALO ALTO 2, CALIFORNIA 

PROCEEDINGS Of THE IRE April, 1961 17 A 



IRE Begins Work in 
Xl CLEAR INSTRUMENTATION 

At its 25th Annual Meeting in New 
Delhi, India, last November 1-12, the Inter¬ 
national Electrotechnical Commission ( I EC) 
began standardization activities in the field 
of nuclear instrumentation. The I EC, with 
the ultimate objective of enhancing inter¬ 
national trade, functions mainly through 
specialized technical committees which for¬ 
mulate recommendations in various electri¬ 
cal technologies. These recommendations 
are reviewed and ratified by 33 member 
countries. The I EC emphasizes the engineer¬ 
ing aspects of international electrotechnol¬ 
ogy, as compared to other international sci¬ 
entific bodies that stress definitions of funda¬ 
mental quantities, terminology, etc. 

Organized at the suggestion of West Ger¬ 
many, TC-45 on Electrical Measuring In¬ 
struments Used in Connection with Ionizing 
Radiation met to define its scope, its method 
of operation, and to initiate activities in the 
area of nuclear instrumentation. As a first 
task, the committee reviewed in detail a 
draft recommendation on safety prepared by 
the secretariat. The following countries were 
represented at its deliberations: Belgium, 
(Communist) China, Czechoslovakia, Erance, 
India, Sweden, U.K., U.S.A., and West Ger¬ 
many. 

The chairman of TC-45 is W . H. Hamil¬ 
ton of W estinghouse— Bettis, while the sec¬ 
retariat is in West Germany (Dr. J. Troger, 
Siemens and Halske). U. S. delegate was Dr. 
A. B. Van Rennes of United Research Inc. 
(Hamilton is also Chairman, and Van 
Rennes a member of American Standards 
Association’s Sectional Committee N-3 on 
Nuclear Instrumentation. This committee is 
sponsored by the IRE.) 

Four working groups were constituted in 
TC-45, each of which plans to formulate one 
recommendation during the coming year. 
Members of each working group in various 
countries cooperate in arriving at suitable 
details of a recommendation, after which it 
is submitted to each I EC member country 
for formal ratification. The recommenda¬ 
tions are expected to be based on standards 
already compiled, or in process of develop¬ 
ment, in one of the member countries. The 
four working groups are: 

a) Terminology. Chairman: France— 
J. Auzouy, Inspecteur General au 
Commissariat a l’Energie Atomique, 
127 Rue de l’Universitat, Paris 7. 

b) Safety Requirements. Chairman: 
U.K. -S. J. Dagg, c/o Central Elec¬ 
tricity Generating Board, Friars 
House, 157/168 Blackfriars Road, 
London. 

c) Interchangeability. Chairman: Ger¬ 
many—Prof. Dr. K. Franz, Tele-
funken Forschungsinstitut, Ulm 
(Donau), Soflingerstr 100. 

d) Reactor Instrumentation. Chairman: 
U.S.A.— Dr. A. B. Van Rennes, 
United Research Inc., 138 Alewife 
Brook Parkway, Cambridge 40, Mass. 

The 26th Annual Meeting of I EC will 
convene in Switzerland during the summer 
of 1961. TC-45, however, expects to meet 
separately during the fall, possibly in 
Austria. 

Hosts for the New Delhi I EC meeting 
were the Indian Standards Institution and 
the Indian Government, which, in addition 
to providing excellent conference facilities 
for the 350 tielegates, afforded many off-
hour opportunities to learn about Indian 
culture, customs, and industrial progress 
through local tours, visits to research labora¬ 
tories, and through cultural programs. 
Notable among these opportunities were 
trips to the historical city of Agra (site of the 
Taj Mahal) and to the large Bakra-Nangal 
power dam in the state of Punjab. 

XEREM 1961 
Issues Cali. For Papers 

Technical papers describing significant 
original advancements focused on research 
and development are invited for presenta¬ 
tion at the 1961 Northeast Electronics Re¬ 
search and Engineering Meeting (N EREM ), 
which will be held on November 14 16, 
1961, in the Commonwealth Armory and the 
Somerset Hotel, Boston, Mass. 

This year’s meeting will feature a marked 
departure in technical program format, scope 
and size, as well as type and number of ex¬ 
hibits. The program will include many in¬ 
vited state-of-the-art tutorial sessions, dis¬ 
cussion panels, as well as contributed topical 
papers on new developments. 

All IRE. member registrants will receive 
at the Conference, free of additional charge, 
a copy of the NEREM Record, a printed 
200-page conference report with 600 1000-
word digests (supported by drawings and 
photographs) of every paper presented at 
the meeting. 

A suggested, but not inclusive list of sub¬ 
ject areas for NEREM 1961 is as follows: 

Computers—Logic, Design, Applications 
and Components. 

Microwaves—Components, Interaction 
Phenomena, and Diagnostics. 

Systems—Surveillance, Communications, 
Radar, Guidance, Data-Handling. 

Plasma—Theory and Applications as 
Energy Convertors, Millimeter-Wave 
Generators. 

Solid-State I levices— Semiconducting, 
Paramagnetic, Ferrimagnetic, Ferro¬ 
magnetic, and Ferroelectric. 

Engineering Management Marketing, 
Production Techniques, Reliability. 

Communication and Control—Theory 
and Applications. 

Also, Antennas and Wave Propagation, 
Medical Electronics, Mi< roelectnmics 
and Electron Devices. 

To permit the development of well-
integrated technical sessions, speakers are 
requested to furnish either complete papers 
or 400-500-word abstracts, in triplicate, plus 
50-word summaries for advance program 
mailings. 

All material should be mailed on or be¬ 
fore June 15, 1961, to the NEREM 1961 
Program Chairman: F. K. Willenbrock, 
Pierce Hall, Harvard University, Cambridge 
38, Mass. 

Authors will be notified of paper accept¬ 
ance or rejection by August 1, 1961. For 
further information, contact: L. W inner, 152 
W. 42 St., N. Y. 36, N. Y., or telephone 
BRyant 9-3125. 

Air Force MARS 
Announces Schedule 

The schedule of broadcasts of the Air 
Force MARS Eastern Technical Net, op¬ 
erating Sundays from 2 to 4 p.M. ED 1 on 
3295, 7540, and 15,715 kc, has been an¬ 
nounced as follows: 

April 16— “Modern Techniques in Speech 
Communications," Captain J. I). Griffiths, 
USAF, Rome Air Development Center. 

April 23— “Basic Electronics for the Ra¬ 
dio Amateur,” P. E. Hatfield, General Elec¬ 
tric Company. 

April 30—“Custom Building Via Home 
Construction," E. A. Neal, General Electric 
Company. 

May 7—“Telemetry : Modern Concepts 
and Applications, " W . Bonney. I'ele- Dynam¬ 
ics Division, American Bosch-Arma Corpo¬ 
ration. 

Dr. Llovd V. Berkner. President of the IRE, was tire main speaker at the Washington Section Annual Ban¬ 
quet, which was held ,»n Saturday. February 11. 1'>61. at t lie Statler Hilton Hotel in Washington. D.C.1 he Honor¬ 
able R. E. Lee. of lhe Eederal Communications Commission, acting as guest chairman, presented Fellow, Student, 
and Patron Awards. Shown in the above photograph are (left to right): B. S. Melton, \ ice ( hairinan of the 
Washington Section; ( . R. Busch. Secretary; R. E. Lee, FCC Commissioner; Dr. Berkner; C. L. Engleman. 
Treasurer; and D. C. Ports. Chairman. 
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Io 2000V Ebb 

H7AI5 
Ceramic Planar Triode 

Grid-modulated to 2000V Ebb, 3.0 a ib, ML-7815 can provide a pulse width of 6 usee at a 

O.OO33 Du. In plate-pulsed service the ML-7815 offers similar ratings to 3500 v eb. 

Unusual high voltage stability is assured (for high altitude operation) by the extended, ceramic, 

grid-anode insulator. The new arc-resistant nickel matrix cathode minimizes high-voltage 

breakdown by a factor several times that of conventional types. 

Send for Machlett UHF Planar Tube Brochure 

WHLEH Subsidiary of Raytheon Company 

The Machlett Laboratories, Inc. 
Springdale, Connecticut 
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Radio Propagation Course 
Announced by \ BS 

rhe National Bureau of Standards will 
present a three-week course in Radio Propa¬ 
gation this summer, according to a recent 
announcement by Dr. F. \\ . Brown, Direc¬ 
tor of the NBS Laboratories in Boulder, 
Colo. 

The course is designed to give scientists 
and engineers from universities, industry 
and government agencies access to the latest 
advances in radio propagation research, and 
to show how this knowledge can best be ap¬ 
plied to the design of systems for radio com¬ 
munication and navigation. It will consider 
the entire range of useable radio frequencies, 
and will extend into the types of propagation 
which are being explored for the future. 

The problems of sending a radio wave 
through the lower and upper atmosphere 
will be considered in two separate sections 
which may be taken individually or in suc¬ 
cession. I'he first, a one-week course in 
Tropospheric Propagation, will be ottered 
July 31 August 4; the second, a two-week 
course in Ionospheric Propagation, will be 
offered August 7-18. I'he problem of ‘‘static” 
or radio noise—of atmospheric, man-made, 
or cosmic sources—will be considered in the 
section on Ionospheric Propagation. In both 
sections, the continuing emphasis will be on 
those elements of propagation which affect 
system design and frequency allocation. 

Prerequ ¡sites for the course are the 
bachelor’s degree in electrical engineering, 
physics, or other suitable academic or prac¬ 
tical experience. 'The tuition will be SI 00 for 
Tropospheric Propagation, S200 for Iono¬ 
spheric Propagation, or $300 for the entire 
course. 

Registration will be limited and early ap¬ 
plication should be maile to ensure consider¬ 
ation. Further details of the course and 
registration forms will be available March 1, 
1961, from: E. H. Brown, Educational Di¬ 
rector, Boulder Labs., National Bureau of 
Standards, Boulder, Colo. 

At ERBACH RECEIVES 

Philadelphia Section Aw ard 
Isaac L. Auerliach (S’46-M’49 SM’52-

F’58), President and Technical Director of 
Philadelphia’s Auerbach Electronics Cor¬ 
poration has been cited by the Philadelphia 
Section of the I RE in a special award for “his 
personal contributions, stimulation, and 
leadership in the international exchange of 
information in the electronic computer 
field.” 

I'he award, first of its kind ever given by 
the organization, was presented at a Fel¬ 
lows’ Night banquet, February 11, 1961, at 
the Philadelphia Cricket Club by \V. T. 
Sumerlin (S’34 A’40-M’44 SM’50), Chair¬ 
man of the IRE’s Philadelphia Section. 

I'he plaque was presented to Mr. Auer¬ 
bach in recognition of “his many services in 
the advancement of the information proc¬ 
essing sciences both here and abroad.” 

Mr. Auerbach is President of the Inter¬ 
national Federation of Information Proc¬ 
essing Societies, with a Secretariat in Zurich, 
Switzerland. I Fl PS is a society of societies, 
with representation from the technical so¬ 
cieties of seventeen nations, dedicated to the 

advancement of the information processing 
sciences for the benefit of mankind. 

Mr. Auerbach was one of the leading 
figures in the organization and development 
of this international organization to foster a 
greater interchange of information about the 
computer and information processing field. 
He is also the United States Representative 
to IF! PS via the National Joint Computer 
Committee (IRE, Al EE, ACM). He has 
been active in fostering exchanges of infor¬ 
mation about the burgeoning computer 
field for many years, first bringing together 
local 1 RE-AI EE groups for this joint pur¬ 
pose in 1950, and serving as S< ientilic Ad¬ 
visor to UNESCO on Automation and In¬ 
formation Processing from 1957 to 1960. 

He helped to organize the UN ESCO-
sponsored First International Conference on 
Information Processing, June, 1959, in 
Paris. On this occasion, the City of Paris 
awarded him its Grand Medal for the key' 
role he played in the success of the first such 
technical conclave. 

Mr. Auerbach is a graduate of the 
Drexel Institute of 'Technology, Philadel¬ 
phia, Pa., and earned the Master’s degree 
in applied phy sics at Harvard University, 
Cambridge, Mass. 

Also hailed at the IRE dinner was Dr. 
Britton Chance (M’46 SM’46-F’54), of the 
University of Pennsylvania, Philadelphia, 
who won the 1961 Prize Award of the Phila¬ 
delphia Section’s Professional Group on 
Bio-Medical Electronics. The following four 
newly-elected Fellows of the IRE were intro¬ 
duced: J. F. Fisher (SM’48-F’6O), of the 
Philco Corporation; Y. II. Ku (SM’53-
F’60), of the Moore School of Electrical En¬ 
gineering, University of Pennsylvania; V. L. 
Ronci (SM’51-F’6O), of Bell Telephone 
Laboratories, Allentown, Pa.; and T. A. 
Smith (J’25-A’26-SM’45-F’60) RCA, 
Camden, N.J. 

Principal speaker at the dinner was Dr. 
Ferdinand Hamburger, Jr. (A*32~M’39 
SM’43-F’53), Editor of the Proceedings, 
Professor, and Chairman of the Electrical 
Engineering I)epartment of Johns Hopkins 
University, Baltimore, Md., and Director of 
their Radiation Laboratory . 

A plaque for “leadership in the international ex¬ 
change of information in the electronic computer 
field" was presented to I. L. Auerbach (rißht), Presi¬ 
dent of the Auerbach Electronics Corporation, Phila¬ 
delphia. Pa., and President of the International Fed¬ 
eration of Information Processing Societies, with 
headquarters in Zurich, Switzerland. 

W’. T. Sumerlin (left), Chairman of the Phila¬ 
delphia Section of the IRE, made the presentation at 
a Fellows’ Night banquet, which was held on February 
11, 1961, at the Philadelphia Cricket Club. 

Components Conference to 
Meet in May 

fl. C. Ross, newly-appointed Chairman 
of the 1961 Electronic Components Confer¬ 
ence, which will be held May 2-4, 1961, at 
the Jack Tarr Hotel, San Francisco, Calif., 
has announced that the themes of the Con¬ 
ference will include: “New Components and 
Their Impact on Engineering Progress," 
“New Products and New Requirements to 
Meet the Demands of Our New Engineer¬ 
ing Age,” and “New Techniques Which 
Make New Components Possible. I he 
Conference will be sponsored by the IRE. 
AIEE, EIA, and WEMA. The subjects to 
be covered over the three-day period of the 
Conference will include papers on com¬ 
ponents using magnetic principles; semi¬ 
conductors; microwaves; high voltage com¬ 
ponents; switching relays; control devices; 
pulse components; new components for 
power generation; space components and 
requirements; reliability of components; 
capacitors; resistors and potentiometers; 
super-cooled components; cryogenics; hard¬ 
ware plugs; terminals, printed circuits; wire, 
etc.; filters; microminiature components; 
optical, magneto-optical, and light sources; 
instruments and standard measuring de¬ 
vices; vacuum components and equipment; 
and tubes other than microwave and data 
processing components. 

I'he topics to be covered are not only 
of great interest and importance in the elec¬ 
tronics industry, but also in other industries 
where components problems are encoun¬ 
tered. 

For further information, contact: H. C. 
Ross. Jennings Radio Mfg. Corp., P. O. 
Box 1278, San Jose 8. Calif. 

OBITUARIES 
Dr. Hans Erich Hollmann (A’48-F’53) 

diet! on November 19, 1960. He was born on 
November 4. 1899. 

H. E. Hollmans 

in Solingen, Germain. 
He majored in phys¬ 
ics at the Technical 
University of Darm¬ 
stadt, Germany, and 
received the Doctor’s 
degree in 1928. In 
1930 he accepted a 
position with the 
“Heinrich-Hertz In¬ 
stitut für Schwin¬ 
gungsforschung" in 
Berlin. From 1934 to 
1936 he wrote the 
first encyclopedia on 

microwaves and \'HF, which contains a chap¬ 
ter on the field later to be known as radar. 
Much of his later work involved extensive 
studies ami research in microwaves, VH F 
diathermy, and electrocardiography. 

Over a hundred papers resulted from re¬ 
search in his “Laboratorium für Hochfre-
quenztechnik und Elektromedizin." The 
most outstanding were published in the U. S. 
and England. During this time he was also 
consulting scientist for the “Telefunken, 
“Siemens,” and other companies. He was 
credited with nearly 300 inventions in the 
fields of microwaves, magnetrons, klystrons, 

(Continued on p. 22 A) 
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■ A production reality based on 20 years of crysta ! engineering experience... 

Miniature Wide Band-Pass Crystal Filters 
Delivered In Quantity... To Specification 
Filters just recently considered as “state of the 
art” are now a production reality. In addition 
to its many stock narrow band filters, Midland 
offers prototype and production quantities of 
practical Miniature Wide Band Filters in the 
.5 to 30 me range. These filters are of excep¬ 
tional quality. 

They are essentially free from unwanted spuri¬ 
ous modes which have previously limited the 
realization of many types of wide band filters. 
Small quantities for engineering evaluation 
are available immediately from stock. Consul¬ 
tation is available at any time to potential 
filter users. 

Shown below are specifications for ten of our stock wide band filters, as well 
as actual characteristic response curves. These filters are actually being deliv¬ 
ered to major weapons system manufacturers in quantities — to specification. 

THESE ARE NOT LABORATORY CURIOSITIES OR IN PROTOTYPE DEVELOPMENT STAGE 

Type Center 
Freq. 

3db 
Bandwidth 
Minimum 

40db 
Bandwidth 

Max. 

60db 
Bandwidth 

Max. 

75db 
Bandwidth 

Max. 

Ultimate 
Discrim. 
Minimum 

Insertion 
Loss 
Max. 

Impedance 
ohms 

Inband 
Ripple 
Max. 

Package 
Type 

NJ-1 7.2MC 160KC 300KC 60db Gdb 13K 1db A 
NJ-1B 7.2MC 160KC 300KC GOdb 6db 13K .5db B 
NJ-2 7.4MC 160KC 300KC 60db 6db 13K 1db A 
NJ-2B 7.4MC 160KC 300KC 60db Gdb 13K .5db B 
NG-1 5.09MC 160KC 350KC GOdb 6db 20K 1db A 
NG-1B 5.09MC I60KC 350KC 60db Gdb 20K 1db B 
NB-1 10.7MC 200KC 450KC 75db 12db 50 1db A 
NB-1B 10.7MC 200KC 450KC 85db 8db 50 .5db B 
RL-1 11.5MC 80KC 160KC 200KC 85db Gdb 50 .5db C 
RL-1B 11.5MC 80KC 160KC 200KC 90db 5db 50 .5db B 

WORLD'S LARGEST PRODUCERS OF QUARTZ CRYSTALS 

A limited number of opportunities for filter and communications engineers and tech¬ 
nicians are available. Write Mr. Robert A. Crawford, Chief Engineer, Filter Division. 

MANUFACTURING COMPANY • 3155 Fiberglas Road, Kansas City 15, Kansas 

MID 1-61 DIVISION OF PACIFIC INDUSTRIES, INC. 

PROCEEDINGS Of THE IRE April, 1961 21 A 



beam-riding, electrocardiography, and others. 
In addition he was the director of the 
“ Forsch ungsgesellschaft für Funk und Ton¬ 
filmtechnik.” 

After the war. Dr. I lollmann became Pro¬ 
fessor in charge of the applied physics de¬ 
partment at the Friedrich Schiller Univer¬ 
sity in Jena, Germany. Subsequently he was 
a research scientist at the U. S. Naval Air 
Missile Test Center, Point Mugu, Calif., 
from 1947 1954. He was Director of Research 
at Hydro-Aire, Burbank, Calif. ( 1954 1955); 
consultant at National Aircraft Corp., also 
in Burbank (1955 1956); and consultant at 
II. R. Wagner Co., Van Nuss, Calif. (1956 
1957). From 1957 1959, he was Vice 
President in charge of basic research at 
Dresser Dynamics, Inc., a division of Dres¬ 
ser Industries, Northridge, Calif. 

During this period. Dr. Hollmann was 
in charge of basic research, to which he con¬ 
tributed many fundamental concepts on 
varying projects such as polaristors, sensi¬ 
tive magnetron magnetometers, a plasma 
amplifier to be used for converting thermal 
energy to electric energy, and a nov el flow¬ 
meter for measuring the flow of a liquid. He 
also did various work in the fields of integrat¬ 
ing accelerometers, double integrating ac¬ 
celerometers, position indicators, and the 
combination of these for inertial navigation. 
Applications for patents on many of these 
projects were filed. Indicative of his wide 
range of interests is the fact that patent 
applications relating to the automatic bal¬ 
ancing of rotating members and a self-
powered radio receiver were filed during this 
period of time. 

After the dissolution of Dresser Dy nam-
ics in 1959, and until his death in I960, Dr. 
Hollmann was retained as a consultant for 
Dresser Industries, Inc., where he worked on 
many problems relating to the varied fields 
in which the company is interested. He was 
also a consultant to Dresser Electronics, SIE 
Division. During this time, he was active in 
the field of well-drilling through an entirely 
new tool and was also active in work on de-
\ ices for minimizing the effects of friction. 
His consultation work at Dresser Electron¬ 
ics, SIE Division, during this period in¬ 
cluded the fields of sonar, accelerometers, 
magnetometers, transistors, free-power de¬ 
vices, shock tubes, and flow meters. 

Samuel A. Ferguson (SM ’55), Vice Presi¬ 
dent and General Manager—Mountain View 
Operations of Sylvania Electronic Systems, 

died Sunday, Feb¬ 
ruary 5, 1961 , at Palo 
Alto—Stanford Hos¬ 
pital. I Ie was 44. 

A leader in the 
\\ est ('oast electron¬ 
ics industry, he pre¬ 
viously served as 
Chairman of the San 
Francisco Council of 
the Western Elec¬ 
tronics Manufac¬ 
turers Association. 
He played a signifi¬ 

cant role in the rapid growth of Sylvania’s 
research, development and manufacturing 
complex in Mountain View. 

He joined the company’s Electronic De¬ 
fense Laboratories in Mountain View in 1953 
as manager of technical liaison, and was ap¬ 
pointed Director of the Laboratories two 
years later. He was named Manager of the 
Mountain \ ievv Operations in 1957, and \ ice 
President and General Manager in 1959. 

A native of Columbia. S. C.. he received 
the Bachelor’s Degree in electrical engineer¬ 
ing from Clemson College, Clemson, S. C., 
and the Master’s Degree from fulano Uni¬ 
versity, New Orleans, La. He served in the 
U. S. Army Signal Corps during W odd W ar 
II, holding the terminal rank of Lieutenant 
Colonel. 

He was an associate professor of electri¬ 
cal engineering at the University of South 
Carolina, Columbia, from 1947 to 1950, when 
he was recalled by the Army to serve for two 
years as Commanding Officer of the Signal 
Corps Engineering Laboratories’ Field Sta¬ 
tion at W hite Sands, N. M. 

Immediately prior to joining Sylvania, 
he was Assistant Technical Director of the 
DuMont Laboratories in Los Angeles, Calif. 

Past Vice Chairman of the IRE Profes¬ 
sional (»roup on Engineering Management. 
Mr. Ferguson also was a member of the 
American Institute of Electrical Engineers, 
Armed Forces Communications and Elec¬ 
tronics Association, and the Assoc iation of 
the United States Army. In Mountain View, 
he was a Director of the Chamber of Com¬ 
merce and the Rotary International. 

Robert V. Werner (SM ’58), Chairman of 
the IRE Professional Group on Space Elec¬ 
tronics and Telemetry , died February 10, 
1961, as the result of an accident while sail¬ 
ing his yacht outside San Diego Bay. 

He was one of the three founders of the 
Cubic Corporation, and had served as part-
time consultant on phase-comparison tech¬ 
niques from the founding of the company un¬ 
til 1955. Since 1955, he had served as Vice 
President, General Manager, and, most re¬ 
cent ly, as Executive Vice President of the 
Corporation. I Ie was responsible for the day -
to-day operation of the company, including 
engineering, administration, and production. 
He developed new concepts in trajectory-
measuring, miss-distance indicating, and 
electronic surveying instrumentation. 

His career began with Convair, in San 
Diego, asa project engineer. He was a junior 
engineer in 1940, and progressed rapidly to 
key engineering positions. He proposed and 
later directed command system for control¬ 
ling the MX-774, and also developed the 
CW -phase-comparison baseline-ty pe trajec¬ 
tory measuring systems for ballistic missile 
guidance. After a y ear ( 1948-1949) with the 
Ray theon Company, Point Mugu, Calif., as 
project engineer, during which time he was 
in charge of ‘‘Project Hurricane” at the 
U. S. Naval Air Missile lest Center, he re¬ 
turned to Convair. From 1949 to 1955, he 
directed the AZUSA tracking equipment 
program, the ATl .AS guidance program, and 
other electronic system developments. 

Mr. Werner was active in IRE affairs. 
He had served as a member of the publicity 
committee and was a speaker at the IRE 
National Symposium on Telemetry in 1958. 
He was a member of the Professional Group 
on Space Electronics and Telemetry, had 
been on its administrative committee and 
was its Chairman for 1960-1961. He was 
also a member of the Research Institute of 
America. 

He had made numerous contributions to 
the field of trajectory instrumentation and 
held patents in telemetry and phase meas¬ 
urement. He had a number of pending 
patents which cover applications of phase 
measurement and feedback techniques to 
missile trajectory-measurement systems. 

Mr. Werner was educated at the Univer¬ 
sities of Arizona and California. 
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fixed-Bast 
Cartridges 

Reversible 
Polarity 

Cartridges 

Coaxial 
Diodes 

Special 
Per pose 
Diode 

•Piir 
Varactor • 

A complete line of microwave diodes 

RF DIODES 
FM discriminator circuits 

ALL-^LASS 
SUB 

MINIATURE 

for 

at 

circuit. All-glass packaging 

duces shunt - capacitance 

improved RF bandwidth 

A series of tiny, more adaptable, 

military-rugged diodes with 

axial wire leads designed for 

maximum convenience in all 

miniature strip -transmission-

line or coaxial circuits. 

All-glass sealing assures reli¬ 

able hermetic seal, particularly 

when diodes are soldered into a 

Engineering Standards Data Sheets on all new 
Microwave Associates subminiature VARACTORS. 

MIXER DIODES, VIDEO DETECTORS, RF DISCRIMI¬ 

NATOR DIODES, and AM CLPPER DIOOES sent on 
request 

simiconouct or division 
Burlington. MassachuMttt 

BA own ng 2 3000 • TWX Eurlington. Mast 942 

VHF UHF general purpose 

Low-noise balanced mixers 
through X-band 

RF Harmonic Generation 

AM clipping in IF amplifiers 

RF Power Monitoring 
(pulsed I CW) 

RF Sweep Circuits 

RF Cavity Tuning 
(preselectors) 

RF Leveling, 
Limiting & Switching 

VHF/UHF Parametric Circuits 

Microwave Computer 
Subharmonic Oscillators 

MICROWAVE ASSOCIATES, INC. 

microwave 
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1961 IRE INTERNATIONAL 
CONVENTION RECORD 

The IKE International Convention 
Record, containing all available Conven¬ 
tion papers will be published in ten parts in 
July, 1961. 

Professional Group members arc entitled 
to purchase the Part sponsored by the Pro¬ 
fessional Group to which they belong at the 
special PG rate indicated below. Other parts 
may be purchased at the IRE member rate. 

1 RE members may purchase any part at 
the IRE member rate. However, if a member 
applies for membership in the appropriate 
Professional Group at the same time that he 
places his order, he will be entitled to the 
PG rate. 

Nonmembers and libraries may place 
orders at the nonmember and library rates, 
respectively. Individuals who apply for IRE 

membership at the time they place their or¬ 
ders are entitled to the IRE member rate. 

Subscription agencies are entitled to the 
library rate. 

Clip out the order form and return it. 
with remittance, to the Institute of Radio 
Engineers, Inc., 1 East 79 St., New York 21. 
N. Y. In ordering, be sure to refer to the 
proper columns for subjects and prices. 

Part Sessions Subject and Sponsoring 
IRE Professional Group 

Prices for Members of Sponsoring Professional 
Group (PG). IRE Members (M), Libraries and 
Sub. Agencies (L), and Nonmembers (NM) 

PG M L NM 

1 • 38, 46, 53 Antennas & Propagation SO. 70 SI .05 S2.8O S3. 50 

2 12. 20. 33. 40. 48 Audio 
Electronic Computers 

1.00 1.50 4.00 5.00 

3 8, 16, 23, 24, 32, 39 Electron Devices 
Microwave Theory & Techniques 

1 .00 1 .50 4.00 5.00 

4 1,9, 17. 25. 34. 41. 49 Automatic Control 
Circuit Theory 
Information Theory 

1.20 1 .80 4.80 6.00 

5 7, 15, 28. 36, 43. 45, 51 Aerospace & Navigational Electronics 
Human Factors in Electronics 
Military Electronics 
Space Electronics & Telemetry 

1 .20 1 .80 4.80 6.00 

6 6, 18, 22, 27, 31, 35, 42, 
50 

Component Parts 
Industrial Electronics 
Product Engineering & Production 
Reliability & Quality Control 
Ultrasonics Engineering 

1 .40 2.10 5.60 7.00 

7 11, 19, 26 Broadcasting 
Broadcast & Television Receivers 

0.70 1 .05 2.80 3.50 

8 4, 30, 37, 44, 52 Communications Systems 
Radio Frequency Interference 
Vehicular Communications 

1 .00 1 .50 4 .00 5.00 

9 2, 10, 14, 21, 47, 54 Bio-Medical Electronics 
Nuclear Science 
I nstrumentation 

1 .00 1.50 4.00 5.00 

10 3. 5, 13. 29 Engineering Writing & Speech 
Engineering Management 
Education 

0.80 1 .20 3.20 4.00 

Complete Set ( 10 parts) S10.00 SI 5. 00 S40.00 S50.00 

ORDER FORM 

1961 IRE International Convention Record 

Part 

Number of Copies 

Amount Paid 

Name (Please Print): -

Shipping Address: -
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new SOLA 
transistorized 
d-c supply... 

reliably regulates d-c voltage -
right down to the last "ripple”! 

New highly sensitive SOLA “CVQ” provides trans¬ 
istor-regulated d e output ideal for computers and other 
voltage-sensitive equipment. Response to voltage 
change is so rapid the CVQ even attenuates 120-cycle 
ripple! Yet, with it all, this new d-c supply introduces 
a revolutionary circuit simplicity — providing signifi¬ 
cant savings in sizes . . . more watts per dollar! 

CVQ combines exclusive transistorized shunt regula¬ 
tion with SOLA’s inherently self-protecting, static-
magnetic transformer . . . easily meets the most taxing 
demands of dynamic loading. Voltage holds in spite 
of widely fluctuating loads. The result is longer equip¬ 
ment life, more trouble-free operation. Contact our 
area representative for complete specifications and 
prices. Or write today for literature on CVQ. 

• Standard models available at 5, 6, 10 and 12 volts 
d-c (100-130/181-235/200-260 volt input). 

• Output regulated within 1 0.04% for line voltage 
variations ±15%; 0.2% static-load regulation, 0 to 
full load. 

• Excellent transient response. 
• Inherent protection against output over-voltage safe¬ 

guards both supply components and external circuitry. 
• Short-circuit proof design. 
• Compact mechanical layout — only 12*/i x 5% x 19" 

D;vision of 
Basic Products Corp. 

SOLA ELECTRIC CO. 
Busse Road at Lunt, 
Elk Grove Village, III. 
HEmpstead 9-2800. 
IN CANADA, Sola-Basic 
Products Ltd., 377 Evans 
Ave., Toronto 18, Ontario 
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1961 Seventh Region IRE Technical Conference 
and Electronic Exhibits 

Hotel Westward Ho, Phoenix, Ariz., April 26-28, 1961 

The Seventh Region, comprising eleven 
western states, will hold its annual Technical 
Conference at the Westward Ho Hotel, 
Phoenix, Ariz., on April 26-28, 1961. Ex¬ 
hibits by electronic manufacturers will also 
be shown. The social program includes 
luncheons, a western barbeque dinner and a 
reception. Planned for the ladies are a style 
show and luncheon at the famous Mountain 
Shadows resort, a visit to nearby beautiful 
homes and luncheon, anti a guided tour of 
Frank Lloyd Wright's Taliesin West and 
luncheon. Fielt! trips to several industrial 
plants also will be offered. One session will be 
devoted to the Student Prize Paper Contest. 
Ihe IRE. Board of Directors, the Executive 
Committee, and the WESCON Boartl of 
Directors will meet concurrently. 

The registration fee for the conference 
will be SI .00. Xo registration fee will be 
charged for students and ladies. 

I he technical program of the conference 
follows: 

Wednesday Morning, April 26 
Session I—New Problems for 

Electronic Engineers 
Introduction: IP. C. Carnahan, Varian 

Associates, Palo Alto, Calif. 
"Problems Associated with Crowding of 

Frequency Spectrum,” Dr. D. E. Noble, 
Motorola, Inc., Scottsdale, Ariz. 

“Problems Associated with Electronic 
Control in Industrial Operations," C. C. 
Lasher, General Electric Co., Phoenix, Ariz. 

Wednesday Afternoon 
Session II-A—Panel Discussion— 

Spectrum Management 
Moderator: .1/. Davie, Jr., RAND Corpo¬ 

ration. 
“Land Management Problems of the 

U. S. Forest Service on Mountain-Top Sites 
For Electronic Installations,” TT. B. Morton, 
Albuquerque, N. M. 

“Status of the Defense Mutual Inter¬ 
ference Problem,” Col. E. R. Reynolds, I . S. 
Army, and H. Randall, Office of the Director 
of Defense Research and Engineering, Wash¬ 
ington 25, D. C. 

“Frequency Management in Army Elec¬ 
tromagnetic Compatibility Program," C. 
Gregory, USARFE Office, ÓCSigO, Washing¬ 
ton 25, D. C. 

“Data Display Requirements for Inter¬ 
ference Prediction and Control," D. R. J. 
White, Frederick Research Corporation, 
Wheaton, Md. 

Session II-B—Control Theory and Practice 
“A. C. Instrument Servo with Error Con¬ 

trolled Damping Coefficient," P. B. Krishna-
swamy, R. Schmoock, and D. L. Ham, 
Fischer & Porter Company. Hatboro, Pa. 

“A Special Purpose Cross-Correlator 
with Application to Servo Analysis,” R. C. 
Howard, Giannini Controls Corporation, 
Santa Ana, Calif. 

“Signal Filtering in I ligital Contro Com¬ 
puter Systems," IF M. Gaines, General Elec¬ 
tric Company, Phoenix, Ariz. 

“Adaptive Sampling Frequency for 
Sampled Data Control Systems," R. C. 
Dorf, M. C. Farren, and C. .1. Phillips, U. S. 
Postgraduate School, Monterey, Calif. 

“Synthesis of Double-Terminated Active 
Xetworks Using Negative Impedance Con¬ 
verter," King-sun Fu, Purdue University, 
Lafayette. Ind. 

Wednesday Evening 
Session III—Student Prize Paper Contest 

Organized by Dr. C. L. Hogan, Vice 
President and General Manager, Motorola 
Semiconductor Products Division. 

Thursday Morning, April 27 
Session IV-A—New Problems in 

Frequency Interference 

“Survey of Electromagnetic Effects 
Associated with the Thermonuclear De¬ 
vices TEAK and ORAXGE,” R. Sanders, 
Hughes Communications Division. Los Ange¬ 
les, Calif. 

Control of Interference Between Satel¬ 
lite Communication Terminals and Surface 
Services,” Dr. IF. L. Firestone, Motorola, 
Inc., Chicago, III. 

“Control of Surface-Service Interference 
with Communication Satellites," 5. G. 
Lutz, Hughes Research Labs., Malibu, Calif. 

“Adaptive Communication Techniques 
as They Apply to Radio Control Systems,” 
J. Cohn, Motorola, Inc., Chicago, III. 

Session IV-B—Magnetic Logic in 
Computer Circuits 

“Principles of Multiaperture Magnetic 
Logic,” L. Norde, Motorola, Inc., Scottsdale, 
Ariz. 

“The I'se of Multiaperture Magnetic 
Logic in Digital Computers," Dr. E. K. Van 
de Riet, Stanford Research Institute, Menlo 
Park, Calif. 

“Implementation of BOOLEAN Algebra 
with Integrated Magnetic Logic,” L. R. 
Smith, Motorola, Inc., Scottsdale, Ariz. 

Field Computer Using Pulsed Mag¬ 
netics,” J. IF. Heermons, IBM Corporation, 
Kingston, N. V. 

Thursday Afternoon 
Session V-A—Panel Discussion—The 

User Looks At Computer Control 
Moderator: Dr. T. L. Martin, Dean of 

Engineering, University of Arizona. 
Representatives of petroleum, steel, 

cement, and utilities industries will discuss 
applications of computers to their control 
problems. Dr. Martin will discuss engineer¬ 
ing education oriented toward large elec¬ 
tronic control systems. 

Session V-B—Microwave Tubes 
and Antennas 

“Generating High Power Gaussian 
Pulses in a Klystron Amplifier for TACAN 

Service,” H. R. Jones, Eitel- McCullough, 
Inc., San Bruno, Calif. 

“PPM Focusing of Low-Noise and Serro¬ 
dyne TWT’s,” IF. J. Fleig, Microwave Elec¬ 
tronics Corporation, Palo Alto, Calif. 

“Some New Crossed-Field Tubes for 
High Resolution Radars," J. A. Saloom, 
S.F.D. Laboratories, Inc., Union, N. J. 

“Waveguide-Fed Biconieal Horn," A. 
Maestri, Jr., Melpar, Inc., Falls Church, Va. 

“ Performance Characteristics of a Horn-
Reflector Antenna,” L. E. Hunt, D. C. Hogg 
and A. B. Crawford, Bell Telephone Labora¬ 
tories, Red Bank, N. J. 

Friday Morning, April 28 
Session VI-A—Analysis Techniques for 

Radio Interference Problems 
“Close-Channel Operation of SSB Re¬ 

ceivers and Transmitters." C. E. Blakeley, 
Georgia Institute of Technology, Atlanta, Ga. 

“A Model for Prediction of Radar Inter¬ 
ference,” R. A. Rollin, Jr., G. Minty, W. 
DeHart, J. Dute, R. Legault, K Morita, J. 
Riordan, and N. Smith, University of Michi¬ 
gan, Ann Arbor, Mich. 

“Radio Frequency Interference Predic¬ 
tions for Quick Fix Decisions,” J. E. 
McShulskis, J. H. Mills, and D. R. J. 
White, Frederick Research Corporation, 11 Tira -
ton, Md. 

Session VI-B—Process Control 
Instrumentation 

“Automatic Electronic Quadrature Re¬ 
jection in Electromagnetic Flowmeter Sys¬ 
tems,” R. Schmoock and D. Ham, Fischer & 
Porter Company, Hatboro, Pa. 

“Transformers, Transformer-Type Trans¬ 
ducers and Their Application in Process 
and Industrial Control Systems,” R. E. 
Claflin, Jr., Claflin Associates, Newtonville, 
Mass. 

“A Novel Electropneumatic Tempera¬ 
ture Controller,” L. R. Axelrod, Powers 
Regulator Company, Skokie, III. 

“Some New Techniques For Recording 
and Processing Vibration Test Data,” R. M. 
Tidwell, Sandia Corporation, Livermore, 
Calif. 

Friday Afternoon 
Session VII—Bandwidth Conservation 

and Interference Elimination 
“Communications Central, AN/MRC-

66," A. J. Toberman, Motorola Research 
Laboratory, Phoenix, Ariz. 

“Hydroacoustic Simulation of Antenna 
Radiation Characteristics," A. Maestri, Jr., 
Melpar, Inc., Falls Church, Va. 

“Practical Design Guides for Interfer¬ 
ence Reduction in Electronic Equipment,” 
R. F. Ficcki, RCA Service Company, River¬ 
ton, N. J. 

“Design and Development of a Band¬ 
width Compression System,” H. L. Morgan, 
Phoenix, Arizona. 
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keep your signals clean with 
engineered magnetic shielding 

Keep stray magnetic fields out of your high gain 
input transformers and cathode ray tubes. Keep 
your signals free of noise, hum, cross-talk and 
distortion. You can do it only with engineered 
magnetic shielding. 
These high-permeability shields are made from ex¬ 
isting tools in a broad variety of single and multiple 
structures—cylinders, spheres, truncated cones 
for applications ranging from de into the audio 
range and higher. They can be used with almost 
all conventional transformer core and coil assem¬ 
blies to provide any degree of magnetic, electro¬ 
static or RF shielding against undesired signals of 

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

" ith Magnetic Metals shielding, both the electrical 
and mechanical engineering is already done for you. 
Simply let us know your requirements . . . We’ll 
engineer the exact type of shielding you need. In 
selection of raw material, design, fabrication, an¬ 
nealing, testing and gaging, Magnetic Metals has 
amassed a great backlog of shielding experience. 
For a better understanding of shielding and help in 
specifying it, write for our informative booklet, 
“Magnetic Shielding of Transformers and Tubes.” 

MAGNETIC MwaJ.S ( ’OMPANY 
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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Fifth Midwest Symposium on Circuit Theory 
University of Illinois, Urbana, May 6, 8-9, 1961 

I lie filial program for the Fifth Midwest 
Symposium on Circuit Theory has been 
announced. The Symposium is cosponsored 
by the IRE and will be held at Allerton 
Park and the Urbana Campus of the Uni¬ 
versity of Illinois, Urbana, on May 6, 8-9, 
1961. “Topology in Circuit Theory” is the 
subject of this year’s Symposium. 

Papers presented at the Symposium will 
be published in the March, 1961, issue of the 
Transactions on Circuit Theory. 

Information concerning housing at Aller¬ 
ton Park and registration may be obtained 
by writing to: Professor M. E. Van Valken-
burg, Dept, of Elec. Engrg., University of 
Illinois. 

Saturday, May 6 
Workshop in Graph Theory— Lei tures 

by S. L. Hakami, University of Illinois, 
Urbana; M. B. Reed, Michigan State Uni¬ 
versity, East Lansing; S. Seshu, Syracuse 
University, Syracuse, N. Y.; and L. WVtn-
berg, Hughes Research Labs. 

Monday Morning, May 8 
Chairman: R. M. Wainwright, Good-All 

Electric Mfg. Co., Ogallala, Neb. 
Address of Welcome: E. C. Jordan, 

University of Illinois, Urbana. 
“Network Applications of Graph 

Theory,” S. Seshu, University of Syracuse, 
Syracuse, N. Y. Commentator: P. R. 
Bryant, General Electric Co., Wembley, 
England. 

“Linear Graphs: A Few Reflections on 
its Future in the Curriculum and in Re¬ 
search,” L. Weinberg, Hughes Research 
Labs., Malibu, Calif. Commentator: H. E. 
Koenig, Michigan State University, East 
Lansing. 

“Flowgraphs for Nonlinear Systems,” 
T. .1. Bickart, Johns Hopkins University, 
Baltimore, Md. Commentator: C. L. 
Coates, General Electric Co., Schenectady. 

Monday Afternoon 
Chairman: B. R. Myers, University of 

Waterloo, Waterloo, Canada. 
“The Seg: A New Class of Subgraphs,” 

M. B. Reed, Michigan State University, 
East Lansing. Commentator: E. IF. Hobbs, 
McDonnell Aircraft Co., St. Louis, Mo. 

“A Method of Tree Expansion in Net¬ 
work Theory," H. Watanabe, Nippon Elec¬ 
tric Co., Kawasaki City, Japan. Commenta¬ 
tor: W. H. Kim, Columbia University, New 
York, N. Y. 

“On Realizability of a Set of Trees,” 
5. L. Hakami, University of Illinois, Ur¬ 
bana. Commentator: K. .1. Pullen, Aber¬ 
deen ProvingGround, Md. 

Monday Evening 
Panel Discussion The Historical 
Development of Circuit Theory 

H. H'. Bode, Bell Telephone Labs., 
Whippany, N. J.; S. Darlington, Bell Tele¬ 
phone Labs., Murray Hill, N. J.; E. zl. 
Guillemin, Mass. Inst. Tech., Cambridge. 

Tuesday Morning, May 9 
Chairman: A. B. Macnee, University of 

Michigan, Ann Arbor. 
“On the Synthesis of Resistive N-Port 

Networks,” G. Biorci and P. P. Civalleri, 
Instituto Elettrotecnico Nazionale, Torino, 
Italy. Commentator: 5. Okada, Stromberg-
Carlson, Rochester, N. 1. 

“Paramount Matrices and Synthesis of 
Resistive N-Ports,” /. Cederbaum, Columbia 
University, New York, N. Y. Commenta¬ 
tor: F. M. Reza, Syracuse University, Syra¬ 
cuse, N. Y. 

“On the Synthesis of R-Networks,” 
D. P. Brown and F. Tokad, Michigan State 
University, East Lansing. Commentator: 
H. C. So, University of Rochester, Rochester, 
N. Y. 

Tuesday Afternoon 
Chairman: IF. B. Boast, Iowa State Uni¬ 

versity, Ames. 
“Analysis and Synthesis Techniques of 

Oriented Communication Nets,” D. T. 
lang and R. T. Chien, IBM Res. Labs., 
Yorktown Heights, N. F. Commentator: 
5. 5. Yau, University of Illinois, Urbana. 

“Optimal Synthesis of a Communication 
Net,” 0. HTng, Columbia University, New 
York, N. F., and R. T. Chien, IBM Res. 
Labs., Yorktown Heights, N. Y. Com¬ 
mentator: W. Mayeda, University of Illi¬ 
nois, Urbana. 

“The Structures of Switching Nets,” 
L. Lofgren, University of Illinois, Urbana. 
Commentator: P. M. Lewis, General Elec¬ 
tric Co., Schenectady, N. F. 

1961 PGMTT National Symposium 
Sheraton Park Hotel, Washington, D. C., May 15-17, 1961 

Monday Morning, May 15 
Registration 

Opening Address: R. O. Stone, Sympo¬ 
sium Chairman, National Bureau of Stand¬ 
ards, Washington, D. C. 

Keynote Address: zl. G. Clavier, (Ret.) 
ITT Labs., Nutley, N. J. 

Session I—Millimeter Waves 
Chairman: R. 0. Stone, National Bureau 

of Standards, Washington, D. C. 
“Quasi-Optieal, Surface-Waveguide, and 

Other Components for the 100 to 300 KMC 
Region, " F. Sobel and J. C. Wiltse, Electronic 
Communications. Inc., Timonium, Md. 

“A Millimeter Wave Fabry-Perot 
Maser,” IF. Culshaw and R. C. Mockler, Na¬ 
tional Bureau of Standards, Boulder, Colo. 

“Broadband Isolators and Variable At¬ 
tenuators for Millimeter Frequencies,” C. E. 
Barnes, Bell Telephone Labs., Murra v Hill, 
N. J. 

Monday Afternoon 
Session II—Parametric Devices 

Chairman: IF. IF. Mumford, Bell Tele¬ 
phone Labs., Whippany, N. J. 

“ Transmission Phase Relations of Four-
Frequency Parametric Devices,” D. B. 
Anderson and J. C. Aukland, North Ameri¬ 
can Aviation, Anaheim, Calif. 

“A Traveling-Wave Parametric Ampli¬ 
fier,” T. II. Lee, Lockheed Aircraft Corpora¬ 
tion, Sunnyvale, Calif. 

“An Electronically Tuneable Traveling-
Ware Parametric Amplifier," R. C. Honey, 
Stanford Research Institute, Menlo Park, 
Calif. 

"Practical Design and Performance of 
Nearh Optimum, Wideband, Degenerate 
Parametric .Amplifiers,” M. Gilden and G. L. 
Matthaei, Stanford Research Institute, Menlo 
Park, Calif. 

“Design Theory of Up-Converters for 
Use as Electronically 'Tuneable Filters,” 

G. L. Matthaei, Stanford Research Institute, 
Menlo Park, Calif. 

“Passive Phase-Distortionless Paramet¬ 
ric Limiters,” I. T. Ho and zl. E. Siegman, 
Stanford University, Calif. 

Monday Evening 
“The Business of Inventing," J. Robinow, 

Robinow Engineering Co., Washington, D. C. 

Tuesday Morning, May 16 
Session III—Ferrites 

Chairman: F. Reggia, Diamond Ordnance 
Fuze Labs., Washington , D. C. 

“Field Displacement Devices," G. J. 
Wheeler, Sylvania Electric Products, Moun¬ 
tain View, Calif. 

“A Field Displacement Isolator at 57 
KMC,” C. E. Fay and E. F. Kankowski, 
Bell Telephone Labs., Murray Hill, N. J. 

“Solid State X-band Power Limiter,” 
W. F. Krupke, T. S. Hartwick, and M. R. 
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MISSILES AND AIR-BORNE EQUIPMENT 
call for resistors that never fail catastrophically. A 30,000 hour 
load life test* of 150 Corning tin oxide resistors has proved 1% 
drift capability, and not one failed catastrophically. 

TYPE 

3.0 

2.0 

1.0 

0 

1.0 

2.0 

3.0 

Test conducted by Remington Rand Univac 

CORNING 

o 
UI 
o 

UI 
<D 

For data sheets on Corning Type 
NF, N, N-Epoxy or C resistors, and the 
names of the distributors nearest you, 
write Corning Glass Works, 542 High 
Street, Bradford, Pa. If you also would 
like a booklet giving 30,000 hour test 
results, write on company letterhead. 

Results of 30,000 hour load life test 
on Corning Resistors representing 
5,000,000 resistor hours. Resistors 
were run at 140% of rated load. There 
were no catastrophic failures. 

w 
U) 
ui 
K 

of resistor to a science. Assembly is completely auto¬ 
matic and exact. And, if you think you have to pay a lot 
extra for this reliability, our price sheets hold some 
pleasant surprises for you. 

The proof of what we say is spoken eloquently by 
typical specs like these: 

Tin oxide and glass are among the most stable materials 
known, both electrically and environmentally. Fuse the 
two together and you have the basis for an outstanding 
resistor. 

This holds true whether you buy ten or ten million, 
because we have developed the manufacture of this type 

1,000 5,000 10,000 15,000 20,000 25,000 30,000 33,400 

TIME IN HOURS 

ELECTRONIC COMPONENTS 
CORNING GLASS WORKS, BRADFORD, PA. 

L0AD OVERLOAD MOISTURE LIFE UVLKLUAD RESISTANCE 
DESCRIPTION C3nn^G WATTAGE RESISTANCE 

MODEL (ohms) 

Glass ENCAP-

Mr SULATED NF60 100 100K 150ppm/°C. 0.2% 
Hl MIL-R 10509C, NF65 i/4 100 348K -55-]-150°C. 03% 0.03% (Char. B) 

Char. B 

N MIL-R-10509C, Vs 10 133K 15oppm/°c. 0.5% 
ppoYV « N65 14 10 499K 0 5% 0 03% /o
EPOXY Char. B N70 -55 + 105'C. °-5» 003 ¿ (Char. B.) 

N12 1/4 100 133K 
\| MILR-10509B, N20 l/2 10 500K 150ppmfC. 0.15% 
1 Char. X N25 1 10 1.5Meg -55 4-105°C. 035% 01% (Char. X) 

N30 2 30 4.12Meg 

Lowest cost 
O him resistor; “° % 51 150K 150DDm ,.c
L silicone insulalion “2 ‘ 51 470K 55 +12'5?c > ».2% ».3% 

MIL-R-11C 042 2 10 1 4M»S 55 +125 C-

1 Hi HQ! 
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Ile/ss, Hughes Aircraft Co., Culver City, 
Calif. 

“Frequency Doubling with Planar Fer¬ 
rites and Isotropic Ferrites with Large 
Saturation Magnetizations," I. Body, 
USASC Research and Development Lab., 
Fort Monmouth, N. J. 

“Octave Bandwidth UHF/£-Band Cir¬ 
culator," F. Arams, B. Kaplan and B. 
Peyton, Airborne Instrument Lab., Melville, 
L.I., N. F. 

“A New Balanced Type Ferrite Switch,” 
T. Kuroda and .1. Cho, Nippon Electric, 
Tokyo, Japan. 

Tuesday Afternoon 
Session IV—High Power Microwave 

Techniques Panel 
Chairman: C. Jones, Mass. Inst. Tech., 

Cambridge. 
“Spurious Outputs from High Power 

Microwave Tubes and Their Control," 
K. Tomiyasu, General Electric Co., Schenec¬ 
tady, N. f. 

“Windows," D. B. Churchill, Sperry Gy¬ 
roscope Co.. Great Neck. A. F. 

“High Power Duplexers,” E. Muehe, 
Mass. Inst. Tech., Cambridge. 

Panel Members: C. R. Beitz, Cornell 
Aeronautical Lab., Buffalo, N. F.; J. B. 
Griemsman, Polytechnic Institute oj Brook¬ 
lyn, Brooklyn, A. 1 L. Gould, Microwave 
Associates, Burlington, Mass. 

Session V—Low-Noise Microwave 
Amplifiers 

Chairman: G. Wade, Raytheon Co., 
Burlington, Mass. 
“Traveling W ave l ubes," D. A. Watkins, 

Stanford Cniversity, Stanford, Calif. 
“Parametric Amplifiers,” R. D. Weglein, 

Hughes Aircraft Co., Malibu, Calif. 
“Masers," H. E. D. Scovil, Bell Telephone 

Labs., Murray Hill, N. J. 
Panel Members: K. K. N. Chang, RCA 

Labs., Princeton, N. J.; J. IF. Meyer, Mass. 
Inst. Tech., Cambridge; J. Weber, Cniversity 
of Maryland, College Park. 

Session VI—Plasma 
Chairman: .V. Marcuvitz, Polytechnic In¬ 

stitute of Brooklyn, Brooklyn, N. F. 
“Microwave Instrumentation for Plasma 

Research." E. G. Schwartz and H. H. Grimm. 
General Electric Co., Syracuse, N. F. 

“Precision Measurements of Plasma 
Afterglows,” E. II. Holt, K. C. Stotz, and 
S. Pike, Rensselaer Polytechnic Institute. 
Troy, N. 1 . 

“Electromagnetic Properties of Weakly 
Ionized Argon,” F. L. Tevelow and II. D. 
Curchack, Diamond Ordnance Fuze Lab., 
Washington, D. C. 

“The Radiation Field and Q of a Reso¬ 
nant Cylindrical Plasma Column," W. D. 
Hershberger, I CL A. 

“A Plasma Guide Microwave Selective 
Coupler," IF. II. Steier and I. Kaufman, 
Space Technology Labs., Canoga Park. 
Calif. 

Wednesday Afternoon 
Session VII—System and Receiver Noise 

Performance Clinic 
Chairman: H. Haus, Mass. Inst. Tech.. 

Cambridge. 
“Measurement of System and Receiver 

Performance,” R. S. Engelbrecht, Bell Tele¬ 
phone Labs., Whippany, N. J. 

“Some Typical Examples,” R. Adler, 
Zenith Radio Corporation, Chicago. III. 

“Commentary- on Methods of Measure¬ 
ments," M. T. Lebenbaum, Airborne Instru¬ 
ments Labs., Melville, L. I., N. Y. 

Fifth National Symposium on Global Communi¬ 
cations (GLOBECOM V) 
Hotel Sherman, Chicago, III., May 22-24, 1961 

Fuder the sponsorship ot the AIEE and 
the IRE Professional Groupon Communica¬ 
tion Systems, the Fifth National Symposium 
on Global Communications will be held at 
the Hotel Sherman in Chicago, Ill., on 
May 22-24, 1961. 

I he three-day program will feature some 
ninety papers covering all phases of the 
communications engineering field. These 
will be presented in three simultaneous ses¬ 
sions during each morning and afternoon of 
the conference. Exhibits by more than two 
dozen manufacturers and engineering or¬ 
ganizations in the communications industry 
will be displayed on all three days. A social 
hour will complete the activities of Monday, 
and a luncheon meeting will be held on 
Tuesday, May 23. 

The program and advance registration 
forms will be sent to the symposium mailing 
list by April 1. Names will be added to the 
list upon request to C. F. Wittkop, Motor¬ 
ola, Inc., 1450 N. Cicero Ave., Chicago 51, 
III. 

The tentative program of papers to be 
presented is as follows: 

Monday Morning, May 22 
Session 1.1—Space Communication I 
“Passive Communication Satellites With 

Diffuse Scattering Characteristics,” II. P. 

Raabe, General Mills, Inc., Minneapolis, 
Minn. 

“Advanced Communications Technology 
and Future Aircom System Design,” L. .1. 
De Rosa and E. W. Keller, ITT Communica¬ 
tion Systems, Inc., Paramus, N. J. 

“ULTRACOM, Ultraviolet Communica¬ 
tions System,” J. W. Ogland, Westinghouse 
Electric Corp., Baltimore, Md. 

“Exotic Methods in Space Communica¬ 
tions," L. Bittman, The Martin Co., Balti¬ 
more, Md. 

“Space Communications with Gamma 
Radiation,” J. W. Eerkens, Nuclear Associ¬ 
ates, San Francisco, Calif. 

Session 1.2—Data Transmission 
“Global Digital Communications," C. A. 

Deutschle, ITT Communications Systems, 
Inc., Paramus, N. J. 

“Reliable Data Transmission on Com¬ 
mon Carrier Facilities," J. L. Wheeler, 
Stromberg-Carlson Co., Rochester, N. Y. 

“Coded Feedback for Error Correction 
in Binary Data Transmission,” J. R. Wyer, 
Armour Research Foundation, Chicago, III. 

“Magnetic Tape to Printer Communica¬ 
tions System,” T. P. Donaher, Stromberg-
Carlson Co., Rochester, N. F. 

“SYSEC: System Synthesizer and Eval¬ 

uation Center," T. R. Sheridan, RCA 
Labs., Rocky Point, A . Y. 

Session 1.3—Communications Systems 
“Radio Wave Propagation Through the 

Earth's Deep Rock Strata A New Medium 
of Communication," G. J. Harmon. Ray¬ 
theon Co.. Waltham, Mass. 

“Global Communications for Project 
Mercury Using Facilities oi Common 
Carriers." R. E. Mollbert, Western Electric 
Co., New York, N. F. 

“Discussion Of Slow Scan T\ System,” 
N. Hoag, ITT Labs., Fort IFaywe, Ind. 

“Microwave W ire (G-Line) As A Broad¬ 
band Information Highway I sing Estab¬ 
lished Pole Routes," T. Hafner, Surface 
Conduction, Inc., New York, N. 1 . 

“Electronic Transmission of Mail," 
L. Feit. ITT Labs., Nutley, N. J. 

Monday Afternoon 
Session 2.1—A Large Scale Four-Wire 
Switched Communications Network 

for Military Communications 
“Philosophy and General Features of the 

System," J. IF. Gorgas. Bell Telephone Labs.. 
New York, N. F. 

“The Transmission Plan," H. H. Felder 
and D. T. Osgood, Bell Telephone Labs., New 
York, N. F. 
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RCA Announces The "TOI” Rectifier 

4 New RCA Silicon Rectifiers 

New Tiny, Rugged, 
Tubular, Flangeless, 
Hermetically Sealed In 
Non-Combustible Metal Case 

for Industrial Applications 
% Amp. from 200 to 6OOv-% Amp. at 800v. 

Here’s RCA’s brand-new idea in rectifier case design 
-four new silicon rectifiers in hermetically sealed 
flangeless metal packages. These four new types now 
make silicon rectifiers as easy to handle and mount 
as other standard tubular components. They are de¬ 
signed to outperform plastic-packaged rectifiers and 
meet the stringent heat and humidity requirements of 

today’s industrial and commercial applications. 
Using a unique combination of a silicon difluscd-junction and a 
new case, these units can be operated at temperatures up to 75°C 
without derating. I hey are designed and priced to bring you econ¬ 
omy and performance plus easy handling and assembly. 
Sample these new RCA SILICON RECTIFIERS yourself and 
put them to work in your product. Call your RCA representative 
today at the Field Office near you. For additional technical in¬ 
formation. write RCA Semiconductor and Materials Division. 
Commercial Engineering. Section D-35-NN, Somerville, N. J. 

Available Through Your RCA Distributor 

1 Ite Most Trusted Name in Electronics 
LAD1O CORPORATION OF AMERICA 

RCA TO-1" SILICON RECTIFIERS 

■Resist,. e or inductivo load 

Type 
Ma. 

Ratings 
PIV 

- _ 
Ma. 

Ratings 
Forward 
Current • 
@75'C 

Mai Ratings 
Recurrent 

Peak 
Current 
@75 C 

Ma» Instantaneous 
Forward Voltage 

Drop ® 0 5 DC amp 
@25 C 

Man. Reverse 
Current @ 25 C 
and rated PIV 

1N3193 200 v 750 ma 6 amp. 1 2v 10 pa 

1N3194 400 V 750 ma 6 amp. 12* 10 pa 

1N3195 600 V 750 ma 6 amp. 12* 10 pa 

1N3196 800 v 500 ma 5 amp 12* 10 pa 

RCA SEMICONDUCTOR 4 MATERIALS DIVISION FIELD OFFICES... 
EAST: 744 Broad Street. Newark, N. J., HUmboldt 5-3900 • 731 James 
Street, Room 402 Syracuse 3 New York. GRanitê 4-559t . NORTHEAST: 
64 A” Street, Needham He ghts 94, Mass., Hillcrest 4-7200 • EAST 
CENTRAL: 714 New Center Bldg , Detroit 2, Mich., TRinity 5-5600 • 
CENTRAL: Suite 1154. Merchandise Mart Plaza, Chicago, III., WHitehall 
4-2900 • P O. Box 8406, St. Louis Park Branch, Minneapolis, Minn., F£d-
eral 9-1249 • WEST: 6355 E. Washington Blvd., Los Angeles, Calif., RAy-
mond 3-8361 • 1838 El Camino Real. Burlingame, Cali: . Oxford 7-1620 • 
SOUTH: Calmar Building, 1520 Edgewater Drive, Suite ., Orlando, Florda, 
GArden 4-4768 • SOUTHWEST: 7905 Empire Freeway, Dallas 7, Texas, 
FLeetwood 7-8167 • GOV'T.: 224 N. Wilkinson St . Dayton, O . BAIdwin 
6-2366 • 1725 ' K" St., N.W., Washington. D.C., FEderal 7-8500 



“Switching Features," J. W. Brubaker, 
Bell Telephone Labs., New York, N. Y. 

“Employment of the Signal Corps Auto¬ 
matic Network,” Lt. Col. McNeil, U. S. 
Army Communications Agency, Washington, 
D. C. 

“Systems Engineering Aspects of the 
Signal Corps Automatic Network,” L. L. 
Gaddis, A.T.&T. Long Lincs Dept., New 
York, N. Y. 

Session 2.2—System Performance 
“Noise and Transmission Level Terms in 

American and International Practice,” 
IL H. Smith, ITT Communications Systems, 
Inc., Paramus, N. J. 

“Nomograms l or The Statistical Sum¬ 
mation of Noise in Multihop Communica¬ 
tion Systems," B. Sheffield, ITT Communi¬ 
cation Systems, Ine., Paramus, N. J. 

“Multiplex Stability and Interface Re¬ 
quirements For Aircom Circuits,” G. Goltsos 
and P. H. Bourne, ITT Communication Sys¬ 
tems, Inc., Paramus, N. J. 

“Synthesis of a Global Communications 
System Using W ideband Radio Relay Sys¬ 
tems,” J. B. Potts, Radio Corporation of 
America, Camden. N. J. 

“Performance Rating of Communica¬ 
tions Systems," J. C. G. Carter, Westinghouse 
Electric Corp., Baltimore, Md. 

Session 2.3—HF Communications 
“Optimum HF Prediction," H. Green¬ 

berg, S. Krevsky, and G. Bumiller, RCA, 
New York, N. Y. 

“The AVCO Natural Communication 
System,” S. C. Coroniti, G. E. Hill, N. J. 
Macdonald, and R. Penndorf, .1 VCO Corp., 
Wilmington, Mass. 

“Frequency Sounding Techniques for 
HF Communications Over Auroral Zone 
Paths,” G. IF. Juli, G. IF. Irvine, and J. P. 
Murray, Defence Research Telecommunica¬ 
tions Establishment, Ottawa, Ont., Canada. 

“Modern Ionospheric Measuring Equip¬ 
ment,” D. H. Covill, E.M.I., Cossor Electron¬ 
ics Ltd., Dartmouth, N. S., Canada. 

“Radiotelephone Communications on 
the Great Lakes and the Seaway,” H. H. 
Herrick, Lorain Conn y Radio Corp., Lorain, 
Ohio. 

Tuesday Morning, May 23 
Session 3.1—Space Communication II 
“Unfurlable Antennas for Space Com¬ 

munication,” P. D. Kennedy, Lockheed Air¬ 
craft Corp., Sunnyvale, Calif. 

“A Broadband HF Antenna System for 
Use In a Satellite Ionospheric Sounder," 
J. R. Richardson and .1. R. Molozzi, Defence 
Research Telecommunications Establishment, 
Ottawa, Ont., Canada. 

“Communications Satellites Using Ac¬ 
tive Van Atta Arrays," R. C. Hansen. Aero¬ 
space Corp., Los Angeles, Calif. 

“Phase-Locked Loops for Electronically 
Scanned Antenna Arrays," R. C. Colbert and 
IF. L. Rubin, Sperry Gyroscope Co., Great 
Neck, L. I., N. F. 

“Advanced Seann ng Feed for the AT-
36 60' Diameter Automatic Tracking An¬ 
tenna," E. Villaseca, Dynatronics, Inc., R. E. 
Moseley, Scientific Atlanta, Inc. 

Session 3.2—Modulation Techniques 
“An Experimental Delta Modulator,” 

M. Kozuch and /L Lender, ITT Labs., SUt¬ 
ley, N. J. 

“The Use of Log Differential PCM for 
Speech Transmission in UNICOM," R. L. 
Miller, Bell Telephone Labs., Inc., Whip-
pany, N. J. 

“A High Speed, Serial, Four-Phase Data 
Modem for Regular Telephone Circuits,” 
G. L. Evans, E. Enriquez, and Q. C. Wilson, 
Hughes Communications Div., Los Angeles, 
Calif. 

“A New Digital Communication Sys¬ 
tem-Modified Diphase,” G. Aaronson, D. A. 
Douglas, and G. J. Meslener, RCA, New 
York, N. E 

“Wideband Frequency Modulator,” L. D. 
Westenburg and H. D. Hern, Collins Radio 
Co., Dallas, Tex. 

Session 3.3—Pacific Scatter 
Communication System 

“Pacific Scatter Communication Sys¬ 
tem,” J. Rose, Defense Communications 
Agency; A. A. Childers, U. S. Army, Office of 
the Chief Signal Officer; II. II. Jones, Jr., 
U. S. Army Signal Engineering Agency; 
R. Bateman, Page Communication Engineers, 
Inc.; D. F. Brittle, Jr., Page Communication 
Engineers, Inc. 

“Improved lonoscatter Receiving Tech¬ 
niques Used on the Pacific Scatter Com¬ 
munication System," J. Rose, Defense Com¬ 
munications Agency; A. A. Childers, I. S. 
Army, Office of the Chief Signal Officer; H. H. 
Jones, Jr., U. S. Army Signal Engineering 
Agency; G. E. Boggs, Page Communication 
Engineers, Inc. 

“Performance Monitoring of the Pacific 
Scatter Communications System," J. Rose, 
Defense Communications Agency; A. A. 
Childers, U. S. Army, Office of the Chief Sig¬ 
nal Officer; H. H. Jones, Jr., U. S. Army 
Signal Engineering Agency; J. S. McLeod, 
Page Communication Engineers, Inc. 

“The Piggy-Back Dual Corner Reflector 
Antenna,” J. Rose, Defense Communications 
Agency; A. A. Childers, U. S. Army, Office 
of the Chief Signal Officer; H. H. Jones, Jr.. 
U. S. Army Signal Engineering Agency; 
J. S. Stotsky, Page Communication Engi¬ 
neers, Inc.; J. McMahon, Page Communica¬ 
tion Engineers, Inc. 

Tuesday Afternoon 
Session 4.1—Switching Systems I 

“Network Compatibility in Global lele-
phone Switching Systems," C. .1. Parry and 
P. O. Dahlman, Page Commun nations Engi¬ 
neers, Inc.. Washington. D. C. 

“Parametron Applications in Military 
Switchboards," .S. Kaplan and L. Stambler, 
RCA, New York. N. F. 

“Alternate Routing Computer," .1. Kritz 
and H. Roberts, RCA, New York, A. 1. 

“Message Storage in Automatic Switch¬ 
ing," W. F. Spanke, T. S. Army Communi¬ 
cations Systems Div., Washington, D. C. 

“ Traffic Management Te< hniques," A . G. 
Steinmayer, O. O. Jones, and H. B. Collins, 
Jr., General Electric Co., Philadelphia, Pa. 

Session 4.2—Microwave Radio Relay 
“A Modern Approach to Microwave 

Communications Systems," G. I. Carlson, 
Motorola, Inc., Chicago, III. 

“A Transistorized Multi-Channel SSB 
Carrier Telephone System,” F. Correia, 
Motorola, Inc., Chicago, III. 

“Transistor Alarm and Control System 
for Unattended Microwave Repeater Sta¬ 

tions,” L. Moore, Moore Associates, Inc., 
Redwood City, Calif . 

“Possibility of Noise Figure Reduction of 
a Microwave Receiver Using a Reflex Klys¬ 
tron Amplifier," K. Ishii, Marquette Uni¬ 
versity, Milwaukee, IFÚ. 

“Design of a TD-2 Microwave Repeater 
with Transmitters and Receivers on the 
Same Frequency," P. B. Engh, Pacific Tele¬ 
phone & Telegraph Co., San Diego, Calif. 

Session 4.3—Reliability and Survivability 
“The Planning of Space Communication 

System Reliability,” E. D. Karmiol, A. 
Sternberg, and J. S. Youthcheff, General 
Electric Co., Philadelphia, Pa. 

“Communication Error Rate Instru¬ 
mentation System,” V. Chewey, J. Wittman, 
J. Rabinowitz and A. Tepfer, RCA, New 
York, N. Y. 

“A Technique for the Physical Surviva¬ 
bility Analysis of a Communications Net¬ 
work,” D. F. Pascucci and N. P. Albrecht, 
ITT Labs., Nutley, N. J. 

“Circuits, Networks, and Survival," 
J. IF. Halina, ITT Communication Systems, 
Paramus, N. J. 

“.Availability— New Approach to the 
Measurement of System Reliability," M. 
Barow, S. R. Calabro, and V. Selman, Inter¬ 
national Electric Corp.. Paramus, N. J. 

Wednesday Morning, May 24 
Session 5.1—Space Communication III 
“A Global Party Line Concept of Satel¬ 

lite Communication,” J. L. Walker, ITT 
Communications, Inc., Paramus, N. J.; 
D. R. Campbell and IF. L. Glomb, ITT Labs., 
Nutley, N. J. 

“Optimization of System Parameters for 
Deep Space Communication Systems,” 
M. E. Breese and P. J. Sferrazza, Sperry 
Gyroscope Co., Great Neck, L. I., N. Y. 

“The Delay/Coverage Problem in Tele¬ 
communications A ia Satellites, A. J. 
Vadasz, General Electric Co., Lynchburg, Va. 

“ Theoretical Considerations in Design of 
Delayed Time Satellite Repeater Systems, 
J. Dressner, I . S. Army Signal Research and 
Development Lab., Fort Monmouth, N. J. 

“Some Studies of Special Orbital Con¬ 
figurations for Global Communications," 
S. C. Hight and J. G. Kreer, Bell Telephone 
Labs., II hippany, N. J. 

Session 5.2—Data Handling 
“Micro Programmed Digital Data Han¬ 

dling System," J. C. Augustine, Space Tech¬ 
nology Labs., Inc., Los Angeles, Calif. 

“A Binary Information Ex< hange. 
R. C. P. Hinton, ITT Communication Sys¬ 
tems, Inc., Paramus, N. J.; C. E. Haller, 
ITT Labs., Nutley, N. J. 

Automatic Keyboard-Operated Morse 
Code System Without Tape,” R. IF. John¬ 
son Co., Anaheim, Calif. 

“DIG1KEY—A Keyboard Technique 
for Digitalizing Human Information," 5. G. 
Lutz, Hughes Research Labs., Malibu, Calif. 

“A Technique for Converting Analog 
Voltages to Digital Codesat Sampling Rates 
Above Five Million Samples Per Second 
With Accuracies of Seven Bits," C. F. 
Crocker, Raytheon Co., Waltham, Mass. 

Session 5.3—Forward Scatter 
“Latest and Future 'Trends in Tropo¬ 

spheric Scatter Communications,” C. P. 
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In these severe tests, Allen-Bradley resistors and 
potentiometers have demonstrated their complete 
dependability in environmental extremes. 
The ruggedness of A-B fixed resistors is obtained 

through an exclusive process in which the resistance 
element and the insulating jacket are hot molded 
into an integral unit of unusual mechanical strength. 
This unit is then hermetically sealed in a ceramic 
tube. Also, please remember, A-B fixed resistors are 
completely free from catastrophic failures. 
A-B potentiometers have the resistance elements 

molded into, and are an integral part of, the base; 
therefore, they are virtually indestructible. In addi¬ 
tion, operation is quiet and smooth when the po¬ 
tentiometer is new, and these characteristics improve 
with use. 

For maximum reliability under severe operating 
conditions, insist on Allen-Bradley quality elec¬ 
tronic components. 

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

Hermetically Sealed 
Ceramic Encased Resistors 

Type TS Type CS Type ES 

Potentiometers 
Type J and 
Type K 

Potentiometers 
Type G and 
Type L 

Adjustable 
Fixed Resistors 

Type R 

About the test 
At the United States Testing Co., Inc.* 
the above Allen-Bradley resistors and po¬ 
tentiometers were subjected to a constant 
acceleration of 300g, impact shock of 150g 
and vibration of 50g from 55 to 2,000 cps. 
All tests were conducted in accordance with 
procedures outlined in the latest Mil Specs. 
•Test Report «71801. Sept. 1960. 

...in tests at 5 Times 
mil specs for 
shock, vibration 
and acceleration 

- - — — — - -

ALLEN-BRADLEY QUALITY 
ELECTRONIC 
COMPONENTS 



Television 

Missiles 

Radio 

Radar 

Hi-Fi Stereo 

Machine Tools 

LLEN-BRADLEY 

ALLEN-BRADLEY QUALITY 

FERRITES 

Telephone 
Systems 

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. 

H. F. Fluorescent 
Lights 

Quality 
Electronic Components 

» 
9 

HAVE SOLVED THESE DESIGN PROBLEMS 

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

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 

Convergence 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 
permeability 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, 
temperature stable, 
linear B vs. H 

Output Transformers W-04 Hign 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 
Good mechanical strength 

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



Durnovo, Adler Electronics, Inc., New 
Rochelle, N. Y. 

“Basic Considerations of Economy-Type 
Troposcatter Systems,” L. P. Yeh, Page 
Communication Engineers, Inc., Washing¬ 
ton, D. C. 

“Propagation Phenomena and Diversity 
Combiner Problems Encountered on a 690 
Mile Multichannel Tropo-Scatter System,” 
IE. H. Gentry, Jr., General Electric Co., 
Lynchburg, Va. 

“Radio Propagation at UHF by Inco¬ 
herent Scattering in the F-Region," H. II'. 
Briscoe and V. C. Pineo, MIT Lincoln Lab., 
Lexington. 

“Mutual Interference Between Point-to-
Point and Space Communications Systems,” 
W. J. Hartman and M. T. Decker, National 
Bureau of Standards, Boulder, Colo. 

Wednesday Afternoon 
Session 6.1—Switching Systems II 
“The Problem of the Tributary Area in 

Planning a Military Switched Global Net¬ 
work," P. M. King and G. C. Hartley, ITT 
Communication Systems, Inc., Paramus, 
N. J. 

“Terminal Area Distribution and Proc¬ 

essing,” H. H. Pine, ITT Communication 
Systems, Inc., Paramus, N. J. 

“A Fully Electronic TDM Solid State 
Switching Center for Military Communica¬ 
tions—Grouping, Signalling, Logic." A. K. 
Bergmann, North Electric Co., Galion, Ohio. 

“A Fully Electronic TDM Solid State 
Switching Center for Military Communi¬ 
cations—Transmission Characteristics and 
Their Measurements," G. Svala, North Elec¬ 
tric Co., Galion, Ohio. 

“An Automatic Electronic System for 
Handling International Telegrams,” E. D. 
Becken and R. K. Andres, RCA Communica¬ 
tions, Inc., New York, N. Y. 

Session 6.2—System Planning 
“Application for Transmission Media,” 

J. H. Vogclman, Capchart Corp., Richmond 
Hill, N. T. 

“The Economies of Communications 
Satellites,” W. Meekling and S. Rciger, The 
RAND Corp., Santa Monica, Calif. 

“Optimization Methods in Economics 
Planning of Telecommunications Systems," 
Z. Prihar, Page Communications Engineers, 
Inc., Washington, D. C. 

“Value Engineering Applied to a Large 
Scale Electronic Communications System,” 

B. Ellison, International Electric Corp., 
Paramus, N. J. 

“Communications Cost Control Analy¬ 
sis— Integration of Communication and 
Data Processing Systems,” J. K. Mulligran, 
T. R. McKee, and J. P. Macri, RCA, Cam¬ 
den, N. J. 

Session 6.3—Speech Compression and 
Spectrum Sharing 

“The Speech Bandwidth Compression 
Problem," F. H. Slaymaker and R. A. 
Houde, Stromberg-Carlson Co., Rochester, 
N. Y. 

“A 1000 Bit Per Second Speech Compres¬ 
sion System," J. S. Campanella, D. C. 
Coulter, and R. Irons, Melpar, Inc., Falls 
Church, Va. 

“Band Economy Multiplex Equipment 
Applied to Long Distance Trunk Groups," 
G. Atkinson, ITT Communications Systems, 
Inc., Paramus, N. J. 

“Unscheduled Spectrum Sharing in 
Communication," D. P. Harris, Lockheed 
Aircraft Corporation, Sunnyvale, Calif. 

Designing Interference-Free Space 
Communication Systems Using Computer 
Simulation Techniques," D. R. J. White, 
Frederick Research Corp.. Wheaton, Md. 

Western Joint Computer Conference 
Ambassador Hotel, Los Angeles, Calif., May 9-11, 1961 

The tentative program for the 1961 West¬ 
ern Joint Computer Conference has been 
announced. This year’s Conference will in¬ 
clude a Ladies' Program, which will be held 
Monday morning, May 9. Phyllis Huggins, 
of Bendix Computer Division, Los Angeles, 
Calif., is the Chairman of this portion of the 
program, which will include a coffee and an 
invited panel, consisting of J. W. Granholm, 
Editor, Computing News, Thousand Oaks. 
Calif.; Vincent van Praag, President, Elec¬ 
tro-Logic Corp., Los Angeles, Calif.; and 
G. G. Vosatka, Western Regional Manager, 
Bendix Computer Corp., Los Angeles. An¬ 
other highlight of the Conference will be 
the luncheon, which will be held on Wednes¬ 
day, May 10. W . E. Bauer, Chairman of the 
1961 WjCC, will be the Master of Cere¬ 
monies, and Simon Ramo, Executive \ ice 
President of Thompson Ramo Wooldridge, 
Inc., will speak on “Future Applications of 
Electronic Intelligence." 

Tuesday Morning, May 9 
Session IA—Opening Session 

Chairman: K. IE. Uncapher, The RAND 
Corp., Santa Monica, Calif.; Vice Chairman, 
1961 WJCC. 

Welcoming Address; IE. F. Bauer, 
Thompson Romo Wooldridge, Inc., Canoga 
Park, Calif.; Chairman, 1961 WJCC. 

Keynote Address: T. J. IFa/sow, Jr., 
IBM Corp., New York, N. Y. 

General Remarks: M. Rubinoff, Uni¬ 
versity of Pennsylvania, Philadelphia ; Chair¬ 
man, National Joint Computer Committee. 

Tuesday Afternoon 
Session IIA—Digital Simulation 

Chairman: H. H. Harman, System De¬ 
velopment Corp., Santa Monica, Calif. 

“Simulation: A Survey,” H. H. Harman, 
System Development Corp., Santa Monica, 
Calif. 

“Computers and Management Games,” 
J. M. Kibbee, Remington Rand Univac, 
New York, N. Y. 

“Simulation of Airborne Anti-Submarine 
Systems,” T. Guinn, Douglas Aircraft Co., 
El Segundo, Calif. 

“An On-line Management System Using 
English Language." .1. Vazsonyi, Rama-
Wooldridge. Canoga Park, Calif. 

“Application of Digital Simulation Tech¬ 
niques to Highway Design Problems," .1. 
Glickstein and S. L. Levy, Midwest Research 
Institute, Kansas City, Mo. 

“The Use of Manned Simulation in the 
Design of an Operational Control System,” 
M. A. Geisler and IE. .1. Steger, The RAND 
Corp., Santa Monica, Calif. 

Session IIB—Microsystem Electronics 
Chairman: R. A. Kudlich, A. C. Spark 

Plug, El Segundo, Calif. 
“The Present Status of Microsystem 

Electronics," /’. B. Meyers, Motorola, Inc., 
Phoenix, Ariz. 

“Testing of Micrologic Elements,” R. 
Anderson, Fairchild Semiconductor Corp., 
Mountain View, Calif. 

“Interconnection Techniques for Semi¬ 

conductor Networks," J. S. Kilby, Texas 
Instruments, Inc., Dallas, Tex. 

“Microcircuit Interconnection Prob¬ 
lems," G. Anderson, C. Walant, and G. 
Selvin, Sylvania Electronic Systems, Waltham, 
Mass. 

“Microsystem Computer Techniques," 
E. Luedicke and A. Medwin, RCA, Camden. 
N. J. 

Wednesday Morning, May 10 
Session IHA—Modeling Human 

Mental Processes 
Chairman: II. A. Simon, The RAND 

Corp., Santa Monica, Calif., and Carnegie 
Institute of Technology, Pittsburgh, Pa. 

“Introduction: Modeling Human Mental 
Processes. " II. A. Simon, Carnegie Institute 
of Technology, Pittsburgh, Pa. 

“The Simulation of Verbal Learning Be¬ 
havior,” E. Feigenbaum, University of Cali¬ 
fornia, Berkeley. 

“The Simulation of Behavior in the 
Binary Choice Experiment," J. Feldman. 
University of California, Berkeley. 

“Programming a Model of Human Con¬ 
cept Formulation," C. I. Hovland and E. B. 
Hunt, Yale University, New Haven, Conn. 

Session IIIB—Recent Advances in 
Computer Circuits 

Chairman: C. T. Leondes, University of 
California, Los Angeles. 

“Parallelism in Computer Organization 
Random Number Generation in the Fixed 
Plus Variable Computer System," M. Aoki 
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und G. Estrin, University of California, Los 
Angeles; T. Tang, National Cash Register 
Co., Hawthorne, Calif. 

“ I he CELLSCAN System—a Leucocyte 
Pattern Analyzer,” K. Preston, Jr., Perkin-
Elmer Corp., Norwalk, Conn. 

“Application of Computers to Circuit 
Design for UN1VAC LARC,” G. Kaskey, 
N. S. Prywes, and H. Lukoff, Remington-
Rand Univac, Philadelphia, Pa. 

“Wide Temperature Range Coincident 
Current Core Memories,” R. S. Weisz, and 
N. Rosenberg, Ampex Computer Products 
Co., Culver City, Calif. 

“ I unnel Diode Storage Using Current 
Sensing,” E. R. Peck, D. A. Savitt, and A. 
E. Whiteside, Bendix Corp., Detroit, Mich. 

“ I unnel Diode Balanced Pair Circuit as 
a Building Block for High-Speed Com¬ 
puters,” IE E. Barnette, G. A. Brown, S. 
Fiarman, 11. S. Miller, and R. A. Powlus, 
RCA Labs., Princeton, N. J. 

Session IVA—Problem Solving and 
Learning Machines 

Chairman: M. Minsky, M. I. T., Cam¬ 
bridge. 

“Problem Solving and Learning Ma¬ 
chines: A Survey,” .1/. Minsky, M. I. T., 
Cambridge. 

“Baseball: An Automatic Question -An¬ 
swerer,” B. F. Green, Jr., A. K. Wolf, C. 
Chomsky, and K. Laughcry, M. I. T., Lexing¬ 
ton. 

“A Basis for a Mathematical Theory of 
Computation," J. McCar hy, M. I. T., Cam¬ 
bridge. 

Wednesday Afternoon 
Session VA—Information Retrieval 
Chairman: D. R. Swanson, Ramo-Woold-

ridge, Canoga Park, Calif. 
“Information Retrieval: State of the 

Art,” D. R. Swanson, Ramo- Wooldridge, 
Canoga Park, Calif. 

“A Sv steins Approach to Scientific Com¬ 
munication," M. M. Kessler, M. I. T., Lex¬ 
ington. 

“A Screening Method for Large Infor¬ 
mation Retrieval Systems,” R. T. Moore, 
Princeton I niversity and the National Bureau 
of Standards. Washington, I). C. 

Session VB—Automata Theory and 
Neural Models 

Chairman: P. M. Kelley, Aeronutronic, 
Newport Beach, Calif.; Session arranged by 
ll. von Foerster, University of Illinois, Ur¬ 
bana. 

“What is an Intelligent Machine?" IT. R. 
Ashby, University of Illinois, Urbana. 

“Automata Theory and Neural Models: 
A Survey, ' /’. .1/. Kelley, Aeronutronic, New¬ 
port Beach, Calif. 

“Physiology of Automata," M. L. Bab¬ 
cock, University of Illinois, Urbana. 

“Analysis of Perceptrons," IL D. Block, 
Cornell University, Ithaca, N. Y. 

Session VC—New Hybrid Analog-
Digital Techniques 

Chairman: G. 4. Korn, University of 
Arizona, Tuscan, 

“Hybrid Analog-Digital Computers,” 

H. Schmid, General Precision, Inc., Bingham¬ 
ton, N. Y. 

“Optimization of Linear System Dy¬ 
namic Characteristics,” C. H. Single and 
E. M. Billinghurst, Berkman Instruments, 
Inc., Richmond, Calif. 

“Design and Development of a Sampled-
Data Simulator," J. E. Reich and J. J. 
Perez, Space Technology Labs., Inc., Los 
Angeles, Calif. 

“Digital Control Systems for a Repeti¬ 
tive Electronic Analog Computer," T. Bru¬ 
baker and II. Eckes, University of Arizona, 
Tuscon. 

Session VIA—Large Computer Systems 
Chairman: C. IT. Adams, Charles W. 

Adams Associates, Bedford, Mass. 
“ 1 rends in Design of Large Computer 

Systems, C. II . Adams, Charles IT. Adams 
Associates, Bedford, Mass. 

Thursday Morning, May 11 
Session VIIA—Automatic Programming 
Chairman: A. Opler, Computer Usage 

Co., New York, N. Y. 
“Current Problems in Automatic Pro¬ 

gramming," A. Opler, Computer Usage Co., 
New York, N. Y. 

“A First Version of UNCOL,” T. B. 
Steel, Jr., System Development Corp., Santa 
Monica, Calif. 

“Method of Combining Algol and Co-
bol,” J. E. Semmet, Sylvania Electric Prod¬ 
ucts, Needham, Mass. 

“ALGY—An Algebraic Manipulation 
Program,” M. D. Bernick, E. D. Callender, 
ami J. R. Sanford, Philco Corp., Palo Alto, 
Calif. 

“A New Approach to the Functional 
Design ol a Digital Computer,” R. S. Bar¬ 
ton, Computer Consultant, Altadena, Calif. 

“The JOVIAL Checker,” .1/. Blauer, 
System Development Corp., Paramus, N. J. 

Session VIIB—Memory Devices and 
Components 

Chairman: P. V. Levonian, Space Tech¬ 
nology Labs., Inc., Los Angeles, Calif. 

“Tactors Affecting Choice of Memory 
Elements, C. F. King. Claude King Assoc¬ 
iates, Los Angeles, Calif. 

“A Nondestructive Readout Film Mem¬ 
ory, R. J. Petschauer and R. D. Turnquist, 
Remington Rand Univac, St. Paul, Minn. 

“A Technique for High Speed Informa¬ 
tion Transfer in Magnetic Films,” J. I. 
Raffel, .1. //. Anderson, and T. S. Crowther, 
M. I. T., Lexington. 

“The Development of a New Nonde¬ 
structive Memory Element,” A. IT. Vinal, 
IBM Corp., Owego, N. Y. 

“A High Speed Metastable Memory Ele¬ 
ment and Pulse Delay Line,” L. C. Clapp, 
Sylvania Electronic Systems, Needham, Mass. 

Session VIIC—Applied Analog Techniques 
Chairman: R. R. Favreau, Electronic 

Associates, Inc., Long Branch, N. J. 
“The Optimization of Radar Designs 

Using GEESE Techniques,” E. L. Berger, 
General Electric Co., Syracuse, N. Y. 

“The Spectral Evaluation of Iterative 
Analyzer Integration Techniques," .1/. 
Gilliland, Beckman Instruments, Richmond, 
Calif. 

“An Iteration Procedure for Model 
Building and Boundary Value Problems,” 
IF. Brunner, Princeton Computation Center, 
Princeton, N. J. 

“Analog Simulation of Underground 
Water Flow in the Los Angeles Coastal 
Plain, D. A. Darms, Electronic Associates 
Los A ngeles Computation Center, Los A ngcles, 
Calif. 

Thursday Afternoon 
Session VIIIA—Pattern Recognition 
Chairman: O. Selfridge, M. I. T., Cam¬ 

bridge. 
“Pattern Recognition,” F. C. Frick, 

M. I. T., Cambridge. 
“A Self-Organizing Recognition System,” 

P. M. Kelley and R. J. Singer, Aeronutronic, 
Newport Beach, Calif. 

“A Learning Program for Pattern Recog¬ 
nition,” L. Uhr, University of Michigan, Ann 
Arbor; C. Vossler, System Development Corp., 
Santa Monica, Calif. 

“An Experimental Program for the Selec¬ 
tion of Disjunctive Hypotheses,” M. 
Lochen, IBM Corp., Yorktown, N. Y. 

“ I ime-Analysis of Logical Processes in 
Man," U. Neisser, Brandeis University, 
Waltham, Mass. 

Session VIIIB—Computers in Control 
Chairman: .-1. J. Rowe, Hughes Aircraft 

Co., Culver City, Calif. 
“Computer-Based Management Con¬ 

trol," A. J. Rowe, Hughes Aircraft Co., Cul¬ 
ver City, Calif. 

“Some Comments on Military Control 
Applications of Computers," IT. 5. Melahn 
and R. E. Olsen, System Development Corp., 
Santa Monica, Calif. 

“American Airlines ‘SABRE’ Electronic 
Reservations Systems,” .1/. N. Perry and 
H R. Plugge, American Airlines, New York, 
N. F. 

“Real-Time Management Control at 
Hughes Aircraft,” D. R. Pardee, Hughes 
Aircraft Co., Culver City, Calif. 

“ I ’reject AI ereury—Com ma nd—Con t rol 
Program System," B. G. Oldfield, IBM Corp., 
Rockville, Md. and A. M. Pietrasanta, IBM 
Corp., Washington, D. C. 

“The 4651 (SACCS) Computer Appli¬ 
cation," P. I). Hildebrandt, System Develop¬ 
ment Corp., Lexington, Mass. 

Session VIIIC—The “Human” Side of 
Analog Systems 

Chairman: L. A. Ohlinger, Norair, Haw¬ 
thorne, Calif. 

“ The Computer Simulation of Colonial, 
Socio-economic Society,” IF. D. Howard, 
General Motors Corp., Warren, Mich. 

“N-15 Analog Flight Simulation Sys¬ 
tems Development and Pilot Training," N. 
Cooper, North American Aviation, Inc., Los 
Angeles, Calif. 

“Analog-Digital Hybrid Computers in 
Simulation with Humans and Hardware," 
O. F. Thomas, U. S. Naval Ordnance Test 
Station, Pasadena, Calif. 

“The Automatic Determination of Hu¬ 
man and Other System Parameters,” T. F. 
Potts, G. N. Ornstein, and .1. B. Clymer, 
North American Aviation Inc., Columbus, 
Ohio. 
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Genera! Instrument Semiconductor. .. Leader in Reliability! 

10,000 000 

1,000,000 

& RELIABLE SILICON e 

: 00,000 

MESA TRANSISTORS! 25 

This represents a failure rate of 

0.01% for Ç silicon Mesa 

transistors (® 25’C. 

300 2 00 100 Temperature, °C 

G ANNOUNCES , 
MOST i 

6 

PPnnf I Extended life tests at each of temperatures shown 
■ KU UI • above, demonstrate Q superior mesa perform¬ 
ance with 0.01%/per 1000-hrs. failure rate at 25*C. 

General Instrument Semiconductor 
has achieved a major breakthrough 
in transistor manufacture! Through 
detailed research, careful product 
development and advanced produc¬ 
tion techniques we offer the most 
reliable silicon mesa transistors 
available today! 

Exclusive combination of reliability bene¬ 
fits offered by G through long-term 
R & D: 
• Advanced techniques of junction metalizing; 
• Superior junction contacting; 
• Permanent surface passivation; 
• 100% lotstabilizationwith96-hourbakeat300°C;and 
• Critical analysis with automatic equipment for 
exhaustive parameter testing. 

COMPLETE LINE OF Q SILICON MESAS...FROM STOCK 
What are your needs? General Instrument offers a 
full line of double diffused NPN silicon mesas for 
your most exacting applications. Abbreviated rat¬ 
ings and characteristics below indicate a wide 
range of usefulness: Very high speed saturated 
switching; VHP tuned amplifiers; and units with 
high beta linearity for magnetic memory drivers 

and video amplifiers. 
Available in accordance with MIL-S-19500/99A 

( G 2N696, 2N697) and MIL-S-19500/120 ( G 
2N706). Contact General Instrument today for 
more information on these realistically-priced 
units, and the name of your local authorized stock¬ 
ing distributor. 

TO-5 GENERAL INSTRUMENT NPN SILICON MESA TRANSISTORS 

1 f • 

-
Type Case 

RATINGS CHARACTERISTICS 

1 1 

ACTUAL 
SIZE 

■ 

BV bv.m
Maximum Dissipation 

(Tc*m = 25’C) 
lc»o 

hN Va = 10 v lc = 150ma pulsed 

h,. Va = 10 v le = 50 ma f = 20Mc 
VM1, = 15 ma lc = 150 ma 

Va (SAT.) 1. = 15 ma lc = 150 ma 
Co. @ 1. =0 Va=10v 

2N696 TO 5 60 V 5v 2 watts @ V« = 30 v T « 25’C Ambient: 1 n a max T = 150*3 Ambient: 100 p a max 
20 min 60 max 2 min 1.3 v max 1.5 v max 35 

pf max 

2N697 TO-5 60 v 5v 2 watt* @ Vc. = 30 v T = 25’C Ambient: 1 y a max T = 150*0 Ambient: 100 a max 
40 mm 120 max 2.5 min 1.3 v max 1.5 v max 35 pi max 

2N699 TO-5 120 V 5v 2 watt* @ Vc. — 60 v T = 25*C Ambient: 2 n'a max T = 150’0 Ambient: 200 n a max 
40 min 120 max 2.5 min 1.3 v max 5.0 v max 20 

Pf max 

2N7O6 TO 18 25 v 3v 1 watt @ Vc. = 15 v T = 25’C Ambient: 0.5 m a max Vex - lv 1c = 10 ma 15 min 

Va = 15 v le = 10 ma f =s 100 Me 2 min 
1. » 1 ma lc « 10 ma 1. = 1 ma lc = 10 ma 6 

P< T xs 150rC Ambient: 30 h a max 0.9 v max 0.6 v max max 

2N1252 TO-5 30 v 5v 2 watt* @ Vc. = 20 v T = 25’C Ambient: 10 m a max T = 150’C Ambient: 600 m a max 
15 min 45 max 2 min 1.3 v max 1.5 v max 45 

Pf max 

2N1253 TO-5 30 v 5v 2 watts @ Vc. = 20 v T = 25’C Amb ent: 10 m a max T = 150’C Ambient: 600 m a max 
30 min 90 max 2.5 min 1.3 v max 1.5 v max 45 

Pf max 
TO-18 2N142O TO-5 60 v 5v 2 watts @ Vc. = 30 v T = 25’C Ambient: 1.0 m a max T = 150 C Ambient: 100 m a max 

100 min 300 max 2.5 min 1.3 v max 1.5 v max 35 Pf max 

GENERAL INSTRUMENT 
GENERAL TRANSISTOR 

SEMICONDUCTOR 
DIVISION OF GENERAL INSTRUMENT CORPORATION 
65 Gouverneur Street, Newark 4. New Jersey 

IN CANADA: General Instrument LU.. Semiconductor Division, P.O. Box 9, 151 Weber Street South, Waterloo, Ont., Canada. 
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AN ACHIEVEMENT IN DEFENSE ELECTRONICS 



412L Strengthens Air Defense By 
Integrating Airspace Management 

Rapid coordination of all phases of military 
airspace management is a major problem of air 
defense. This simulated operations room depicts 
the heart of the Air Force’s 412L Air Weapons 
Control System—a single, semi-automatic elec¬ 
tronic complex which coordinates radar stations, 
data processing and display centers and weapons 
bases into a unified network. 

Within seconds, 412L will provide the vital 
detection and tracking data to human decision 
makers. Precious time will be gained since compu-

HEAVY MILITARY ELECTRONICS DEPARTMENT 

DEFENSE ELECTRONICS DIVISION • SYRACUSE, NEW YORK 

tations leading up to the final decisions will be 
done automatically. In addition, 412L is a highly 
flexible system designed for use throughout the 
Free World. It will operate in mobile as well as 
fixed environments. 

Currently going into prototype production, 
412L has already anticipated technological ad¬ 
vances. And, importantly, new equipment can be 
integrated into this versatile Air Weapons Con¬ 
trol System in the future, assuring a complex 
which will remain combat-ready for many years. 

176-05 

Progress Is Our Most Important Product 

GENERAL® ELECTRIC 



to end 
your ground-loop 
problems in 

strain-gauge 
or thermocouple 
measurement 

systems? 

The KIN TEL 114C is specially designed 
for thermocouple and strain gauge sys¬ 
tems where common-mode hum and 
noise mask microvolt level signals. To 
eliminate this problem, the input and 
output of the 114C are completely iso¬ 
lated from each other and from chassis 
ground. Common-mode rejection is 180 
db at DC, 130 db at 60 cps-even with 
1000 ohms unbalance. Five fixed gains 
are available from 10 to 1000 with 1 to 
3.3 times vernier. Input Z is greater than 
30 megohms. Output Z is less than 0.25 
ohm from DC to 500 cps, and less than 
1 ohm to 2 kc. Gain is accurate within 
±0.5%, and stable within ±0.02% for 8 
hours, within ±0.05% for 40 hours. Drift 
is less than 2 ^v for 40 hours. Price: 
114C $875; single amplifier cabinet 
$125; six-amplifier rack module $295. 

Representatives in all major cities 

(3Œ3 
XX DIVISION 

COHU 
ELECTRONICS irsJC 

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

/p 
ML, industrial/^ 

Engineering Notes 
I ,"ii!|l!lillllllllll 

\ss< )( 1ATION ACTIVITIES 

Publication of an Educational Televi¬ 
sion Guidebook, representing the most 
complete work available on TV as an in¬ 
struction tool was announced by Ben 
Edelman (Western Electric Co.), Chair¬ 
man of the EIA Educational Coordinating 
Committee. I he book presents nearly 100 
illustrations in a sequence designed to de-
x elop a basic understanding of the com¬ 
ponents and workable combinations of 
telex ision facilities to meet varying educa¬ 
tional applications. It deals also with su< h 
innox. ii ions in electronic instruction as 
translators, x ideo tape, the Midwest Pro¬ 
gram on Airborne Instructional Telex ision, 
the Galveston experiments with Phono¬ 
scope. low-power educational telex ision 
prox isions. and closed-circuit library refer¬ 
ence system. Preparation of the guidebook 
was financed by KIA and was under the 
direction of a task force headed by P. A. 
Jacobson (Motorola, Inc.). Members oí the 
task Ion u included leading educators in the 
held of telexision instruction and experts 
from KIA member and non-member com¬ 
panies. The book was written by I >r. P. 
Lewis. Director of the Bureau of Instruc¬ 
tional Materials of the Chicago Board of 
Education. The McGraw-Hill Book Co., 
Inc., publisher of the guidebook, is selling 
the book to the public for S4.95 a copy. 
Price to represen la lixes of KIA member-
companies. howexer, is S3.30, reflecting a 
one-third discount granted by the pub¬ 
lisher. To lake adx .ullage of the discounted 
price, I IA member-companies should ad¬ 
dress pure hase orders, made out to Mc-
Graw-I lili, to P. II. Cousins. Stall Direc¬ 
tor, KIA Educational Coordinating Com¬ 
mittee, KIA Headquarters. Orders will be 
forwarded to the publisher. ... A special 
EIA committee has begun the preparation 
of “A Technical Guide for the Purchase 
and Use of Language Laboratory Facilities 
and Equipment” at the request of the 
U. S. Office of Education. KIA was inx ited 
by the Office of Educ.it ion to prepare a 
simple technical guide on the use and 
facilities ot language laboratories through 
a goxernment contract authorized by Title 
\ II ol the National Detense Kducation 
Act. The booklet will be designed to ac¬ 
quaint language teat hers ami school ad¬ 
ministrators with the many facets of the 
rapidly increasing techniques of teaching 
foreign languages by electronic dex ices. 
The booklet will be prepared in a three- to 
four-month period under a “crash" pro¬ 
gram. Superx ision and direction of the 
manuscript will be provided by the Lan¬ 
guage Laboratory Guide Book Project 

I ask Force of the KIA Kducational Co-

* Tlw data on which these Notes are based were 
selected by itennhMon from IlWfe/y Reports, issues 
of January 25 and 30, February 6, ¡3. ; nd 20, 1061, 
published by the Electronic Industries Association, 
whose helpfulness is gratefully acknowledged. 

ordinating Committee. The Task Force is 
chaired by R. G. Frick ((‘.ener.il Electric 
Co.) and is composed of manufacturers ol 
electronic language teaching dex ices, both 
members and non members. Actual writ¬ 
ing of the booklet will be performed by the 
Howard \\ . Sams Co., Inc., under Sub¬ 
contract with KIA. The Association will 
perform its functions under the contract on 
a cost basis only . The pedagogical aspects 
of the manuscript will be supervised by an 
Office of Kducation committee of experts 
under Dr. Seth Spaulding, Chief, Kdm a-
tional Materialsand Serx i< es Section. 

Engineering 
A new “OTS Selective Bibliography” 

listing government research reports, trans¬ 
lations, and other technical documents on 
semiconductors has been published by the 
Office of Technical Services, U. S. De¬ 
partment of Commerce. The bibliography 
>how> literature on properties of sulfide 
semiconductors, semiconducting properties 
of boron, reurtron dosimetry research, sur¬ 
faces in semiconductors, and a number of 
other subjects. A list of gox ernmeiit-ow nod 
patents axailable for license is also in¬ 
cluded. The document is axailable from 
O TS. 1 . S. Department of Commerce, 
W ashington 25, D. C., at 10 cents a copy . 
Order SB-435. . . The Navy has issued 
an instruction to eliminate the “indis¬ 
criminate and incorrect” use of the word 
“module” and establish a standard ter¬ 
minology to be used for unitized electronic 
equipment. According to Technical Lo¬ 
gistics Dix isions Instruction 9670.3, “mod¬ 
ule” has become “so loosely and improp¬ 
erly ” used in industry and goxernment 
that considerable confusion exists as to its 
actual meaning. It is incorrectly used, the 
Navy say s, to mean a plug-in or any re-
moxable portion of an electronic equip¬ 
ment, and some manufacturers have ex¬ 
tended its use to ancillary items ol equip¬ 
ment such as mi<Tophones, antennas, head¬ 
phones, and battery packs. The Vax y 
pointed out that Military Specification 
MIL-K-164OOD supplements the diction¬ 
ary definition of “module" as a standard or 
unit or measurement by adding “a fixed 
dimension." \\ hen the word is used in con¬ 
junction xvith equipment assemblies hax ing 
outline dimensions which are multiples of 
a module or fixed dimension, it becomes 
“modular assembly." Moreoxer, the in¬ 
struction continues, lor electronic equip¬ 
ment built up of a group of easily replace¬ 
able units, there are two expressions which 
apply- “unitized construction” and “mod¬ 
ular construction." “For the former, the 
replaceable units can be of aux size or form 
factor (which is the case with most of the 
current equipment). In the case of ‘modu¬ 
lar construction,* howexer, the units must 

(Continued • n pane 44A) 
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convenient and positive 

conveniently interchangeable waveguide sections 

no slope adjustment required 

vernier position scale readable to 0.1 mm. 

dial gauge holder and movable stop 

tapered slots to minimize residual VSWR 

INTERCHANGEABLE WAVEGUIDE SECTIONS 

UNIVERSAL CARRIAGE 

Like the finest camera with a precisely fitted set 
of lenses, the FXR Universal Carriage and family 
of five Interchangeable Slotted Sections are 
matched to perfection. "Togetherness” with this 
unrivalled modular waveguide system gains new 
meaning . . . more rapid interchange of each 
section without tools or need for alignment, and 
more dependable performance over the entire 
frequency range from 3.95 kmc to 18.00 kmc. 
Another fine FXR "package” with quality and 
reliability built into it—from the first mark on 
the drawing board. 

SERIES 115 PRECISION SLOTTED SECTIONS 

ACCESSORY: FXR Model no. B200A Tunable Probe. 

All units when mounted in Z116A Carriage: 

Slope— 1.01 max. Irregularity— 1.005 max. 

MODEL 
NO. 

FREQUENCY 
RANGE (KMC) 

WAVEGUIDE 
DIMENSIONS 

(Inches) 

INSERTION 
LENGTH 

WAVEGUIDE 
TYPE 

FLANGE 
TYPE 

Hl 15A 3.95- 5.85 2 X 1 10% in. RG-49/U UG-149A/U 

Cl 15A 5.85- 8.20 1 'h * % 10% in. RG-50/U UG-344/U 

W1 15A 7.05-10.00 1 % X % 10% in. RG-51/U UG-51/U 

XI 15A 8.20-12.40 1 X % 10% in. RG-52/U UG-39/U 

Y1 15A 12.40-18.00 0.622 x 0.311 ID 10% in. RG-91/U UG-419/U 

Write for Bulletin No. SSI 15 or contact your local FXR representative. 

[XI!. Inc 
Design • Development • Manufacture 
25-26 50th STREET ra 1-9000 
WOODSIDE 77, N. Y. TWX: NY 43745 

PRECISION MICROWAVE EQUIPMENT o HIGH-POWER PULSE MODULATORS > HIGH-VOLTAGE POWER SUPPLIES • ELECTRONIC TEST EQUIPMENT 
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Specifications at 25° C 

another Sarkes Tarzian 
production breakthrough! 

Tarzian 
Type 

VR6 

VR7 

VR8.5 

VR10 

VR12 

VR14 

VR18 

VR20 

VR24 

VR28 

VR33 

VR39 

VR47 

VR56 

VR67 

VR80 

VR90 

VR105 

Zener 
Voltage 

(V) 

Test 
Current 
(MA) 

Dyn. 
Imp.(MAX) 
(Ohms) 

Tarzian 
Silicon Voltage 

Regulators 
now at 

workday 
prices 

1-watt 

Epoxy enclosed 

6 to 105 volts, in 20% increments 

Standard tolerance is 20% 
(all common tolerances available on request) 

Immediate availability 

Sarkes Tarzian did it in 1957 for silicon rectifiers 
and has done it again in 1961 for silicon voltage 
regulators. ..devised production methods that 
make it possible to offer quality silicon 
semiconductor devices at a price level that 
permits their use not only in Sunday circuits 
but also in workday circuits. 

At the new low prices, more circuits can be 
better protected or improved in performance by 
the use of these small and inherently rugged 
devices as clippers, limiters, and regulators. 

Send for price and ordering information. 

Where highest quality 

is in volume production 
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 

EMICONDUCTOR DIVISION • BLOOMINGTON, INDIANA 

In Canada: 700 Weston Rd., Toronto 9 • Export: Ad Auriema. Inc., New York 
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first in the industry 

. ft 

ACTUAL SIZE 

DAGE manufactured prototypes of a new series miniature 
connector for the U. S. Arm/ Signal Corps. This series replaces 

standard BNC connectors used with RG 58 C/U cable. 

The TPS series features and exclusive three-pin lock which 

minimizes rocking of the mated pair and eliminates electrical 

discontinuity due to shock and vibration. The TPS series 

is now available in the quantity you need. 

Make your connections with DAGE 

Write or cat! for catalog and facilities brochure 

DAGE 

a complete new miniature UG series 

coaxial cable connector 

7/3 smaller and lighter than 
standard BNC series 

ELECTRIC COMPANY, INC 
Beech Grove, Indiana 
STate 7-5305 
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If fast response is among the characteris-
FAST RESPONSE? tics you want in servos and rotating com¬ 

ponents, here is the quality answer. 

THEY’VE GOT IT! 
Wright of Sperry Rand offers design engi¬ 
neers faced with new challenges an excep¬ 
tional source for meeting the most exacting 
demands. 

Wright 
Servos 

Wide variety of standard models plus supe¬ 
riorengineering and production capabilities. 
Write today for technical data and name of 
your Wright Motors representative. 

HIGH TORQUE HIGH WIDE FREQUENCY 
ACCELERATION RESPONSE 

Industrial«^ 
Engineering Notes 

(Continued from page 40A) 

have fixed dimensions or multiples of these 
fixed dimensions. This method of construc¬ 
tion is clearly explained and illustrated in 
M I L-E- 164001 )." The Navy, therefore, 
has adopted the term “electronic assembly ” 
to satisfy the need lor an expression to 
cover all types of easily replaceable por¬ 
tions of electronic equipment regardless of 
si/e, shape, or type of construction. Ihe 
term is defined in Ml L-E- 164001) as: “A 
commonly -mounted group of two or more 
parts combined to perform a specific elec¬ 
tronic function, and capable of being easily 
removed and replaced asan integral item.” 
The instruction points out that there is one 
main difference between the terms “sub¬ 
assembly," “assembly," and “electronic 
assembly ," as defined in M I L-E- 16400D. 
Ihe first two terms apply to units whic h 
are not necessarily easily replaceable, 
while the latter term includes this feature 
in its définit ion. In general, the term “elec¬ 
tronic assembly " best applies where "mod¬ 
ule" was formerly used, according to the 
instruction. I he instruction was issued by 
the Assistant Chief of The Navy Bureau of 
Ships for Technical Logistics. It cancels 
and supersedes Electronics Division In¬ 
struction 9670.12 Ser 674 672-43 of Janu¬ 
ary 15, 1960. 

Govern mental and 
Legislative 

The American Telephone and Tele¬ 
graph Company last week was authorized 
to operate experimental radio stations for 
research on earth-satellite communica¬ 
tions. I he Federal Communications Com¬ 
mission granted AT&T’s applii at ion to use 
a station in llolmclel, X. J., for communi¬ 
cations with as many as six satellites to be 
launched by the National Aeronautics and 
Space Administration. The operation will 
be an extension of space research activities 
jointly conducted by AT&T and N ASA 
under the Echo project. It was the second 
FCC approval in as many weeks of pl. ms 
by commercial firms for space communica¬ 
tions resea rih'. International Telephone 
and Telegraph Laboratories last week re¬ 
ceived an FCC go-ahead for a year of tests 
of bouncing signals off passive satellites 
and the moon. The AT&T tests were 
authorized to run until January 1, 1962. 
During that period, the linn proposes 
to launch up to six satellites at an esti¬ 
mated cost of $250,000 apiece. Cost of 
the Holmdel station is estimated at 
$106,000. The Commission authorized 
the earth station to operate in the 6325-
6425 Me region and the satellite stations 
in the 4100 4200 region. At the same time, 
it denied an AT&T request to use the 
6425-6925 Me band for satellite relay. 
The FCC order said opening up the band 
to international fixed public radio serviles 
would be premature, a position supported 
by the El A Microwave Section. The ex¬ 
perimental stations will share frequencies 

(Continued on pane 47A) 
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(A MESA MICRO-TRANSISTOR) 

Development of the MICRO-T — first silicon 

NEW FROM 

micro-T 
• SILICON DIFFUSED 

• HERMETICALLY-SEALED 

• ALL-GLASS PACKAGE 

INTRODUCING THE 
COMPLETE LINE OF 

FIRST SERIES IN A 
MICRO-TRANSISTORS 

10 
COLLECTOR CURRENT (mA) 

TYPICAL OC BETA 
VS 

COLLECTOR CURRENT FOR THE TMT841 diffused mesa micro-transistor in an hermetically-
sealed all-glass package — represents a major step 
forward in microminiaturization. As compared with 
conventional "metal can” configurations, the 
MICRO-Ts hard glass packaging embodies a signifi¬ 
cant improvement in the hermetic seal between leads 
and package. Reliability is substantially increased; 
possibility of leakage is sharply reduced. 

This new series of 45-volt micro-transistors is the 
first designed for small-signal low-level applications, 
with current operating range from 50 microamps to 
20 mdliamps. Other electrical characteristics include 
an Res of 100 to 200 ohms; minimum Betas from 20 
to 80; cut-off frequencies of over 50 megacycles. 
Perfectly compatible with present circuitry, MICRO-Ts 
will facilitate microminiaturizing in such critical 
areas as airborne, space vehicle and missile applica¬ 
tion. They are l/20th the size of the TO-5, and 
l/5th that of the TO-18. 
The first five types of MICRO-Ts are available now. 

For full information, write for Bulletins No. PB-78, 
(Amplifier types) and PB-79, (Switching types). 

100 

90 

80 

70 

« 60
S 50 

*40 

30 

20 

AMPLIFIER TYPES 

Type 

Maximum 
Collector 
Voltage 
(Volts) 

Minimum 
AC 
Beta 
(hfe) 

Typical 
Gain Bandwidth 

Product 
(Me) 

Maximum 
Collector 
Leakage 
Current 
at 25°C 
(M) 

Maximum 
Power t

Dissipation ! 
at 25°C Ambient 

(mW) 

TMT 839 45 20 45 1 200 

TMT 840 45 40 45 1 200 

TMT 841 45 80 65 I 200 

SWITCHING TYPES 

Type 

Maximum 
Collector 
Voltage 
(Volts) 

Minimum 
DC 
Beta 
(hr.) 

Typical 
Gain Bandwidth 

Product 
(Me) 

Maximum 
Saturation 
Resistance 
(Ohms) 

Maximum 
Power 

Dissipatior at 
25®C Ambient 

(mW) 

TMT 842 45 20 45 120 200 

TMT 843 45 45 65 120 200 

wakefield, melrose, boston, mass. 

SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE U.S.A. AND EUROPE • CABLE ADDRESS: TRELCO 



INSTITUTE OF TECHNOLOGY 

Science 
Resident 
Research 

k Appointments 
Propulsion Laboratory of the California Insti-

A tute of Technology is accepting applications for resi¬ 
dent research appointments in the space sciences. These 
appointments are open to U.S. citizens and foreign 
nationals. Security clearance is not required. Applicants 
must have training equivalent to that represented by a 
doctorate degree and must have demonstrated superior 
ability for creative research. 

JPLhas the responsibility of executing lunar, planetary, 
and interplanetary space exploration programs for the 
National Aeronautics and Space Administration, and is 
supporting research activities related to these programs. 

The stipend for research appointments to highly quali¬ 
fied scientific personnel starts at $10,000 per annum. For 
a foreign award, the basis would be equivalent to the 
salary of the researcher's American counterpart. An 
appropriate travel grant will be provided. 

Applications will be accepted for 
positions in the following areas 
of research and development . 

Instrumentation ... 
design, development, and preparation of scientific 
instruments for space research: research on and 
development of concepts and techniques applicable 
to space research. 

iheld and Particle ¡Measurements ... 
gravitational, magnetic, and electric fields: iono¬ 
spheres of the earth and other planets; energetic 
particles: micrometeorites. 

Astronomy . . 
development of new astronomical instruments for 
use on space probes: cosmology: celestial mechanics. 

Solar Physics ... 
solar-terrestrial relationships; measurements in the 
ultra-violet and x-ray regions of the spectrum; mag-
netohydrodynamics. 

Geology, Geophysics and Geochemistry ... 
chemical and physical nature of lunar and planetary 
surface and subsurface material: study of lunar and 
planetary interiors. 

Planetary Atmospheres ... 
pressure, temperature, density, and composition of 
the atmosphere of the planets and the moon: the 
study of meteors and comets. 

Exobiology ... 
nature of extraterrestrial life forms; techniques of 
sterilization and decontamination of space probes. 

Theoretical and experimental scientists 

may obtain further information and 

application forms by addressing reguests to. .. 

Professor W. H. Pickering, Director 
JET PROPULSION LABORATORY 
California Institute of Technology 
4800 OAK GROVE DRIVE • PASADENA • CALIFORNIA 
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.H«, Industrial 
Engineering Notes 

(Continued from page 44. 

with common carriers now operating 
within the assigned frequencies. The FCC 
stipulated that AT&T will make special 
tests to determine the feasibility of fre¬ 
quency sharing by space communications 
and common carrier operations in the 
4000-6000 Me region. AT&T plans test of 
communications via the satellites with 
earth stations operated for space research 
by the United Kingdom, France, and Ger¬ 
many. In another space communications 
development, Lockheed Aircraft Corpora¬ 
tion recommended that major communica¬ 
tions concerns pool funds to form a joint 
common carrier firm to handle commercial 
space telecommunications. In a proposal 
submitted to the FCC, the National 
Aeronautics and Space Administration, 
and other agencies involved in communi¬ 
cations, Lockheed recommended establish¬ 
ment of an initial jointly owned satellite 
system estimated to cost about $260 
million. Other common carriers would 
contract for use of the system for world¬ 
wide communications. Lockheed said that 
a thorough study of anti-trust regulations 
uncovered no rules which might restrict 
space communications operations by a 
jointly financed concern. . . . The Final 
Eisenhower Budget: What Does It Hold 
For the Electronics Industry during Fiscal 
1962? DOD Sm. ill l»ui steady increase; 
NASA Under $100 million for elec¬ 
tronics; FAA— More for LDP, less for 
radars; FCC- SI million for UHF TV 
testing; FTC— Quicker trials of deceptive 
practices. 

Indi str y Marketing Data 

Shipments of electronic components 
declined about five per cent during the 
third quarter of 1960, the Electronics 
Division of the Business and Defense 
Services Administration has reported. 
Most of this decline— at a time of year 
when components output usually reaches 
the annual peak -was in components 
shipped for military end-use, BDSA said. 
Non-military electronic components out¬ 
put, however, failed to show the normal 
upward movement during the latter half 
of the year, due to the contra-seasonal 
leveling-off of consumer electronics equip¬ 
ment output. Only the output of tele¬ 
vision picture tubes, quartz cry stals, and 
transformers exceeded second quarter 
levels. Shipments of other components 
either decreased or remained at second 
quarter rates during the third quarter. For 
the second successive quarter, output of 
semiconductor devices (transistors, diodes 
and rectifiers, and related devices) de¬ 
clined in value, the agency reported. This 
decline was entirely due to lower prices, 
since unit output continued to rise. . . . 
Radio sales at retail hit a monthly record 
of 2,378,853 during December and moved 
the total for the entire year to 10,705,128— 
the high for sales during any year since 
1948, according to final 1960 statistics 

(Continued on page 49 A) 

with POWER to spare... 

NEW Nickel Cadmium 
Rechargeable Batteries 

SEALED CELLS VENTED CELLS 
Hermetic and rechargeable, 
boasting exceptionally long 
life, Nicad batteries are always 
ready to operate in any posi¬ 
tion—with power to spare— 
even under adverse operating 
conditions. 

Vented cells will maintain good 
voltage even at extremely high 
discharge rates over a wide 
temperature range. Get more 
information on these constant 
voltage batteries. 
Write Dept. P-612. 

NICAD DIVISION • Gould-National Batteries, Inc. 
St. Paul 1, Minnesota 

Another reason... 
the world becomes smaller 

Troposcatter network, providing multi-channel Telephone, Teleprinter, and Data 
Transmission, linking England, Spain and North Africa is being designed 
and built for the Air Force 
by 

page COMMUNICATIONS 

ENGINEERS, INC. 

Subsidiary of Northrop Corporation 

2001 WISCONSIN AVENUE. N.W., WASHINGTON 7, D.C. 
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The Highest Sensitivity 
and the lowest noise 

Me 

Frame Grid 

6BÛ7A<. _ 

Frame Grid (6R-HH8) 

Automatic tube testing equipment 

Cable Address : "HITACHY” TOKYO 

Hitachi also produces other receiving 

used together with the new 6R-HH8, 

even better than he currently 

tubes and components for television which, when 

cannot fail to earn any maker a market reputation 

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. 

6R-HH8 
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JL-, I n d u st ri a I . 
Engineering Notes 

(Continued from tage 47 A ) 

released by the Marketing Data Depart¬ 
ment. Retail sales for television also 
reached the highest monthly mark during 
December, a total of 768,140. For the 
year, a total of 5,945,045 TV sets were 
sold to consumers. 196,369 more than 
during 1959 and the best total since 
1957. . . Factory sales of transistors 
scored another healthy advance during 
1960, following the yearly growth pattern 
which has characterized the industry 
since production began, according to 
year-end totals released by the EIA 
Marketing Data Department. A total of 
127,928,586 transistors valued at $301,-
132,285 were sold at the factory during the I 
past year. The year before, 82,294,120 
units were sold and revenue accrued | 
totaled $222,009,722. 

M II.ITARY AND SPACE 

A report describing scientific and 
engineering problems facing the Navy 
has been published with the hope that in¬ 
dustrial firms and institutions will help 
solve them. The report, “Navy Research 
and Development Problems,” contains 
concise descriptions of the problems, their 
background, and the need for solutions. In¬ 
cluded are sections on data processing, 
electronic sciences, and energy conversion. 

I he publication is available without charge 
from the Chief of Naval Materiel, De- ¡ 
part ment of the Navy, W ashington 25, ! 
D. C., Attn: Code M42. . . Navy scien¬ 
tists have reported successful transmis¬ 
sion of radio signals over unusually long 
distances by guiding the waves through 
"ducts" in the air formed between dry and 
wet air layers. Scientists from the I’. S. 
Naval Research Laboratory at Washing¬ 
ton, I). ('., and the I . S. Navy Electronics 
Laboratory at San Diego, Calif., trans¬ 
mitted signals from California which were 
received in Hawaii 2,600 statute miles 
away. The same signals, if not directed by 
the air ducts, would have travelled only 
about 575 miles. Exploring a new phase of 
radio communication between July 5 and 
August 25, the Navy scientists used three 
W V-2 (Constellation) aircraft flying be¬ 
tween California and the Hawaiian Islands 
to investigate elevated duct radio propa¬ 
gation and its correlation with such 
meteorological phenomena as temperature 
and humidity. Unusually long range radio 
transmissions were accomplished using the 
duct, which follows the boundary between 
the dry air aloft anti the wet air next to 
the ocean. This boundary climbs from 
about 1,000 feet over San Diego to 7,000 
feet above Hawaii. Basic equipment used 
in the project, called Trade Winds III, 
consisted of dual frequency receiver equip¬ 
ment aboard one of the four engined NRL 
aircraft, very-high frequency transmitter 
equipment in a second NRL aircraft. NEL 
transmitters in San Diego and Oahu Is¬ 
land, and the ultra-high-frequency moon¬ 
bounce transmitter at Oahu. The third I 
WV-2 aircraft, a Navy Pacific Barrier 
picket plane, gathered additional weather | 
data to assist the experiment. 

— C6M-.C621A 

1 Regatron Programmable 

CONSTANT¬ 
CURRENT 

POWER 
SUPPLIES 

ASK FOR BULLETIN 3072A 

There's a lot that's special 
about Regatron Constant-
Current Power Supplies ... 
0.1% regulation (above 
2.2 ua ) ... a modulation 
input . . . zero to maximum¬ 
range vernier . . . wide range 
(see diagram above). 
And for use in automatic or 
semiautomatic applications, 
you’ll have the advantage 
of the exclusive Regatron 
programming feature. 

“ Registered U.S. Pat. Off. Patents issued and pending. 

Telephone: Liberty 2-0300 TWX: EAT 984 

Another reason ... 
the world becomes smaller 

Turkey trot . .. tropospheric scatter network employing fixed and 
mobile stations ... linking eight strategic areas through Turkey 
with more than 99% reliability ... is being designed and 
built for the U. S. Air Force 
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Both Portable and Stationary 

FREQUENCY and TIME 

STANDARDS 
DECADE FREQUENCY SYSTEMS 

Generate and Measure Frequencies from Zero 
to Kilomegacycles with Crystal Accuracy 

FEATURES 
• Frequency range from d.c. to 

12.6 kilomegacycles. 
• Accuracy and stability better than 1 

X 1 CT ’/day, according to crystal 
oscillator used. 

• Smallest crystal locked step 10 cps. 
• Smallest frequency increment 

5 millicycles. 
• Crystal control steps rigidly locked to 

frequency standard. 
• Continuous variable output voltage 

from less than 100/xV to more than 
1 volt. 

• Simplicity of operation by small 
number of front panel controls. 

The decade frequency measuring system 
is based on the principle of the fre¬ 
quency synthesizer, which generates a 
continuously variable frequency with the 
accuracy of the driving standard oscil¬ 
lator. Unknown frequencies are meas¬ 
ured by heterodyning with this variable 
reference frequency, and the difference 
frequency is measured on a precision 
meter with magnifier. Facilities for re¬ 
cording also are available. 

Type CAQ BN 7850 

PORTABLE, FULLY TRANSISTORIZED 
FREQUENCY AND TIME STANDARD 

STANDARD TIME SYSTEMS 
Permits Measurement of Drift in Frequency Standards 

by means of Comparison of Time Signals 

FEATURES 
• This system embodies more than 20 

years’ experience in the field of 
time and frequency standards. 

• Simplicity of operation obtained by 
completely integrated system. 

• Special time-comparison oscilloscope 
for photographic logging. 

• Emergency power supply prevents 
loss of calibration due to 
line failure. 

• Special accessories, such as sidereal 
time converters, are available. 

The standard time system generates a 
time signal, derived from the frequency 
standard, for comparison with time sig¬ 
nals from WWV, etc., on a special time¬ 
comparison oscilloscope. Daily log with¬ 
out calculation may be kept by a photo¬ 
graphic recording. The system provides 
frequency divider, motor-driven phase 
shifter, and all-wave receiver for time 
signals from 14 kc to 28 me. Frequency 
standard has built-in servo system for 
remote control from VLF standard fre¬ 
quency by means of a phase comparator. 

ROHDE & SCHWARZ 
111 Lexington Ave., Passaic, N. J. • PRescott 3-8010 
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Group Meetings -

Aerospace and Navigational 
Electronics 

Boston— January 24 

“Lightweight Inertial Navigation Sys- I 
teins,’ S. S. Kolodkin, RCA, Burlington. 

Metropolitan New York January 12 

“ 1 he Changing Face of (General Ax ia-
lion,” C. L. Cahill. Aircraft Radio Corp., 
Boonton, X. J. 

Oklahoma City October 24 

“Cockpit Indicators for Instrument 
Navigation,’ I.. C. Keene. American Air¬ 
lines Jet Maintenance and Engineering 
Center, Tulsa, Okla. 

“Differences in Engineering Require¬ 
ments and Philosophy between Commer¬ 
cial and Military Aircraft,” L. Keene. 

Oklahoma City June 21 

“ 1 he FAA Glide Slope.’’ J. Park, Fed¬ 
eral Aviation Agency. 

“ I he FAA Localizer,” \\ . Dunn, Fed¬ 
eral Aviation Agency. 

Antennas and Propagation 

Boston— January 25 

"Radar Exploration of the Solar At¬ 
mosphere,” J. IL Chisholm, Lincoln Lab¬ 
oratory. 

“Design ol Cassegrain and Gregorian 
Antennas," D. IL Anher. Raytheon, Bed¬ 
ford. 

Los Angeles— January 12 

“Data Processing Antennas," A. A. 
Ksicnski, Hughes Aircraft Co., Culver 
City, Calif. 

“Information I heory and Antenna 
Design. G. (). Young, Hughes Aircraft 
Co., Culver City, Calif. 

San Francisco— January 11 

“Some Recent Antenna I novations,’’ 
J. \\ Carr, Lockheed Missile & Space Di¬ 
vision, Sunnyvale, Calif. 

Washington, D. C.— January 17 

“Effect of a Re-Entry Plasma Sheath 
on the Performance of a Slotted Sphere 
Antenna, J. \\ . Marini, University of 
Maryland. 

lour of the Antenna Laboratory and 
Physical Sciences Labora tory of Melpar 
Inc. 

Antennas and Propagation 
Microwave Theory and 
Techniques 

Columbus— Nox ember 15 

“Log Periodic Antennas and Circuits," | 
R. H. Du Hammel, Collins Radio Co., 
Cedar Rapids, Iowa. 

(Continued on page 52.4) 

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

PILOT LIGHTS 
"The Eyes of 

Your Equipment" 

The DIALCO DATA MATRIX 49 
Manufacturing Service aids you 3 ways: 
(1 ) Supplies ultra-miniature Lamp Holders with 
read-out Lamp Cartridges... (2J Fabricates panels 
to order. ..(3) Assembles Lamp Holders on panels. 
For computers, data processing equipment, etc. . 

Lamp Holders accommodate DIALCO’s x— s. S 
own Lamp Cartridges. Shown ’i size: HTtY il 
Data Matrix No. DM-7538-40 with 40 Jj, Ü 
Lamp Holders and Cartridges... Shown -'S 
actual size: Incandescent Cartridge I 
No. 39-6-1471 with short cylindrical I 
lens; Neon Cartridge No. 38-1531 with I 
long cylindrical lens. Many other features. 1 

Complete details in Brochure L-l 60B. ] ü Q 

Ready to Install 
in a minimum of space! 

DIALCO 

ddd.cg 

Foremost Manufacturer of Pilot Lights 

DIALICHT 
CORPORATION 

INDICATORS 
in a compact “package”-

Another 
reason ... 

world 
becomes 
smaller 

An experimental satellite communication relay being designed 
and engineered under cognizance of Rome Air Development 
Center will transmit voice and teletype 2000 miles through space 
via a passive orbiting satellite. Stations will be at Floyd, N.Y. 
and Trinidad. 

page COMMUNICATIONS 
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now 

STYLE 1001 
SPDT 

ST Y I, E 100. 
SPDT 

Professional a 

Group Meetings ' 

(Continued from />affc 51A) 

Philadelphia-—January 11 

‘‘Performance of 2 Monopulse An¬ 
tennas,” E. S. Lewis, RCA, Moorestown. 

“Antennas Boresighting in Fresnal Zone 
or by Auto Collimation," A. J. Bogush, 
RCA, Moorestown. 

San Diego— January 16 

“Satellite Signals Received at Trans¬ 
horizon I )istances,” L. j. Anderson, Smyt he 
Research Associates, San Diego, Calif. 

MIDGET RELAYS for 

AC or DC Operation 

Price Electric Series 1000 Relays Now Feature . . . 
• AC or DC Operation 

• Solder or Printed Circuit Terminals 
• Open or Hermetically Sealed Styles 

These versatile, midget, general-purpose relays, 
formerly available only for DC operation, are 
now being offered for operation directly on AC. 
The AC relays, of course, have the same basic 
features, including small size, light weight, and 
low cost that made the DC relays pace setters 
in their fields of application. 

Typical Applications 
Remote TV tuning, control circuits for commercial 
appliances, radiosonde, auto headlight dimming, etc. 

General Characteristics 
Standard Operating Voltages: 

3 to 32 VDC; 6 to 120 VAC 60 Cycle. 
Maximum Coil Resistance: 13,000 ohms 
Sensitivity: 

0.05 watt at standard contact rating; 0.3 watt at 
maximum contact rating for DC relays; 1.2 volt¬ 
amperes for AC relays. 

Contact Combination: SPDT 
Contact Ratings: 

Standard 1 amp.; optional ratings, with special 
construction, to 3 amps. Ratings apply to resistive 
loads to 26.5 VDC or 115 VAC. 

Mechanical Life Expectancy: 
10,000,000 operations, minimum 

Dielectric Strength: 500 VRMS, minimum 

PRICE ELECTRIC 
CORPORATION 

300 Church Street • Frederick, Maryland 
MOnument 3-5141 • TWX: Fred 565-U 

Ai dio 

Philadelphia January 25 

“Power Amplifiers for High Fidelity, 
B. de Palma, formerly of Dynakit. 

Automatic Control 

Dallas-Fort Worth— January 23 

“RH-2 Digital Flight Control Com¬ 
puter,” R. D. W atson, Bell Helicopter Co., 
Hurst, Texas. 

Los Angeles -January 10 

“Atlas Control System and Mercury 
Abort and Pilot Safety System,” R. Goad, 
I). R. White, Space Technology Labs., Ar¬ 
bor Vitae St., Los Angeles, Calif. 

Milwaukee— Februare 7 

“Automatic Control Applied to In¬ 
dustrial Processes," W. E. Korsan, Allis-
Chalmers Co., West Allis, W is. 

Bio-Medical Electronics 

Boston— January 17 

“Modern Theories of Hearing,” Dr. 
X. Y-S. Kiang, Mi l' and Massachusetts 
Eye and Ear Infirmary. 

Columbus— January 10 

“Physiological Instrumentation of Man 
in Space," Capt. G. Poter, U. S. Air Force, 
Wright-Patterson AFB, Ohio. 

Memphis— January 6 

Business Meeting—Officers voted on 
and accepted; bylaws voted on and ac¬ 
cepted. 

Ph i ladel ph ia— N ovember 17 

“Highly Sensitive Spectrophotometer 
for Cellular and Sub-Cellular Instrumenta¬ 
tion," Dr. R. Perry, Institute for Cancer 
Research & the Johnson Foundation; J. 
Cowles, The Johnson Foundation. 

Broadcasting 

Florida West Coast- January 25 

“Transistors Related to Vacuum 
Tubes,” A. C. Brunner, Electronic Com¬ 
munications, Inc., Saint Petersburg, Fla. 

(Continued on (age 56A) 
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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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RCA AIRBORNE SINGLE SIDEBAND 
Performance proven in Operation "Deep Freeze" 

RCA’s single sideband modification of the 618S-1 high 
frequency communication equipment has demonstrated 
proven capability under actual flight operations during 
Operation "DEEP FREEZE,” now being conducted 
jointly by the U. S. Navy and U. S. Air Force, with the 
support of MATS. 

The RCA concept of modifying proven, existing equip¬ 
ments, such as the AN/ARC-65, has resulted in the most 
economical approach to the utilization of single sideband 
performance capabilities. The 618S-1/MC and AN/ARC-
38A SSB modifications are the latest additions to the 
family of RCA Communications Equipments now pro¬ 
viding extra capability to meet present and future mili¬ 
tary and civil operational communications requirements. 

Several thousand RCA Airborne Single Sideband Equip¬ 
ments are now in flight operation. 

For further information on the 618S-1 / MC. AN / ARC-38 A, and other 
airborne communication equipments write: Marketing Dept., Air¬ 
borne Systems Division, Defense Electronic Products, Radio Cor¬ 
poration of America, Camden 2, New Jersey. 

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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THE IMPROVED 

MINCOM 
SERIES CM-1OO 

1.2 me 

At 120 ips the Mincom Series CM-100 now delivers 1.2 me with the 
same reliability that has been typical of Mincom’s I megacycle per¬ 
formance for years. 20% extended bandwidths also are obtained 
at CM-lOO’s other five speeds (see table at right). Tape previously 
recorded at 1 me can be played back on the CM-100 with improved 
reproduction. Consistency good pulse response, due to constant phase equalization at all speeds, enables 
this system to perform predetection recording/ reproducing on an operational basis —in FM, FM/FM mod¬ 
ulation, PCM and PCM/FM. Plug in rack easily converts CM-100 from 7 to 14 tracks. Write for brochure 
and specifications. 

New Series CM-100 Frequency Response 

7*4 ips— 75 kc 30 ips— 300 kc 
12 ips— 120 kc 60 ips—600 kc 
15 ips— 150 kc 120 ips— 1.2 me 

. . WHERE RESEARCH IS THE KEY TO TOMORROW 

MINCOM DIVISION I^innesota Joining and J^anufacturing company 
2049 SO. BARRINGTON AVE . LOS ANGELES 25, CALIFORNIA • 529 PENN BLDG., 425 13th STREET N.W., WASHINGTON 4, D.C. 
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MODEL 

4005 
with 

n 
AMBITROL 

CONSTANT VOLTAGE 
CONSTANT CUI™ 
PROGRAMMABLE 
CROSSOVER 

$14350
P.O.». 

f*CTO«Y 

Model 4005 is a 1-40 volt, 
500 ma, regulated DC 
power supply incorpo¬ 
rating AMBITROL.* The 
AMBITROL* circuit will 
switch automatically to 

Other Modell 
Available 
Write For 
Catalog 

♦TM 

either voltage regulation or 
current regulation at any 
point predetermined by the 
operator, with continuous 
control of voltage or cur¬ 
rent to .05%. 

uPfmr Besigts im, 
V’ 1700 SHAMES DRIVE 
’ WESTBURY, NEW YORK 

EDgewood 3-6200 (LD Area Code 516) 

X&X Professional 

Group Meetings 3

(Continued from page 52.4) 

Philadelphia- January 12 

“Development of TK Image-Orthicon 
Camera,“ J. Rhoe, RCA, Camden. 

San Francisco-Sacramento— January 10 

“Bauer AM Transmitters (1 K\\ & 
5 KW),” P. Gregg, Bauer Electronics 
Corp.. San Carlos, Calif. 

Broadcasting 
Vehicular Communications 

Florida West Coast— January 25 

“Transistors Related to Vacuum 
Tubes,” A. C. Brunner, Electronic Com¬ 
munications, Inc., St. Petersburg, Fla. 

Circuit Theory 

Syracuse— January 10 

“Adaptive Waveform Recognition,” 
Dr. C. V’. Jakowatz, General Electric Co., 
Schenectady, N. Y. 

Communications Systems 

San Francisco— November 23 

“Step Frequency Sounders for High 
Frequency Communications,” I.. Seatier, 
Granger Associates, Palo Alto, Calif. 

Toronto— November 3 

“The Use of Microwave to Support a 
High Altitude Platform,” Dr. R. L. Mc¬ 
Farlan, IRE. 

Toronto— September 22 

“Manning and Operation of Micro¬ 
wave Systems in Arctic and Sub-Arctic 
Areas," Col. B. A. Rorholt, Norwegian 
Joint Signals Administration. 

Communications Systems 
Military Electronics 

Rome-Utica— November 15 

“Lasers,” Dr. R. C. Mack. Hughes Air¬ 
craft Co., Culver City, Calif. 

Component Parts 

Washington— November 9 

“Infra-Red,” C. Ravistky, Diamond 
Ordnance Fuze Labs., Washington, I). C. 

(Continued on page 60 A) 

The 1961 IRE DIRECTORY 
Bigger and better than ever! Use it! 
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IHf PASSIVAKD SURFACE in integral tiltcom onde coating completely protecting the lunctiont 
agaiMt contamination during manufacture and against change with time 

Soldered attachment to metal header (conducts collector current) 

Silicor PLANAR epitaxial cross section 

PLANAR 
• GREATEST RELIABILITY, STABILITY AND UNIFORMITY 

• LOWEST GUARANTEED lCB0

EPITAXIAL 
• LOWEST GUARANTEED VCE (sat) 

• HIGHER MAXIMUM lc

• NO SACRIFICE IN VOLTAGE BREAKDOWN 

COMBINED IN ONE TRANSISTOR 
FAIRCHILD SILICON 2N914 
This combination means extremely fast propagation 
time in digital circuits, excellent high-frequency 
response in amplifiers, high-speed performance in 
current drivers. Typical fT is 300 me. 

To the EPITAXIAL advantages, PLANAR adds ex¬ 
treme stability, reliability, low leakage and low noise 
figure. PLANAR and EPITAXIAL TOGETHER achieve 
usable current gain over a broader current range 
than either alone. 

ELECTRICAL CHARACTERISTICS AT 25 C—2N914 

Mtn. 

»»FE 20 

bvCBO 40V 

bvEBO 5.0V 

Vct (Sat) 

VCE (Sat) 

hfe 3 

COb 

Conditions 

80 lc 10mA. VCE 1.0V 

lc lO^A, 1E =0 

1E lO^A. lc 0 

0 18V lc 10mA. 1E 1mA 

0.7V lc 200mA, lB 20mA 

Iß 10mA. f lOOmc 

6pf VCB 10V. IE 0 

Write for full specifications. 

545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF.-YORKSHIRE 8 8161-TWX: MN VW CAL 853 
A wholly owned subsidiary of Fairchild Camera and Instrument Corporation 
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Cross off two power supplies with one of Eimac’s new zero-bias triodes! 

Another major advance from Eimac: the first high power zero-bias triodes anywhere. Just one of these new 
tubes will eliminate both screen grid and bias power supplies to simplify your circuit designs. Take your pick 
of the 3-400Z, shown above actual size, (plate dissipation: 400 watts) ...the 3-1000Z (1000 watt plate dis¬ 
sipation) ... the ceramic-metal 3CX10,000A7 (10,000 watt plate dissipation) . Each offers a power gain of over 
twenty times in grounded grid service. And their small size accommodates today’s lower, more compact equip¬ 
ment. You’ll find these zero-bias triodes ideal for class B RF and audio amplifiers. And you’ll 
find them only at Eimac ... world leader in transmitting tubes. For ratings, specifications, 
other details, write: Power Tube Marketing, Eitel-McCullough, Inc., San Carlos, California. 

58A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS Of THE IRE April, 1961 



PUTTING MAGNETICS TO WORK 

Sign up for the Magnetics self-improvement course: 
Here’s free help to enable you to improve yourself—and 
your position as a magnetic circuit designer. You need it if: 

You don’t know how to work with E = n— ■ to re-
dt 

duce the size of magnetic amplifier circuits. Most men 
who design amplifiers for cramped operation in mis¬ 
siles have found it invaluable. 

What’s more, you may only vaguely remember 
». a NI i H=.4ir—-—, so how can you use it to cut circuit 

Zm 
size by two to ten times, and shorten response time 
proportionately? 

It’s quite possible that you, like many engineers, may 
have bypassed or been bypassed by magnetic circuit 
theory as a working tool while you were in school. Yet 
this science has opened frontiers of static control which 
makes an understanding imperative if you are to do your 
job—and further your career. For your sake (and for 
ours, too, because we manufacture and sell high perme¬ 

ability tape wound cores and bobbin cores which are 
used in amplifier circuits), we have started this course. 
Lesson 1, “How to Reduce Magnetic Circuit Size and 
Response Time,” will be on its way to you immediately 
if you use the coupon below. 

mncnETtcs ¡nc. 

MAGNETICS INC., DEPT. P-86, BUTLER, PA. 
Please enroll me in your free self-improvement course, and send me 
“How To Redare Magnetic Circuit Size and Response Time.” 

name_ _ _ 

title_ __ __ 

com p a ny_ _ _ __ 

address_ __ __ 
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WIP 
ANTENNA 

STRAIN 
INSULATOR 

Lapp 

The Lapp porcelain rod insulator 
shown at the top of the illustration 

develops 12,000 lb. strength, and is suitable 
for the most severe electrical and mechanical 
duty. It is available with rain shield and/or 
corona rings. All hardware is silicon alumi¬ 
num alloy. Smaller insulators, in porcelain or 
steatite, are suited to lighter duty for strain 
or spreader use. Lapp engineering and produc¬ 
tion facilities are always ready for design and 
manufacture of units to almost any perform¬ 
ance specification. Write for Bulletin 301, 
with complete description and specification 
data. Lapp Insulator Co., Inc., Radio Special¬ 
ties Division, 229 Sumner Street, LeRoy, N. Y. 

/¿X Professional 

Group Meetings 

(Continued from l'âne So.l ) 

Component Parts 
Product Engineering and 
Production 

Los Angeles—January 9 

“Microcircuitry with Tantalum I hin 
Films,” Dr. L. J. Vernerin, Jr., Bell Tele¬ 
phone Labs., Murrax Hill. N. J 

“Thin Film Circuit Techniques, B. 
Solow, International Resistance Co., Phil¬ 
adelphia, Pa. 

Electron Devic i 

Los Angeles January 10 

“The Ruby Optical Maser,” Dr. G. 
Birnbaum, Hughes Res. Labs., Malibu, 

Calif. 

Metropolitan New York— December 1 

“Epitaxial Diffused 'Transistors," Dr. 
H. II. Loar, Bell 'Telephone Labs. 

Metropolitan New York October 20 

“Pinch Plasma Engine," C. Caval-
conte, Republic Aviation Corp., Farming-

dale, N. Y. 

San Francisco— January 25 

“The Application of Mass Spectrom¬ 
etry, and Emission Spectroscopy. to the 
Manufacture of Vacuum lubes. R. D. 
Culbertson, Eitel-McCullough. Inc., San 
Bruno, Calif. 

Washington, D. C.— January 23 

“The Superconducting lunneling Di¬ 
ode.” K. Mergerle, General Electric Res. 
Lab., Schenectady, N. Y. 

Electron Devices 
Microwave Theory and 

Techniques 

Boston- January 12 

“Closing the Spectrum-Areas for Re¬ 
search anti Development in the Millimeter 
Wavelength Region," G. S. Heller. Mil. 

Electronic Computers 

Los Angeles— January 19 

“Survey of Guidance Computers," C. 
' King, Space 'Technology Labs. 

Los Angeles -December 15 

“Sub Microsecond Magnetic Mem-
I oríes,” Dr. A. L. lloude, Aeronutronics, 

Newport Beach. Calif. 

Los Angeles- November 17 

“UNIVAC Real Time 1106," D. Cota. 
1 Remington Rand Corp. 

I (Continued on paye C2A) 
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HOWTO GET 380 mw at 250 me 

2N1141 

। 
U VOLTS 

250 MC PUSH-PULL POWER AMPLIFIER 

Cl, C2. C3, C4 = 3— 12pf CTC Trimmer Cap 

C5, C6 1000 pf Sprague T V Bypass Cap 

tl - a turns No. 18 tinned copper wire;’/i6" diam, ;4" lergth 

L? = 6 turns No 18 tinned copper wire ; H " diam ; ’/ie" length 

13 E turns No 18 tinned copper w re; J/j" diam; ’/¡6" length 

L4 = í turns No 18 tinned copper wr»;ÿu* diam; length 

Power in 3C mw 

Power ou‘ - 380 mw 

VpB - 25 « 

lc - 42 ma 

Use Tl 2N1 142 transistors f only 330 mw output is required. V«- COLLECTOR - BASE VOLTAGE - VOLTS 

It - COLLECTCI. CURRENT - ma 

Specify Tl 2N1141 P-N-P Germanium Mesa Transistor Series 
I I Design-in Texas Instruments 2N1141 

fal ! series transistors to obtain 380 mw 
L—J i output at 250 me from your power 

! amplifiers in telemetering applica-
I tions in missiles and military 

I_ I communication systems. 
TI 2N1141, 2N1142, 2N1143 germanium mesa tran¬ 
sistors providing maximum dissipation of 750 mw at 

25°C case temperature, 35 volts at 100 /za Ic, and fmax 
to 750 me are ideal for your VHF power amplifier 
and oscillator circuits. 
Order these TI “Tailored-to-the-Task” 2N1141 series 
devices today from your nearby authorized Texas 
Instruments distributor. Call him or your local TI 
sales engineer for price and delivery information 
including a detailed report on 2N1141 applications. 

TYPICAL CHARACTERISTICS AT 25 C 2M141 2N1142 2N1143 

TYPICAL COMMON-EMITTER SHORT CIRCUIT FORWARD 

CURRENT TRANSFER RATIO AT 100 me 

hfe 13.5 db 11.5 db 9.5 db 

TYPICAL MAXIMUM FREQUENCY 

OF OSCILLATION 

fmax 75C me 600 me 500 me 

TYPICAL COLLECTOR-BASE TIME 

CONSTANT 

rb' Cc 30 ohm-Mpf 40 ohm- uuf 50 ohm-MM f 

Specily TI Germanium Transistors For Your: Computer / Power Supply / Communication / Industrial Control / Entertainment . Applications 

SEMI CON DU CTOR -COM PON E NTS DIVISION 

Instrum ENTS 
INCORPORATED 

P. O. BOX 5012 • DALLAS 22. TEXAS 



... AS A 
TURTLE’S BACK 

ARMAG-PROTECTED 
DYNACOR® 

BOBBIN CORES 
AT NO EXTRA COST! 

Tough-as-tortoisc-shell Armag ar¬ 
mor is an exclusive Dynacor de¬ 
velopment. It is a thin, non-mc-
tallic laminated jacket for bobbin 
cores that replaces the defects of 
nylon materials and polyester 
tape with very definite advantages 
—and, you pay no premium for 
Armag extra protection. 
Tough Armag is suitable for 

use with normal encapsulation 
techniques on both ceramic and 
stainless steel bobbins. It with¬ 
stands 180°C without deteriora¬ 
tion—is completely compatible 
with poured potted compounds— 
has no abrasive effect on copper 
wire during winding—fabricates 
easily to close-tolerance dimen¬ 
sions—inner layer is compressible 
to assure tight fit on bobbin—does 
not shrink, age or discolor. 

Write for Engineering Bulletins 
DN 1500, DN 1000A, DN 1003 
for complete performance and 
specification data covering the 
wide range of Dynacor low cost 
Standard, Special and Custom 
Bobbin Cores—all available with 
Armag non-metallic armor. 

* TRADEMARK 

/DYNACOR/’ 
DYNACOR, INC. 
A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 
1016 WESTMOKE AVE.. ROCKVILLE. MARYLAND 

Professional 

Group Meetings 

(Continued from ('one 60A) 

Xew York and Xorthern Xew Jersey — 
January 5 

“The Future of Computers—Fact or 
Fiction," (Panel Discussion) Prof. J. Mc¬ 
Carthy, Mil; Prof. I. Azimov, Boston 
University; Dr. U. Gresch, Consultant. 

Xew York and Xorthern X. J.— 
Xovember 22 

“An All-Digital Servo System," M. J. 
Dunne, Consolidated Controls. Bethel, 
Conn. 

Philadelphia— January 10 

“The Xewest Development in Elec¬ 
tronic Switching in the Bell System," B. I. 
Yokelson, Bell Telephone Labs. 

Pittsburgh —October 25 

“University of Pittsburgh plans tor 
IBM 7070," \\ . B. Kehl, University ol 
Pittsburgh, Pittsburgh. Pa. 

“Rolls-Royce plans for IBM 7070,” 
A. H. Helman, Rolls-Royce, Ltd., Derby , 
England. 

Twin Cities January 10 

“Applications of Tunnel Diodes to 
High Speed Digital Computers," Dr. M. 
Lewin, RCA Sarnoff Res. Lab., Princeton, 
N.J. 

“Instrumentation for Tunnel Diode 
Development," B. Lechner, RCA Sarnotl 
Research Lab., Princeton, X. J. 

E N GIN E E RI NG MANAGEM E N T 

Boston January 19 

“Management Problems in Small Elec¬ 
tronics Companies,” Dr. H. Krentzman, 
Northeastern University, Boston, Mass. 

Boston December 15 

“Decision Making in Business Manage¬ 
ment and the Role of the Digital Com¬ 
puter." Prof. J. W. Forrester, M.I.T., 
Cambridge, Mass. 

Los Angeles— January' 5 

“Investing in Small Electronics Firms, 
R. T. Silberman, Electronic Capital Corp.. 
San Diego, Calif. 

Los Angeles— November 18 

“Computer Implementation of Project 
Management as Applied to the Polaris 
Missile Program," J. G. Sliney, Admiral, 
USX (ret.), Hughes Aircraft Co., Cuber 
City. 

Engineering Writing 

and Speech 

Xorthern Xew Jersey -January 18 

“Editing Your Own Writing," E. H. 
Ehrlich, Columbia University . Xew York, 

N. Y. 
(Continued on pane 64 A) 
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Kodak reports on: 
a definition of “very good”... a little literature before the 11 o’clock news ... kits for oscillographers 

High-fi photography for highbrows 

This enlarger was custom-built. The 
client’s affairs are of such a nature that 
to supply him with anything short of 
the best-performing merchandise that 
money can buy could have disastrous 
consequences for all men of good will. 
The enlarger is a link in an astonishing 
chain on which much depends. 

It is indeed a very good enlarger. We 
are tempted to resort to the cant of the 
times and call it a breakthrough in en¬ 
largers. We shall resist the temptation 
because we hate to lie. Nothing as cli¬ 
mactic as a “breakthrough” has oc¬ 
curred in enlargers. 
The reason it’s a very good enlarger 

(the best in the world, we hope) is that 
some years ago it became apparent that 
descriptions like “very good” don’t 
help much in dealing with such prob¬ 
lems and that more precise-sounding 
terms like resolving power don't tell a 
full and honest story either. Progress 
came when we adopted the Weltan¬ 
schauung of the sound engineer, of 
all people! 
Can you imagine the audacity of 

treating a photographic lens or a pho¬ 
tographic emulsion or a combination 
of the two as though it were a loud¬ 
speaker or a telephone line and devel¬ 
oping equations for its sine-wave fre¬ 
quency response? Yet this is what we 
were forced to do and it worked. The 
enlarger above can prove that it 
worked. The photographic-emulsion 
men and the lens men are given a 
common language, which they had 

lacked. The frequency response of a 
combination as in the above enlarger 
can be cascaded with the frequency re¬ 
sponse of other elements in the total 
picture-handling system, including the 
electronic, if any. 
We have good reason to want to 

convince you that this nonsense is not 
as foolish as it sounds. We think that 
in the long run we shall be better off 
if we let you in on the principles by 
which we design a photographic sys¬ 
tem even though, under certain cir¬ 
cumstances, we wish you would let us 
(George’s successors) do it for you. 

Education had best begin by studying a 
review paper, “Methods of Appraising Pho¬ 
tographic Systems,” by one of our men who 
has been up to his- ears in this subject for a 
couple of decades. Get your free copy from 
Eastman Kodak Company, Apparatus and 
Optical Division, Rochester 4, N. Y. Fresh¬ 
man calculus and doggedness required. 

A primer for metallography 

You would think we had nothing bet¬ 
ter to do than write letters and be 
friendly, helpful, and cheerful. 
Though this policy hasn’t sunk us 

yet, we do go through motions to put 
the dispensing of technical photo¬ 
graphic wisdom on a slightly self-
sustaining basis. For those who have 
not yet delved deep enough to frame 
specific questions, we publish what 
we call Kodak Data Books and print 
on the cover a small cash price, like 
50p. 

Recently issued is a new one, “Pho¬ 
tomicrography of Metals.” It contains 
13 pages on the metallographic mi¬ 
croscope (unbiased toward any par¬ 
ticular make of instrument, since we 
are not in that business), 3 pages on 
illumination, 5 on filters, 3 on photo¬ 
graphic materials (which we do make), 
5 on exposure determination, and 8 on 
processing and printing- just enough 
for thoughtful perusal between the eve¬ 
ning paper and the 11 o’clock news. 
The pages are meaty; the illustrations 
are there to explain, not just fill space; 
the author (anonymous) is a photomi-
crographer, not an ad-writing hack. 

Theoretically the purchase of these data 
books from your Kodak dealer draws him 
and you closer together. Those willing to 
forego the persona! touch can obtain them 
from Special Sensitized Products Division, 
Eastman Kodak Company. Rochester 4, 
N. Y., which is also the place to address 
specific questions. 

1000 feet, no smell 

Doing paper oscillograms in a stabili¬ 
zation processor? 

We have advice for you. 

Get a supply of Kodak Linagraph 1000 
Processing Kits. They're new, based on 
a new chemical idea. 

Each one supplies a chemical loading 
to do two 475-foot rolls of 12-inch 
paper 

WITHOUT POOPING OUT, 

WITHOUT REDUCING SPEED. 
Records look magnificent 

AND THERE IS 

NO PROCESSING SMELL. 

Get some “1000” kits from your usual 
source of Kodak Linagraph photorecording 
supplies. See and smell 
for yourself. 

This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 

TRADE MARK 
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Wesgo alloys are available in wire, ribbon, sheet, powder, preforms—and the new 
Polyform slotted ribbon (illustrated) for R&D work and production economy. 

Years of specialized experience in meeting the demanding requirements of 
vacuum tube manufacturers. This is what Wesgo offers you today in its complete 
line of brazing alloys for applications where quality factors outweigh cost. 
Knowledge of the requirements of vacuum applications assures extra care in every 
step of Wesgo’s manufacturing process—and superior alloys free from high 
vapor pressure elements and free from contaminants. High quality standards 
are maintained in conventional alloys, as well as a series of proprietary alloys 
developed specifically for vacuum systems use. 

WESTERN GOLD & PLATINUM COMPANY 
Dept.> 4 525 Harbor Blvd. • Belmont, California • LYtell 3-3121 

Write today for a brochure describing these 

alloys or Wesgo’s quality high alumina ceramics. 

Where quality is the chief consideration 
WESGO Brazing Alloys—low vapor 
pressure, ultra pure! 

Professional 

Group Meetings 

(Continued from fuge 62A) 

Northern New Jersey— November 16 

‘‘Taking the Pain Out of Report Writ¬ 
ing," C. W . Sall, RCA. Camden, N. J. 

Northern New Jersey — October 19 

“How to Write Effectively for Engi¬ 
neering Magazines,” J. Lippke, Electronic 
Design, New York, N. Y. 

San Francisco— January 17 

“The Preparation and Writing of Suc¬ 
cessful Proposals,” Panel Members— C. A. 
Smith, Sylvania EDL; R. R. Faerber, 
IBM; W. G. Notz, Philco WDL; M. 
Grushkin, Lenkurt; N. James, LMSD; 
J. E. Bert, U. S. Army Signal Electronic 
Research Unit; P. M. Reinhardt, Svlvania 
RSL. 

Human Factors in Electronics 

Los Angeles— January 10 

“Panel Discussion on System and 
Equipment Maintainability,” Lt. Col. B. 
McKown, BMC, Inglewood, Calif.: Dr. D. 
Meister, Convair Astronautics, San Diego; 
T. B. Slattery , TEMPO, GE, Santa Bar¬ 
bara; A. Kurth, BMC, Inglewood, Calif. 

Information Theory 

Boston— December 5 

“Communication Theory and Optics,” 
E. L. O'Neill, Boston University. Boston. 
Mass. 

Instrumentation 

San Francisco— January 12 

“The Relative Merits of Nanosecond 
Sampling Techniques vs Direct Readout,” 
Rod Carlson, Hewlett Packard, Palo Alto, 
Calif., and Cliff Moulton, Tektronix, Port¬ 
land, Ore. (The two speakers discussed 
complementary parts of a vital subject and 
so are listed together.) 

HP Model 185A Oscilloscope and the 
Tektronix Type 519 Oscilloscope were 
demonstrated. 

Microwave Theory and 
Techniques 

Albuquerque-Los Alamos— January 31 

“Unbalanced Line Directional Coup¬ 
lers," L. J. Allen, Sandia Corp., Albuquer¬ 
que, N. M. 

Boston- -January 12 

“Closing the Spectrum— Areas for Re¬ 
search and Development in the Millimeter 
Wavelength Region," G. S. Heller, Lincoln 
Lab., Lexington, Mass. 

Los Angeles— December 8 

“The Challenge of a Young Industry,” 
R. Krause, Rantec Corp., Calabasas. 

Northern New Jersey — February 15, 1961 

“Electron Density Measurements in 
the Field of Hot Plasma Research,” \\ . P. 
Ernst, Forrestal Research Center, Prince¬ 
ton, N. J. 

“Applications of Microwave to Plasma 
Research," Dr. R. W. Motley, Forrestal 
Research Center, Princeton, N. J. 

Northern New Jersey— January 19 

“Courier Satellite Communications Sys¬ 

tem,” E. Imboldi, 1 1 1 Labs., Nutley, N. J. 

Northern New Jersey -November 16 

“Quadrapole Amplifiers," Dr. E. Gor¬ 
don, Bell Telephone Labs., Murras Hill, 
N. J. 

Northern New Jersey —October 19 

“LASERS," H. Cummins, Columbia 
Radiation Labs.. New York, N. Y. 

Omaha-Lincoln —January 20 

“The Engineer's Responsibility," T. 
Saad, Sage Co., Natick, Mass. 

Tokyo— July 26 

“Review of Recent Developments of 
Microwave Theory and Techniques,” 
Prof. K. Morita, Toky o Institute of Tech¬ 
nology. 

W ashington, D. C.— February 7 

“TEM Diode Switching,” R. V. Garver, 
Diamond Ordnance Fuze Labs. 

Washington -January 10 

“World’s Largest “S" Band Radar 
Transmitter," T. Anderson, FXR, Wood¬ 
side, N. Y. 

(Continued on (age 66A) 
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MICROWAVE DEVICE NEWS from SYLVANIA 

120KW 

with 
20KW 

20 KW 
to 

120 KW 
peak power output 

Sylvania Ka Band Magnetrons 

Sylvania Ka Band Magnetrons offer a remarkable range 
of powers, fill virtually all your Ka band requirements. 
They include extremely compact types with exceptional 
power-to-weight ratios. All are fixed-frequency types for 
pulsed operation, utilize stabilized magnets, and exhibit 
outstanding reliability and longevity. 

SYLVANIA-5789, first commercially available U. S. type 
for Ka band, uses 22-vane "rising sun” anode, and im¬ 
proved dispenser-type cathode. With hermetically sealed 
input and pressurized output, it is highly adaptable to 
high altitude operation. 

SYLVANIA-6798 features 120KW peak power output and 
is a proven high-power millimeter wave source. It is avail¬ 
able for use with longer pulses and higher duty cycles at 
slightly reduced power. 

SYLVANIA M-4155A. ru^edized version of the 5789, 
features compact size and weight of only 9 lbs., improved 
heat dissipation and excellent stability. It utilizes a spe¬ 
cial cone-shaped cathode support and “building block” 
mounting arrangement for added mechanical strength. 
M-41 55A possesses both long- and short-pulse capabilities. 

SYLVANIA XM-4064. ruggedized magnetron, offers ex¬ 
ceptional stability under severe environmental conditions. 
Only 9 lbs. in weight, it provides peak power output of 
70KW for a remarkably good power-to-weight ratio. 

SYLVANIA XM-4158, ruggedized magnetron, provides 
I20KW peak power output. Weight is only 27 lbs. It uses 
E type magnets for a uniform, flat surface configuration 
that can be used as a structural part of the chassis. 
XM-4158 is compatible with either long- or short-pulse 
operation. 

SYLVANIA XM-42 18, ruggedized tube, provides a power-
to-weight ratio of 8: 1 making it especially suited for por¬ 
table, field-type radar. It uses metal-to-ceramic seals, 
ceramic cathode capsule, cantilever cathode support. The 
tube withstands 50g shock. 10g vibration tests. XM-42 18 
provides a lower pushing factor than tubes of comparable 
performance. 

SYLVANIA XM-4206 ¡s a ruggedized, compact tube with 
encapsulated cathode. Only 10.5 lbs., it provides 40KW 
peak power output. 

SYLVANIA Ka BAND MAGNETRONS 
Peak 

Frequency Power Output Max. 
(KMC) (KW) Duty Cycle 

Max. 
Pulse Width 
U«»<) 

5789 

6799 

M-4155A 

XM 4064 

XM-4158 

XM-4218 

XM-4206 

Í 34.512 
135.208 

Í 34.512 
135.208 

Í 34.512 
1 35.208 

J 34.512 
1 35.208 
f 34.512 
1 35.208 
/ 34.512 
I 35.207 
f 34.7 
1 35.0 

40 

120 

40 

70 

120 

32 

40 

.0006 

.0005 

.0006 

.0008 

.0006 

.0006 

.0006 

1.0 

1.0 

1.0 

1.0 

1.0 

0.4 

1.1 

Investigate the design advantages of Sylvania Ka band mag¬ 
netrons and associated Ka band TR tubes. Contact your 
Sylvania Sales Engineer for complete information. For tech¬ 
nical data on specific types, write Electronic Tubes Division, 
Sylvania Electric Products Inc., Dept. MDO-D. 1100 Main 
St., Buffalo 9, N. Y. 
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Professional 

Group Meetings 

A Tour showing Stromberg-CarlsoH 
Transistorized Telephone System Equip¬ 
ment built for the U. S. Army Signal 
Corps followed the discussion. 

PRECISION 

Single & Multi-Speed 
Hysteresis Synchronous 

MOTORS 

Available from Stock 
Unique Axial Air Gap Design (Pat. 
Pend.) Provides vane-cooled hysteresis 
synchronous motors in smallest sizes 
obtainable for 360 through 3600 
rpm. Compac* Design. Pancake-type 
2° vertical by 4" or 5” diameter 
depending on speed combination 

7 Standard or Multi-speed models 

Designed to provide constant speed 
with low induced flutter for capstans, 
memory drums, pulse generators, etc. 

Rotax Shielding retains stray flux. 

Design simplicity for quality assur¬ 
ance. Rotax hystersesis synchronous 
motors have only 5 major precision 
parts. 

Precision thick-wall sintered oilite or 
ball bearings used as required by 
torque factor to provide long service 
life. Ambient range — 32 to 135 C. 

Shaft runout for tape drives can be 
furnished with integrally ground cap¬ 
stans held within .0001 T.I.R. and 
with less than 50 micro-inch finish. 

Special Designs. Rotax engineering 
department will adapt the unique ad¬ 
vantages of this design to meet special 
motor requirements. Submit operating 
specifications. 

Typical Applications. Tape Trans¬ 
ports — Turntable Drives — Missile 
and Aircraft Instrumentation — Vis¬ 
cometers — Flow Meters — Dyna¬ 
mometers. 

Write for Bulletin R-61. 
Factory representatives 
desired in key areas. 

2209 Federal Avenue • Los Angeles 64, Calif. 

(Continued from page 64 A) 

Microwave Theory and Tech-
niques/Electronic Computers 

Baltimore— January 24 

“Application of Microwave Techniques 
to Computers," R. L. Wigington, Dept, of 
Defense. 

Military Electronics 

Detroit— January 26 

“MASER and LASER Programs at 
University of Michigan,” L. Cross, Uni¬ 
versity of Michigan, Ann Arbor, Mich. 

Long Island—January 17 

“New Techniques for Improvement of 
Reliability,” J. J. Naresky, Rome Air De¬ 
velopment Center. 

North Carolina— December 6 

“Effects of Nuclear Weapons,” P. IL 
Hunter, Western Electric Co. 

Rochester -December 22 

“Electronic Switching in Military Com¬ 
munications,” R. Dobbin, Stromberg-
Carlson. 

San Francisco— December 7 

“The Polaris Missile and the Fleet Bal¬ 
listic Missile Weapon System,” Com¬ 
mander N. Brango, BUWEPS Rep., Sun¬ 
nyvale, Calif. 

Nuclear Science 

Albuquerque-Los Alamos— January 10 

“Pulse Code Modulation,” J. P. Knight, 
Radiation, Inc., Melbourne, Fla. 

Albuquerque-Los Alamos— October 26 

“Reduction of Noise in Data Transmis¬ 
sion Systems,” C. Taylor, Beckman Instru¬ 
ments, Inc., Anaheim, Calif. 

Conducted discussion of above paper— 
R. Kramer, Beckman Instruments. 

Heard a request from R. Krohn and F. 
Schönfeld of the local Boy Scout organiza¬ 
tion for backing of a Science Explorer post 
by the professional societies of Los Alamos. 

Atlanta— January 12 

“IBM 7090,” A. Pfaff, IBM. 
Tour of Building. 

Los Angeles— January 17 

“Detecting Beryllium with Berylom-
eter,” G. Ryan, Isotopes Specialties, Bur¬ 
bank, Calif. 

(Continued on page 68A) 

is kept on the alert with the help of an Eastern 
pressurizer dehydrator system. This compact unit 
feeds a flow of controlled, dry air to the wave 
guide of the powerful acquisition radar — at pres¬ 
sures higher than the atmosphere, so that the 
ambient can't sift in through leaks. As a result, 
moisture can’t condense on high-voltage ele¬ 
ments; dangerous arc-overs are eliminated. The 
dehydrating pressurization pack is completely 
self-contained, circulates air through alternate, 
self regenerating capsules of silica gel which need 

never be replaced. For additional in-
' formation, write for Bulletin 370. 

EASTERN INDUSTRIES, INC. 
100 Skjff street Hamden 14 Conn 

West Coast Office: 4203 Spencer St., Tarrance, Calif. 
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LESS WEIGHT, LESS SPACE 

ELECTRICAL CHARACTERISTICS 

All types have: Max, collector current, junction 3.5 amps; temperature, 65 to 495cC; 

The CBS 2N538(A). 2N539(A) and 2N540(A) have a maxi¬ 
mum dissipation of 30 watts at a base mounting temperature of 
25 deg. Centigrade. Yet, each transistor weighs less than 5 grams 
and requires only 1/3 square inch of chassis space. 

Compact and rugged, these hermetically-sealed CBS PNP Ger¬ 
manium Power Transistors are ideal for military and industrial 
power applications demanding high reliability. They are espe¬ 
cially suited for servo motor controls, power amplifiers, con¬ 
verters, power supply regulators and low-speed power switches. 

Note the major characteristics and advantages. Call or write 
today for complete technical data and delivery information from 
your local sales office or Manufacturer’s Warehousing Distributor. 

2N538(A) • 2N539(A) • 2N540(A) 
FEATURE MORE POWER 

CBS PNP Power Transistors with an im¬ 
provai industrial male package offer; 
• Siegle, sturdy 8-32 mounting stud 
• Matched glass-to-metal seal for 
greater mechanical strength and re¬ 
sistance to thermal shock 

• Rugged .velded construction tnrough 
the selection of matched materials 
having excellen: welding properties 

• Typical leakage three to five times 
lower than specification limits. 

• High dissipation with minimum size 
• High collector-to-base voltage 
• High collector emitter breakdown 
voltage 

• Wide range of operating and storage 
temperatures 

New Improved CBS PNP 
Power Transistors O Ir*" 

max, saturation voltage 0.6 volts (L—2A, h=200 mA). Minimum alpha cutoff frequency 
is 200 KC (lc=100 MA, Vct=-4 volts); max, thermal resistance, 2.2°C/W. 

CBS ELECTRONICS, Semiconductor Operations, Lowell, Massachusetts 
A Division of Columbia Broadcasting System, Inc. • Semiconductors • tubes • audio components • microelectronics 

Sales Offices: Lowell, Mass., 900 Chelmsford St,, GLenview 2-8961 • Newark, N. J., 231 Johnson Ave., TAlbert 4-2450 
Melrose Park, III., 1990 N. Mannheim Rd., EStebrook 9-2100 • Los Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081 

Toronto. Ont., Canadian General Electric Co., Ltd., LEnnox 4-6311. 

CBS1 semiconductors 
® 

More Reliable Products through Advanced Engineering 

Type 
Max. 
VCBO 

Min. 
Vee 

(4 = 1) 

hF 
(lc = 2A, V 

Min. 

E 
ce = -2V) 

Max. 

V 
(lc = 2A, 

Min. 

BE 
/CE = - 2V) 

Max. 

Gp (m 
(lc = 2A, V 

Min. 

fios) 
,i = -2V) 
Max. 

2N538 
2N538A 
2N539 
2N539A 
2N540 
2N540A 

—80 

—80 

—80 

-80 

-80 

—80 

-55 

-55 

—55 

—55 

—55 

—55 

20 

20 

30 

30 

45 

45 

50 

50 

75 

75 

113 

113 

1.33 

1.33 

1.00 

1.00 

0.75 

0.75 

3.33 

3.33 

2.50 

2.50 

1.88 

1.88 

17.5 

35 

71 

52 

105 

213 



SIG GEN AM 
/ ï BRIDGE 74% 

SIG GEN FM 

from MARCONI 
LF/MF/HF SIG GEN MODEL 144H 
New Signal Generator 144H has excep 
tional frequency coverage and electronic 
calibrated incremental frequency con¬ 
trol— a popular feature borrowed from 
our 1066 series FM generators. The 
highly accurate level monitoring is by 
protected thermocouple which cannot 
be overloaded A full-view dial. ALC and 
two crystal checks contribute to accu¬ 
racy and ease of use. 

Freq: lOKc to 72Mc; 8 bands 
Stability: 002% /10 minutes 
Output: l/iVto2V : 5db. ALC 
△f: calibrated, .01 to 1 % of fc
AM: 0 80%. 20cps to 20Kc -t Idb 
Price: $1190 

74% LCR BRIDGE MODEL 1313 
This new Universal Bridge adds to the 
wide variety from which an engineer 
must choose. But Model 1313 has both 
'4% accuracy and direct readout; com¬ 
bines exceptional discrimination with 
ease of use. Detector AGC. variable fre 
quency of operation, functional styling 
are all plus features. 

L: 1/iH to 110H, 7 decades 
C: ImaF to 110,1F, 7 decades 
R: 01R to 110MSÍ, 8 Decades 
Accuracy: % % 
Discrimination: 5000 div'ns/Decade 
Frequency: IKc. 10 Kc. 100cpsto20Kc 

with ext. osc. 
Readout: Direct— no multiplying 

factors 

Make no Mistake—Measure with MARCONI 1313. 

MISSILE COMMAND SIG GEN MODEL 1066B/2 
Marconi 1066 series FM signal genera¬ 
tors are in use wherever FM equipment 
is designed or maintained. Because it 
was designed for this specific job, new 
1066B/2 precisely meets requirements 
for aligning Range Command Receivers. 
It has freq, accuracy .01%. wide devia¬ 
tion. handles lOOKc modulation with 
multiple tones, and measures peak 
deviations. 
Frequency: 400-550 Me 
Accuracy: .01% at 1 Me points 
Output: .IgV to IV into 52!2 
FM: 0-300KC 
△f: Frequency calibrated. 

0- lOOKc 
Mod. Freq. lOOcps— lOOKc 

111 CEDAR LANE • ENGLEWOOD. NEW JERSEY 
MAIN PLANT, ST. ALBAN’S, ENGLAND 

/¿u Professional a 

Group Meetings -

(Continued from l'âge 66A) 

Radio Frequency 
Interference 

Fort Worth— January 10 

“Interference Problems of Mobile Two-
Way Radio,” D. W. Land, Motorola, 
Dallas. 

Reliability and Quality 
Control 

Philadelphia- November 22 

Discussion of the “Darnell Report." P. 
Darnell, Bell Telephone Labs. 

Space Electronics and 
Telemetry 

W ashington, D. C.— January 17 

“Design Characteristics of SOLAR 
RADIATION 1,” M. |. Votaw, Naval Re¬ 
search Lab. 

Vehicular Comm ink at ions 

Detroit— January 25 

“A New Concept in Personal Commu-
1 nications,” D. Petersen, Motorola Co., 
I Chicago, 111. 

Metropolitan New York—January 24 

“Bell System’s Radio ‘Bell Boy,’ " R. R. 
I Barnes, AT&T, New York, N. Y. 

Paper illustrated with slides— demon¬ 
stration of service being given. Appoint¬ 
ment of N. Monk and S. C. Bartlett as 
Nominations Committee. Appointment ol 
E. R. Said and J. J. Algeo as Committee 
on Arrangements for the annual Dinner 
Meeting of PGVC. 

Twin Cities— January 3 

“Activities in Launching and Tracking 
j High Altitude Balloons,” A. Zmcskal and 
I H. Jenson, General Mills, Inc., Minne¬ 

apolis, Minn. 

mn rm rm n n rmrm 
The Convention Record 

gives the complete text of all technical 
papers presented at the IRE < onvention. 

The Convention Record will be issued in 

ten Parts according to subject, and will be 

available in July. Members of IRE. Pro¬ 

fessional Groups may purchase corre¬ 

sponding parts at special reduced rates. 

Orders for the Convention Record should 

be sent to the Institute of Radio Engineers, 

1 East 79th St., New York 21, N.Y. Please 

include payment with order. 

n n n nnnn "inn rum 
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IN COMMUNICATIONS 
THE SIMPLER 
THE BETTER 

New Hallicrafters all-modular 
SSB strip receiver cuts costs, 
increases reliability. 

100% modular construction-
only seven basic components 

50% less maintenance 

Far greater stability and reliability 

Down time almost entirely eliminated 

Lower initial cost 

Military Electronics Division, Chicago 24, Illinois Write for complete specifications on the SX-116. 

HALLICRAFTERS REGIONAL SALES ENGINEERS 
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BFO Module. Operates at 
1650.000 kc. Oscillator fre¬ 
quency stabilized m sepa¬ 
rate oven. Plate and fila¬ 
ment voltages regulated. 

Earl L. Giffin 
Bo* 568, Far Hills Be. 
Dayton 9, O. 
AXminster 8-5239 

William E. Peugh—Jcseph A. Small 
4401 W. 5th Avenue, Chicago 24, III. 
VAn burén 8-6300 

Power Supply Module. 
Separate transformers 
provided for regulated 
and non-regulated volt¬ 
ages. Local oscillator 
and BFO filament sup¬ 
ply are regulated for 
*10% line voltage vari¬ 
ations! 

RF Module. Image and IF re¬ 
jection maintained at better 
than 70 db. Single tuned cir¬ 
cuit between antenna and RF 
grid. Four-channel, continu¬ 
ous tuning—2.0 me. to 30 me. 
range. 

James R. Spencer 
Box 435. Lincroft, N.J. 
SHadyside 7-2369 
(Red Bank, N.J.) 

Injection Amplifier Module. 
AGC-controlled wide-band 
video amplifier provides con¬ 
stant injection level. 

Merte J. Long 
513 E. Manchester Blvd., 
Suite 201, 
Inglewood 1. Calif. 
ORchard 2-6861 

Thomas H Pretorius 
7558 S.E 15th St.. 
Oklahoma City. Okla. 
PErshing 7-2456 

LOOKING FOR A CHALLENGING OP¬ 
PORTUNITY? We have openings lor 
communications systems and equip¬ 
ment design engineers at all levels. 
Please write to William F. Frankart, 
Director of Engineering. 

IF Module. Allows si¬ 
multaneous reception of 
upper and lower side- V-
band, independent AGC 
control of upper and 
lower sideband. 

HF Crystal Oscillator Mod- . 
ule. Stability: 1 in 106 per / 
month. Capacity is four crys- | 
tais; designed for HC-6/U 
metal or glass crystal hold¬ 
ers. Oven temp, varies less 
than *0.01°C. 

H. Kenneth Hudson 
626 Lakev.ew Dr.. Falls Church, Va. 
CLearbrook 6-4978 

Audio Amplifier Module. 
Features duel, independent 

i is 80 do. below 100 
milliwatts. Harmonic dist. 
less than 0.5%. 

Hallicrafters’ new SX-116 SSB Receiver is the essence of sim¬ 
plicity-key to reliability in the Hallicrafters Series 116 communi¬ 
cation system. 
The SX-116 is entirely modular in construction, virtually elimi¬ 

nating "down time" and cutting maintenance cost by over 50%. The 
unit is quickly and easily adaptable to existing systems, entirely 
compatible with future requirements. 

It is extremely stable— 1 part in 106 per month (standard) or 
1 part in 108 per month (special) . . it permits, for the first time, 
continuous, unattended operation with maximum reliability. 
The SX-116 weighs in at just 36 lbs.—equally practical for 

fixed, mobile, air or seaborne installations. And its initial cost is 
very substantially lower. 

Finding a better and simpler solution to compiex communica¬ 
tions problems has been a Hallicrafters habit for over a quarter¬ 
century. 



PRECISE, 
RELIABLE 
POWER 

SUPPLIES 
IN A WIDE 
CHOICE OF 
OUTPUT 
RANGES 

Optional 0.1% or 0.01% regulation: 

Three rack sizes: 8%" H, 5Vn" H, and 
3%" 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 1601MX 

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 1M 

8V4" 

SM 14-30M 

SM 36-15M 

SM 75-8M 

SM 160-4M 
SM 325-2M 

0-14 0-15 

0-36 0-10 

0-75 0-5 

0-160 0-2 

0-325 0-1 

0-14 0-30 

0-36 0-15 

0-75 0-8 

0-160 0-4 

0-325 0-2 

SM 14-15MX 

SM 3610MX 

SM 75-5MX 

SM 160 2MX 

SM 325-1MX 

SM 14 30MX 
SM 36-5MX 
SM 75-8MX 

SM 160-4MX 
SM 325-2MX 

PANEL HEIGHT 

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 

IRE People/^ 
HiiillllllHIllIllllIIlllllillhlh^ 

Charles Askanas (S’54-M’6O) has 
been named Project Manager in charge of 
automatic instruments at Lumatron Elec¬ 
tronics, Inc., New Hyde Park, !.. 1., X. Y. 
He will head a new group which will em¬ 
phasize the automatic aspects of milli¬ 
microsecond instruments and switching 
devices test sets in the nanosecond range. 

He was prev iously employed by the 
General Instrument Company. He is a 
graduate of the New York 1 niversity 
College of Engineering. Xew York, X. Y. 

Mr. Askanas is a member of the IRE 
Professional Group on Electron Devices 
and the author of a number of papers on 
transistor circuits and the applications of 
solid state devices. 

Dr. Bristow Guy Ballard (SM ’47 F’55), 
Vice President (Scientific) of the Xational 
Research Council, has been elected Presi¬ 
dent of the Engineering Institute of (.'añ¬ 
ada for the year 1961-1962. Dr. Ballard, 
who was awarded the Order of the British 
Empire for distinguished scientific contri¬ 
butions during the Second W orld W ar, will 
assume office during the 75th Annual 
Meeting of the Institute in Vancouver 
May 31-June 2, 1961. He will succeed Dr. 
G. McK. Dick of Sherbrooke, Que. 

A native of Fort Stewart, Ont., he re¬ 
ceived the Bachelor of Science degree from 
Queen’s University, Kingston, Ont., in 
1921. .After completing a Westinghouse 
graduate course in electrical engineering, 
he joined the staff of the Westinghouse 
Electric and Manufacturing Company, 
East Pittsburgh, Pa., in 1925. 

He was appointed to the Xational Re¬ 
search Council of Canada in 1930 and 
spent the following 10 vears building the 
electrical engineering section of the Di¬ 
vision of Physics. TheO.B.E. was awarded 
to Dr. Ballard for his wartime contribu¬ 
tions which included the development of 
mine sweepers and other means of pro¬ 
tecting ships against enemy magnetic 
mines. 

In 1946 he was appointed Assistant 
Director of the Division of Physics and 
Electrical Engineering of the XRC, and 
two years Liter, when a full Division of 
Radio and Electrical Engineering was es¬ 
tablished, he was named its Director. He 
was appointed N ice President (Scientific) 
in 1954. 

He has been associated with the Insti¬ 
tute since 1931. For his paper entitled 
“Recent Canadian Radar,” he received the 
Institute’s Ross Medal in 1948. He served 
as Chairman of the Ottawa Branch in 
1951, as Branch Councillor from 1952 
until 1954, and as N ice President of the 
Institute representing Ontario from 1954 
until 1956. He was elected an Honorary 
Member of the Institute in 1960. He is 
now serving as Chairman of the Institute’s 
Committee on Technical Operations. 

He is a Fellow of the American Insti¬ 
tute ol Electrical Engineers, and a member 
ol the Association of Professional Engi¬ 
neers of Ontario, and of the Professional 
Institute of the Public Service of Canada. 

The Doctor of Science degree was be¬ 
stowed upon Dr. Ballard by Queen’s 
University in 1956. 

Dr. Robert M. Bowie (A’34 M’37-
SM’43-F’48), N ice President of General 
Telephone & Electronics Laboratories, I nc., 
and General Man¬ 
ager of that organi¬ 
zation’s Bayside, 
X. Y., Laboratories, 
has been assigned 
to the Xew York 
headquarters staff 
of GT&E Labora¬ 
tories, it was re¬ 
cent ly announced. 

Born in Table 
Rock, Xeb., he was 
graduated from 
Iowa State College, 
Ames, where he received the B.S. degree in 
chemistry, and M.S. and Ph. I), degrees in 
physics. He is a veteran in the field of elec¬ 
tronics. In 1933 he joined the engineering 
staff of Hygrade Sylvania Corp., a prede¬ 
cessor company of Sylvania Electric 
Products Inc., which is a subsidiary of 
General Telephone & Electronics Corpora¬ 
tion. I Ie helped establish a research labora¬ 
tory at Sylvania, and did pioneering work 
on television tube research. He was also 
responsible for the formation of the Phys¬ 
ics Laboratory at Sylvania’s Bayside 
Laboratories, now a part of Genera! 'Tele¬ 
phone & Electronics Laboratories, Inc. 
Since then, he has held a number of posi¬ 
tions at Bayside, including that of Man¬ 
ager, Director of Engineering, Director of 
Research, and N ice President. 

He has made significant contributions 
to vacuum tube and television research. 
He was chairman of Panel 19 of the Xa¬ 
tional Television Systems Committee and 
is chairman of Panel 5 on Analysis and 
Theory of the Television Allocations 
Study Organization. Last year, he was 
appointed by the Governor of the State 
of Xew York to serve on the Advisory 
Council for the Advancement of Scientific 
Research and Development in Xew York. 
He is also on the Advisory Committee of 
the Long Island Graduate Studies and Re¬ 
search Center of the Polytechnic Institute 
of Brooklyn, Brooklyn, X. Y. 

Dr. Bowie is a member of Pi Mu Epsi¬ 
lon, Phi Lambda Upsilon, Phi Kappa Phi, 
Sigma Xi, and Alpha Chi Sigma. He is a 
Fellow of the American Physical Society, 
and in 1960 was Chairman of its Division 
of Electron Physics. He has been granted 

R. M. Bown 

(Continued on fagc 72A) 
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A New Source for 

SILICON SAT SURFACE 

ALLOY 

TRANSISTORS I 

actual size 

• For complete engineering data on the types in which you are 
interested, write Technical Literature Section, Sprague 
Electric Company, 235 Marshall Street, North Adams, Mass. 
trademark of Philco Corporation 

• Sprague offers a dependable source of supply 
for Silicon Surface-Alloy Transistors which are 
completely interchangeable with all others bearing 
the same type numbers. 

• Silicon Surface-Alloy Transistors may be op¬ 
erated at junction temperatures up to 140 Cwith 
excellent performance. Designed for amplifier 
and oscillator applications at frequencies thru 1 5 
me., SAT Transistors feature low leakage currents 
and low saturation voltages. Amplifier stage gain 
is exceptionally stable. At 140 C, it is within a 
few db of the gain at room temperature. 

• Hermetically-sealed SAT Transistors permit the 
design of high frequency switching circuits with 
excellent control of output levels over a wide 
temperature range. Low saturation voltages and 
high collector-to-base voltages make them partic¬ 
ularly suited for Direct Coupled Transistor Logic. 

El high speed switching! 
high frequency amplification! 
high temperature operation! 

TYPE NO. APPLICATION SPECIAL PROPERTIES 

2N1118 Amplifier-
Oscillator 

Vin fmai 8 me. Vet 
= 25 V, Icbo max = 
1 ma at 25 volts Vcb 

2N1118A H;gh Gain 
Amplifier-
Oscillator 

Military version of 
2N11Í8, minimum 
h-e = 15 

2N1119 Switch 
h 7.2 me min, Icbo 
max = 0.1 ma at 
11 volts Vcb 

2N1429 S witch -Amplifier 
Low cost, high beta, 
fmax 18 me minimum 

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 

'Sprague' and ‘®’ are registered trademarks of the Sprague Electric Co 



Give your products 

MORE RELIABILITY and 
BETTER PERFORMANCE with 

FREED 
IN STOCK FOR IMMEDIATE DELIVERY 

/"constant voltage'A 
TRANSFORMERS. 

Meets Military 
Specifications 
No Tubes 
No Moving Parts 

Accurate Regulations 
Fast Response 

Fully Automatic 

Here at last is a hermetically sealed magnetic 
voltage regulator that will provide constant 
output voltage regardless of line and or load 
changes. 

SUPPLIED EITHER MIL. OR COMMERC[Al 
OUTPÙT1OUTPUT 
VOLT. 

INPUT 
VOLT. 

95 
95 
95 
95 
95 
95 

MCV 620L 
MCV- 6701 
MCV-6I30L 
MCV- 670F 
MCV-6130F 
MCV 420F 

130 V 
130 * 
130 V 
130 V 
130 V 
130 V 

VA 
20 
70 
130 
70 
130 
20 

LINE 
FREQ 
60 cps 
60 cps 
60 cps 
60 cps 
60 cps 

400 ept 

• Hermetically 
Specifications 

• No Tubes 
• Direct Operat on from Line Voltage 
• Fast Response 
• Long Life Trouble Free Operation 
• Phase Reversible Output 
r- Power Gain 2x10® - 1 

Transistor Mag. Amp. Motor 
Preamp. MAF-5 
MAT-1 Wf. 18 ox. 
Wt 10 ox 

PARTIAL LISTING ONLY 
WRITE FOR FURTHER INFORMATION ON THESE 

UNITS OR SPECIAL DESIGNS. 
Send for NEW 48 page transformer catalog. Also ask for 
complete laboratory test instrument catalog. 

FREED TRANSFORMER CO., INC. 
1720 Weirfield St., Brooklyn (Ridgewood) 27, N. Y. 

IRE People^ 
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22 I . S. patents, chiefly in the fields oí 
television, thermionics, and microwaves, 
and is the author of some 40 technical and 
managerial articles. 

Daniel B. Campbell (A’46 M*55) has 
been named manager of field service for 
the Military Products Division of Gener¬ 
al Dynamics/Elec-
tronics, according 
to a recent an¬ 
nouncement. 

I n this capacity, 
he will have com¬ 
plete responsibility 
for all field service 
operations of the 
Military Products 

I ). B. Campbell 

Division. This will 
encompass recruit¬ 
ment, training and 
supervision of per¬ 
sonnel engaged in the servicii g and main¬ 
tenance of military elect rouir installations 
around the globe under defense contracts 
held by General Dyuamics/Flectronics. 

Prior to joining General Dynamics he 
had been with the Ph íleo Corporation for 
14 years in various sales, engineering and 
management positions. I lis last position 
with Ph íleo was as marketing representa¬ 

tive of the Communications Systems Di¬ 
vision. 

A native of Dillon, S. C., he attended 
Clemson A. & M. College, Clemson, S. C., 
majoring in electrical engineering. On the 
outbreak of World War II, he left during 
his junior year to join the U. S. Air Force, 
and served until 1946 at several installa¬ 
tions in the United States. 

Mr. Campbell is a member of the Elec¬ 
tronic Industries Association and the Pe¬ 
troleum Electric Supply Association. 

Dr. Malcolm R. Currie, 33 (S 52- A 55 
SM’58), Hughes Aircraft Company seien 
tist. has been named one of fix e “outstand 
ing young men" of 
I960 by the Cali¬ 
fornia Junior Cham¬ 
ber of Commerce 
for his contribu¬ 
tions in space pro¬ 
pulsion and micro¬ 
wave electronics. 

I Ie presently 
heads a team of 
Hughes scientists 
working under a 
National Aeronau- M. R. Ct RRIC 
tics and Space Ad¬ 
ministration (NASA) contract on ion en¬ 
gine propulsion for space travel. Ion pro¬ 
pulsion uses an electronic flow of ions to 
propel «i space vehicle. 

He is manager of the physics labora¬ 
tory at Hughes Research Laboratories at 

(Continued on page 76A) 

JAMES KNIGHTS CO. 

SANDWICH, ILL. USA 

JKTO-23 
I00KC 
80 °C 

THE JAMES KNIGHTS 
COMPANY 

Sandwich, Illinois 

A precision 100 KC plug-in signal source, cur¬ 
rently in volume production. Incorporates a new, 
ultra-stable, 100 KC glass-sealed crystal design, 
and all-silicon solid state devices. Temperature 
controller incorporates precise long-lifed, glass-
sealed Edison-type thermostat. Meets applicable 
mil. specs., including shock and vibration over a 
5 to 2000 cycle range. 

SPECIFICATIONS 
STABILITY CLASS, 5 i tO-'/Dav. 
FREQUENCY! 100 KC (Other frequencies available). 
OUTPUT! One volt into 5000 Ohms. 
POWERt 28 volt DC (Other voltages available). Built-in 

Zener voltage regulator. 
VIBRATION! 5 G'i- 5 to 2000 cycles — less than one part 

per million. 
ALTITUDE-HUMIDITY! Available sealed or unsealed. 
TEMPERATURE RANGEt From -55°C to +85°C. 
DIMENSIONS! 1-54’ m 1W « 4% H. Weight: 6K Ounces. 

For information, write stating requirements 

Crystal - Controlled 
Transistorized 

Oscillator 



NOW! 
Constant output level 

Constant modulation level 

3 volt output into 50 ohms 

Low envelope distortion 

New -hp- 606A HF Signal Generator 
Here at last is a compact, convenient, moderately-
priced signal generator providing constant output 
and constant modulation level plus high output 
from 50 kc to 65 MC. Tedious, error-producing 
resetting of output level and percent modulation 
are eliminated. 

Covering the high frequency spectrum, (which in¬ 
cludes the 30 and 60 MC radar IF bands) the new 

($) 606A is exceptionally useful in driving bridges, 
antennas and filters, and measuring gain, selectivity 
and image rejection of receivers and IF circuits. 
Output is constant within ± I db over the full fre¬ 
quency range, and is adjustable from +20 dbm (3 
volts rms) to — 110 dbm (0.1 /rv rms). No level 
adjustments are required during operation. 

SPECIFICATIONS 
Frequency Range: 50 kc Io 65 MC in 6 bands. 
Frequency Accuracy: Within ~ 1%. 
Frequency Calibrator: Crystal oscillator provides check points 
at 100 kc and 1 MC intervals accurate within 0.01% from 0 
to 50 ’ C. 
RF Output Level: Continuously adjustable from 0.1 Uv to 
3 volts into a 50 ohm resistive load. Calibration is in volts 
and dbm (0 dbm is 1 milliwatt}. 
Output Accuracy: Within it 1 db into 50 ohm resistive load. 
Frequency Response: Wi*hin ± 1 db into 50 ohm resistive 
load over entire frequency range at any output level setting. 
Output Impedence: 50 ohms, SWR less than 1.1:1 at 0.3 v 
and below. 
Spurious Harmonic Output: Less than 8%. 
Leakage: Negligible; permits sensitivity measurements to 0. 1 ilv 

Amolitude Modulation: Continuously adjustable from 0 to 
100%. 
Internal Modulation: 0 to 100% sinusoidal modulation at 
400 cps it 5% or 1000 cps it 5%. 
Modulation Bandwidth: De to 20 kc maximum. 
External Modulation: 0 to 100% sinusoidal modulation de 
to 20 kc. 
Envelope Distortion: Less than 3% envelope distortion from 
0 to 70% modulation at output levels of 1 volt or less. 
Spurious FM: Less than 0.0001% or 20 cps, whichever greater. 
Spurious AM: Hum and noise sidebands are 70 db below 
carrier. 
Frequency Drift: Less than 0.005% or 5 cps, whichever greater. 
Price: (cabinet) $ ,350.00 (rack mount) $1,335.00. 

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

dy) world's most complete line of signal generators 

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

Field Representative in all Principal Areas. 

HEWLETT-PACKARD COMPANY 5023C Page 

Coble -HEWPACK" • Davenport 6-7000 • 
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I ) how to cure 
traveling' wave tube 

headaches 
If you have TWT headaches—finding a 
microwave amplifier now—which pro¬ 
duces high gain and wide bandwidth with 
high average and peak powers—Hughes 
may have just the prescription for you 
Hughes TWT’s provide all these desir¬ 
able features with built-in long life, rug¬ 
gedness and dependability. They fully 
exploit the advantages of permanent mag¬ 
net periodic focusing in both glass and metal¬ 
ceramic structures, and many are available 
in either gridded or ungridded versions. 

typical twt’s available now: 

311 H 2.0-4.0 KMC Gridded 1 
KW minimum peak power out¬ 
put, 1% duty, 36db small signal 
gain 0 50 mw input. Weight 13 
lbs. Length 17-7/16". 

312H 2. 0-4.0 KMC Gridded 1 
KW minimum peak power out¬ 
put, 1 /2% duty, 36db small signal 
gain 0 50 mw input. Weight: 11 
lbs. Length: 15-3/8". 

304H 2.0-4. 0 KMC Ungridded. 
1 KW minimum peak power out¬ 
put, 1% duty, 37db small signal 
gain 0 1 mw input. Weight: 12-
1/2 lbs. Length: 17-31/32*. 

307H 8. 5-9.5 KMC 50 KW minimum peak 
power output (500 watt average), metal¬ 
ceramic construction, 54db saturation 
gain, 1% maximum duty cycle, beam 
voltage = 38 kv. Wt. 21 lbs. Length: 24". 

Hughes also has a complete line of Ku-band backward-wave oscillators for commercial and military applications. 
Write or telephone today for full information or a catalogue concerning the broad line of Hughes TWT's available in L, S, C i X bands. 

Hughes Microwave Tube Division, P. O. Box 90427, Los Angeles 45, California. 
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Model 860-1500P— handles low level DC data 
signals in the presence of high comnon mode 

COMPACT 7" HIGH 8 CHANNEL UNITS ARE COMPLETELY TRANSISTORIZED, HAVE FLOATING INPUT ISOLATED FROM OUTPUT 

Sanborn precision amplifiers 
Data Preamplifier — Model 860-1500P 

Designed for precise, economical amplification of signals 
with source impedance of zero to 10,000 ohms, such as 
thermocouples, strain gage bridges, etc. in presence of 
severe ground loop noise, and for driving digital voltmet¬ 
ers, scopes, tape recorders and similar devices. Each 
plug-in unit is only 2" x 7" x 14' / deep ; 64 channels with 
blower require only 60" of rack -panel space. Separate 
868-500 Power Supply required for every 8 preamplifiers. 
Power consumption 2.5 watts per channel. 

Noise 
Gain 

Output 

Linearity 
Common Mode 
Performance 

Input 
Impedance 

Gain 
Stability 

3 uv peak-to-peak 
100 (10 mv in gives 1 v out) (Model 
860 -1500PA with gain of 1000 also 
available) 
± 1 v across 300 ohms, DC-70 cps; ± 1.5 
v to 40 cps. Output impedance 100 ohms. 
(10 v across 10K available on special 
order. ) 
± 0.1% of full scale output (2 v) 
120 db rejection at 60 cps, 160 db at 
DC, with 5000 ohms unbalance in source. 
Inphase tolerance 220VAC. 
Greater than 200,000 ohms 

±0.1% for 24 hours 

± 2 uv referred to input 

to 99.9% less than 25 ms 

Drift 

Rise Time 

Optical Galvanometer Amplifier — Model 658-3400 
Eight channels of amplification and common power supply. 
Each channel provides for sensitivity, compensation, 
damping and current limiting. Inputs floating and guarded, 
impedance 100,000 ohms on all ranges. All amplifier ele¬ 
ments except output transistors are plug-in assemblies. 

Sensitivity 

Common Mode 
Performance 

Gain 
Stability 

Frequency 
Response 
Output 

Power 
Consumption 

± 10 mv input gives ± 400 ma output 
into 20 ohm load (max.). Eleven atten¬ 
uator steps to X2000 in 1-2-5 ratio, 
smooth gain control. 
± 500 volts, max; rejection 140 db min 
at DC. 
Better than 1% to 50°C and for line 
voltage variation from 103-127 volts. 
0 to 5 KC within 3 db; can accomodate 
wide range of galvanometers 
Output networks available for wide 
range of galvanometers. 
125 watts for 8 channels. 

Your Sanborn Sales-Engineering Representative (offices 
throughout the U. S., Canada and overseas) will pro¬ 
vide detailed information and application assistance. 
Call him or write plant in Waltham, Mass. 

S ZX NI B O Fl Nl C O rvi F3 ZX INI V 
INDUSTRIAL DIVISION 

175 Wyman Street, Waltham 54-, Massachusetts 



When you specify BUSS and FUSETRON fuses 
you can be sure of safe, dependable, 

trouble-free protection for your equipment 
under all service conditions. 

Every BUSS and FUSETRON fuse is tested in 
a sensitive electronic device that automatically rejects 

any fuse not correctly calibrated, properly 
constructed and right in all physical dimensions. 

Chances are you will find in the complete BUSS 
line the fuse and fuse mounting to fit your 
requirements — but if your protection problem is 
unusual, let our engineers work with you and 
save you engineering time. 

To get full data for your files, write for 
BUSS bulletin on small dimension fuses and 
fuseholders. Form SFB. 

461 

BUSSMANN MFG. DIVISION, McGraw-Edison Co.: UNIVERSE Y AT JEFFERSON, ST. LOUIS 7, MO. 
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Basic Tynes of Semiconductor Com¬ 
ponent Rectifiers, General Compari¬ 
son of Selenium, Copper Oxide, 
Germanium and Silicon Rectifiers. 

Partial listing from 

TABLE OF CONTENTS 
Introduction 

1. Quick Selection of Silicon 
and Germanium Component 
Rectifiers 

2. Definitions of Semiconduc¬ 
tor Rectifier Terms 

3. Rectifier Circuit Constant 
Chart 

5. A Rogue’s Gallery of Tran¬ 
sient Voltage Causes in 
Rectifier Circuits 

8. Test Circuits for Silicon 
and Germanium Rectifiers 

10- Temperature Conversion 
Table 

12. Index of Germanium and 
Silicon Rectifiers Reg¬ 
istered with JEDEC 

13. Condensed Specifications 
on Silicon and Germanium 
Rectifier Cells 

16. Military Approved Silicon 
and Germanium Rectifiers 

17. Condensed Specifications 
— General Electric Silicon 
Controlled Rectifiers 

19 Sections . .. over 100 
fact-filled pages 

Now...the industry's most 
comprehensive reference guide 

to semiconductor rectifiers 
Here is another must for your reference library from General 
Electric. In the tradition of the famous G-E Transistor and 
Controlled Rectifier manuals, the new SEMICONDUCTOR 
REC I IF 1ER COMPONENTS GUIDE is an encyclopedia of 
semiconductor rectifier data and information. 

Comprehensive, reliable, up-to-date information is at your 
fingertips for constant, convenient reference. Take advantage 
of this introductory offer- - You fill in the coupon and mail it 
to us: ue send \<m a SEMICONDUCTOR RECTIFIER COM¬ 
PON ENTS GUIDE without charge. 

Progress /s Our Most Important Product 

GENERAL© ELECTRIC 

Name Title 

Company 

Address 

Zone_ State 

Rectifier Components Department, Section 54Di 1 
General Electric Company 
Auburn, New York 

Please send ma my FREE copy of the new General Electric 
SEMICONDUCTOR RECTIFIER COMPONENTS GUIDE. 
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K. E. Mortenson 

B. E. Lawton 

EECO 801 BCD OUTPUT (24-BIT) 

EECO 810 100 PPS CODE (36-8IT) 

SEND FOR TIME CODE GENERATOR FILE 301 

Radio Electronic 

TIME 
TEAM 

selenide type 
from the V» wat» 
500 series. 

Illustrated; 
extreme/y sensi-

For tabulated technical 
dota on 25 different 
Claire» Rhotoconductori 

... the 
CLAIREX 
Photoconductor 

"The light touch . . . 
in automation and control 

A 
Circuit 
Component 
Controlled by 
LIGHT 

HOW EECO’S ALL-STAR LINEUP 
OF TIME CODE GENERATORS 
WINS ON EVERY POINT 
Look at these unparalleled advantages 
offered by EECO Time Code Generators! 
Frequency stability, 3 parts in 10s, based 
on extremely stable crystal oscillator. 
100% plug-in circuits to keep generator 
working for you day in and day out. Emit¬ 
ter-follower low-impedance outputs for 
long-distance transmission. Wider operat¬ 
ing-temperature stability. Operable from 
aircraft power. Provision for external 
frequency standard. Auxiliary pulse rates. 

sion of Fairchild 
Camera and Instru¬ 
ment Corporation, 
has been announced. 

he will supervise 
and coordinate the 
activities of the di¬ 
vision’s sales engi¬ 
neering personnel 

CLAIREX 
CORPORATION 

19 W. 26 St., Naw York 10, N. 

MU 4-0940 

sociate professor of electrical engineering 
at the Rensselaer Polytechnic Institute, 
Trov, X. Y., and a consultant to the RPI 
Radio Astronomy Observatory. 

He received the B.S. and B.E.E. de-
(Continued on page 96 A) 

ronic Engineering Company of California 
Chestnut Avenue • Santa Ana, California • Kimberly 7-5501 • TWX: S ANA 5263 

• electronic Buyart 
Guida 

• Electronic Design 

and sales representative firms in the east¬ 
ern third of the nation. 

Helias been associated with DuMont 
since 1956. Before his new appointment he 

oscillators, and 
other solid-state amplifiers. 

Prior to joining Microwave Associates, 
he was a research physicist with the Gen¬ 
eral Electric Company’s Research Labora-

was regional manager for the southeast. 
Prior affiliations were with the H. S. 
Martin Company, Evanston, Ill., as sales 
and service manager and with the Wes¬ 
tinghouse Electric Company, Bloomfield, 
N. J., as an applications engineer. 

Mr. Lawton is a member of the Ameri¬ 
can Institute of Electrical Engineers. 

ated position, he 
will direct research 
and development 
activities on new 
microwave solid-
state semiconduc¬ 
tor tunnel-diode 

Microwave Associates, Inc., Burlington, 
Mass., have announced the appointment of 
Dr. Kenneth E. Mortenson (S’47-A’5O-
M'55-SM’57) to 
head a research 
group working on 
active solid-state 
microwave devices. The promotion of Burtis E. Lawton 

(S 41-A 46-M’48), to the post of eastern 
regional sales manager for the Electronic 
I tibe Division, 
Allen B. DuMont 
Laboratories, Clif-

He was appointed to the chief staff posi¬ 
tion of WESCON, the largest trade show 
and technical convention in the West, in 
the fall of 1956. 

Mr. Larson makes his headquarters at 
WESCON’S Business Office, 1435 South 
La Cienega Blvd., Los Angeles, Calif., and 
spends considerable time in the Northern 
California Office at 701 Welch Road, Palo 
Alto. 

Mart*! 
Number Serial Code Formet Indication 

Code 
Frame 
length 
(SEC) 

Code Scan 
Rates 
(RM) 

Code 
Carrier 

Frequency 
(CPS) 

Rnce 
(f o k 
Santa 
Ana) 

EECO 401 24-Bit , 24-hour, 
BCD hr. min. sec. 1 25. 50, 100 1000 $7500 

EECO 402 17-Bit, 24-hour, 
Binary (Eglin AFB) hr. mm. sec. 1 20, 100 1000 

$7000 13-Bi t. 24 hour, 
Binary (Patrick 
AFB) 

r. min. Va min. 
15 1 1000 

EECO W2M1 17-Bit. 24-hour, 
Binary (Atlantic 
Missile Range) 

hr. mln. sec. 
1 100 1000 $7000 

EECO E02M2 17-Bit, 24-hour, 
Binary (Atlantic 
Missile Range) 

hr. min. sec. -
1 

20 

20. 100 

1 

1000 $7000 

EECO 80J 20-Bit, 24-hour, 
BCD hr. min. see. 1 25 250 $7500 

EECO #04 20-Bit, 24-houf, 
BCD hr. mln. sec. 1 25 8

 $7925 

EECO #10 36 Bit, 365 day, 
BCD doy, hour 

min., sec. 

1 100 1000 $10.100 

EEC0 810M! 23-Bit. 365 day, 
BCD (IRIG Member 
C Format Modified) 

60 2 1000 $10.100 
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For 
greater 

versatility... 

longer life... 

increased 
reliability... 

Specify 
NARDA 
Microwave Modulators MODEL 10002 

35 KV 

Here's a line of new Microwave Modulators, designed to operate 

a maximum number of existing magnetrons, without any alterations 

to the modulator. In addition, provision has also been made for 

quickly converting the unit to handle any new or uncommon pulse 

microwave tubes. 

Models 10001 and 10002 are designed to handle high-power 

magnetrons with provision for internal mounting of the tube. Model 

10003 is designed for pulsing low-power magnetrons of the type now 

used in beacon transmitters and for low-power commercial pulse 

applications. 

Since all units utilize silicon rectifiers and diodes, you can expect 

increased life and more reliable operation. At the same time, over-all 

size has been considerably reduced. Every Narda Microwave Modu¬ 

lator is complete with built-in safety provisions, built-in meters and 

viewing connectors for all principal parameters, a continuously 

variable repetition rate, and a standard pulse width of 1 microsecond 

(other widths available on special order) on Models 10001 and 10002; 

continuously variable on Model 10003. 

The specifications below indicate those characteristics of the 

three new models which vary from each other. The listing of features 

indicates those features common to all models. For additional infor¬ 

mation, and a copy of our free catalog, write to us at Dept, p-60-9 

FEATURES SPECIFICATIONS 

microwave 
corporation 

ELECTRONICS DIVISION POWER 

118-160 

10001 

10002 

100C3 

Pulse Width 
(Microseconds) 

0.001 

0.001 

0.002 

Narda 
Model # 

Maximum Peak 
Pulse Power 

18KV^20A 

35KW"40A 

4.5KW"2A 

Size 
H X W X D 

Maximum Duty 
Cycle # at 

Maximum Power 

38x22x18 

67x24x24 

8^x18x12 

1* 

1* 

0.5-2. 2* 

Output sync pulses 
(BNC Connectors) : 

Positive 
t- 50 V min. at 2 sec. 
Negative 

25 V min. at 2 sec. 

* Other values of pulse w dth can be readily substituted. 

i Pulse width is continuously adjustable over given range. 

* Internal continuously variable trigger generator 
for adjusting repetition rate and duty cycle. 

Viewing Connectors (BNC): 
Magnetron pulse voltage 
Magnetron pulse current 
Primary pulse voltage* 
Thyratron pulse current* 
PFN charging voltage* 

‘Models 10001 and 10002 

Input sync 
(BNC Connectors): 

Sine wave : 
20 V RMS min. 
Pulse : 
20 V at .25 sec mln. 

Built-in Meters: 
High voltage power supply voltage 
High voltage power supply current 
Magnetron filament supply voltage 
Magnetron filament supply current 
Clipper average supply current* 

»Models 10001 and 10002 

HERRICKS ROAD, MINEOLA, L. I., N. Y. • PIONEER 6-4650 

a» narda 
HIGH POWER ELECTROI 
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new Keithley 
megohm bridge 

# IRE People ! 

(Continued from page 94A) 

grees in 1947 and 1948, respectively; the 
Masters decree in electrical eng neering 
and the Ph.D. degree in applied physics 
in 1950 and 1954, respectively, all from the 
Rensselaer Polytechnic Institute. 

He has published numerous profes¬ 
sional papers on the following subjects: 
semiconductor diode and transistor devel¬ 
opment and related circuitry particularly 
as applied to solid-state microwave ampli¬ 
fying devices. 

Dr. Mortenson is a member of Eta 
Kappa Nu and Sigma Xi. 

MODEL 515 measures 105 to 1015 

ohms with accuracy of .05 to 1% 

The new line-operated 515 
Megohm Bridge answers the need 
for a highly accurate, guarded 
Wheatstone Bridge for standardi¬ 
zation and calibration of resistors 
in the ranges of 105 to 10 15 ohms. 
It is also ideal for measurement of 
resistor voltage coefficient, leak¬ 
age and insulation resistances. 
Speed of calibration is greatly in¬ 
creased over previously available 
bridges by a semi-automatic 
calibration feature. Subsequent 
direct reading speeds operation. 
Other features include shielded 
measuring compartment, self-
contained bridge potential, a re¬ 
mote test chamber, bench or rack 
operation. $1,500.00 

for details write 

KE I T EE LE Y 
INSTRUMENTS 

12415 EUCLID AVENUE 

CLEVELAND G. OHIO 

Conductron Corporation, Xew York, 
X. Y., has announce! 
Alan D. Nichols (A’5. 
Engineer. He re¬ 
ceived the B.S. de¬ 
gree from Iowa 
State College, Ames, 
in 1949 and the 
M.S. degree from 
the University of 
Michigan, Ann Ar¬ 
bor, in 1956, both 
in electrical engi¬ 
neering. Since 1952 
he has been with 
the Willow Run 
Laboratories of the 

I the appointment of 
> -M’58), as Research 

A. D. XlCHOLS 

University of Michigan, where he held the 
rank of Associate Research Engineer. His 
experience is in radar systems, microwave 
circuit design, and low-noise receiver de¬ 
sign. 

Mr. Xichols isa member of l.ta Kappa 
Xu, Pau Beta Pi, and Sigma Xi. 

Atherton Noyes, 
vice president of rese 
at Aircraft Radio C 
X. J., has joined 
the General Radio 
Company, West 
Concord, Mass., as 
an engineering con¬ 
sultant. He will 
specialize in the de¬ 
velopment of pre¬ 
cision. crystal-con-
trolled digital-fre¬ 
quency sources. 

Dr. Noyes served 
as an assistant to 
G. W. Pierce at 
Cruft Laboratory, 
1934, he received tl 

Jr. (SM’47). formerly 
arch and development 
orporation, Boonton, 

A. Xoyis, Jr. 

from 1931-1937. In 
e Sc.D. degree from 

Harvard University, Cambridge, Mass. 

Erwin Tomash (S’46-A’48-SM’54), 
has been elected vice president of Ampex 
Corporation, and manager of Ampex Com¬ 
puter Products Company, Culver City, 
Calif., it was recently announced. 

He received a degree in electrical engi¬ 
neering from the University of Minnesota, 

Minneapolis. Following his military ser¬ 
vice, he joined Engineering Research As¬ 
sociates, St. Paul, Minn., as an electronics 
engineer on digital system design for their 
facility in Washington, D. C., and later 
returned to St. Paul to become assistant 
director of computer development. In 
1953, he joined Remington Rand as West 
Coast Director, and later moved to Xew 
York to assist in the establishment of their 
UN I VAC Division. In 1955, he joined 
Telemeter Magnetics, Inc., as director of 
marketing, and in 1956 was elected presi¬ 
dent. 

Mr. Tomash is a member of the Associ¬ 
ation for Computing Machinery. 

Robert M. Peterson (S’47 A’49 M’55), 
has been appointed Chief of Design Re¬ 
quirements at Ryan Transdata, Inc., it was 
recently announced 
by W . G. Alexander, 
President of the 
company’s San Di¬ 
ego subsidiary. He 
has an extensive 
background in en¬ 
gineering manage¬ 
ment for electronic 
printing, display 
and specialized 
computer equip¬ 
ment, IFF, radar R. M Pkterson 
and microwave sys¬ 
tems. I Ie was a key contributor to the 
concept and early design of high speed 
electronic label printing. 

Mr. Peterson received the B. S. and 
M.S. degrees in electrical engineering from 
the University of W isconsin, Madison. I Ie 
was Assistant Chief Engineer at Strom¬ 
berg-Carlson, a Supervisory Engineer at 
Hazeltine Electronics ('orporation, Little 
Xeck, X. Y., and electrical engineering in¬ 
structor at the University of W '¡scon sin, 
before joining Ryan Transdata, Inc. I Ie 
serv cd as a communications officer with the 
U. S. Army Air Force during World War 
II. 

Edwin Shuttleworth III (A’55) assist¬ 
ant vice president of Driver-Harris Com¬ 
pany, Harrison, X. J., has been appointed 
assistant sales man¬ 
ager, it was recently 
announced. 

II e joined 
Driver- Harris Com¬ 
pany in 1950 and 
became the techni¬ 
cal assistant to the 
president three 
years later. In 1957, 
he was made direc¬ 
tor of this com¬ 
pany’s Italian man- E. Snuriu worth 
ufacturing facility. 
He was named assistant to the vice presi¬ 
dent in 1958 and became the director of the 
Driver-Harris Company, Ltd., in England 
in 1959. 

Mr. Shuttleworth received the B.S. 
degree in industrial engineering from Le¬ 
high University, Bethlehem, Pa., in 1950. 

(C ontinued on page 100A) 
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AN EXTRAORDINARY PUBLISHING ACHIEVEMENT OF OUR TIME! 

The New 
McGraw-Hill 

Encyclopedia of 
Science and Technology 

Name. 

Address 

City & Zone 

State 

were written by the very person credited with new 
discoveries and developments in a given field. Among 
them are Nobel Prize Winners and others who have 
distinguished themselves for their original and sig¬ 
nificant work. 
Nothing comparable in breadth of conception, in 

authority, in usefulness, has ever before been offered 
in a reference work of this kind. As an all-embracing 
general reference or a practical working tool, this 
Encyclopedia belongs in the home and professional 
library of everyone with an interest in science and 
engineering. An annual Supplement Volume keeps 
it always up to date. 
You are cordially invited to examine all fifteen 

volumes. There is, of course, no obligation on your 
part. Mail the coupon below for full details. 

McGraw-Hill Bosk Company Depl. IKK- 1 
327 West 11 Street, New York 36, N.Y. 

Please send me without obligation your pre-view 
brochure on the new McGraw-Hill Encyclopedia 
or Science and Technology in 15 volumes; also de¬ 
tailed information about the convenient time-payment 
plan I may use to purchase this set. 

AN epoch-marking publishing venture — pro-. viding up-to-date, authoritative information 
on all the sciences of our day — is now com¬ 
pleted. The new McGraw-Hill Encyclopedia 
of Science and Technology makes readily ac¬ 
cessible within its 15 volumes a vast fund of 
knowledge covering hundreds upon hundreds of 
subjects dealing with the whole spectrum of the 
physical sciences, life sciences, earth sciences, 
and engineering. 

This major work fulfills a prime need of the 
scientist, the engineer, the technician — whether 
concerned with pure research or practical ap¬ 
plications — whether his work is of a design or 
operating nature — whether he wants to review 
or keep abreast of the vastly enlarged knowledge 
of his own field or must bridge the gap between 
his specialty and unfamiliar areas into which 
his work leads him. 

Unequalled in Timeliness, Clarity, Depth 

This unique library makes it possible for you to have 
as near as your office, laboratory, plant, or home an 
all-knowing corps of specialists to which you can turn 
for precise, authoritative information. You can get 
answers to specific questions raised through daily pro¬ 
fessional activities or simply explore in a random way 
the universe of today’s scientific, engineering, and 
technical knowledge — distilled into 7,224 compre¬ 
hensive articles. Whatever your own field, whatever 
field your work is related to, you will find it here. 

A Work of Unsurpassed Authority 

The names of the contributors read like a “Who’s 
Who” of the world’s scientific community. All are 
recognized specialists — in many instances, articles 

2,015 Contributors, including Nobel Prize Winners, Respected Leaders of Research and 
Industry . . . Over 6,000,000 Words — from Concise Articles to Amazingly Comprehensive 

Treatments . .. 100,000-Entry Index ... a Wealth of Maps, Charts, Diagrams, 
Drawings, Photographs . . . many more than in any comparable work of reference. 

The Entire Span of Today’s Scientific, Engineering 

and Technical Knowledge Encompassed in a Monumental 

Reference Work Containing 8,500 pages of Text, 

800 Index Pages, 7,200 Articles and 9,700 Illustrations 

includes developments so recent they are still major news! 

MAIL THIS COUPON 

Here Are the Many I 
Fields Covered: I 

ACOUSTICS 
AERONAUTICAL 
AIRFRAMES 

AGRICULTURE & SOILS 
ANIMAL ANATOMY 
PLANT ANATOMY 
ANIMAL SYSTEMATICS 
ASTRONOMY 
ATOMIC, MOLECULAR AND 
NUCLEAR PHYSICS 

BIOCHEMISTRY 
BIOPHYSICS 
CHEMICAL ENGINEERING 
ANALYTICAL CHEMISTRY 
INORGANIC CHEMISTRY 
ORGANIC CHEMISTRY 
PHYSICAL CHEMISTRY 
CIVIL ENGINEERING 
COMMUNICATIONS 
CONSERVATION 
CONTROL SYSTEMS 
CYTOLOGY 
ANIMAL ECOLOGY 
PLANT ECOLOGY 
ELECTRICAL 

ENGINEERING 
ELECTRICITY 
ELECTRONICS 
FLIGHT SCIENCE 
FOOD ENGINEERING 
FORESTRY 
GENETICS & EVOLUTION 
GEOCHEMISTRY 
PHYSICAL GEOGRAPHY 
SURFICIAL AND 

HISTORICAL GEOLOGY 
GEOPHYSICS 
GRAPHIC ARTS 
GROWTH AND 
MORPHOGENESIS 

HEAT 
INDUSTRIAL AND 
PRODUCTION ENGG. 

LOW TEMPERATURE 
PHYSICS 

MACHINE DESIGN 
MATHEMATICS 
MECHANICAL POWER 
CLASSICAL MECHANICS 
METALLURGICAL 
ENGINEERING 

METEOROLOGY AND 
CLIMATOLOGY 

MICROBIOLOGY 
MEDICAL MICROBIOLOGY 
MINERALOGY AND 
PETROLOGY 

MINING ENGINEERING 
NAVAL ARCHITECTURE 
ANO MARINE ENGG. 

NUCLEAR ENGINEERING 
OCEANOGRAPHY 
OPTICS 
PALEONTOLOGY 
ANIMAL PATHOLOGY 
PLANT PATHOLOGY 
PETROLEUM CHEMISTRY 
PETROLEUM ENGINEERING 
GENERAL PHYSIOLOGY 
PLANT PHYSIOLOGY 
SOLID STATE PHYSICS 
THEORETICAL PHYSICS 
PLANT TAXONOMY 
PROPULSION i 
PHYSIOLOGICAL AND 
EXPERIMENTAL 
PSYCHOLOGY 

INVERTEBRATE ZOOLOGY 
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Now, RCA takes a major step ahead in microwave technology—to integrate packaged 
microwave circuits with RCA developed solid-state diodes and provide an important, new 
line of components for the needs of microwave designers. Low power requirements, 
and compact packaging using RCA Semiconductor and Materials Division’s latest tunnel 
and varactor diodes open new possibilities for miniaturization, improved systems reli¬ 
ability, and systems cost reduction. Here are the first members of a growing family 
of packaged microwave circuits. 

In addition to the performance characteristics of the packaged circuits shown here, RCA 
Solid-State Microwave Oscillators and Amplifiers can be designed to meet your special 
requirements for gain, power, frequency, and noise characteristics. For delivery quota¬ 
tions and technical data on circuits to meet your needs, contact the RCA Field Office 
nearest you. Or write: Microwave Marketing, RCA Electron Tube Div., Harrison, N.J. 

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 

I. Fixed-Tuned Tunnel-Diode Oscillator(Dev No. SS-107) 
Delivers a minimum power output of 1 milliwatt at your 
specified frequency between 500-2000 Me. DC input: 160 
ma at 0.40 volt. 

2. Helix Parametric Amplifier(Dev. No.SS-1000) Stable mini¬ 
mum gain of 15 db from 2200-2300 Me with a 5-7.5 db 
noise factor. Typical saturated power output of 1 milliwatt , 
with 300 milliwatts pump power at 3000 Me. 

3. Tunnel-Diode Amplifier(Dev No SS-500) Stable minimum 
gain of 15 db from 1275-1325 Me with 6 db max. noise fac¬ 
tor, including typical circulator loss. Saturated power out¬ 
put of 30 microwatts. DC input: 10 ma at 0.1 volt. 

4. Tunable Low-Noise Parametric AmplifierçDev No. SS -10021 
Tunable with 5 Me bandwidth from 1250-1350 Me, with 
stable minimum gain of 15 db. Max. noise factor, 3 db. Sat¬ 
urated power output of 0.5 milliwatt, with 60 milliwatts 
pump power at 10,800 Me. 

5. Tunable Tunnel-Diode OscillatoqDev. No. SS -100) Delivers 
a minimum power output of 0.3 milliwatt from 1050-1400 
Me. Coax, output. DC input; 30 ma at 0.2 volt. 

RCA Electron Tube Division Field Offices 

INDUSTRIAL PRODUCTS SALES 
Detroit 2, Michigan. 714 New Center Building. TR 5-5600 • 
Newark 2. N J.. 744 Broad St., HU 5-3900 • Chicago 54. 
Illinois, Suite 1154, Merchandise Mart Plaza, WH 4-2900 • 
Los Angeles, California, 6801 East Washington Boulevard. 
RA 3-8361 • Burlingame, California, 1838 El Camino Real, 

Ox 7-1620 GOVERNMENT SALES 

Harrison, N. J., 415 South 5th St.. HU 5-3900 • Dayton 2, 
Ohio, 224 North Wilkinson St., BA 6-2366 • Washington 7, 
D.C.. 1725 ”K” St., N.W.. FE 7-8500. 



John V. L. Hogan 
1890-1960 

The Board of Directors of The Institute of Radio Engineers, joining with his many friends 
and colleagues, expresses its sense of profound regret and deep loss at the passing of their 
distinguished companion, 

John Vincent Lawless Hogan 

The membership of The Institute, and indeed the entire fraternity of communications and 
electronic workers, owe John Hogan their gratitude for his pioneering energy and farsighted¬ 
ness in acting as a Founder of The Institute, and in devoting unremitting energy and skillful 
planning, over many years, to its organization and growth. 

His participation in major deliberative bodies like the Joint Technical Advisory Committee 
was also noteworthy for its great value. 

His contributions to the technology and procedures of the communications field were both 
numerous and outstanding. They ranged over many and diverse basic fields and they were 
both generic and specific. 

Mr. Hogan exhibited as well exceptional executive ability and organizing skill in his profes¬ 
sional, society, and industrial activities. 

As a single typical example of his major organizing and planning contributions, exemplary 
mention is made of his widely acclaimed development of high-fidelity during the early years of 
radio broadcasting, with the related establishment of programming of notable cultural content 
combined with strong audience appeal. 

In the midst of a busy life, he found the time and strength to contribute repeatedly and 
worthily to the National Defense of his country through the development and construction 
of many types of equipment, notably in the facsimile field and serving as an executive in the 
Office of Scientific Research and Development during World W ar II. 

To those who were so fortunate as to know John Hogan personally, his passing will be a 
particular cause for sorrow. He was a rare combination of manly strength, great tenacity of 
purpose, unfailing dependability, and dignified and friendly courtesy. He will long be remem¬ 
bered with respect and affection. 

The Board of Directors of The Institute of Radio Engineers conveys its sympathy to Mrs. 
Edith Hogan, and the family, in this time of their loss, which they too share. 

The foregoing is the text of a resolution adopted by the IRE Board of Directors at its meeting of 
January 4, 1961. 



Franz Ollendorff 
Vice President, 1061 

Professor Franz Ollendorff (SM’52-F’6O), Overseas Vice President of the IRE for 1961, 
holds the Gerard Swope Chair in Electrical Engineering at the Technion, Israel Institute of 
Technology, Haifa. He was born in 1900, studied at the technical universities of Berlin and 
Danzig, and later became a member of the faculty at Berlin. He left this position in 1933, and 
until he joined the staff of the Technion, was Director of a school for children of the Youth 
Aliyah. 

In 1928 he attracted international attention with the publication of a paper which pointed 
the way to the development, many years later, of radar. The paper dealt with the defraction of 
electromagnetic waves on mountains, hills, houses, and other objects. It showed that the re-
flection coefficient could be calculated in advance, and that, from the strength of the reflected 
waves, it is possible to judge the nature of the object causing the reflection. I his is one of the 
principles on which radar is based. 

Professor Ollendorff also made an important contribution to electronics. 1 he formula for an 
electronic lens, which he published in 1932, has become a textbook classic, and the same is 
true of his well-known formula concerning the amplification factor of a triode. 

More recently, the Technion scientist’s ideas in connection with the development of elec¬ 
tronic aid devices for the blind and deaf have attracted universal interest. One of his papers, 
“Contributions to the Geometry of Color Space,” deals with electroencephalographic methods 
of aiding sight. 

In 1955 he was appointed Research Professor at the Technion, the first staff member to be 
granted this rank. The title is conferred only upon scientists of high international repute, whose 
standing qualifies them for membership in institutions such as the Royal Society, the National 
Academy of Science, or the Academie des Sciences, and who have achieved distinction at a 
relatively early age. 

He has won several prizes, including the Weizmann Prize for Exact Science for his work 
on electrophysiology, the Israel Prize for Exact Science in 1954 for his book, “Calculations of 
Magnetic Fields,” and the David Lebeson Prize of the Hebrew University for his “Introduc¬ 
tion to Electron Optics,” also in 1954. 

He is the author of a number of books and scientific papers and presently is editing a com¬ 
prehensive work on electronics, two volumes of which already have been published, the third 
to appear shortly, and the fourth now being edited. 

In 1959 Professor Ollendorff was elected a member of the Israel Academy of Science and, 
in the same year, was awarded the honorary degree of Doctor by the University of Berlin. 
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Poles and Zeros 

Satellite Communications. 
Poles and Zeros is pleased to 
present the following para¬ 
graphs prepared especially for 

it by Lieutenant General James D. O'Connell. 
Satellite relays for common carrier communications ap¬ 

pear to provide excellent long range communication channels 
and they are undergoing careful evaluation by private in¬ 
dustry. Evidence of this interest was clearly demonstrated by 
the testimony of various firms presented to the FCC at recent 
hearings. 

Engineering studies show that relay equipment can be 
placed into orbit with currently available rockets and cur¬ 
rently available relay package designs. A telephone relay of 
several hundred voice channels is feasible. A television relay 
is feasible. The use of microwave fretpiencies eliminates the 
effects caused by ionospheric storms; fading as experienced 
by high-frequency signals is virtually nonexistent; and rela¬ 
tively simple ground installations are required. 

The impact on world-wide communications will be great. 
Broadband communications to remote locations can be estab¬ 
lished almost as easily as between two highly developed 
countries. The number of available channels will surpass cur¬ 
rent capability by an order of magnitude. Cost studies indi¬ 
cate economic as well as technical feasibility. Current rate 
structures can be maintained, perhaps even lowered, and can 
adequately support an active satellite relay for common car¬ 
rier purposes. Almost overnight a new communication medium 
will be available for the use of the world population. 

A few questions remain unanswered, one of the most prom¬ 
inent being: Where will we obtain the spectrum space? Spec¬ 
trum allocations for satellite relays will be discussed at the 
1963 International Telecommunications Union Conference in 
New Delhi; however, the need for technical answers is im¬ 
mediate. It now appears that satellite relays must be ac¬ 
commodated within existing allocations. This implies mutual 
sharing of frequency allocations between satellite and existing 
ground services. The Federal Communications Commission 
is currently faced with these questions, and much theoretical 
and experimental work remains to be done before reliable 
answers can be given. If sharing of the same spectrum space 
can be accomplished in the design of satellite communications 
systems, this will have very great possibilities for over-all relief 
of spectrum congestion. But it appears too early to say with 
assurance that this noninterfering sharing can be accom¬ 
plished. The Joint Technical Advisory Committee of the 
Electronic Industries Association and The Institute of Radio 
Engineers has formed an Ad Hoc Subcommittee chaired by 
Lieutenant General James D. O’Connell, USA Ret., now with 
General Telephone and Electronics Laboratories Inc., to study 
the technical problems imposed by satellite relays. Multiple use 
of frequency allocations will be one of the areas investigated 
by the committee. The Boulder Laboratories of the National 

Bureau of Standards and the Communication and Propaga¬ 
tion Laboratory of Stanford Research Institute have been 
placed under contract to assist the committee in technical 
studies. A report containing preliminary J TAC findings was 
published early in March. 

Members of the Committee, the National Bureau of Stand¬ 
ards, and Stanford Research Institute invite the comments 
and views of industry concerning technical problems of satel 
lite communication systems. Members of the Committee are: 
Dr. Richard Emberson, Associated Universities, Inc., New 

York, N. Y. 
Mr. Richard P. Gifford, General Electric Co., Lynchburg, Va. 
Dr. John P. Hagen. National Aeronautics N Space Adminis¬ 

tration, W ashington, D. C. 
Dr. J. W . Herbstreit, National Bureau of Standards. Boulder 

Colo. 
Dr. Donald MacQuivey, Office of Chief of Telecommunica¬ 

tions, Department of State, Washington. I). C. 
Mr. Ross Peavey. Space Science Board. National Academy 

of Sciences. Washington, D. C. 
Dr. Allen M. Peterson. Stanford Research Institute. Stanford. 

Calif. 
Mr. C. A. Petry. Aeronautical Radio Inc.. Washington, D. C. 
Mr. Thomas F. Rogers, Lincoln Laboratory. M.I.T., Lexing¬ 

ton. Mass. 
Dr. L. C. Tillotson. Bell Telephone Laboratories, Red Bank. 

N.J. 
Lt. Gen. James D. O’Connell, USA Ret., Vice President. 

General Telephoned Electronics Labs.. Inc.. Menlo Park, 
Calif. 

WWV and WWVH: With this issue of letters to the 
editor we note an improvement in reporting the standard fre¬ 
quencies broadcast by W W V. The corrections to these fre¬ 
quencies as broadcast now provide accuracy to ±3 parts in 
10" with respect to the United States Frequency Standard, 
instead of the 1 part in 10'° of previous corrections. This is 
30 parts in one million million and it is interesting to note 
that the standard frequency services, including those on I. F 
and VLF. are required to give such high accuracy in meeting 
the needs of science and technology. It is even more interest¬ 
ing to realize that such requirements exist. 

On the general subject of Standard Fretpiencies and Time 
Signals we received a copy of the National Bureau of Stand¬ 
ards Miscellaneous Publication 236. “Standard Fretpiencies 
and Time Signals from NBS Stations WWV and W W VH.” 
which can be purchased from the U. S. Government Printing 
Office for 10 cents. This publication contains complete, cur¬ 
rent information on standards of frequency, time interval, 
and musical pitch and on lime signals and radio propagation 
forecast notices. Since issuance of Miscellaneous Publication 
236, a Timing Code was added to WWV; it is described in 
Proc. IRE, p. 379, January . 1961.—F. H. Jr. 
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Scanning the Issue-
Transistor Internal Parameters for Small-Signal Repre¬ 

sentation (Pritchard, et al., p. 725)—The physicist or device 
designer looks at the transistor from the standpoint of its in¬ 
ternal physical structure and operating mechanisms. The 
user, on the other hand, is concerned chiefly with its external 
characteristics. Numerous attempts have been made over the 
past decade to tie together these differing viewpoints by 
means of equivalent circuit representations, with varying de¬ 
grees of success. In order to carry forward standardization 
work in this area, a Task Group on Transistor Internal Pa¬ 
rameters (28.4.7) was formed a few years ago by the IRE-
AIEE Committee on Semiconductor Devices. This joint Com¬ 
mittee, which operates within the IRE as a subcommittee of 
the IRE Technical Committee on Solid-State Devices, will 
be remembered as the group that organized the June, 1958 
Transistor Issue of the Proceedings. It soon became evident 
to the Task Group that before any standardization could be 
effected a tutorial paper on the subject would be required. 
Their report develops a complete equivalent-circuit represen¬ 
tation of the transistor from its basic physical mechanisms 
and relates it to certain simplified representations that are 
useful in specific practical design situations. In so doing, the 
Task Group has taken an important step toward providing a 
common language for transistor designers and users. 

A Noise Investigation of Tunnel-Diode Microwave Ampli¬ 
fiers (Yariv and Cook. p. 739)—Although the tunnel diode 
will probably never compete with the maser or parametric 
amplifier as a low-noise device, its high-frequency capabilities 
and simple structure make it a device of great promise and 
widespread interest. Consequently, there is a good deal of 
interest in the noise behavior of tunnel diodes, which is de¬ 
termined in large measure by the shot noise accompanying 
the tunneling process. This paper provides an analysis and 
derivation of the noise figure in a simple manner which empha¬ 
sizes the physical interpretation of the residts. rítese results 
will be of both practical and theoretical interest. 

Tunnel-Diode Microwave Oscillators (Sterzer and Nelson, 
p. 744)—Tunnel-diode oscillators are compact and rugged, 
arc relatively insensitive to nuclear radiation, have very 
modest power-supply requirements, and can be easily tuned 
by either mechanical or electrical means. Thus, they have 
significant advantages over low-power vacuum-tube oscil¬ 
lators and have great potential at UHF and microwave fre¬ 
quencies. During the past year or so, several workers have 
reported using tunnel diodes as oscillators with microwatt 
power outputs. The tunnel-diode oscillators described in this 
paper have power outputs an order of magnitude greater than 
any previously reported, ranging from 10 milliwatts at 610 
Me to 0.7 milliwatts at 2800 Me to 0.01 milliwatt at 7130 Me 
—a noteworthy advance in the state of the solid-state micro¬ 
wave generator art. 

Three-Layer Negative-Resistance and Inductive Semi¬ 
conductor Diodes (Gartner and Schuller, p. 754)—Many dif¬ 
ferent negative-resistance semiconductor devices have been 
discussed in recent years, including point-contact transistors, 
p-n-p-n structures, avalanche transistors, parametric and 
tunnel diodes. This revival of interest in negative resistance is 
understandable when one considers the wide variety of uses 
which such devices can have, such as bi-state devices for pulse 
circuitry, oscillators, oscillator-mixers, and novel amplifier 
circuits. This paper shows that under appropriate conditions 
negative resistance can be observed in a transistor-like three-
layer structure with the base either open-circuited or shorted 
to the emitter region and that at higher frequencies an induc¬ 
tance is often evident, too. The conceivable circuit applica¬ 
tions of this type of structure are numerous and impressive: 
oscillators, amplifiers, frequency converters, switching ele¬ 

ments, multipliers, solid-state inductances to replace coils in 
miniature circuitry, distributed negative-resistance structures 
for microwave amplification, and parametric amplifiers of the 
variable-inductance as well as the variable-capacitance type. 

A Low-Noise X-Band Radiometer Using Maser (Cook, 
et al., p. 768)—The maser is unequalled as a nearly noiseless 
amplifying device. This attribute has made the maser an ex¬ 
tremely valuable tool in the field of radio astronomy. This 
paper describes the characteristics and performance of the 4-
level ruby maser system installed last year in the University 
of Michigan’s 85-foot-diameter radiotelescope. It provides an 
excellent sequel to the June, 1959 Proceedings paper which 
described the first application of an X-band maser in a radio-
telescope by the Naval Research Laboratory, and indicates 
the considerable advance which has been made since then in 
radio astronomy technologv. The paper gives valuable infor¬ 
mation to those involved in space communications, as well as 
to radio astronomers, concerning the practical merits of the 
use of masers in the continuing quest for improved tools. In 
addition, the discussion of the practical problems encountered 
should stimulate further work on the part of research workers 
in the maser and large antenna fields. 

An Analysis of the Magnetic Second-Subharmonic Oscil¬ 
lator (Lavi and Finzi, p. 779)—A second-subharmonic oscil¬ 
lator can operate in either of two phases, 180 degrees apart, 
thus providing in effect a device that can be switched back 
and forth between two states. Such a device can, therefore, 
be utilized to perform digital and logic operations in binary 
data-handling systems and indeed has been so used, for ex¬ 
ample, in the Parametron. This paper considers a second-
subharmonic parametric oscillator with two ferromagnetic 
cores and presents a novel analysis of its steady-state per¬ 
formance and transient build-up w hich is in good agreement 
with experimental observations over a wide range of frequen¬ 
cies. The analysis will be of interest not only to computer 
engineers but to circuit theorists as well. 

Properties of Tropospheric Scattered Fields (Ortwein, 
et al., p. 788)—The general manner in which microwave trans¬ 
missions are scattered bv the troposphere is understood w'ell 
enough to permit the design of tropospheric scatter communi¬ 
cation systems. Nevertheless, there is still considerable dis¬ 
agreement as to the exact cause of the scattering phenomenon 
and only an incomplete understanding of a number of its 
properties. Further light is shed on these properties by this 
paper, which reports the results of a three-year series of over¬ 
water tropospheric scatter tests performed by the U. S. Navy 
Electronics Laboratory. It represents a great amount of care¬ 
ful work, yielding significant new experimental data that will 
be of lasting reference value to workers in this field. 

IRE Awards, 1961 (p. 841)—Only one per cent of IRE’s 
nearly 90,000 members have achieved the distinction of being 
named to its highest grade of membership. An even fewer 
number, 139, have had the high honor of receiving an award 
from the IRE. Last month, the 76 members who have been 
elevated to Fellow grade and the 8 who received an IRE 
award in 1961 were honored at the IRE annual banquet dur¬ 
ing the International Convention. The names, pictures, and 
award citations of these leaders of our profession are included 
in this issue as a tribute to them and to their work. 

Annual Index to Transactions (follow s p. 876)—Last year, 
the IRE Professional Groups published over 1000 papers and 
letters, accounting for more than 50 per cent of the total pub¬ 
lication output of the IRE during 1960. As in past years, this 
April issue contains a consolidated author and a subject index 
to the 99 issues of IRE Transactions that appeared in 1960. 

Scanning the Transactions appears on p. 855. 
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Transistor Internal Parameters for Small-Signal 
Representation* 

R. L. PRITCHARDf, fellow, ire, J. B. ANGELLJ, senior member, ire, 
R. B. ADLER||, fellow, ire, J. M. EARLY §, fellow, ire, 

and W. M. WEBSTER* , fellow, ire 

Summary—The joint IRE-AIEE Task Group 28.4.7, on Transistor 
Internal Parameters, was organized with the following objectives: 

1) To formulate a small-signal equivalent-circuit representation 
of a transistor, the parameters of which emphasize separately the 
principal physical mechanisms of the device. 

2) To recommend symbols for these parameters consistent with 
accepted usage and other standards. 

3) To exhibit the relationship between the equivalent-circuit 
representation described in item 1 above and those simplified repre¬ 
sentations commonly employed in circuit analysis or design. 

4) To propose and discuss methods of determining these parame¬ 
ters from electrical measurements at the terminals. 

This report summarizes the work of the group on the first three 
of these objectives. 

I. Introduction 

Î
N characterizing a transistor for small-signal opera¬ 
tion, one can adopt different philosophies depend-

' on his immediate interest. From the standpoint ot 
the user, it is sufficient to give the input, output, and 
transfer impedances as functions of the operating point, 
frequency, and ambient temperature. To the physicist 
or device designer, the transistor is characterized by the 
distribution of fixed charge within its volume, i.e., by its 
dimensions, the conductivities of the active regions, etc. 
There is an appreciable gap between these two philoso¬ 
phies, requiring some tie-in between the physical struc¬ 
ture and the four-pole parameters. Numerous equiva¬ 
lent-circuit representations have been proposed which 
attempt to make the connection and do so with varying 
degrees of success.1 A need remained, however, to supply 
in a systematic manner a relatively complete single 
representation that could serve as a basis for a common 
language between the transistor designer and the user. 
This was the principal problem that motivated the pres¬ 
ent work; the fact that the complete circuit representa¬ 
tion is usually too complicated for practical circuit cal¬ 
culations made it necessary also to detail its relation¬ 
ship with various well-known simplified forms. 

In this report, the complete equivalent-circuit repre¬ 
sentation is developed from the basic physical mech¬ 
anisms of the transistor in two steps. First, in Sections 

* Received by the IRE, August 17, 1960; revised manuscript re¬ 
ceived December 19, 1960. 

t Texas Instruments Inc., Dallas, Tex. 
j Stanford I'niversity. Stanford, Calif.; formerly Philco Corp., 

Philadelphia, Pa. 
j Mass. Inst. Tech., Cambridge, Mass. 
§ Bell Telephone Labs., Murray Hill, N. J. 
5 RCA Labs., Princeton, N. J. 
1 For a survey of this subject, see Pritchard |1|. 

II and III, an idealized junction transistor is introduced 
(Fig. 1), and its structure is related to the elements of 
an equivalent-circuit representation (Fig. 2) through 
the physics of the minority-carrier and majority-carrier 
flows. Second, Section IV points out how a number of 
idealized transistors may be combined in a distributed 
fashion to simulate a real transistor. This section also 
indicates some simplifications that may be made of the 
resulting circuit representation in certain practical 
cases. Finally, in Section V are presented several of the 
common lumped equivalent-circuit representations that 
are useful for special classes of transistors or under 
special conditions of operation. 
The idealized transistor is considered here in terms of 

the movement of minority charge carriers through the 
base region, including the finite time required for them 
to do so. Historically, this viewpoint has been used 
most widely in discussing transistor equivalent-circuit 
representations. The admittance representation em-

E MITTER COLLECTOR 
OEPLETION DEPLETION 

LAYER LAYER 

Fig. 1 — Regions of idealized transistor. 

Fig. 2—Basic equivalent-circuit representation 
of idealized transistor. 
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ployed here is, of course, not the only possible choice. 
Other interesting viewpoints have been developed in 
considerable detail (see, for example, Zawels [2]), in 
which the compromise between physical representation 
of the device and convenience of the representation for 
equivalent-circuit purposes is made at a different place. 
An alternative approach [3] also may be used, how¬ 

ever, in which the time variation of stored charge, rather 
than the movement of charge, in the base region is con¬ 
sidered to be fundamental. This stored-charge approach 
circumvents certain difficulties, such as defining the 
transit time of a diffuse flow; however, this formulation 
is less exact than the representation employed here. I'or 
example, the explicit dependence of all currents upon 
the barrier voltages usually disappears in a stored-
charge analysis. In the use of a stored-charge analysis, 
portions of the stored charge must be related to the 
various physical phenomena discussed in this report. 

For convenience, the entire report is phrased in terms 
of a p-n-p transistor. 

11. The Idealized Transistor 

Flow of minority carriers is basic to the operation of 
a junction transistor. However, majori ty-carrier flow is 
also important, giving rise to effects which will be con¬ 
sidered in Section III. In the p-n-p transistor under dis¬ 
cussion here, holes are injected into the base region by 
application of a forward bias to the emitter-base junc¬ 
tion. The relation between the concentration of injected 
holes [pn(e') —pon] at the emitter edge of the base 
region and the applied forward voltage, Vkb- across the 
emitter junction- is exponential, according to the well-
known [4] Boltzmann relation 

Pu(e') — pon = poulexp(qvE'n/kT) — 1|, (1) 

where pon is the equilibrium hole density in the base 
and kT/q is thermal voltage (about 25 millivolts at 
room temperature). 

Inasmuch as the hole current is proportional to this 
injected hole concentration, current naturally appears 
as an exponential function of junction voltage. Conse¬ 
quently, the current-voltage relationship is most simply 
expressed with voltage taken as the independent vari¬ 
able, and this fact in turn makes it convenient to employ 
admittance parameters. A second reason for the choice 
of an admittance representation is that several indi¬ 
vidually analyzable currents may be associated with 
each junction voltage. 

For an example of the second reason, note that the 
relation between incremental emitter hole current and 
emitter-base junction voltage gives rise to the admit¬ 
tance yp. in Fig. 2. The same emitter-base junction volt-

2 The voltages Vk'B' and vcb', and their ac or de counterparts, are 
the emitter-to-base junction voltage and collector-to-base junction 
voltage, respectively, anti not the terminal voltages Veb and vcb, 
which may include significant voltage drops through one or more 
lead impedances. 

age, vE-B’, also causes injection of electrons into the 
emitter from the base region. Inasmuch as the total 
emitter current comprises both contributions, the small¬ 
signal effect corresponding to the electron current is 
represented by the admittance y7 in parallel with the 
admittance y„... The electron How into the emitter de¬ 
creases the amplification of the device, and the transis¬ 
tor generally is designed to keep this current small rela¬ 
tive to the hole current, i.e., \yy [« |y,„ I. 
The holes injected into the base region flow toward 

the collector. However, some of the holes recombine 
en route with the electrons in the base, so that only a 
fraction of the injected current reaches the collector 
depletion layer. There is also dispersion and delay as¬ 
sociated with the flow of holes through the base region. 
'Fliese effects are included in the complex quantity ß. 
On reaching the edge of the collector depletion layer, 

holes move into the region of strong electric field. Even 
though they drift at a high velocity because of the field 
in this region, the holes may have a significant transit 
time through the depletion layer. In addition, some of 
the holes may have sufficient energy to produce hole¬ 
electron pairs by impact ionization. This “avalanche” 
phenomenon results in a multiplication within the col¬ 
lector depletion layer of the hole current which enters it. 
Finally, the flow of holes out of the collector depletion 
layer sets up an electric field in the collector body, 
which in turn causes a flow of electrons from the col¬ 
lector body into the base. This effect is called “collector¬ 
body multiplication,” and makes the collector current 
larger than the hole current entering the collector deple¬ 
tion layer, as does avalanche multiplication. These three 
effects depletion-layer transit time, avalanche, and 
body multiplication vary in relative importance with 
individual transistor designs but they are all incorpo¬ 
rated in the factor M which appears in Fig. 2. Collec¬ 
tor body multiplication also produces additional effects 
requiri ng the factor a* to appear separately in Fig. 2. 
Thus far, consideration has been given only to the 

control of the flow of carriers by variation of emitter-to-
base voltage, with the implicit understanding that col¬ 
lector-to-base voltage has remained fixed. V ariations in 
collector-to-base voltage, however, cause changes in 
base-layer thickness through changes in the width of 
the collector depletion layer. These variations in base¬ 
layer thickness produce increments both in the hole cur¬ 
rent entering the collector barrier and in that leaving 
the emitter barrier. The dependence of the hole current 
entering the collector barrier on collector-to-base volt¬ 
age is represented by the admittance ypc in Fig. 2, and 
the corresponding change in hole current leaving the 
emitter is represented by the current generator be¬ 
tween e' and b'. 

The phenomenon of carrier multiplication due to im¬ 
pact ionization in the collector depletion layer is volt¬ 
age-dependent. Therefore, the collector current may 
vary with collector-to-base voltage, even though the 
hole current arriving at the base edge of the collector 
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depletion layer is constant. This variation of collector 
current with collector-to-base voltage, caused by changes 
in impact ionization, is represented by the avalanche ad¬ 
mittance, yv, in Fig. 2. 

In order for us to proceed with the detailed definitions 
of the various parameters discussed above, it will be 
convenient to refer to various currents and voltages 
within the idealized transistor, of which some tire shown 
in Fig. 3.a Upper-case symbols with lower-case sub¬ 
scripts are used to represent the mis magnitude and 
phase of single-frequency small-signal ac quantities; it 
should be understood that, in accordance with IRE 
Standards on Letter Symbols for Semiconductor De¬ 
vices (56 IRE 28.SI), the corresponding static (or de) 
quantities will be indicated by change from lower-case 
to upper-case subscripts. Lower-case symbols with 
upper-case subscripts denote instantaneous total values. 

Fig. 3—Currents in idealized transistor. 

.1. Minority-Carrier Injection 

1) Injection into the Base (ypP) : The admittance ype , 
associated with hole injection from the emitter into the 
base region, is defined as the ratio of the emitted hole 
current lpt to the junction voltage Vee at constant col¬ 
lector voltage (K'6^0): 

At low frequencies, for transistors in which Ipe repre¬ 
sents a major fraction of the emitter current, ype is ap¬ 
proximately equal to the conductance of the emitter¬ 
base diode [5]: 

die 1 ql e 

dvE'w re kT 
(3) 

3 The directions of the various currents shown in Fig. 3 follow the 
flow pattern in a />-«-/> transistor, in order to simplify the definition 
of transfer functions such as 0. The collector current h flows out of 
the transistor, in contrast to usual network theory practice, where 
positive directions for currents are chosen into a circuit element. The 
internal hole currents, tp„ I pr, and I,,„, flow from emitter to collector, 
as shown by the corresponding arrows. The arrows on the electron 
currents, however, point in the direction in which the electrons move; 
the minus signs on I„r, l„c, and I„rc show that these currents actually 
are in the same direction as the hole currents. 

On the other hand, the ac emitter junction voltage also 
gives rise to a time variation of the charge stored in the 
base by the direct current Ipe- This effect can be repre¬ 
sented as a (diffusion) capacitance in parallel with the 
low-frequency conductance. However, at higher fre¬ 
quencies, the admittance ype must be considered as a 
more elaborate complex, frequency-dependent, admit¬ 
tance. 

In the case of a transistor in which minority carriers 
flow only by diffusion [6]- [8], ypl is given approxi¬ 
mately by 

1 
yP< ~ f coth f (4) 

re 

where f is defined as 

IL _ //WÃ*- II 2
f = — VI + j^n = 4/ I — 1 + ju —- , (5) 

Lb I \Lb / Db 

with IF as the base width, tb, Ln and Du, respectively, 
the minority-carrier lifetime, diffusion length, and dif¬ 
fusion constant in the base region. 

2) Injection into the Emitter (yy): The admittance yy 
is associated with the flow of electrons from the base 
into the emitter region, where the electrons are minority 
carriers. This admittance is the ratio of the electron cur¬ 
rent /„, to the emitter junction voltage Vee, with the 
collector voltage constant. 

I,., I 
y, = —— I • (6) 

I ee Veb-« 

For the conventional transistor defined in Section 
11-A, 1), it is given approximately by 

yy «- I.\eV^ + j^rK, (7) 
kT 

where te is the effective electron lifetime in the emitter. 
3) Injection Efficiency (7): The injection efficiency, 

7, is introduced at this point for convenience and de¬ 
fined as that fraction of the total emitter conduction 
current (as distinct from displacement current through 
the emitter transition capacitance) which is composed 
of holes [4], Specifically, 

7 = —^—1 = — - • (8) 
ipc + i„j vee=° ypc^~yt 

Since only the hole current gives rise to amplification, 
transistors usually are designed to have values of 7 close 
to one. This, of course, means that yy is much smaller in 
magnitude than ypr. For a given forward emitter-junc¬ 
tion voltage, the ratio of hole current to electron current 
crossing the junction is determined in the first order by 
the ratio of hole density in the emitter to electron den¬ 
sity in the base. To make Ipr large compared to Ine, the 
transistor is designed to have a much higher concentra-
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tion of holes in the emitter region than electrons in the 
base region. For example, in the conventional transistor 
discussed previously ]6]-[8], 

I nt 'I IxE\I\ + JW E KObDbW 

Ip'V .h.=n IpeÇ coth f PobDbLe 

x/1 + Jute 
X 

f coth f 
(9) 

in which non and poB are the equilibrium minority¬ 
carrier densities, De and Du are the minority-carrier 
diffusion constants in the emitter and base regions re¬ 
spectively, and Le is the minority-carrier diffusion 
length in the emitter. It should be noted that if the 
thickness of the emitter region is small relative to the 
diffusion length in the emitter material, the factors Le 
ami te are determined by the emitter thickness and by 
the nature of the contact to the emitter region. 

B. Carrier Flow Through the Base Region (d) 

The collector current generator of Fig. 2 represents 
the flow through the collector depletion layer of carriers 
controlled by the emitter-base voltage. It is composed of 
M, which includes effects occurring in transit through 
the depletion layer [as will be discussed in Section 
11-0,1) below]; ß, which indicates the efficiency of hole 
transport through the base region ; and ype = Ip„ 
that (Xirtion of the emitter current which results in use¬ 
ful amplification. The present section concerns ß, the 
base transport factor, which is defined as the ratio of 
the hole current (/,„) leaving the base region at the col¬ 
lector depletion layer to the hole current (IpP) entering 
the base region at the emitter, with the collector voltage 
held constant [5], 

IPc 
ß = —  . (1(1) 

'p- vc.h.-o 

This ratio always is less than one in magnitude and in 
general is complex, owing to time delays in the diffusion 
ami drift processes. At low frequencies, Ipc is less than 
Ip, because of recombination of holes in the base.4 The 
smaller the base width IF, the less ß departs from one. 
Also, Ipc lags behind I in such a way that ß has a 
negative phase angle which increases with increasing 
frequency. In general, the smaller the base width, the 
less the time delay and, hence, the smaller the phase lag 
at a given frequency. Furthermore, diffusion during 
transport through the base region results in a spread of 
carrier transit time, i.e., dispersion. This dispersion 
causes the magnitude of Ipc to decrease, relative to that 
of IPc with increasing frequency; therefore, \ß | de¬ 
creases with increasing frequency. In some high-fre-

4 In a practical transistor, recombination of carriers at the surface 
must lie considered. See Section IV-A). 

quency transistors, a built-in electric field in the base 
region reduces the transit time for a fixed base width, 
and reduces the dispersion even more. 

For a transistor in which minority carriers flow only 
by diffusion [5], the transport tactor ß is given by 

0=sechf (11) 

where f is defined in (5). In the more general case, par¬ 
ticularly when electric fields in the base region affect 
transit time, a useful approximation for ß is [9] [11 ] 

ß ~ ;- — - > (12) 
1 + 

where ßn is the low-frequency value of ß, is the fre¬ 
quency at which \ß I has decreased to l/-^2 times its 
low-frequency value ßn, and v is a constant that repre¬ 
sents the “excess phase” or additional phase shift of ß 
over and above the particular /?C-type phase shift as¬ 
sociated with the simplified attenuation [1 + (w/wtf)2]_,/2 
assumed for ß in (12). Eq. (12) does not imply that the 
frequency dependence of ß is necessarily of a nonmini¬ 
mum phase type; in fact, it can be shown that precisely 
minimum-phase behavior is to be expected in common 
cases [11 I, although the phase shift obviously is not of 
the simple RC variety. 

For transistors in which minority carriers flow only 
by diffusion [see (11)], 

ßo = sech (W/Lb) « 1 - ̂ W/LB)2, 

OV/LbY « 1, 
~ 2ADu/W2, V ~ 0.2. (13) 

Note that Lb)2^Tb/tb, which is the ratio of 
transit time through the base region, Tb~W2/2Db, to 
hole lifetime in the base region, tb- The ratio Tb/tb is 
simply the proportion of carriers which recombine in 
transit through the base region. 

C. Base-Width Modulation [12 1 

1) Reverse Transfer Admittance (—r)ßypr): The emit¬ 
ter-base current generator (short-circuit reverse trans¬ 
fer admittance of the part of Fig. 2 between terminals 
e', b' and c') represents the change in emitter current 
caused by a change of collector junction voltage, with 
emitter junction voltage held constant. For conven¬ 
ience, this reverse transfer admittance has been written 
as the product of three factors, two of which have al¬ 
ready been discussed (ß and y,„). The third one, y, 
must be the main concern of this section. 

Called the voltage feedback factor, is defined as 1/ß 
times the ratio of emitter-junction voltage W'f to col¬ 
lector junction voltage W'b', with the emitted hole cur¬ 
rent entering the base region held con t int (/,„. = ()): 

F^d 1 
>7= — X (14) 

Fr'lJ^-O 
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Defined in this way, t; is frequency-independent for 
idealized one-dimensional transistors of either the ho¬ 
mogeneous-base or the Kroemer drift type. 

Physically, the emitter-junction voltage variation in¬ 
volved in 17 arises from a variation in base width with 
collector-junction voltage, as discussed in Sections II 
and III-A. For a transistor in which minority-carrier 
flow through the base region is by diffusion only, an ap¬ 
proximate expression for the factor 77 may be deduced 
by referring to Fig. 4, which illustrates the hole distri¬ 
bution through the base for two different values of col¬ 
lector voltage. Eor simplicity, a constant hole-concen¬ 
tration gradient is shown. This implies that the de hole 
current is constant through the base and hence that 
/30 = 1. Moreover, the gradient is the same tor both 
values of collector voltage, which implies that the de 
hole current at the emitter is being maintained con¬ 
stant, as required in the definition of 77. 

Fig. 4—Hole concentrations in the base taxer, illustrating the reverse¬ 
transfer effect of base-width modulation at low frequencies when 
i/o; = Constant. 

From the geometry of Eig. 4,5

Spute')' Sw 
- - = - . (Id) 
pn(e) IE 

The relation between the excess hole concentration at 
the emitter edge of the base, pule'), and the emitter 
junction voltage tV'ic has been given in (1), differentia¬ 
tion of which yields 

Spn(e') = Pn(e')(q kT)SvEB'. (16) 

Noting that 

Aw = Sec ir(dw/di'c' nf, (17) 

combining the above results, and recalling that /30=l, 
we find that 

1 Ee't'l St e’ ir hl 1 / dw \ 
n =- — . ) (18) 

00 Ï 7,„-0 Arc'/c q II \dTcn ' 

The value of the space-charge layer widening factor 
(dw/dvc ip) depends on the nature of the collector-base 
junction. In most transistors, the feedback ratio q is of 

5 Lower-case w is used to designate the instantaneous value of base 
width, whereas upper-case IF indicates the base width with quiescent 
collector voltage (Fr-V =0). 

the order of 10-3 to 10"4. in circuit applications, the 
feedback associated with q is usually negligible. How¬ 
ever, this feedback affects the choice of the equivalent¬ 
circuit representation of the transistor, as described fur¬ 
ther in Section V-B. 

2) Collector Admittance (ype )'. The factor ypr in the 
admittance My pe of Eig. 2 represents the collector-base 
admittance produced by depletion-layer widening ef¬ 
fects alone. It is defined as the (negative of the) ratio3 of 
the hole current Ipr, entering the collector depletion 
layer from the base, to the junction voltage Kc»-, with 
emitter-base junction voltage held constant (E,-4>=0): 

In order to incorporate this admittance into the 
equivalent-circuit representation of Eig. 2, we must mul¬ 
tiply ypc by the collector-current multiplication ratio M 
relating Ipc to Ic [Section H-D, 1) |. It might be noted 
that M is defined in terms of =0, whereas a short-
circuit output admittance requires Ee-i,-=0. This differ¬ 
ence in boundary conditions does not affect Mypr per 
se but rather gives rise to the presence of the admit¬ 
tances a*yv and jua*Crc in Fig. 2, representing the col¬ 
lector current that flows for unit K'ir when Ee>»>=0. 

Eor the simple case of the transistor in which mi¬ 
nority-carrier flow through the base is by diffusion only, 
an expression for ypc at low frequency can be derived, 
in a manner similar to that used in deriving (18), by 
referring to the sketch shown in Eig. 5. This sketch dif¬ 
fers from that of Eig. 4, however, in that the hole con¬ 
centration at the emitter is the same for both values of 
collector voltage, which reflects the condition that the 
emitter junction voltage Veh-, rather than the emitter 
hole current, is held constant. Inasmuch as the hole cur¬ 
rent is proportional to the gradient of the hole concen¬ 
tration, pole'} w, a change in base width due to a change 
in collector voltage gives rise to a change in hole current 
such that 

SiP<- = - (Zee/IDAw. (20) 

By referring to (17), and to the definition (19) for ypc , 
we see that 

— Si pc 1 / dw \ 
yPc ~- = I pc (- -)• (21) 

Stc'/p HAiM-h/ 

In addition to the low-frequency conductance effect 
in (21), the decrease of base width also involves suscept¬ 
ance [13]. At low frequencies, the minority-carrier 
charge qB stored in the base by the de bias current 
must be changed by an amount, as indicated by the 
shaded portion of Fig. 5, 

Sqn = qASwpn(e')/2, (22) 

where A is the cross-section area of the junction. When 
this charge Sqn is removed through the collector termi¬ 
nals by an incremental collector voltage Svcm, the effec-



730 PROCEEDINGS OF 1 HE IRE A pril 

tive shunt capacitance is C.<i = ̂<]b/^Vc'b'- A more use¬ 
ful form for this capacitance can be obtained by intro¬ 
ducing the proportionality constant between de hole 
current and hole concentration: 

I pc = y A Dupage')/ IF (22) 

and by employing (17); thus 

In general, at higher frequencies, ypc must be con¬ 
sidered as a more elaborate complex admittance, with 
frequency-dependent conductive and susceptive parts. 

DEPLETION - LAYE R EDGE 
POSITION FOR 

Fig. 5 Hole concentrations in the base layer, illustrating one output 
admittance effect of base-width modulation at low frequencies, 
when Ve'B’ = Constant. 

D. Collector Action 

“Collector action” as defined here comprises only 
those injection-induced conduction processes occurring 
within either the collector depletion layer or the col¬ 
lector body region (Fig. 3).6 These processes relate por¬ 
tions of the incremental collector terminal current Ie to: 
1) incremental hole current J incident from the im¬ 
mediately adjacent part of the base region; and 2) incre¬ 
mental collector junction voltage K-ir. Effects similar 
to item 2), but associated with collector depletion-layer 
widening, are discussed in Sections 11-C, 2) and IH-A. 
The portion of collector action relating Ic to 1 at 

fixed collector junction voltage ( I7,.';/ = 0) , is contained 
in the over-all collector current-multiplication factor .1/ 
(Fig. 2). It is treated in Sections ll-D, 1)— Il-I>, 4). 

I he remaining portion of collector action contains the 
effect of the voltage Vc-b' upon that portion of E pro¬ 
duced by the avalanche process within the collector de¬ 
pletion layer, at fixed incident hole current Upe — G\. 
The corresponding small-signal admittance is y„ (Fig. 
2). It is discussed in Section ll-D, 5). 

1) Collector Current- Multiplication Factor (M): At 
fixed collector junction voltage, the ratio of incre¬ 
mental collector terminal current, Ic, to the incre¬ 
mental hole current ßlpe incident from the emitter upon 

6 In this connection, any avalanche process considered must not 
be so great that it destroys the validity of separating these regions 
conceptually. 

the base boundary of the collector depletion layer is the 
complex current-multiplication factor M: 

M = 
ßl pt 

(24) 

The factor M defined above may always be repre¬ 
sented as the product of two others 

2 pc 
(25) 

where 

(26) 

is the collector-body multiplication factor and 

(27) 

is the collector depletion-layer multiplication factor. 
In spite of the general factorability of M exhibited in 

(25), calculation of the values of M' and a* from the 
physics of the device requires, in principle, the solution 
of a boundary-value problem involving both the collec¬ 
tor depletion layer and the collector body region at the 
same time. Thus, in principle, M' and a* cannot be eval¬ 
uated independently when both are simultaneously 
greater than one.7 Moreover, under such conditions, the 
appropriate boundary-value problem referred to above 
has never been investigated carefully. Nevertheless, in 
contemporary practice, it is unusual to find important 
conditions under which M' and a* are simultaneously 
much larger than one; and when either factor is close to 
one, a first-order calculation of the other can be made by 
neglecting the interaction between them. 
More detailed discussions of a* and M' are given be¬ 

low, with examples oi their analytical expressions under 
appropriate simplifying conditions. 

The depletion-layer multiplication factor M' in (27) 
relates to those processes occurring within the collector 
depletion layer which are responsible for a difference in 
either phase or magnitude between the hole current 
I in Fig. 3 and the portion ßl pc of the injected hole 
current entering the depletion lax er from the base. Both 
the transit time of carriers through the depletion layer 
and their avalanche multiplication processes are in¬ 
volved in M', generally in a more or less complicated 
way. 
Most of the important practical situations at present 

are cases in which either barrier transit time is impor¬ 
tant without significant avalanche multiplication (low 
collector bias voltage and high frequency), or avalanche 
multiplication is important without significant transit 
time (high collector bias voltage and low frequency). 

’ An extreme case of this situation is the one rejected in footnote 6. 
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The relevant special values of M' under these circum¬ 
stances are important enough to be given identifying 
symbols: 

B = barrier transit time factor (complex) 
w = avalanche multiplication factor (real). 

Further discussion of these parameters will be given in 
Sections II-D, 2) and II-D, 3), respectively. 

2) Barrier Transit-Time Factor (B) : In the absence of 
any avalanche multiplication, a single hole (hole-current 
impulse) entering the collector depletion layer from the 
base produces a ptdse of collector terminal current. This 
pulse lasts for the time, 7’, that it takes the hole to 
traverse the depletion zone, and is essentially rectangu¬ 
lar because the hole velocity is approximately constant 
in transit. Hence, the sinusoidal response for the barrier 
transit-time factor, B [14], is the Fourier transform of 
this rectangular pulse of duration T: 

1 - e-^T

When collector-body multiplication is either absent or 
at least very small (a*~ 1), the collector body current is 
almost entirely composed of holes, and 

1 - e-'"T Ipcc 

1^1' vev^ 
No avalanche 

M'\ . (29) 
No avalanche 

3) Avalanche Multiplication Factor (m): At low fre¬ 
quencies, when depletion-layer transit time is negligible, 
the only effect upon hole current through the depletion 
layer is the avalanche multiplication process. Then. 

(30) 

is the avalanche multiplication factor. 
Values of m in germanium and silicon have been 

measured only on a de (or very low-frequency) basis, 
and in the absence of collector-body multiplication. 
That is, they have been measured under conditions in 
which 

ni 
Ic ~ ¡co 

Bol PE 
(31) 

where Ico is the collector reverse-bias current with 
Íb = 0. It has been found experimentally for these ma¬ 
terials that [15], [16 I 

(32) 

where Vu and n are empirical constants depending upon 
both the semiconductor material and the incident car¬ 
rier (holes or electrons). 

4) Collector-Body Multiplication Factor (a*): In the 
collector body region (Fig. 3), there is considerable hole 
current flowing as a result of transistor action, not¬ 
withstanding the reverse bias on the collector junction. 
At a distance greater than a diffusion length from the 
junction, this hole current is accompanied by an electric 
field. Associated with this field there is an electron cur¬ 
rent, Incc, flowing toward the collector junction. Hence, 
the total incremental collector current Ic exceeds the 
incident hole current Ipcc by an amount Incc which is 
proportional to Ipcc. Therefore, (26) for the collector¬ 
body multiplication factor a* may be written as [6 ], [17] 

Normally, the incremental electron current is small 
relative to Ipcc, inasmuch as the former is proportional 
to electron concentration in the collector body, whereas 
the latter is proportional to hole concentration. How¬ 
ever, when the collector body material approximates an 
intrinsic semiconductor, e.g., with increasing tempera¬ 
ture, the ratio IncJIpCc may become appreciable. 

In general, a* is a function of the collector bias cur¬ 
rent Ic and the frequency w, as well as of the physical 
parameters of the collector body region [6], [17 |. For 
a one-dimensional transistor, under conditions of large 
collector bias current, low frequency, and no avalanche, 
a* can be expressed in terms of collector-body con¬ 
ductivities as: 

where is the equilibrium collector-body conductivity 
due to minority carriers only, and a, is the equilibrium 
collector conductivity. For small collector currents, the 
ratio (a* —1) must be reduced by a factor of 2. In either 
case, at high frequencies the ratio (a* —1) varies as 
(jœ)~,/2 . Normally, anc<Kac, and a* is not significantly 
different from 1. 
At those frequencies for which barrier transit time is 

negligible, (25) suggests that 

M = ma*. (35) 

This is correct; but use of (32) and (34) for m and a* 
respectively in (35) can never be justified unless both 
m and a* are nearly equal to one (in addition to the 
other restrictions placed on these equations). 

5) Avalanche Admittance (y„) : The collector-current 
multiplication factor M has been related to the current¬ 
transfer action of the collector depletion-layer region 
and the collector body region, when the collector junc¬ 
tion voltage does not vary ( Vr-b- = 0) • We must now 
consider the effect of collector junction voltage upon 
the action of these regions, when the incident hole cur¬ 
rent does not vary. Fixing the incident hole current 
means setting Ir.c = 0 in Fig. 3, even though the col-
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lector-junction voltage is allowed to change. Under dif¬ 
ferent constraints, I pc ordinarily varies as a result of the 
collector depletion-layer widening, which accompanies 
changes of the junction voltage [Section II-C, 2)]. 
Therefore, the condition Jpc = 0, with implies 
a variation of emitter voltage, and consequent emitter 
injection, just sufficient to counteract the effect of col¬ 
lector space-charge layer widening upon I,c. In terms 
of the equivalent circuit of Fig. 2, the current generator 
between b' and c' is being actuated to counteract exactly 
the current through the admittance MyP. produced by 
V^: 
Under the foregoing conditions, which make Ip.—0, 
Fr-h, produces a terminal current E that must meet sev¬ 
eral demands. First, it supplies a charging current re¬ 
quired to change the depletion-layer width. This current 
is associated with the depletion-layer capacitance Cr? 
(Section 1II-A). Secondly, it must include any current 
associated with changes in the avalanche process ac¬ 
companying the changes in voltage. Third, the changes 
in barrier transit time accompanying the changes in de¬ 
pletion-layer width require additional “charging cur¬ 
rent” components in E. The last two items come under 
the heading of voltage dependence of the conditions en¬ 
countered by carriers traversing the depletion layer; the 
corresponding current is associated with the avalanche 
admittance y„. 

In general, it is difficult to separate clearly (in terms 
of the currents in Fig. 3) those processes (y„) having to 
do with carriers traversing the depletion layer from 
those relating directly to the changing of the dimensions 
of that layer (Ctc)- Thus, it is best to define simply 

y,. + juCr. 
h^n 

(36) 

Nevertheless, the depletion-layer widening responsible 
for Ct.- takes place so quickly with applied voltage, 
compared to the carrier transit time across the barrier, 
that there is no conceptual difficulty in isolating the 
effects whenever they have any meaning. Essentially 
this requires that the avalanche multiplication be small 
enough to permit thinking of a depletion layer in the 
first place.6 Treatment of situations in which this is not 
possible falls beyond our present scope of discussion. 

If conditions are such that (31) and (32) apply, y„ can 
be identified as follows [18 ] 

die I 

J’ =  L (JiCH' const 

(37) 

6) Other Effects of Collector-Body Multiplication: As 
a result of the current multiplication processes in the 
collector body and collector depletion layer, the various 
collector admittances ypc , yv, and juCrc must be multi¬ 

plied by appropriate factors M or a*. The validity of 
this procedure can be established by treating the region 
between the base edge of the collector depletion layer 
and the collector terminal as a pair of cascaded trans¬ 
ducers, volt age-current equations for which can be writ¬ 
ten down from (26), (27) and (36): 

E = a*Ipcc

I Pcc = M'lpc — (JwCtc + y.)F, (38) 

The equation relating hole current to the emitter-base 
ami collector-base junction voltages follows from (10), 
(2), and (19): 

1Pr dy PA h- yP.E c' b'. (39) 

Combining the above equations and introducing (25) 
leads to 

E= Mdyp.V .’b’ — + a*(y, + ./<vCrc)|Fc>t' (40) 

which describes the voltage-current relations between 
terminals c' and b' of Fig. 2. 

III. The Idealized Transistor -
Majority-Carrier Flow 

This section treats phenomena associated with ma¬ 
jority-carrier flow. These phenomena are not basic to 
the amplifying properties of a transistor, but may limit 
its performance. They are of two kinds: 1) the depletion¬ 
layer capacitances across the junctions, and 2) resist¬ 
ances within the device due to the resistivities of the 
semiconducting regions. 

.1. Depletion- Layer Transition Capacitances 
(Ct. and Ct.) 
A contact potential exists between p- and «-type 

semiconductors. At a p-n junction, a depletion layer is 
formed in which this potential difference is absorbed. 
The depletion layer extends on both sides of the junc¬ 
tion, and in it the electric field is relatively high. This 
field is in such a direction as to push majority carriers 
away from the junction on their own sides and to ac¬ 
celerate minority carriers which diffuse into the deple¬ 
tion layer across to the opposite side of the junction. 
Applied reverse or forward voltages add to or subtract 
from, respectively, the contact potential. As the reverse 
potential across the junction increases, the layer 
widens, pushing majority carriers back through the bulk 
semiconductor on both sides. The depletion layer thus 
behaves as a capacitor, requiring charging current to 
flow in the external circuit. This capacitance is exactly 
that of a parallel-plate capacitor filled with material 
having the dielectric constant e of the semiconductor, 
the junction area, .1, and the plate spacing equal to the 
depletion-layer width, x„„ which is a function of junc¬ 
tion voltage: 

C = At/x„. (41) 
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I'he junction has a depletion layer even when for-
ward-biased, because of the internal contact potential 
between the n- and /»-type semiconductors which, in 
effect, acts as a built-in reverse bias. A net reverse junc¬ 
tion potential therefore exists even with very large for¬ 
ward currents. However, the depletion layer of a for¬ 
ward-biased emitter is much thinner than at the re¬ 
verse-biased collector, so that the emitter depletion¬ 
layercapacitance is usually much larger than that at the 
collector. 
The depletion layer capacitances are indicated by ele¬ 

ments Cie and Crr in the equivalent-circuit representa¬ 
tion of Fig. 2. The collector depletion-layer capacitance 
in the representation is multiplied by a*, as described 
in Section 11-D, 5), because the current through this 
capacitance contributes to the majority-carrier current, 
Zp«, in the collector body. 
The variation of the depletion-layer capacitance with 

applied voltage depends upon the impurity distribution 
in the neighborhood of the junction. In the case of an 
abrupt transition between homogeneous M-type and 
homogeneous /»-type materials, where the resistivity of 
one type is very much lower than the other (as in an 
alloy transistor or surface-barrier transistor) the deple¬ 
tion-layer capacitance varies inversely with the square 
root of the junction voltage [4 | 

CT = -lly.Ve 2(F + F0)] 1/2 , (42) 

where N is the impurity concentration in the higher re¬ 
sisti vity material (base region in an alloy transistor), 
Vu is the magnitude of the internal contact potential 
(c.g., for germanium, Fn«0.3 -0.5 volt), and V is the 
applied reverse voltage. On the other hand, if the im¬ 
purity concentration varies in a linear fashion from n-
to /»-type, as in most grown-j unction transistors and in 
some dilfused-base transistors, then [4 | 

Cr = (.h)]^ 12e(F + Fo)] ,/3 (43) 

where a is the impurity-concentration gradient. 
In some types of high-frequency transistors, the ca-

pacitance may vary with voltage in one of the ways de¬ 
scribed above for voltages up to a critical value, beyond 
which the capacitance effectively saturates, i.e., further 
increases in voltage cause no further decrease in capaci¬ 
tance. 

For the reverse-biased collector-base junction, the ap¬ 
plied voltage V = \Vcn'\ generally is much greater 
than the internal contact potential Fo. Hence, an equa¬ 
tion for Ctc can be obtained from (42) above by replac¬ 
ing (Fo+F) by |Fc'b- |. In an alloy transistor, for ex¬ 
ample, 

Ctc « ̂ ck-Ve/2 IF<- J1'2. (44) 

On the other hand, for the forward-biased emitter junc¬ 
tion, the applied voltage F= — Viw is small but of op¬ 
posite sign from Fo. Hence, the net junction voltage for 
the emitter junction is considerably smaller than for the 

collector junction. Moreover, in many high-frequency 
transistors, the impurity- distribution in the vicinity- of 
the emitter-base junction is such that the impurity- con¬ 
centration and or gradient are much greater than at the 
collector-base junction. As a result of these factors, the 
emitter transition capacitance generally is many times 
greater than that of the collector. 

B. Extrinsic Lead Resistances (rr„ rbr , rrg ) 

In any- practical transistor structure, the majority¬ 
carrier current must flow through the three semiconduc¬ 
tor regions to the emitter and collector junctions. The 
resistances oi these regions are accounted for in the 
equivalent-circuit representation of Fig. 2 by series re¬ 
sistors in each of the three leads. At low current densi¬ 
ties the magnitudes of these resistances (for the ideal 
structure considered here) can be calculated approxi¬ 
mately in a relatively straightforward manner from the 
geometry and resistivity of the material. That is, 
r, = pl/A, yvhere p is the resistivity- of the region, / and .1 
respectively are the path effective length and effective 
cross-section area for current flow through the region. 
At high current densities, conductivity modulation of 
the regions must be taken into account, i.e., p yvill de¬ 
crease with increasing current density-. 
The relative importances of these elements varies 

with the ty pe of transistor construction, and in many 
cases some of these resistances are negligible insofar as 
their influence on performance is concerned. Generally-, 
the most important is the one in the base lead (n„), 
since this resistance is inversely- proportional to the 
width of the base region (cross-section area for current 
floyv transversely through the base region is directly 
proportional to base width.) 

IV. Practical Transistors 

In the foregoing sections, the physical mechanisms 
involved in the idealized transistor have been discussed 
in detail. No real transistor is exactly like the ideal one. 
To the first approximation, hoyvever, any real transistor 
can be considered as a three-dimensional array of ideal, 
but not necessarily- identical, transistors, whose emitter, 
base, and collector terminals are interconnected by 
means oi the incremental lead resistances similar to 
re„ rh„ and r„, respectively- [19]. 

In general, such an array- is extremely- difficult to 
analyze. An alternative procedure, which is reasonably 
satisfactory in many cases, is to represent the practical 
transistor structure by an equivalent circuit of the form 
shoyvn in Fig. 2 but yvith the series resistances replaced 
by impedances, as illustrated in Fig. 6 [20 |. These im¬ 
pedances are assumed to be complex in general, in order 
to account for three-dimensional interactions. They also 
may be functions of the de bias in order to take account 
of changes in the de floyv pattern yvith de bias. Note that 
even those elements of the equivalent-circuit representa¬ 
tion of Fig. 6 yvhich appear to be identical yvith those of 
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the ideal transistor of Fig. 2 (elements between e', b' , 
and c') actually are determined by the entire structure, 
rather than by any one portion of it. The situation re¬ 
garding the depletion-layer capacitances is described 
more fully in Section IV-B. 

.4. Surface Recombination 

The parameter ß of Fig. 6 must include the influence 
of minority-carrier recombination at the free surfaces 
adjacent to the emitter and collector junctions. This 
effect was not discussed above because, strictly speak¬ 
ing, surface recombination cannot exist in the ideal 
model. However, the effect of carriers recombining at 
the surface of a practical three-dimensional transistor 
must be included in ß just as are those recombining in 
the bulk. To a first approximation, this effect can be 
represented by a surface-recombination velocity. 

Surface-recombination velocity is a phenomenological 
parameter characteristic of a surface. It represents the 
average rate at which minority carriers flow to the sur¬ 
face and recombine. Physically, it is a function of the 
density of recombination centers on the surface, surface 
potential, and capture cross section of the recombina¬ 
tion centers. The minority-carrier lifetime produced by 
recombination on the surface alone can be calculated 
for a given geometery and surface recombination veloc¬ 
ity [21 ]~[24|. This lifetime is combined with that cor¬ 
responding to bulk recombination alone by adding re¬ 
ciprocals, thus forming a new “effective lifetime” which 
includes both surface and volume effects. If this value is 
used in making the calculations for ß from the otherwise 
idealized model, according to equations like (11) and 
(13), a good approximation to ß for the actual transis¬ 
tor can be achieved for incorporation into Fig. 6. In 
most practical transistors, surface recombination is the 
dominant mechanism and cannot be ignored. 

B. Effects of Collector Geometry 

The equivalent-circuit representations shown in Fig. 
6 apply particularly to most grown-j unction types of 
transistors [20]. If the elements zet and zcs are omitted, 
and if the element zf is replaced by a pure resistance 
rß, an equivalent-circuit representation is obtained 

which is widely used, but which is most applicable to 
transistors having the junction geometry of alloy units. 
On the other hand, additional modifications which are 

useful for representing other types of transistors in com¬ 
mon use are shown as Figs. 7-9. The first two of the 
representations are useful lumped approximations for 
structures in which the collector area is substantially 
larger than the emitter area, so that the effects of cur¬ 
rent flow and voltage drops in the transverse directions 
are significant. The circuit of Fig. 7 applies to non-
symmetrical alloy and surface-barrier transistors |6]. 
In this case, the base impedance zf is purely resistive 
and may be split into two portions, rn' and r^. The 
resistance of r^f is associated only with the base cur¬ 
rent from the ideal portion of the equivalent-circuit 
representation (terminal b'}, whereas reactive current 
flowing through the collector transition capacitance 
flows only through the portion r^f of the total base re-

Fig. 7—Alloy or SBT approximation. 

Fig. 8 I )iffused-base approximation. 

Fig. 6—General equivalent-circuit representation. Fig. 9—Tetrode approximation. 
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sistance. This separation of the base resistance into two 
parts mirrors the physical fact that the collector region 
on the average is closer to the base contact than is the 
emitter region. 
A somewhat similar equivalent-circuit representation 

which is useful for certain diffused-base transistors is 
shown in Fig. 8. In such transistors, a substantial por¬ 
tion of the charging current of the collector transition 
capacitance does not flow through any appreciable se¬ 
ries resistance in the base terminals between b and c. 
Hence, the total capacitance can be split into two parts, 
as shown in Fig. 8 [25], [26], 
A third type of modified equivalent-circuit represen¬ 

tation which is applicable for tetrode junction transis¬ 
tors is shown in Fig. 9 [27]. In this case, the resistance 
R in series with Ctc reflects the fact that the charging 
current for the collector transition capacitance flows 
throughout the entire region, even though the active 
portion of the transistor has been crowded toward base 
contact ¿>i. Hence, base current from the ideal portion 
of the equivalent-circuit representation (terminal b') 
flows through a much smaller resistance rb'<<ZR. The 
value of R is a fraction of the total base-to-base resist¬ 
ance Rb that depends on the termination of b^ relative to 
bt, i.e., whether bi is open circuited for ac or shorted 
to bt. 

V. Equivalent-Circuit Representations 

The basic equivalent-circuit representation shown in 
Fig. 6 includes the various physical phenomena thought 
to be significant for transistor action, without any par¬ 
ticular consideration of the ease with which this repre¬ 
sentation can be applied directly by the circuit engi¬ 
neer. In this section, the intrinsic parts of the basic rep¬ 
resentation (the “intrinsic transistor” comprising just 
the elements within e' , b', and c') are transformed into 
alternative forms. When combined with extrinsic lead 
impedances of the form discussed in the preceding sec¬ 
tion, these alternative representations lead to readily 
applied configurations for practical transistors. 

A. Transformations of the Basic Equivalent-
Circuit Representation 

One of the most useful small-signal equivalent-circuit 
representations is based on a ^-equivalent representa¬ 
tion of the intrinsic transistor in a common-emitter con¬ 
nection [28]- [30], Th is ^-equivalent circuit representa¬ 
tion is shown in Fig. 10, together with equations relat¬ 
ing its parameters to those of the intrinsic part of the 
basic representation of Fig. 6. The interrelationships are 
determined simply by equating appropriate terminal 
parameters of the representations. 
A second small-signal equivalent-circuit representa¬ 

tion for the intrinsic transistor, shown in Fig. 11, is sug¬ 
gested by the hybrid parameters of the common-base 
connection. This representation uses a voltage-generator 
representation for the space-charge feedback effect from 
collector to emitter [12], 

»b e' ■ Xpe 1 •* M S 1 + »y * ¡"Cíe 

»b'c = j"a *Crc ’ M »pc -^»pe 

9m * < M - V > tfïpe 

let • VBUff 

Fig. 10—Common-emitter pi-equivalent-circuit representation. 

Fig. 11—Hybrid equivalent-circuit representation. 

B. Commonly Used Equivalent-Circuit Representations 

Virtually all of the equivalent-circuit representations 
that have been used in circuit design are based upon the 
simple model shown in Fig. 6, in which only a single im¬ 
pedance has been inserted in series with each element of 
the intrinsic transistor and in which only a single capaci¬ 
tance is associated with the emitter and collector transi¬ 
tion regions, i.e., no direct account has been taken of 
distributed effects as illustrated by the models of Figs. 
7-9. Hence, only equivalent-circuit representations 
based on this simple model will be discussed below. 
Note, however, that the representations presented be¬ 
low could be modified easily for one of the other models, 
it desired. Moreover, in some cases such modifications 
might be desirable for circuit design: e.g., in the case of 
Fig. 8, only the capacitance Creí contributes to internal 
feedback for common-base operation, whereas the ca¬ 
pacitance Ctcï may be tuned out without appreciable 
loss of gain. 
When series lead resistances are added to the com¬ 

mon-emitter equivalent-circuit representation of Fig. 
10, the “hybrid-7r” equivalent-circuit representation pro¬ 
posed by Giacoletto [28]- [30 ] is obtained, as shown 
in Fig. 12. In actual use, it is frequently possible to omit 
one or more of the elements of a representation, because 
such elements may be relatively insignificant in par¬ 
ticular cases. A simplified version of Fig. 12, frequent¬ 
ly used for high-frequency amplifier applications, is 
shown in Fig. 13. An even greater simplification, useful 
when the load conductance is much greater that the 
transistor output conductance (as for video-amplifier 
applications), is shown in Fig. 14 [31]. 
When extrinsic lead impedances are added to the 

equivalent-circuit representation of Fig. 11, the “Early” 
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Fig. 12—Hybrid-pi (Giacoletto) equivalent-circuit representation. 

C be “ cTc 

Cb« “ Ct« 

9 ce s ’î 9 p e 

9m « ( M-V I 0O 9pe 

9 be = 9p, < I - « 0o 1 +

~ (qlg/kTl < l-a 0 > 

Fig. 13—Hybrid-pi equivalent-circuit approximation 
for high-frequency amplifiers. 

Fig. 14—Hybrid-pi equivalent-circuit approximation 
for video amplifier. 

equivalent-circuit representation shown in Fig. 15 re¬ 
sults [12]. This representation or its simplifications are 
particularly convenient for grounded-base circuit anal¬ 
ysis. An approximation of the “Early” equivalent-cir¬ 
cuit representation suitable for most intermediate-fre¬ 
quency amplifier applications is shown in Fig. 16. A 
modification of this representation, using a resistive 
voltage divider to represent the feedback due to space¬ 
charge widening, is shown in the “Keiper” equivalent¬ 
circuit representation of Fig. 17 [32 J, [33 ]. This circuit 
has found its widest use in the analysis of intermediate¬ 
frequency amplifiers employing “wafer” transistors hav¬ 
ing substantial base spreading resistance. A further 
simplification of the “Early” equivalent-circuit repre¬ 
sentation is shown in Fig. 18 [14]; this simplification 
has been found adequate for many applications requir¬ 
ing control of the high-frequency capabilities of the 
transistor in use, where performance is limited more by 
transit time, base spreading resistance, and transition 
capacitances than by space-charge layer widening. 

Fig. 15—“Early” equivalent-circuit representation. 

Fig. 16—“Early” equivalent-circuit low-to-intermediate-
frequency approximation. 

Fig. 17—“Keiper” equivalent-circuit approximation 
for “wafer” transistors. 

Fig. 18—“Early” equivalent-circuit 
high-frequency approximation. 

The classical /'-equivalent circuit representation, em¬ 
ploying the parameters r„ rb, and rc, a complex internal 
current generator al„ (and occasionally a collector ca¬ 
pacitance, Cc, across re) has been omitted deliberately 
from this section on equivalent-circuit representations. 
This representation was originally suggested for the 
point-contact transistor [34], [35], and has on occasion 
been applied to the junction transistor in small-signal 
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low-frequency applications. However, if the passive ele¬ 
ments (the resistances and capacitance) of this repre¬ 
sentation are assumed to be frequency-independent real 
numbers, then this equivalent-circuit representation 
will not predict junction-transistor behavior (gain or 
impedance level) satisfactorily as a function of fre¬ 
quency over a significant, practical band. By contrast, 
such representations as are shown in Figs. 13 or 16 fre¬ 
quently provide adequately accurate information for 
circuit calculations over a very significant frequency 
range, without requiring variable passive elements in 
the representation. Furthermore, even the low-fre¬ 
quency values of the /'-equivalent circuit representation 

do not relate in a direct and simple manner to physically 
explainable quantities and, uidike the elements of bigs. 
13 and 16, they cannot be computed to a good approxi¬ 
mation directly from the physical structure. As an ex¬ 
ample of this point, the base resistance rk must include 
the reverse transfer impedance caused by space-charge 
layer widening (rk = rd -¡-/¿r,.). For these reasons, the 
/'-equivalent circuit representation is not recommended 
for junction-transistor computations, and is conse¬ 
quently excluded from this report, For similar reasons, 
the equivalent-circuit representation based on common¬ 
base impedance parameters is not shown or recom¬ 
mended. 

List of Symbols 

(Numbers in brackets refer to the equation, section, or figure where the symbol is defined.) 

73 = barrier transit-time factor 
G-,i = low- frequency capacitive component of ypc

Ctc, Ct,: — col lector and emitter depletion-layer capacitances, respectively 
Du= minority-carrier diffusion constant in the base 
Dk= minority-carrier diffusion constant in the emitter 
jr= the characteristic frequency /measX ' h/r\, where | hf,\ is determined at /meas, and 

/meas is chosen so that 2 < | hj, ' < 10. To a good approximation, /r is the frequency 
at which ! h/t\ = 1 

/„ = col lector terminal current 
/,. = emit ter terminal current 
/,,.= current due to flow ot electrons from the collector depletion layer into the base 
/„„ = current due to electron flow from the collector body into the collector depletion 

layer 
/„e = current due to electron flow from the base into the emitter 
/,„ =current due to flow of holes from the base into the collector depletion layer 
Ip,e = current due to the flow of holes from the collector depletion layer into the collector 

body 
1^ = current due to flow of holes from the emitter into the base 

kT/<i = thermal voltage (about 25 mv at room temperature) 
Ln = minority carrier diffusion length in the base region = y/DHTn 
Lk = minority-carrier diffusion length in the emitter 
m = avalanche multiplication factor 
.1/ = over-all collector multiplication factor = M’a* 
M’ = collector depletion-layer multiplication factor 
«oB = equilibrium electron concentration in the emitter 
N= ionized impurity concentration in the higher resistivity region 

pnfe') = hole concentration in the base at the emitter junction 
/»ob = equilibrium hole concentration in the base 

</ = negative electronic charge 
r/ = low-frequency emitter-base resistance 

re„ rc„ r6, = extrinsic lead resistances 
Tk = minority-carrier transit time through base region 
7o = internal contact potential 
IF=base width 
ype = collector admittance associated with depletion-layer widening effects 
ype = admittance associated with hole injection from the emitter into the base region 
y» = avalanche admittance 
yT = admittance associated with the flow of electrons from the base into the emitter 
o* = collector-body multiplication factor 
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List of Symbols (Cont'd) 

ß = base transport factor 
/So = low-frequency value of the base transport factor 
7 = emitter minority-carrier injection efficiency 
e = dielectric permittivity 
f = (dimensionless parameter)—normalized base width 
= voltage feedback factor 

V = proportionality constant for the “excess phase” in 3 
a,. = equilibrium collector-body conductivity 
anr = equilibrium collector-body conductivity due to minority carriers only 
Te = minority-carrier lifetime in the emitter 
th = minority-carrier lifetime in the base 
oís = frequency at which ¡i has decreased to ß» \/l. 

[(10)] 
[Section II-B ] 
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A Noise Investigation of Tunnel-Diode 
Microwave Amplifiers* 

A. YARIVf, MEMBER, IRE, AND J. S. COOKf, MEMBER, IRE 

Summary—An analysis and derivation of the noise figure of a 
tunnel-diode microwave amplifier are presented. The agreement be¬ 
tween the measured noise figure and the theoretical results is an in¬ 
direct check on the existence of full shot noise in germanium tunnel 
diodes at microwave frequencies. The limiting noise temperature of 
the amplifier is elR/2h, and can be approached by using diodes with 
small (RC) products in which the extreme overcoupling (load mis¬ 
match) and high gain can be achieved simultaneously. 

ÍNTRODI CTION 

A MPLIF1ERS utilizing tunnel diodes were first re-
AA ported by Chang1 at frequencies up to 80 Me. 

Ue also suggested that the noise contribution of 
the diode was due to the shot noise accompanying the 
tunneling process. 1'his suggestion was confirmed by 
Lee and Montgomery,2 who showed by measurements 
at 5 Me that lull shot noise was indeed generated by the 
tunnel diode, Tiemann3 has reported results similar to 
those of Lee and Montgomery, obtained from noise 
measurements at 500 kc on germanium diodes. 
Approximate noise analyses of tunnel-diode ampli¬ 

fiers were given by Sommers, et al.,* Tiemann,3 and 
I lines and Anderson.“ The simplified equivalent circuits 
used were sufficient to derive the limiting noise behavior 
for very high gain and extreme overcoupling. Yariv, 
et a/.,6 reported the operation of a tunnel-diode amplifier 
at microwave frequencies and measured its noise figure. 

In this paper, the details are given of the noise anal) -
sis which led to the noise temperature formula stated by 
Yariv, e/ a/.8 This anal) sis is based on an “exact” equiva¬ 
lent circuit, and its results are useful in the intermediate 
range of small or medium gain as well as in the limiting 
case described above. The theoretical results are com¬ 
pared with the noise measurements. 

1. Tue Physical Solrces of Xoise 

In addition to the omnipresent noise generated by the 
ohmic losses in the spreading and contact resistance of 
the diode and the surrounding microwave structure, we 

* Received by the IRE, October 3, I960. 
t Bell 'Telephone Labs., Inc., Murray Hill, N. J. 
1 K. K. N. Chang, "Low-noise tunnel-diode amplifier,” Proc. 

IRE (Correspondence), vol. 47, pp. 1268 1269; July, 1959. 
2 C. A. Lee and H. C. Montgomery, “Determination of forward 

and reverse tunneling currents in Esaki diodes by shot noise measure¬ 
ments,” Hull. Am. Phys. Sac., vol. 3, p. 160; March 21, 1960. 

3 J. J. Tieman, “Shot noise in tunnel diode amplifiers,” Proc. I RE, 
vol. 48, pp. 1418 1423; August, 1960. 

1 11. S. Sommers, Jr., el al., “ Tunnel diodes for low noise amplifi¬ 
cation,” 1959 IRE WESCON Convention Record, pt. 3, pp. 3-8. 

6 M. E. Hines and W. W. Anderson, “Xoise performance theory 
of Esaki (tunnel) diode amplifiers,” Proc. IRE (Correspondence), 
vol. 48, p. 789; April, 1960. 

6 A. Yariv, el al., “Operation of an Esaki diode microwave ampli¬ 
fier,” Proc. IRE (Correspondence), vol. 48, p. 1155; June, 1960. 

must consider the shot noise accompanying the tunnel¬ 
ing process.7 There are two separate and independent 
tunneling currents, one consisting of electrons tunneling 
iront the -V to the P side of the junction, which we de¬ 
note by ¿i, and a second current, ï», made up of electrons 
crossing the junction in the opposite direction. The net 
measurable de current is In = |q| — |t*| . Since the cur¬ 
rents h and E are uncorrelated, the total shot noise8 is 
represented by a current generator of mean-square 
amplitude, 

F = 2e( I ñ| + I i2| )B, (1) 

where e is the electronic charge and B is the bandwidth 
in cycles per second in which the noise is considered. 
When the diode is biased so as to operate in the negative 
resistance region (see Fig. 1), the current i. is negligibly 
small and the approximation 

It a I ¿i I + I ta I 

may be used. 

Fig. 1—A typical voltage-current characteristic 
curve of an Esaki diode. 

II. The Eqi ivai.ent Ciri t it 

The amplifier constructed for the noise experiment 
consists of a germanium diode mounted in a single port 
cavity which is coupled to the load and the source by a 
low-loss circulator as shown in Tig. 2, the coupling being 
continuously variable. The equivalent circuit of this 
amplifier is shown in Fig. 3. The diode is represented by 
a negative resistance — R, shunted by a capacitance C, 

7 L. Esaki, “New phenomenon in narrow germanian p~n junc¬ 
tions,” Phys, Rev., vol. 109, pp. 602 603. June, 1958. 

8 See, for instance, J. R. Pierce, “Physical sources of noise,” 
Proc. IRE, vol. 44, pp. 601-608; May, 1956. 
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Fig. 2—A schematic view of the Esaki diode amplifier. 

Fig. 3—The equivalent circuit of the Esaki diode amplifier. 

which accounts for the barrier capacitance. The spread¬ 
ing and contact resistance of the diode are lumped 
together with the ohmic losses of the cavity in Rc. The 
noise generated by the three sources of loss listed above 
is provided by a Johnson noise generator of mean-square 
voltage amplitude, 

F = 4kTcRcB, 

where k is the Boltzmann constant and Tc is the ambi¬ 
ent temperature of the cavity. L stands for the total 
inductance (parasitic and intentional). The shot noise 
generator 

77 = 2ehB 

was discussed above. The load resistance is RL. 
For the purpose of analysis, it is more convenient to 

transform the circuit to one in which all the elements are 
either in series or in parallel. The series equivalent cir¬ 
cuit and the new expressions for the equivalent series 
circuit elements are shown in Fig. 4. 

Fig. 4—The series equivalent circuit of the Esaki diode amplifier. 

Series resonance occurs at 

(2) 

where wu2=^/LC. For resonance to occur at real fre¬ 
quencies, we must fulfill the condition 

uuRC > 1 (3) 

for Wo’^C2»!, Wrcs—^o. 
A necessary and sufficient condition for positive gain 

is that the real part of the total series resistance, seen 
looking back into the amplifier terminals, be negative; 
or from Fig. 4, 

R 

1 + ̂ R2C2
(4) 

The highest frequency at which this can take place is 
called the cutoff frequency, /c„: 

y/RR, - 1 

2tRC 
(5) 

and represents the highest useful frequency for a given 
diode and circuit. 

Since our main interest is in an amplifier operating at 
resonance, we evaluate the elements of the equivalent 
circuit of Fig. 4 for the condition w=wrPS . The result is 
shown in Fig. 5. The effective negative resistance is now 
represented by the series resistance 

— R 
R =- — , 

^2R2C2
(6) 
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Fig. 5— I he series equivalent circuit of the Esaki 
diode amplifier at resonance. 

while the shot noise is now provided by a voltage gen¬ 
erator of mean-square amplitude 

_ 2eI<¡BR2 
K.vr - -

^R^C2

The physical importance attached to the elements of 
the equivalent circuit of Eig. 5 is of paramount im¬ 
portance and contains a number of pitfalls, so that a few 
pertinent remarks are in order. Since the resistances are 
all in series, they are proportional to power, with the 
result that one may wrongly infer, for instance, that 
the power generated by the diode is proportional to R 
and, therefore, that for large gain or large power output, 
diodes with large R are superior. In actuality, the gen¬ 
erated power is proportional to 1/R, which for a given 
diode material is proportional to the junction area. 
Physical significance can only be attached to ratios of 
any pair of resistances in Eig. 5. The quantity R'/Rl is 
equal to the ratio of power generated by the diode to 
that delivered to the load, while Rl/Rc, for instance, 
gives the ratio of the power consumed by the load to 
that expended in the cavity. Rl/Rc is often referred to 
as the coupling ratio of the cavity. (Ratio of cavity 
“Ö” to external “Ç".) 

Ill. The Gain-Bandwidth Product 

The power gain G of the amplifier is defined as the 
ratio ot the power delivered to the load (the reflected 
power in our case) to the power available from the 
source (incident) and is thus equal to the squared mag¬ 
nitude of the reflection coefficient measured at the 
amplifier terminals. 1 sing Eig. 5, we have 

r/ii - (Rc - à')1 2
G = - . (7) 

Là,. + (R, - À') J 

I he bandwidth AJ is the distance, in cps, between the 
half-power frequencies. It is derived by replacing Rc — R' 
in (7) by the total series impedance away from resonance 
as given by Eig. 4. The result is 

¥ = 
Rl + R. - R' 

yielding for the voltage gain-bandwidth product 

— _ Rl T R’ — Rc 
(VG)^Af = VGAf -- (8) 

2ttA ( 1 — — ) 
\ uCR;C2J 

E-q. (8) takes a meaningful form upon substitution of 
the high gain condition9

R' « R, + Rl (9) 

and the definition of R' as given by (6). The result is 

- . 1 - Rc R' 
(v^ûùj) biKb gat» = ■ > (10) 

tRC ( 1- ) 
\ ^WC2) 

in which form it is amenable to experimental veri¬ 
fication. 
To increase the gain-bandwidth product, we have to 

use a diode with a small (RC). This happens, not onlv 
through the dependence of y/GAf ou (RC) as given by 
(10), but also through a less obvious decrease of Rc/R'. 
If we assume that the total inductance has been made 
as small as possible, operation at one frequency means 
using the same C. If one now goes to a diode material 
with an intrinsically smaller (RC) product, it becomes 
possible to operate at the same frequency with a diode 
having a smaller R, 10 i.e., a diode generating more 
power, which corresponds to a smaller R, R' ratio. 

IV. The Noise Temperature of the Amplifier 

The noise temperature of the amplifier," which is 
sometimes called the effective input noise temperature, 
can be defined as the increase in the source temperature 
which is required to keep the noise power output a con¬ 
stant if the amplifier, hypothetically, were rendered 
noiseless. It is found by equating that part of the total 
noise output originating within the amplifier, Na, to 
kl\GB, i.e., 

Na = kTcGB, 

’ This condition, when taken with an equality sign, makes the 
gain infinite |see (7)| and becomes the “start-oscillation” condition. 

10 The new diode will have the same area as the old one, but will 
possess a larger current density and, consequently, a larger current. 

11 T, is related to the noise ligure F by 

1 + 
G 
290 ’ 
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or using the equivalent circuit of Fig. 5 and the gain 
definition of (7), 

(R, - Rr+ R')2 R,Ri 
eB - = \kTF -

(Rl + Rc — R'y (Rl + R. - R')2

IcHBRR'Rl 

(Rl + Rr - R')2

where Tr is the temperature of the cavity and diode. 
Solving for T, yields 

AT.R.Rl leluRR'Rt. 
T, = ~ + ' 

(Rl - R. + R'Y2 k(RL - R, + R')2

which can be transformed to 

in which form only ratios of resistance appear. This form 
is particularly useful, since in it the dependence of the 
noise temperature on the gain is separated from its de¬ 
pendence on the coupling ratios. This bracketing is 
justified operationally, since the same value of gain can 
be obtained with different combinations of coupling 
ratios. 

V. Experimental Resilts 

'I'he pertinent characteristics of the phosphorus-
doped germanium diode were: 

/peak = 1 ma, 

It,R = 8.6 X 10-2 at the biasing point, 

RC^i.S X 10“1" ± 10 per cent, 

R = 175 ohms. 

The diode was mounted between the ridge and top 
wall of a short-terminated waveguide, the distance be¬ 
tween the diode and the short being adjustable for 
tuning purposes. 'I'he ridge waveguide tapered gradually 
into a 2-inch X 1-inch input waveguide which was 
coupled to the input and output via a low-loss circulator. 
I'he diode coupling was controlled by two screws placed, 
respectively, J and f guide wavelengths in front of the 
diode. Fig. 6 shows a photograph of the ridge waveguide 
cross section at the diode position, while Fig. 7 shows, 
with considerable magnification, the immediate area 
surrounding the diode. 

I’he measured gain-bandwidth product at 4500 Me 
was 3.6 X 10s, and was checked at a number of gain 
settings between 17 db and 25 db, where it was found to 
be a constant, in agreement with (10). The gain¬ 
bandwidth product deteriorated for lower gain set¬ 
tings. 

I'he measured noise temperature was 1740°K and was 
taken with the amplifier set for a gain of 25 db. To 
compare this result with that predictable from (8), it is 
necessary to know the power ratios Rc' Rl and R' Rl-
This was accomplished by using the measured values of 

Fig. 6 Cross section of the ridge waveguide at 
the diode position. 

Fig. 7—An enlarged view of the diode and its surroundings. 1 he 
diode is mounted between the two pins at the center of the photo¬ 
graph. 

y/G^J and (RC) to solve for Re/R’ in (10), and then 
by using the high gain condition (9) to solve for the re¬ 
quired ratios. With the numerical data given above, the 
ratios are: 

Re R’ Re 
= 0.6, - = 2.5, — = 1.5. 

R’ Rl Rl 

Substitution in (11) yields 

(r,) cu i<nii ll i..<i = 1890°K ± 10 per cent, 

which is to be compared with the experimental value of 
1740°K. The main source of error is the uncertainty in 
(RC). I'he satisfactory agreement between the experi¬ 
mental and theoretical results serves as an indirect 
check on the existence of full shot noise at microwave 
frequencies in tunnel diodes. A more recent version of 
the same amplifier yielded a noise temperature of 
1200°K. 

ML Conch ding Remarks 

A number of factors which are evident from (11) 
affect the noise temperature. We shall treat them sepa¬ 
rately. 
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The dependence of T, on the gain G is contained in 
the factor (\/G +1Y/G, which decreases asymptotically 
toward unity with increasing gain so that high gain 
operation is imperative. 
The shot noise contribution enters through the term 

IUR. It can be minimized by optimum biasing of the 
diode in such a manner that the product InR is a mini¬ 
mum. In practice, it was found impractical to operate 
the diode for any considerable distance beyond the mid¬ 
range of the negative resistance, because the increasing 
value of R, due to the curvature of the F-7 curve, more 
than offset the decrease in i0. The problem of the exact 
shape of the V-I curve is intimately related to that of the 
excess current 1213 and has not been settled yet. 
The (I«R) product is inherently smaller for semi¬ 

conductors with small energy gaps ( 1 nSb—0.17 v, 1 nAs— 
0.33 v, Ge -0.72 v) which should therefore be preferred 
for low noise applications. This advantage is offset to 
some extent by the fact that, assuming the same (RC) 
product, the high-energy-gap diodes generate more 
power and thus make it easier to overcouple the cavity 
and still achieve high gain. 

I he shot noise contribution to the noise temperature 
is proportional to R' R/., which, according to (9), is 
always larger than unit}. In the limit when the cavity 
losses are very' small compared to the generated power 
and the load power, i.e., when R, R' ~ R,.R ,.<<1 , the 
ratio R' Ri. approaches unity. As pointed out at the 
conclusion ol Section 111, this situation is approached, 
lor a diode operating at a fixed frequency, by using 
diodes with small values of (RC). The shot noise con¬ 
tribution to the amplifier’s noise temperature is thus 
always larger, but hopefully' not much larger, than 
eIuR Ik. In our amplifier this yvas ~500°K. 
The same conditions that minimize the shot noise 

contribution also cause the ratio R, RL to be a mini¬ 
mum, thus minimizing the contribution of the cavity-
losses at Tr [see (.1 1)J. 

12 R. A. Logan and A. G. Chynoweth, “Effect of radiation damage 
on excess current in Esaki diodes,” Hull. Am. Phys. Sm., vol. 5, 
series 11, p. 375; June 15, 1960. 

13 I. S ajinia and I.. Esaki. “Excess noise in narrow germanium 
p-n junctions," J. Phvs. 5™. Japan, vol. 13, pp. 1281-1287; Novem¬ 
ber, 1958. 

The reduction of (RC) has a beneficial effect on both 
the gain-bandwidth product and the noise temperature 
of the amplifier; it also creates a number of problems. 
The first is one of stability. For stable operation we 
must satisfy' the condition 14

LM < R.^RC 

at all frequencies. Where L(u) and R.(u) are, respec¬ 
tively, the total inductance and resistance in series with 
the diode, they are shown as functions of frequency 
since stable operation has to obtain for all frequencies. 
The difficulty of satisfying the stability condition in¬ 
creases with smaller (RC) product. 
A small value of RC makes R smaller, at a given 

frequency, and entails using a microwave structure with 
loyv characteristic impedances. In the diode used in our 
experiment, R^i 75 ohms and RC~3.5 X 10 Had we 
used instead a unit with /?C~10-11 , which is available, 
the negative resistance R would have been ~5 ohms, 
which is a very loyv impedance level in microwave cir¬ 
cuitry and creates a gamut of problems, such as match¬ 
ing to standard components yvith much higher im¬ 
pedances and the high attenuation of low-impedance 
waveguides. 

It is not likely that tunnel diode will ever threaten 
the maser and parametric amplifiers as a low-noise 
amplifier. It may still find application in cases where its 
extreme simplicity and economy- may be traded for in¬ 
creased noise, especially when tunnel-diode amplifiers 
with noise figures substantially lower than the one re¬ 
ported above yvill be made. I his improvement is mainly 
contingent on the utilization and taming of diodes with 
small (RC) products and on the use of low-energy-gap 
diodes—yvith small (I«R) products. 

Acknowledgment 

I he authors wish to express their indebtedness to 
P. E. Butzien lor his able participation in the experi¬ 
mental work, and to E. Dickten lor fabricating and 
mounting the diodes used in the experiment. 

14 R. L. Wallace, unpublished report. 



744 PROCEEDINGS OF THE IRE . 1 pril 

Tunnel-Diode Microwave Oscillators* 
F. STERZERf, member, ire, and D. E. NELSONf, member, ire 

Summary—Several experimental tunnel-diode RF oscillators 
which operate at frequencies from 610 to 8350 Me are described. 
Power outputs an order of magnitude greater than those previously 
reported in the literature were obtained: 10 mw at 610 Me, 2 mw at 
1600 Me, 0.7 mw at 2800 Me, 0.2 mw at 5500 Me, and 0.01 mw at 
7130 Me. Problems relating to oscillation frequency, power output, 
and wave shape are treated analytically. 

Introduction 

r I ̂ UN XEL diodes are heavily doped p-n junctions 
that exhibit an incremental negative resistance at 
a small forward de bias. 1-4 These diodes hold great 

promise for high-frequency applications because they 
are not limited by transit-time effects even at micro¬ 
wave frequencies. 

Previous authors have described tunnel diode oscil¬ 
lators with microwatt power outputs and have derived 
the conditions for self-starting oscillations in simple 
oscillator circuits.4-8 This paper discusses the use of tun¬ 
nel diodes in UHF and microwave oscillators with milli¬ 
watt power outputs. The diode parameters which de¬ 
termine the performance ot the diode in oscillator cir¬ 
cuits are described in detail. Several oscillator circuits 
are analyzed with special attention to the steady state. 
A number of practical oscillator circuits are described, 
and experimental results are presented. 

Tunnel-Diode Parameters 

An approximate equivalent circuit for an encapsu¬ 
lated tunnel diode consists of three elements connected 
in series: an inductance Ld, a resistance rd, and a voltage¬ 
dependent resistance [/</(v) ]0 shunted by a voltage¬ 
dependent capacitance Cy(v), as shown in lig. 1. Ld re¬ 
sults mainly from the inductance of the housing; rd is 
the resistance of the ohmic contact, the base, and the in¬ 
ternal leads of the package, and is a function of fre-

* Received by the IRE, October 24. 1960; revised manuscript 
received, February 3, 1961. 

t Electron Tube Div., RCA, Princeton, N. J. 
1 L. Esaki. “New phenomenon in narrow Ge p-n junctions,” 

Phys. Rev., vol. 109, pp. 603 604; January, 1958. 
2 H. S. Sommers, Jr., “Tunnel diodes as high frequency devices,” 

Proc. IRE, vol. 47, pp. 1201 1206; July, 1959. 
3 I.. Esaki and Y. Miyahara, “A new device using the tunneling 

process in narrow p-n junctions," Solid State Electronics, vol. 1, pp. 
13-21; March, 1960. 

•M. E. Hines, “High-frequencx negative-resistance circuit prin¬ 
ciples for Esaki diode applications," Rell Sys. Tech. J., pp. 477-514; 
May, 1960. 

‘ R. F. Rutz, “A 3000-Mc lumped-parameter oscillator using an 
Esaki negative-resistance diode," IRM J., vol. 3, pp. 372-374; 
October, 1959. 

8 J. K. Pulfer, “Voltage tuning in tunnel diode oscillators," 
Proc. IRE (Correspondence), vol. 48, p. 1155; June, 1960. 

’ R. Trambarulo and C. A. Burrus, “Esaki diode oscillators from 
3 to 40 kMc,” Proc. I RE. vol. 48, pp. 1776-1777 ; October, I960. 

8 C. A. Burrus, “Millimeter wave Esaki diode oscillators,” Proc. 
IRE (Correspondence), vol. 48, p. 2024; December, 1960. 

quency due to skin effect. Cd(v) is the junction capaci¬ 
tance, and [/</(t') |u is the total resistance of the junc¬ 
tion, where v is the voltage across Rd and Cd-

Fig. 2, a photomicrograph furnished by Mueller of 
RCA Laboratories, shows the cross section of a typical 
high-performance microwave germanium tunnel diode. 
This particular unit had a peak current Ip of 27 ma, 
corresponding to a peak-current density of about 1.7 
X104 a cm2. 

Cr xOOOOr 

Cd(v) 

-WA,-

Fig. 1 Equivalent circuit of a tunnel diode. 

Fig. 2 Photomicrograph of cross section of germanium tunnel diode. 

The de bias voltage I’d across a tunnel diode is given 
by 

I d = Idrd + Id ]o, (1) 

where Id is the direct current through the diode. At a 
reverse current, an order of magnitude greater than I p, 
[/<i]o is usually very small compared to rd, so that rd 
can be measured directly. When rd is known, [/¿¿Jo can 
be determined from the current-voltage characteristics 
of the diode. 

Fig. 3 shows the current-voltage characteristics of 
typical germanium and gallium-arsenide tunnel diodes. 
In each of these diodes, Idrd is much less than I „ (valley 
voltage) for U<Id<Ip (peak current), and, therefore, 
Vd is approximately equal to Id[Rd(v) ]o over the current 
range shown in Fig. 3. For diodes of this type, in which 
the voltage drop across rd can be neglected, the shape 
of the curve oi Id IP as a function of I d usually depends 
very little on Ip and rd. For diodes in which the voltage 
drop across rd is appreciable, the current-voltage curve 
generally shifts to the right, i.e., voltages corresponding 
to peak and valley currents are higher than shown in 
Fig. 3. 
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Presently available tunnel diodes have values of Ip 
varying from about one-tenth to a few hundred milli¬ 
amperes. The ratio of I p to I, (I „ is the value of current 
corresponding to P„) usually exceeds 5:1; in some cases 
ratios of better than 20: 1 have been obtained. 910

In ac applications, the quantity of most interest is 
not the total value of the junction resistance ]o, 
but rather its incremental value lid(v) =dv/dld- Fig. 4 
shows Ra as a function of voltage for the two diodes of 
Fig. 3. The graph indicates that Rd is negative over a 
voltage range from 0.05 to 0.27 volt for the germanium 
diode and 0.09 to 0.42 volt for the gallium-arsenide 
diode. 
The series inductance Ld and the junction capacitance 

Ct(v) of a tunnel diode can be determined from ac im-

Fig. 3—Current-voltage characteristics of typical germa¬ 
nium and gallium-arsenide tunnel diodes. 

as oe 
VOLTAGE- VOLTS 

Fig. 4 Incremental resistance of the two diodes of Fig. 3. 

•J. Hilibrand, H. S. Sommers, and C. W. Mueller. RCA Labs., 
Princeton, N. J., private communication. 

10 I). J. Donahue, RCA Semiconductor Div., Somerville. N. J.; 
private communication 

pedance measurements. 11 Theoretically, the variation 
of Cd with voltage when Vd is less than F„ may be ap¬ 
proximated by 

CdM « K(4> - r)-*'2, (2) 

where K and <p are constants. Fair agreement between 
experimental values of Cd and the values predicted from 
(2) may be obtained by setting the value of </> equal to 
0.6 volt for germanium and 1.1 volts for gallium arse¬ 
nide.9

In commercially available tunnel diodes, Ld varies 
from about 4XKU 10 to 20X10 9 henry. Experimental 
units using a housing similar to one described by Hili¬ 
brand, et al., 12 have a value of Ld of about 3X10 10 

henry. Cd in commercially available diodes (Cd is usually 
measured at V„) varies from 4X10 12 farad to 300 
X10 12 farad. Experimental diodes may have capaci¬ 
tances from about 0.4X10 12 to 500X10~ 12 farad. 

Impedance of Tunnel Diodes 

In terms of the incremental resistance lid, the small¬ 
signal ac impedance Zd across the terminals of a tunnel 
diode may be written as follows: 

_ i ^l_\ 
K^Cd^" + 1 / 

Rd^dW 

Rd2Cdfa2 + 1 
(3) 

where it is assumed that the diode is biased in a region 
where Rd is negative. 13 In order that the diode exhibit 
negative resistance, must be greater than rd. The 
real part of the impedance, Re (Zd), is equal to (rd— | ) 
at zero frequency and increases monotonically with fre¬ 
quency. The frequency at which Re (Zd) becomes zero is 
called the cutoff frequency fc, and is given by 

At frequencies above fc, Re (Zd) is positive. 
The imaginary part of Zd, lm(Zd), becomes zero at 

frequency fr, where 

\/ Rd2Cd/ La — 1 1 /I 1 

2r I Rd I Cd ~ 2irV LdCd ~ RJCJ ' 

Usually fr is referred to as the self-resonant frequency 
oi the diode. Below self-resonance, the reactance of the 
uiode is capacitive; above self-resonance, it is inductive. 

"I S. Davidsohn, Y. C. Hwang, and G. B. Ober, “Designing 
with tunnel diodes, Part II,” Electronic Design, vol. 8. pp. 66 71; 
February 17, 1960. 

12 J. Hilibrand, C. W. Mueller, C. F. Stocker, and R. D. Gold, 
“Semiconductor parametric diodes in microwave computers,’’ 
IRE Irans, on Electronic Computers, vol. EC-8, pp. 287-297; 
September, 1959. 

13 Unless otherwise noted, it will be ass i ned throughout this 
paper that Rd is negative. 
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Both fr and f, are functions of de bias. If | 7<y| >2rd, 
[/r]>nax occurs at the bias voltage corresponding to 
|/<i|>„in (neglecting the small effect of the variation of 
Cd with bias). For | Z</| <2rd, is at a lower bias 
voltage. [/r]nmx always occurs at the bias voltage, 
The maximum values of fc, 1/|7</| Cd and /r for com¬ 

mercially available tunnel diodes are about 5 kMc, 
1.5X10'° per second and 2 kMc respectively. For ex¬ 
perimental units, the maximum values obtained at 
RCA Laboratories are about 40 kMc, 2 X 10" per second 
and 8 kMc. 

The design of distributed tunnel-diode oscillator cir¬ 
cuits usually requires a plot of diode impedance (or 
admittance) as a function of frequency. In Fig. 5, 
Re (Zd)/{ Rdl is plotted as a function of wCd | 7</| , with 
rd 'J R,t\ as a parameter. Fig. 6 shows Im (Z,;)/| Rd\ as 
a function of wQ| Rd\ , with Ld/CdRd1 as a parameter. 

Fig. 5—Graph of the real part of (ZO! I Rd I as a function of 
ut'., | R,i with rd 1 Rd as a parameter. 

Fig. 6—Graph of the imaginary part of (Zd)/\Rd\ asa 
function of uCd Rd | with Ld/CdRd1 as a parameter. 

Oscillators Using Lt mpe»-0ir< i it Parameters 

Circuits for Operation Below the Maximum Self-Resonant 
Frequency of the Diode 

From an analytical standpoint, the simplest possible 
tunnel-diode oscillator circuit consists of a diode 
shunted by the series combination of an inductance Lr, 
a series resistance rr, and a de voltage source I't,, as 
shown in Fig. 7(a). This circuit, which is useful in many 
practical applications, is analyzed in some detail be¬ 
low. 14

(b) 

Fig. 7- Tunnel-diode oscillator circuits for operation below 
the maximum self-resonance frequency of the diode. 

In many tunnel-diode oscillators, the inductance of 
the leads from the de power supply to the oscillator is 
much greater than the desired value ot Lc. The problem 
of lead inductance can be obviated through use of the 
circuit shown in Fig. 7(b). Here the resistor rc can be 
placed close to the diode, and the inductance of the 
bias leads Lk does not affect the performance of the cir¬ 
cuit provided both rM and rbï are much larger than rc. 

If it is assumed that the value of Ci(v) is given by (2), 
the application oi Kirchhoff’s laws to the circuit of 
Fig. 7(a) leads to the following simultaneous equations: 

f(r) + -- (0 — r)^ 1/2 ll + r 2(0 — t)] + I 
dt 

Kdv 
= 0 » f(r) + (0 - f) -1/2 - A (6) 

dt 

I r T I. + r = l h, (7) 
dt 

where p = voltage across Rd and Cd, 

1M " ’ 
r = rd + rc, 

L = Ld + Lc, 

I = current through L and r. 

Eqs. (6) and (7) are nonlinear differential equations 
which cannot be solved in closed form. Therefore, some 

14 A small signal analysis of this circuit is carried out by H. J. 
Reich in “Theory and Application of Electron l tibes, McGraw-
Hill Book Co., Inc., Xew York, X. Y.; 1944. Reich’s analysis does 
not include variation of C with voltage. 
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of the general properties of the solutions to these equa¬ 
tions are first obtained by a small signal analysis. 

I'he initial response of the network to a small signal 
excitation can be determined by taking the Laplace 
transform of (6) and (7). Initial conditions for (6) and 
(7) are chosen to make Rd negative at time / equal to 
zero. The resultant characteristic equation is given by 

sM.C^ + sOCa, - L/\ Rd.J ) + (1 - r/\ R.„ \ ) = 0, (8) 

where Rd, and Cd, are the initial values of Rd and Cd, 
respectively. Eq. (8) can be solved for 5, the familiar 
generalized frequency. as follows: 

■'1.2 — o, + 

1 / r 1 \ 

2 \ L C ,i, i Rd, J / 

+ r 1 / r _ 1 _ Y _ 1 - r/| 

_ 4 \ A Cd* I R.ii I / LCdi 

A growing solution is obtained if <r,>0. This condi¬ 
tion for <7, is satisfied if either one or both of the follow¬ 
ing inequalities hold: 

I. > r ' R.i, , Cdi 

r > ; Rd, I. 
'Die initial growth can be either purely exponential 

(w, = 0) or sinusoidal (w,5^0). The conditions for sinu¬ 
soidal growth are inequality (10) and 

1 1 / r 1 V 
> ( + — i- r ) . 

LC^ 4\¿ Cd, I R.i,\/ 

I'he initial frequency of oscillation o> is given by the 
second term of (9). I'he steady-state frequency üb differs, 
however, from w, because of the nonlinearities of the 
diode. Also, although the oscillations grow initially at 
the rate ef^, there can be, of course, no net growth in the 
steady state. This difference between initial and steady¬ 
state behavior ol the oscillator can be accounted for by 
the assumption that both w and a are functions of time: 15

w(0) = u, lim u(l) = (13) 
i-* « 

<r(0) = <z,, lim a(l) = 0. (14) 
f—» X 

Eor the steady state, (9), (13) and (14) yield 

I- = r i Rd, I C,ic (15) 

15 If inequality (11) holds, there exists the possibility of a non-
oscillating steady state (lim I—♦ x <0|. 

where R,h and C,i, are the effective steady-state values 16 

of R,i and Cd, respectively. 
bor steady-state oscillations, the sum of the imped¬ 

ances or admittances at any point in the circuit (using 
the effective values R.,, and CdO must be zero. Eqs. 
(15) and (16) can also be easily derived by using this 
principle. 

Accurate values of R,i„ and Cd, can be obtained only 
by use oi lengthy numerical or graphical methods. How¬ 
ever, if only moderate variations in R,¡ and Cd are en¬ 
countered, then, to ti first approximation, R,i, and C</e 
can be replaced by their average values Rd and Cd, and 
(15) and (16) become 

L « r I R.i I Cd 

I Rd A1 2

Substitution of r = L/Cd\ R.i\ and L=Ld+ 
sults in 

1 1 "I1'2

.(Ld + Lr}Cd Rd'Cd'. 

1 r2

ULd + " (Ld-C Lcy_ 

Comparison of (19) with (5), the equation for the self¬ 
resonance frequency f„ shows that is less than or 
equal to [wrjmax, i.e., the circuits of Fig. 7 cannot pro¬ 
duce oscillations above the maximum self-resonance fre¬ 
quency of the diode. 
The RE power, P, delivered by a linear negative re¬ 

sistance is 

P = Vr/r, (20) 

where V, and I, are the mis values of voltage across and 
current through the negative resistance, respectively. 
To a first approximation, one can consider the tunnel 
diode to be a linear negative resistance in the voltage 
range from Fp to Ft, and the power delivered by the 
diode (assuming 7^ = 0) for an RF voltage swing in this 
range is 

P - l(l\ - Fp)(/p - /.). (21) 

A better approximation to the I-V characteristics of 
the diode can be obtained, in analogy with the classical 
theory of vacuum tube oscillators, 17 by writing the cur¬ 
rent as a third degree polynomial of the voltage. 18 This 
cubic approximation changes the constant in (21) from 
1/8 to 3/16. 
Complete solutions, including power output, har-

(17) 

(18) 

L, in (18) re-

1/2 

(19) 

16 A similar effective resistance is discussed by C. Brunetti, "The 
clarification of average negative resistance with extensions of its 
use, Proc. IRE, vol. 25, pp. 1595-1617; December, 1937. 

17 B. Van Der Pol, “Non-linear theory of electric oscillations," 
Proc. IRE, vol. 22, pp. 1051 1086; September, 1934. 

18 K. K. N. Chang, RCA Labs., Princeton, N. J.; private com¬ 
munications. 



748 PROCEEDINGS OE THE IRE . I prit 

TABLE I* 

Vb L r ' 1 fi ft 
âse (volts) (heurys) y (Me) (Me) 

Calculated values of 

RF power to load rf 
(r) min (r) max f. (milliwatts) 
(volts) (volts) (Me) Harmonic 

1 2 3 

1 0.13 8X10“" 0.6 10,540 11,300 
2 0.13 2X10 10 0.2 6,670 7,580 
3 0.13 8X10-'» 0.06 3,330 3,620 
4 0.156 8X10-'“ 0.1 3,613 3,820 
5 0.11 8X10'° 0.07 3,480 3,920 
6 0.085 8X10 10 0.08 3,640 3,980 

0.040 0.187 11,370 0.296 9.8X10-' 1.4X10“ 
0.005 0.233 7,140 0.185 7.9X10-' 4.9X10“5

-0.012 0.312 3,030 0.124 3.7X1O 2 1.2X10-' 
-0.01 0.349 3,252 0.139 1.9X10““ 2.9X10“6
-0.009 0.256 2,604 0.116 3.5X10 “ 1.1X10“' 
-0.003 0.189 1,865 0.063 5.0X10 “ 4.5X10“' 

* Results of solutions of equations (6) (approximate form) and (7) obtained on the digital computer. The current-voltage characteristics 
of a germanium tunnel diode having a peak current of 10 ma were used in the calculations. Other parameters were: A' = 1.4X10 12 volts 1/2 

farad, <¿> = 0.58 volt, r = 2.5 ohms. 

f = 1 p-'/IMd1/2
1 2rr L LC.K J 

/-¿[¿-œr 
f The approximation P=\( V,— Vp)(Ip-Ir) yields a value of 0.25 mw for the power delivered to r. 

monic content and frequency, of (6) and (7) can be ob¬ 
tained to any desired degree of accuracy by use of 
numerical calculus. 19 The required calculations using 
the approximate form of (6) were programmed for an 
automatic digital computer. The program used a sub¬ 
routine (written by Ur. E. Edelman of the R( A Labora¬ 
tories) for the solution of systems of first-order ordinary 
differential equations. The subroutine is based on 
methods originated by Milne 20 and Runge-Kutta-Gill. 21 

The tunnel-diode current Id was approximated by the 
following expression 22 in which Ji, Ms • • • Me are con¬ 
stants: 

/^\ 3/2
Id — M + MsVd2 + MjVdC 2 1Í ~ j 

V*4 / 

+ d6(e^-l). (22) 

An excellent fit of each of the tunnel-diode character¬ 
istics shown in Eig. 3 was obtained by proper choice of 
the six constants. 
Table 1 summarizes some of the results obtained on 

the computer. Eig. 8 shows the computed steady-state 
wave shapes. 
The following qualitative conclusions can be drawn 

from this table: 

1) The voltage swing across the diode junction (i.e., 
across Rd and Cd) increases as L is increased if all 
other diode and circuit parameters are held 

19 An alternative method is to use a combination of graphical and 
analytical procedures. See for example L. Strauss, “Wave Generation 
and Shaping," McGraw-Hill Book Co., Inc., Xew York, X. Y., ch. 
15; 1960. 

20 W. E. Milne, “Numerical Calculus,” Princeton University Press, 
Princeton, N. J.; p. 134; 1949. 

21 S. Gill, “A process for the step-by-step integration of differential 
equations in an automatic digital computing machine,” Proc. Cam¬ 
bridge Phil. Soc., vol. 47, p. 96; 1951. 

22 This approximation was developed by Dr. R. Klopfenstein and 
A. H. Simon of the RCA Laboratories. 

Fig. 8—Calculated steady-state wave shapes of 
tunnel-diode oscillators. 

constant (see cases 1, 2 and 3). This fact can 
be explained as follows: in the steady state 
r| R.ie\ CdCL= 1 (15). As L is increased, l-KdjQ, 
must increase proportionally, i.e., the voltage 
swing across the diode must increase. 

2) Although the voltage swing across the diode junc¬ 
tion increases as L increases (cases 1, 2, 3), the 
RE power delivered to the load decreases, primar¬ 
ily because the voltage drop across L increases. 

3) Cases 1, 2 and 3 show that, for a diode biased in 
the center of the negative-resistance region, the 
harmonic power output increases as the voltage 
swing across the diode increases. This result is to 
be expected because the V-I characteristic of the 
diode is more nonlinear for large voltage swings. 

4) The maximum power output of a tunnel-diode 
oscillator usually occurs at a bias somewhere be¬ 
tween the maximum negative-resistance point and 
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V Cases 3 to 6 illustrate the increase in power 
with increasing bias voltage at voltages below the 
bias voltage corresponding to maximum-power-
output. These cases also show that the frequency 
decreases with bias voltage in this voltage range. 

5) Finally, the table also indicates that (19) with 
R,i equal to R,i, and Cd equal to Cdi represents at 
least a fair approximation of the steady-state solu¬ 
tion for the frequency in (6) and (7), as long as the 
diode is biased near the center of the negative re¬ 
sistance region. 

Fig. 9(a)-(h) shows oscilloscope tracings of the 
output of a germanium tunnel-diode oscillator of the 
type shown in Fig. 7(b) as a function of bias across the 
diode. As predicted by the analytical solutions of (6) 
and (7), the oscillations are nearly sinusoidal if the diode 
is biased in the middle of the negative-resistance region. 
The experimental wave shapes and the variation in fre¬ 
quency with bias agree well with those calculated. It is 
interesting to note that this oscillator can produce al¬ 
most undistorted sine waves even though the ratio 
r\R,i,\C.n/L is about 0.006 and inequality (12) is not 
satisfied. Thus the initial growth must be purely ex¬ 
ponential, i.e., nonperiodic. 

Circuits for Operation Above the Maximum Self-Resonant 
Frequency of the Diode 

Above self-resonance, the reactance of the diode is 
inductive. Therefore, to obtain oscillations at frequen¬ 
cies above the maximum self-resonance frequency it is 
necessary to use a circuit which presents a capacitive 
reactance at the oscillation frequency. A simple circuit 
suitable for operation above the self-resonance fre¬ 
quency of the diode is shown schematically in Fig. 10(a). 
However, the circuit shown in Fig. 10(b) must be used 
if the inductance of the power-supply leads Lt, is ap¬ 
preciable. The results obtained for the circuit shown in 
Fig. 10(a) are also applicable to the circuit shown in 
Fig. 10(b), provided that rM and rh2 are much greater 
than rc. 

Proceeding in the same fashion as in the preceding 
section, it can be shown that for small amplitude oscilla¬ 
tion, the following relationships exist: 

( I R.i I — r,i — rr)r,C, 

~ (r.irrC, Ld - r.C. | R.i | Cd + l)(r,J R.,\ Cd + j R.i | r,Cc

+ r,i j R,i | C a — Ld — r,/r,C,), (23) 

and 

U r

I R.i I — r,i — r,. 

_ 1..! ¡ R,i I C ,/ + r, C, ( i R.i j ( ,ir,i — L.i) 
(24) 

A proper choice of parameters of the circuit of Fig. 
10(a) can lead to an oscillation frequency higher than 

(a) (b) (c) 

Fig. 9—(a)-(h). Oscilloscope tracings of the output of a germanium 
tunnel-diode oscillator of the type shown in Fig. 7(b) as a function 
of bias across thediode.fi). A calibrating 17.9-Mc sine wave with 
0.025-volt nns amplitude. The parameters of the oscillator were 
as follows: | TGI =4.3 ohms, Ci (measured at 0.35 volt) = 75 X HF 12 

f.i, r.1 -0.3 ohm, Ld = 2. X 10'" henry, = 1.8X10 ’ henry, re = 3.33 
ohms. Ihe bias voltage across the diode was varied as follows: 
(a) 0.093 volt; (b) 0.13 volt; (c)0.15 volt; (d) 0.175 volt; (e) 0 25 
volt; (f) 0.28 volt ; (g) 0.295 volt ; (h) 0.305 volt. 

(a) 

Fig. 10—Tunnel-diode oscillator circuits for operation above 
the maximum self-resonance frequency of the diode. 

the maximum self-resonance frequency of the diode. Of 
course, the cutoff frequency of the diode must be higher 
than the sell-resonance frequency. 

Experimental oscillators of the type shown in Fig. 
10(b), operated at a frequency of a few megacycles, have 
produced almost perfect sinusoidal oscillations well 
above the self-resonant frequency of the diode. 

Oscillators Using Distributed Circuits 

In tunnel-diode oscillators operating above a few 
hundred megacycles, it is convenient to use transmis¬ 
sion-line resonators. Suitable resonators can be built 
from coaxial lines, strip transmission lines, waveguides, 
and the like. I he mathematical description of an oscil¬ 
lator using this type of resonator generally involves 
nonlinear partial differential equations, for which com¬ 
plete solutions are very difficult to obtain. The solutions 
of these equations are simplified when it is valid to as¬ 
sume that the oscillator circuit consists of lumped ele¬ 
ments connected by uniform transmission lines. This 
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assumption is valid for many practical microwave oscil¬ 
lators. Tunnel diodes can be packaged in housings that 
are sufficiently small to be considered lumped-circuit ele¬ 
ments up to frequencies well above 10 kMc. It is also 
possible to build stabilizing resistors that can be treated 
as lumped-circuit elements up to these frequencies. 
The characteristic equations of circuits consisting of 

lumped elements connected by transmission lines can 
be found in the conventional manner by using the gen¬ 
eralized frequency, s = a+jcù in the expression for either 
the impedance or admittance of the circuit. In general 
the characteristic equation will be transcendental and 
will have an infinite number of eigenfrequencies, 
sn = a„ +jwn• If <r„ is greater than zero, then oscilla¬ 
tions can occur at frequency w„. However, if there exists 
no a„ greater than zero, the circuit will be stable. Unlike 
the two cases of lumped circuits treated previously, in 
the distributed case it is very difficult to express the 
condition for start oscillation in closed form. It is possi¬ 
ble, however, to determine the stability of a particular 
circuit by solving its characteristic equation by either 
numerical or graphical means. 

For steady-state oscillations, the sum of the imped¬ 
ances or admittances at any point in the circuit must be 
zero. For small amplitude oscillations, the effective val¬ 
ues of Rd and Cd are nearly equal to their initial values, 
and an approximation of the steady-state frequency of 
oscillation can be calculated. In Fig. 11 the conductance 
and susceptance of a tunnel diode are plotted as a func¬ 
tion of frequency. The stabilizing resistors in a number 
of oscillator circuits using this diode were adjusted to a 
value at which oscillations were just maintained. The 
conductance and susceptance of the circuits were calcu¬ 
lated and their negative values plotted in Fig. 11 for 
comparison with the diode curve. It can be seen that the 
sum of the initial admittance of the diode and the ad¬ 
mittance of the circuit is indeed nearly zero. 

For oscillations with appreciable amplitude, the effec¬ 
tive average value of Rd is several times as large as the 
minimum value. Therefore, in the design of circuits for 
oscillators with appreciable power output, it is helpful to 
plot the impedance or admittance of the tunnel diode vs 
frequency for a value of Rd several times the minimum 
value. This curve differs, in general, by only a relatively 
small amount from that for a minimum Rd except in the 
neighborhood of self-resonance, where the difference 
may be very large. Thus at frequencies removed from 
fr, the exact choice of Rd is not critical. Figs. (5) and (6) 
are usually very helpful in constructing the graphs of 
impedance vs admittance described above. 

Figs. 12 and 13 show tunnel-diode oscillator circuits 
which use straight and re-entrant strip transmission¬ 
line resonators, respectively. These circuits have also 
proven to be useful in amplifier applications. If it is as¬ 
sumed that the RF energy propagates in a pure TEA! 
mode and there are no losses in the line, the admittance 

Fig. 11—Plot of conductance and susceptance as a function of fre¬ 
quency for a tunnel diode and its oscillator circuits. 

Fig. 12—Tunnel-diode oscillator using a straight 
strip transmission-line cavity. 

Fig. 13—Tunnel-diode oscillator using a re-entrant 
strip transmission-li te cavity. 
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Fig. 14—Plot of the real and imaginary parts of ) /1 „ for the circuit 
of Fig. 12 as a function of l/\ for three \ tines of AfZii/Zw = 3). 

Fig. 15— Plot of the real and imaginary parts of F/Fnfor the circuit 
of Fig. 13 as a function of l/X for three values of Z.nlZn(lill =1/4). 

of the circuit, Y,., at the location of the diode can be 
written for the straight cavity as follows: 

Yc Zv/Zh 

Yo (Z0/Zk)2 sin2 ßh + cos2 ßh 

+ j tan ßl> -F 
1 — (Zo/ZhY sin ßh cosßh~ 

(Zq/ZrY sin2 ßh + cos2 ßh _ 
, (25) 

and for the re-entrant cavity as follows: 

where 

To = characteristic admittance of the strip transmis¬ 
sion line, 

Zo = characteristic impedance of strip transmission 
line, 

Z„ = impedance oi the stabilizing resistor, 
0= propagation constant in the strip transmission 

line, 
. 1 = cot ßh +cot ßl2, 
di = esc ßhß~ esc ßl2, 
h and l2 are defined in Figs. 12 and 13. 

Eqs. (25) and (26) neglect the effect of KE output load¬ 
ing. 

I'he frequency of oscillation of the circuits of Eigs. 12 
and 13 can be electrically varied by insertion of a vari¬ 
able capacitor in regions of high electric field. The cir¬ 
cuit oi Eig. 12 can also be mechanically tuned by vary¬ 
ing 4. 23

Eig. 14 shows curves of the real and imaginary 
parts of (25) as a function of l/X (I is equal to /i+/2) for 
three values oi h(Za/Zu = 5). Eig. 15 shows the real and 
imaginary parts of (26) as a function of l/X for three val¬ 
ues ol Zu/Z,ßlJl= })■ 1 hese figures show that it is pos¬ 
sible to vary the conductances and susceptances of the 
circuits oi Eigs. 12 and 13 over wide ranges by adjusting 
/>, /», and Zu. I hits, it is possible to design oscillator 
circuits for diodes having widely different parameters. 
A Rieke diagram showing the variation of oscillator 

frequency and power as the load impedance is varied is 
shown in Eig. 16. This Rieke is for a re-entrant strip 
transmission-line oscillator for which Zh/Zr was 2; 
h/l was j ; and l/X was 1.2. 

It is possible to lock the frequency of any tunnel¬ 
diode oscillator to the frequency of an external signal. 
The locking signal can be introduced by means of a 
simple power divider, but in this case, part of the locking 
signal is not effective and part of the oscillator output 

23 R. Steinhoff of the RCA Electron Tobe Division has designed a 
1000-to- 1500-Me mechanically tunable oscillator, of the type shown 
in Fig. 12, suitable for commercial production. 
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Fo -3530 Me - POWER OUTPUT X IÕ4 WATTS 
- CONSTANT FREQUENCY CONTOURS 

Fig. 16 Rieke diagram of tunnel-diode oscillator. 

Fig. 17- Plot of locking gain vs difference frequent y for two 860-Mc 
tunnel-diode oscillators having a total power output of 2.3 mw. 
T he two oscillators were locked by means of a hybrid circuit. 

must he absorbed in the locking generator. Both these 
difficulties can be overcome by using either a lerrite 
circulator or a hybrid ring connecting two similar oscil¬ 
lators (a suitable hybrid ring circuit is shown in Fig. 9 of 
Sterzer 24). A hybrid arrangement using two 860-Mc tun¬ 
nel-diode oscillators having a total power output of 2.3 
mw was locked by means of a klystron generator. Fig. 
17 is a plot of locking gain (the ratio of power output 
from the hybrid to the minimum required locking 
power) vs frequency difference (the difference between 
the natural frequency of the two oscillators and the fre¬ 
quency of the locking signal). The figure shows that the 
locking signal can be orders of magnitude smaller than 
the power output, provided the locking frequency is 
close to the natural frequency of the oscillators. The 
locking signal can, if desired, be derived from the har¬ 
monics of a crystal-controlled lower-frequency oscil¬ 
lator. 
Three tunnel-diode oscillators may be paralleled us¬ 

ing a single hybrid ring. The hybrid arrangement de¬ 
scribed above is used with the locking generator re¬ 
placed by the third tunnel-diode oscillator. Multiple 
hybrid circuits may be used to parallel larger numbers 
of diodes. A single hybrid-ring circuit has been tested. 
Three oscillators with maximum power outputs ol 1.7, 
2.0 and 2.5 mw were paralleled producing a total 850-Mc 
power output of 5.6 mw or 90 per cent of the total avail¬ 
able power. 

Fig. 18 isa photograph of some straight and re-entrant 
strip transmission-line and waveguide oscillators. The 
experimental results obtained with these oscillators are 
listed in Table II. The power outputs obtained are an 
order of magnitude greater than those previously re¬ 
ported in the literature. 5 6 At the lower frequencies, the 
power output from these oscillators approaches, and in 
one case even exceeds, JfZ,, —/„)( F„ — Fp). At the higher 
frequencies where the effects of series resistance, series 
inductance and circuit losses are appreciable, the power 
output is considerably lower. 
The oscillators shown in Fig. 18 used experimental 

tunnel diodes. For example, the results listed in the 
second line of Table II (using the strip transmission cir¬ 
cuit in the extreme right of Fig. 18) were obtained with 
a gallium-arsenide diode with the following parameters: 
/p = 53 ma, | R,i\ ,„in — 3.8 ohms, Q=15 mmI (measured 
at F»), r<(=1.2 ohms, Lj«500 /z/zh. 
There is little doubt that power outputs an order of 

magnitude higher than those listed in Table II can be 
obtained in the near future. Methods that can be used 
to increase the power output include: paralleling a large 
number of individual oscillators, use of a number of 
diodes in a single oscillator circuit, and the use of high-

21 F. Sterzer, “Microwave parametric subharmonic oscillators 
for digital computing,” Proc. IRE, vol. 47, pp. 1317-1324; August. 
1959. 
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Fig. 18—Photograph of tunnel-diode oscillators. 

TABLE II 

Characteristics of Experimental Tcnni i.-Diode Oscillators 

Type of Circuit 
Diode Peak 
Current 
(ma) 

Diode 
Material 

X umber 
of 

Diodes 

Frequency of 
Oscillation 

(Me) 

Power 
Output 
(mw) 

Tuning 
Range 
(Me) (mw) 

Straight strip cavity 
Straight strip cavity 
Straight strip cavity 
Re-entrant strip cavity 
Ridge-waveguide cavity 
Ridge-waveguide cavil y 
Strip-line re-entrant cavity 
Strip waveguide 

210 
53 
50 

210 
37 
37 
13.7 
13.7 

Ga-As 
Ga-As 
Ga-As 
Ga-As 
Ge 
Ge 
Ge 
Ge 

1 
1 
2 
1 
1 
1 
1 
1 

610 
900 
950 
1,600 
2,800 
5,500 
7.130 
8.350 

10 
1 .7 
3 
2 
0.7 
0.2 
0.012 

2,700-2,900 
5,400-5,600 

8.6 
2.4 
4.8 
8.6 
1 .3 
1 .3 
0.5 
0.5 

current tunnel diodes with distributed junctions. Also 
research on semiconductor materials may permit the de¬ 
velopment of higher voltage tunnel diodes. 

Concusión 

Experimental oscillators described in this paper have 
produced power outputs of 10 mw at 610 Me, 2.0 mw 
at 1600 Me, 0.67 mw at 2800 Me, 0.2 mw at 5500 Me, 
and 0.01 mw at 7100 Me. It is anticipated that consid¬ 
erably higher power outputs will be obtained in the near 
future. Tunnel-diode oscillators are compact and 
rugged, are relatively insensitive to nuclear radiation, 

have very modest power-supply requirements, and can 
be easily tuned by either mechanical or electrical means; 
thus, they have significant advantages over low-power 
vacuum-tube oscillators. 
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Three-Layer Negative-Resistance and Inductive 
Semiconductor Diodes* 

W. W. GÄRTNERf, senior member, ire, and M. SCHULLERf, member, ire 

Summary—This paper shows that in transistor-like three-layer 
structures with the base either open-circuited or directly shorted to 
the emitter region, negative resistances are observed when any two 
of several effects listed occur simultaneously. At higher frequencies, 
an inductance is often associated with the negative resistance. A few 
typical devices are analyzed illustrating an approach to the design 
theory and showing that the component values achieved ( — R and L) 
lie in the region of major circuit interest. Some of the structures offer 
hope of providing negative resistances and variable inductances in 
the microwave region ; others appear promising as fast switching ele¬ 
ments or as replacements for wound coils in microcircuitry. 

Introduction 

INTEREST in negative-resistance diodes has in¬ 
creased in the last few years1 since they promise to 
provide simple monostable and bistable devices for 

pulse circuitry; simple two-terminal oscillators as they 
are needed, e.g., in all-solid-state parametric amplifiers; 
oscillator-mixer combinations that would utilize their 
nonlinearities; and novel amplifier circuits. The advent 
of microelectronics has also spurred some interest in 
semiconductor inductances to replace bulky coils. In 
this paper, we concentrate on three-layer transistor¬ 
like structures in which the base region is either open-
circuited or shorted to the emitter contact, and which 
exhibit a negative resistance and inductance across their 
two terminals due to several possible combinations of 
effects. W e shall discuss these effects in some detail be¬ 
low. It is of particular interest to investigate the fre¬ 
quency dependence of these devices since it no longer 
seems to be limited by the base-spreading impedance of 
the corresponding transistor structure, but only by the 
carrier transit time. Therefore, it no longer appears 
necessary to compromise between transit time and base¬ 
spreading resistance, but merely to optimize the device 
for short transit times only. The hope is therefore justi¬ 
fied that, with a given state of technology, it will be pos¬ 
sible to build three-layer negative-resistance diodes with 
a higher cutoff frequency than the corresponding tran¬ 
sistor structure. An exception is the case where the base 
region is shorted to the emitter contact, but here, too, the 

* Received by the IRE, July 20, 1960; revised manuscript re¬ 
ceived, December 13, 1960. 

t CBS Labs., Stamford, Connecticut; formerly with the U. S. 
Army Signal Res. and Dev. Lab., Eort Monmouth, N. J. 

1 See, c.g., \\ . Shockley, “Negative resistance arising from transit 
time in semiconductor diodes," Bell Sys. Tech. J., vol. 33, pp. 799-826, 
|uh. 1954; “Transistor-diodes," Proc. IEE, vol. 106, pp. 264 278, 
May, 1959; “Whither transistor Electronics?” presented at Tran¬ 
sistor and Solid State Circuits Conf., Philadelphia, Pa., February 20, 
1958; “The four-layer transistor diode: An example of a solid state 
circuit or molecular engineering," ir«rr Guide, vol. 10, pp. 15 30, 
March, 1959. 

manufacturing problem is greatly simplified since it is no 
longer necessary to attach a base contact insulated from, 
but very close to, the emitter contact. 
Many different negative-resistance structures in semi¬ 

conductors and their associated circuitry have been de¬ 
scribed and discussed in the literature. We may mention 
only point-contact transistors, p-n-p-n structures, ava¬ 
lanche transistors, parametric and tunnel diodes. The 
following discussion is concerned with listing the various 
obvious effects whose combinations could give a nega¬ 
tive resistance in three-layer diodes, and analyzing 
quantitatively the de and small-signal ac characteris¬ 
tics of several typical examples. 

List of Symbols Not Defined in Text 

A—conducting cross section (of device or junction) 
a»— low-frequency common-base short-circuit cur¬ 

rent-amplification factor 
Cc—collector-j unction capacitance 
C,—emitter-j unction capacitance 
Ci—capacitance describing emitter efficiency in 

high-frequency equivalent circuit of Eig. 13 
D„b—diffusion constant of electrons in base region 
D,,c—diffusion constant of electrons in collector re¬ 

gion 
D„e—diffusion constant of electrons in emitter region 
D,,b—diffusion constant of holes in base region 
Dpc—diffusion constant oi holes in collector region 
Dpe—diffusion constant of holes in emitter region 
ds line element in (1) 
E electric field vector 
gi—conductance describing emitter efficiency in 

high-frequency equivalent circuit of Eig. 13 
In de base current 
Ie—de collector current 

Ico—de collector current for ¿e = 0 
Ic~ de collector current with avalanche multiplica¬ 

tion 
Ie—emitter current 
InE—de electron current through emitter junction 
IpE de hole current through emitter junction 
I„<— de electron current through collector junction 
I pc—de hole current through collector junction 
J c.—de current density through collector junction 
Jnc—de electron-current density through collector 

junction 
J,,e — de electron-current density through emitter 

junction 
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J¡,i de hole-current density through collector junc¬ 
tion 

JpE de hole-current density through emitter junc¬ 
tion 

j= \/~ 1 
k Boltzmann constant 

Ln diffusion length in base region 
L, diffusion length in collector region 
Le diffusion length in emitter region 
Lvc diffusion length of holes in collector region 
.1/ avalanche-multiplication factor 
m empirical exponent in expression for avalanche 

multiplication factor M 
Hun equilibrium density of electrons in base region 
Une equilibrium density' of electrons in collector 

region 
Hue -equilibrium density of electrons in emitter re¬ 

gion 
Um—electron density in base region at emitter junc¬ 

tion 
U\on—de electron density' in base region at emitter 

junction 
n2on “de electron density' in base region at collector 

junction 
pon equilibrium density oi holes in base region 
pm equilibrium density' of holes in collector region 
Poe equilibrium density' of holes in emitter region 
pm hole density in emitter region at emitter junc¬ 

tion 
ptoE de hole density in emitter region at emitter 

junction 
pan— de hole density' in collector region at collector 

junction 
q electronic charge 

rn' base-spreading resistance 
rno' base-spreading resistance with no applied col¬ 

lector voltage 
T absolute temperature 

Vno breakdown voltage (due to avalanche multi¬ 
plication) 

l’c de collector-junction voltage 
I e de voltage between collector and emitter 

de emitter-junction voltage 
I’/>r punch-through voltage 
v total voltage across diode 

Vi total collector-junction voltage 
Ve total emitter-junction voltage 
v„ ac emitter-junction voltage 
IF de base yvidth 

IFo de base yvidth with no applied collector voltage 
w—total base width 

yikh' -common-base four-pole admittances describing 
diffusion, junction capacitances and collector 
multiplication 

ya.diif—diffusion admittances in the case of current¬ 
dependent emitter efficiency 

Zn'—base-spreading impedance 
to permittivity of free space 
k—dielectric constant (=12 for silicon, =16 for 

germanium) 
p,n hole mobility in base region 
gpc—hole mobility in collector region 
pn resistivity in base region 
Pc—resistivity in collector region 
Pe resistivity' in emitter region 
«—frequency 
«„ cutoff frequency of common-base short-circuit 

current-amplification factor 
t„e—electron lifetime in emitter region 
TpE— hole lifetime in emitter region. 

Three-Layer Negative-Resistance 
Diodes in General 

A semiconductor diode in the general sense is a piece 
of semiconductor material betyveen two contacts, as 
shown in Fig. 1(a). For it to have a negative resistance, 
it is necessary that for some voltage v and current i the 
following relationship holds 

dv dp 11
0 > — = - I E(x, y, z)ds. (t) 

di diJ A

This means that along a certain line element between 
.1 and B, 

Fig. 1—On the analysis of negative resistance 
diodes in general. 
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To invent negative-resistance diodes, it is then neces¬ 
sary to find mechanisms which satisfy this inequality. 

Although extremely general, this approach does not 
prove very helpful in the discussion of the two-junction 
three-layer diodes which we propose to analyze. Rather, 
it appears more suitable to base the discussion on the 
general transistor structure of Eig. 1(b), and on general 
transistor relationships. The emitter and collector cur¬ 
rents, is and ic, which are equal, of course, in the diode, 
are different functions of the emitter and collector junc¬ 
tion voltages, ve and Ve, and provide the following two 
relationships: 

¡E = /i(te, t'c) = — i (3) 

and 

ic = f2(1' e, t'c) — i. (4) 

By eliminating Ve, these relationships may be combined 
in principle into the following not entirely logical, but 
later very useful, form 

i = f(i, vc) + (M. (5) 

where / incorporates all the terms which contain i ex¬ 
plicitly, and g contains those which do not. In a more 
familiar form, we may write 

ic = - apE, 1c)¡e + g(vc), (6) 

where h(Íe, Vc) corresponds approximately to the cur¬ 
rent-amplification factor, and g(tc) corresponds approxi¬ 
mately to the collector-cutoff current for fB = 0. Since in 
the diode 

ic = — ¡e = i, (7) 

one obtains 

i = g/U - «)■ (8) 

This equation indicates that appreciable current will 
flow through the diode either if the collector-cutoff cur¬ 
rent is very high, or if the current-amplification factor 
is very close to unity, or both. 
We may now ask ourselves under what conditions 

does the device exhibit a negative resistance, i.e., 

di/dv < 0. (9) 

Considering the usual situation in a transistor structure, 
we may assume that 

dvc/dv^ 1, (10) 

and then find from (8) that 

(1 ~ «)2 - g . 
öl 

Considering that all the derivatives in this equation are 
usually positive (with special effects, however, the op¬ 
posite may be true), we may immediately distinguish 

three obvious cases which will yield a negative resist¬ 
ance: 

.4. (1 — a)2 < g(dadi) (12) 

and 

dg dvc = 0 (13) 

and 

g(da dvc) > 0. (14) 

E. (1 — a)2 < g(da/di) (15) 

and 

(1 - a)(dg/dvc) > 0 (16) 

and 

da ¡Fe = 0. (17) 

C. (1 - a)2 < g(da/di) (18) 

and 

O - a)(dg/dvc) > 0 (19) 

and 

g(da die) > 0. (20) 

We shall obviously have a small-signal negative-resist¬ 
ance diode if, for some operating point determined by 
the de current I through the device, ami by' the de volt¬ 
age Vacross its terminals, any' of these three sets of con¬ 
ditions is satisfied. The exact magnitude of the low-
frequency negative resistance may, of course, be ob¬ 
tained from a plot of the de E-vs-Z characteristic. 
The ac small-signal analysis of these three-layer 

structures is conveniently approached via the small¬ 
signal four-pole parameters of the corresponding transis¬ 
tor. When the base is open, we may’ use, e.g., Iii2r (the 
common-emitter open-circuit output admittance), and 
when the base region is shorted to the emitter contact, 
we may use V22» (the common-emitter short-circuit out-
put admittance), which is equal to y22b (the common¬ 
base short-circuit output admittance). 
We therefore take the following approach to the analy¬ 

sis of these diodes: We first calculate the de E-vs-Z 
characteristic over as wide a range of values as is rea¬ 
sonable to expect of a finished device. Then we calculate 
the complex small-signal four-pole parameters over the 
same range of operating points and as a function of fre¬ 
quency. (Il this procedure is reversed by' constructing 
first the small-signal four-pole parameters to achieve the 
negative resistance, one must assure afterwards that the 
necessary de operating point may actually be reached.) 

Before we consider certain structures in detail, we 
want to list those current and voltage dependences of 
the current-amplification factor and the collector-cutoff 
current whose combination may lead to a negative re¬ 
sistance. They are shown in a schematic way in Eig. 2. 



190 1 Gärtner and Schuller: Three-Layer Negative-Resistance and Inductive Diodes 757 

DEPLETION LAYER DEPLETION LAYER 

Fig. 2—Three-layer diode structure and location of different effects 
which may contribute to negative resistance. 

List of Effects Whose Combinations May Lead 
to Negative Resistam es 

1) Increase in current-amplification factor« with cur¬ 
rent due to field-enhanced diffusion in base region. (Aid¬ 
ing field for minority carriers increases with injection 
level,2-3 and therefore increases the “transport factor.”) 

2) Increase or decrease in current-amplification fac¬ 
tor a with current due to the current dependence of the 
emitter efficiency. Several entirely independent possi¬ 
bilities exist here: 

a) I'he geometry of the emitter junction is such that 
the percentage of minority carriers injected into 
the base increases? 

b) The base region is shorted to the emitter contact 
around its periphery. With increasing total cur¬ 
rent, the percentage through the emitter junction 
increases, and the percentage through the ohmic 
base contact decreases, leading to an effective in¬ 
crease in emitter efficiency (see calculations be¬ 
low). 

c) The emitter efficiency decreases with emitter-cur¬ 
rent density when the emitter resistivity is lower 
than the base resistivity; the emitter efficiency in¬ 
creases with emitter current when the base re¬ 
sistivity is lower than the emitter resistivity. This 
latter case is, of course, usually avoided in transis¬ 
tors because the emitter efficiency is low at all cur¬ 
rent levels, but it may be called for in negative¬ 
resistance diodes. 

d) The emitter efficiency increases with current due 
to recombination and generation inside the emit¬ 
ter-junction depletion layer, which effect decreases 
in importance as the emitter current increases. 

2 W. M. Webster, “On the variation of junction-transistor current-
amplification factor with emitter current," Proc. IRE, vol. 42, pp. 
914 920; june, 1954. 

3 E. S. Rittner, “Extension of the theory of the junction tran¬ 
sistor,” Phys. Rev., vol. 94, pp. 1161-1171; June, 1954. 

4 S. !.. Miller and |. J. Ebers, “Alloy junction avalanche tran¬ 
sistors," Hell Sys. Tech. J., vol. 34. pp. 883 902; September, 1955. 

J. R. A. Beale, W. I.. Stephenson and E. Wolfendale, “A study of 
high-speed avalanche transistors," Proc. IEE, vol. 104, pp. 394-402; 
July, 1957. 

R. Emeis and A. Ilerlet, “The blocking capability of alloyed sili¬ 
con power transistors," Proc. IRE, vol. 46, pp. 1216-1229; June, 
1958. 

3) Increase in current-amplification factor a with col¬ 
lector current due to field-enhanced diffusion in the col¬ 
lector region (“collector multiplication”), which in¬ 
creases the minority carrier current from the collector 
region into the base with increasing total collector-cur¬ 
rent density.5

4) Increase or decrease in current-amplification fac¬ 
tor a with current due to injection-level dependent re¬ 
combination mechanism in the base region. 

5) Increase in current-amplification factor a with 
collector voltage due to avalanche multiplication in the 
collector junction. 

6) Increase in current-amplification factor a with 
collector voltage due to narrowing of the effective base 
region and, thus, increase in the transport factor. In a 
variation of this effect, the recombination mechanism in 
the base region (density and level of recombination cen¬ 
ters) may be a function of distance and may produce a 
certain voltage dependence of the transport factor. If 
most of the recombination takes place very close to the 
collector junction, whereas the rest of the base region 
has a very long life-time, the increase of the transport 
factor with reverse collector voltage may be much more 
pronounced than with uniform lifetime throughout the 
base region. 

7) Surface recombination velocity could be used for 
a current-dependent mechanism if the recombination 
velocity were a function of injection density near the 
surface, or it could be used for a voltage-dependent 
mechanism if variation in base width due to collector 
voltage changes the surface area over which recombina¬ 
tion takes place. 

8) Increase in collector-cutoff current with collector 
voltage due to avalanche multiplication in collector 
junction. 

9) Increase in collector cutoff current with collector 
voltage due to the proximity of the ohmic collector con¬ 
tact. As the depletion layer of the collector junction 
expands towards the ohmic collector contact (somewhat 
analogous to punch-through), the collector cutoff cur¬ 
rent increases because of the steeper gradient of mi¬ 
nority carriers towards the collector junction. 

10) Increase in current through the device with col¬ 
lector voltage due to approaching punch-through in the 
base region. Even with no external forward bias on the 
emitter junction, the gradient of minority carriers in the 
base region becomes high enough to pull current out of 
the emitter region. 

5 J. M. Early, “Design theory of junction transistors,’’ Hell Sys. 
Tech. J., vol. 32, pp. 1271-1312; November, 1953. 

R. L. Pritchard, “Frequency variations of junction transistor 
parameters,” Proc. IRE, vol. 42, pp. 786 799; May, 1954. 

W. W. Gärtner, “Transistors: Principles, Design and Applica¬ 
tions,” D. Van Nostrand Co., Inc., Princeton, N. J., ch. 5; I960. 
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Avalanche Transistor with Base Shorted to 
Emitter (“Miller-Ebers” Diode) 

This negative-resistance diode consists of an ordinary 
avalanche transistor whose base region is directly 
shorted to the emitter contact, as shown in the cross 
section of Fig. 3. Due to the avalanche multiplication, 
the device has a current gain and collector reverse cur¬ 
rent which increase with increasing collector voltage, 
and the transverse voltage drop through the base¬ 
spreading resistance causes the effective emitter effi¬ 
ciency (and thus the “alpha”) to increase with current. 
Thus, the prerequisites for a de negative resistance are 
met. Although the base-spreading resistance is here 
part of the ac circuit, the construction of the device is 
considerably simpler than that of the corresponding 
transistor structure because there is no need to attach 
a base contact which is insulated from the emitter con¬ 
tact. There is hope, therefore, that such a diode can be 
built with a higher frequency cutoff than an optimized 
transistor structure based on the same state of tech¬ 
nology. 

^DIFFUSED BASE LAYER 

COLLECTOR BULK MATERIAL 

OHMIC CONTACT 

OHMIC CONTACT 

EVAPORATED EMITTER CONTACT 

^^EVAPORATED BASE CONTACT 

~ T SHORTED TO EMITTER 

Fig. 3—Cross section of negative-resistance diode consisting of 
avalanche transistor with base shorted to emitter (typical reali¬ 
zation). 

INTRINSIC TRANSISTOR 

NEGLECTING BASE - SPREADING 

Fig. 4—On the analysis of an avalanche transistor 
with base shorted to emitter. 

where (for the n-p-n diode discussed below) the de dif¬ 
fusion currents, Ie and Ie, are given by (79), (82)— (84) , 
(87) and (88), and the other notation is explained in the 
List of Symbols. 

Fig. 5 shows the de V/I characteristics of several 
such typical structures, the design parameters for which 
are given in the legend. The characteristic quantities of 
the de curves are: the peak voltage, Vp; the value, Fx, 
to which the voltage drops for i—> » ; and the current 
value at which the negative resistance region starts. An 
inspection of the underlying equations together with 
Fig. 5 and approximate calculations shows that: 

1) The peak voltage Vp is close to the breakdown 
voltage Vuo or the punch-through voltage IVr, depend¬ 
ing on which value is lower; 

2) Fx is approximately given by 

VX^VI1DO - (28) 

DC Characteristics 

The negative resistance of avalanche transistors has 
been studied intensively.4 Our analysis, based on Fig. 4, 
will therefore be restricted to aspects not yet discussed 
in these references. To analyze the high-frequency 
small-signal behavior we must first establish a de oper¬ 
ating point by means of the following simultaneous 
equations: 

I = Ie = — IE - /« (21) 

V = VCE = Vc - lc (22) 

Ie' = ICM (23) 

If = 1/[1 - (Vc/VBD)m] (24) 

In = (25) 

r n = 1/gß' = rBo'WoHV (26) 

if = if0[i - (vc/VpTyi2 \, (27) 

where m is the exponent in (24) and is the applicable 
high-current value of a — \lc/IE\ ; 

3) The drop in voltage with increasing current begins 
approximately where 

In Ie. (29) 

In must be substituted from (25) and Ie from (79). 
One may then solve this approximate equation for VE 
and Ie- Curves 1, 2, and 3 in Fig. 5 have the same value 
of breakdown voltage, VBD =100 volts, leading to ap¬ 
proximately the same values for Vx. They differ only 
by the thickness of the base layer Wo, and therefore of 
the punch-through voltage, Vpr, which is 200. 100 and 70 
volts, respectively, leading to a lower value for Vp in 
Curve 3. One also observes that lower punch-through 
voltage produces a higher value of rE at the peak volt¬ 
age Vp [see (26) and (27)] which shifts the onset of the 
negative-resistance region towards lower currents. 
Curves 4 and 5 are also closely related, and represent 
structures with a relatively high-frequency response. 
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Fixed constants: 

Symbol Units Value 

•I 
q/(kT) 
nt 
to 
K 
noE 
Poe 
DpE 
LpE 
V HD 
Ico 

Cb 
V 1

i-cm' 1

cm’1 

cm’ 
cm’s' 1 

cm 

amp 

1 .6 XIO ” 
38.7 
2.3 
8.854X10 » 
12 
4.31 X10« 
5.2? XIO’ 
1 .59 
9 4X10 « 
100 
10« 

Varying parameters: 

Symbol Units 
Values in curve no. 

1 2 ! 3 4 5 

Ho 
A 
non 
PoB 
poc 
HOC 
OnH 
LnH 
V PT 
ao 
ruo' 

cm 
cm’ 
cm -1 

cm 1 

cm'1 

cm'* 
cm2s-1 
cm 
V 

ohm 

8.06X10 1 

10’ 
5 54 X10 1 
4.06X10"-
5.23X10’ 
4.31 X10'* 
34 
2 49X10 ’ 
200 
0.95 
100 

5.695X10 
same 
same 
same 
same 
same 
same 

1.763 X10 ’ 
100 
same 
same 

4.76X10 ' 
same 
same 
same 
same 
same 
same 

1 .475 X10 J 

70 
same 
same 

7.55X10 ‘ 
10 » 
6.25 XIO' 
?.6 XIO"-
3.38X10-
6.67 X 10’s 
10 
3.77X10 « 
100 
0.98 
100 

E
E
E
E
E
E
E
E
E
E
§
 

Fig. 5—DC characteristics of three-layer avalanche diode 
with base shorted to emitter (silicon, n-p-n) 

The difference between the two curves lies in the value 
of the base-spreading resistance, rm,', a high value of 
which leads to a negative-resistance, region at lower cur¬ 
rents. A comparison of Curves 1 and 4 shows that the de 
characteristics are largely independent of the conduct¬ 
ing cross section and of the base thickness, IFo, provided 

and the voltage-dependence of r,,' (punch-through 
voltage) are the same. 

.1 C Characteristics 
With the base shorted to the emitter, the small-signal 

high-frequency admittance between emitter and col¬ 
lector contact is described by y^,. (common-emitter 
short-circuit output admittance), which we must calcu¬ 
late taking into account the base-spreading resistance 
and avalanche multiplication.6 We find 

(30) 

•Gärtner, Ibid., p. 207. 

where 

= (yn.dm + j^Ce) [3/y22,dHf + Ia(dM/dVc) + jwCc] 

— Myn.nttyu.ditt (31) 

and 

22 y St — 361.diff V jdCe + yi2,dm + ̂/y21.di<( + ̂ 24111 

+ Ic(dM/dvc) +juCt. (32) 

Rather than use the complicated expressions for the dif¬ 
fusion admittances,6 we shall base the high-frequency 
analysis on the customary equivalent circuit of Fig. 13 
where we must make only the changes indicated in 
Eig. 6(a). 
We find 

Vtu = g-n. + jb^,, (33) 

where 

g22, = (AC + BD)/(A- + BO (34) 

and 

by... = (.1 1) - BC) (.1- + B-) (35) 

with 

.1 = g/(l — a^M) + gu' + Mg, + LldM die) 

— (w u„)(C, + C/ + G) (36) 

B = wj (1 o»„)[g/ + gu' + Mg.. 4- Ic(dM/dvc}] 

+ G'U - a„M) + C. + G [ (37) 

C = |Afgr + Ic(dM 'dre)]!#/ + gu' — (ar/œ„)(G4- C/) I 

— w2G[(g/ + gu') oi„ + C/ + G] (38) 

D = Cd| [jfgr + Ic(dM dvc) I [(g/ + gu') 01., + C/ + G] 

+ G(g/ 4- gu' — (u2/u„)(Cr' 4- G) J}. (39) 

The various symbols are defined in the Appendix and 
in (21) (27). dM/dvc and dw/dvc are calculated from 
(24) and (27) [replacing IV and Fc in (27) by w and 
VcJ. The multiplication factor M ami its derivatives 
have been considered frequency-independent, which 
may not be a valid assumption at very high frequencies. 

Eig. 6(b) shows the equivalent circuit of the negative¬ 
resistance diode (base shorted to emitter) which is a 
direct consequence of the transistor-equivalent circuit 
in Eig. 6(a). 

Eigs. 7(a) and 7(b) (next page) give the real and imag¬ 
inary parts of the diode impedance l/yj», for a typical 
high-frequency structure (Curve 4 in Fig. 5) plotted vs 
operating point L=I, with the frequency as the curve 
parameter. 
One observes that the negative resistance prevails up 

to relatively high frequencies and with additional modi¬ 
fications in the structure may reach the microwave 
range. The diode inductance persists even beyond the 
range where the diode exhibits a negative resistance; 
however, it is then no longer constant but is approxi-
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(b) 

Fig. 6— (a) Common-base high-frequency equivalent circuit for ava¬ 
lanche transistor, (b) High-frequency equivalent circuit of nega¬ 
tive-resistance diode consisting of avalanche transistor with base 
shorted to emitter. 

mately proportional to 1 'f. Because of the complicated 
nature of the underlying equations, there are no simple 
design rules to achieve high-frequency response. Typ-
ically, one finds that the quantity .1 in (33)— (36) is al¬ 
ways negative, B is always positive, C is positive at low 
frequencies and becomes negative at high frequencies 
(which removes the negative resistance), and D is posi¬ 
tive as long as œ <w„. By a comparison of the magnitude 
of the individual terms in typical numerical calcula¬ 
tions, it becomes apparent that for high-frequency oper¬ 
ation w„ should be very large (small PF), should be 
large (negative resistance at high currents, therefore 
small r//), and should be very small. 

Avalanche Transistor with Base Open and Emit¬ 
ter Efficiency Increasing with Current 

Miller and Ebers4 have already pointed out that a 
negative-resistance diode may be obtained from an ava¬ 
lanche transistor whose base is open-circuited, and 
whose emitter efficiency increases with emitter current. 
Various mechanisms are conceivable which will yield 
this increase in emitter efficiency. We shall concentrate 
in the following analysis on a structure in which the 
base region has a higher doping than the emitter region 
(opposite to the usual situation in transistors), so that 
the emitter efficiency will increase with increasing injec¬ 
tion level. 

Fig. 7—Real and imaginery parts of small-signal diode impedance, 
l/y^,, at various frequencies as a function of de bias current, /. 
The design parameters are those of Curve 4 in Fig. 5. 

To simplify the analysis, we shall base it on the diffu¬ 
sion equation only, rather than also take into account 
the electric fields which arise at high injection levels. 7 

We shall find its solution under the boundary conditions 
for large injection into emitter and base regions. The 
following are for an n-p-n transistor:8

/ "ob\ 
pi>Ee'‘' El(kT} — poE\ \ 

\pOBf 
pl E = - - ' -

PoeHob 
J   £_ g—2l<E/«T) 

"OEpOB 

(40) 

"IB = 

"OBS 1VEl(kT'>

pOE"OB , , 
J   __ g—2«r«/(*T) 

"OKpOB 

(41) 

7 W. M. Webster, “On the variation of junction-transistor current 
amplification factor with emitter current," Proc. IRE, vol. 42, pp. 
914-920; June, 1954. 

E. S. Rittner, “Extension of the theory of the junction transistor,” 
Phys. Rev., vol. 94, pp. 1161-1171; June, 1954. 

T. Misawa, “Emitter efficiency of junction transistor,” J. Phys. 
Snr. Japan, vol. 10, pp. 362-367; May, 1955. 

8 W. W. Gärtner, op. cit., see Eqs. (4.25a) and (4.26a), on p. 81. 
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where pm is the hole density in the emitter at the emit¬ 
ter junction and nm is the electron density in the base 
at the emitter junction. 

DC Characteristics. 

We thus obtain the following expressions for the di¬ 
rect currents at the emitter and collector junctions: 

Ie = — / = — qA\{D„n L„B)(.nioB — noß) coth (W/L„b) 

— (D„b/LnB^nwa — Hub) csch (W/L„b) 

— (Dpe/ Lpe)(P\OE — ̂ oe)] (42) 

Ie — I = MqA\(D„n L„b)(h\ob - hob) csch (II ' L„b) 

— (D„b L„b)(h«OB ~ Hob) COth (W / L„b) 

— (Dpc Lpc)(pioc — ̂oc)], (43) 

where n\oB is the de electron density in the base region 
at the emitter junction, obtained from (41) by setting 
Ve = Fr; pioE is the de hole density in the emitter at the 
emitter junction, obtained from (40) by setting = Ve; 
h^ob and ptoc are the respective minority carrier densi¬ 
ties at the collector junction, which may be set equal to 
zero under reverse-bias conditions. 

Eqs. (40)-(43) together with (24), (27) and 

V = Kc - Te, (44) 

determine the de F-vs-Z characteristic of the diode for 
which typical examples have been plotted in Fig. 8. 
When the punch-through voltage is high, the peak volt¬ 
age V P is given approximately by 

Fbd(1 - ao) ,/n , (45) 

where ao denotes the de current amplification at low 
current levels, as given approximately bv 

ao = [cosh (W/L„b) 

— (Dpe D„b)(L„h I.pe) sinh (II L„b)(,Poe/»ob)\ '. (46) 

Thus, the peak voltage increases for decreasing ao-
Curve 1 in Fig. 8 has the lowest FP, because Wo/Lpe is 
small and non is large. Curves 2-4 illustrate how FP 
can be raised by increasing Wo/Lve and/or decreas¬ 
ing noB-
The voltage FM for high currents is again given by 

(28), where, however, the high-current a^ has a differ¬ 
ent algebraic form than in the previous case, and is ap¬ 
proximately given by 

= [cosh (IF/L,,«) 

+ {Dpe ' D„b){L„b/Lpe) sinh (II /L„b)I'. (47) 

One observes that FM is independent of doping level in 
emitter and base regions, so that C'urves 2 and 3 in Fig. 
8 have the same FM. In Curve 1, Fx is smaller because 

-►//amp 

Symbol Units Value 

<7 Cb 1.6X10-1’ 
q/(hT) V-* 38.7 
m — 2.3 
to f-cm-1 8.854X10-" 
« — 12 
not: cm-3 1.25X10 15

pon cm -3 1.8X106
Dve cm’s-1 11.2 
Vbb V 60 .86 
Ico amp IO 6

A cm2 10-3
poc cm -3 5X1O5
noc cm~3 4.46X1015

Z>pC cm2s-1 11 
D„b cm’s-1 16.4 

Varying Parameters: 

Symbol Units Values in curve No. 

1 2 3 4 

Ho cm 3X10-’ same same 10-4
Pob cm -3 1. 56X10“ same 5X10 16 same 
noB cm -3 1.44X1O3 same 4.5X101 same 
L„b cm 1.8 X10-3 same same 1.8X10-* 
L„e cm 7.5 X10"3 2.4X 10 3 same 2.4X10' 

Fig. 8—DC characteristics of three-layer avalanche diode with base 
open and higher-doped than emitter region (silicon, n-p-n). 

Wo/Lpe is smaller than in Curves 2 and 3; in Curve 4, 
F„ is bigger because this ratio is larger. 
The current IP at which the peak voltage FP is ob¬ 

served is subject to various conflicting influences: 
Large ao, i.e., large Hob and small W/Lpe, shift ZP to 
the right; small Hob/W and high LpK shift it to the left. 
This explains the relative position of the maxima in 
Fig. 8. The latter condition (small Hob/W, high Lpe for 
low Ip) is derived by considering the current at which 
the emitter efficiency begins to increase, causing a nega¬ 
tive resistance. This will occur approximately where the 
minority-carrier density injected into the emitter region 
becomes comparable to the majority -carrier density 
there. Thus, from (42), with pioE—noE, we have 

I — qAnoE\2(noB Poe}{D„b/ L„b) coth (IV/L„b) 

— Dpe Lpe¡- (48) 
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AC Characteristics 

The small-signal high-frequency admittance of the 
diode is given by the h^ of the corresponding transistor 
structure, as follows: 

hue — {(ÿu.difi + j^Ct)\M ÿïï, ditf + Ici^M /dvc) + jwCc] 

— Afÿl2,dirfj*21,din| j 5*U.di« +j“C« + 5*12, diff 

+ 3/5*21,diH 4" A/.V22,diff + IcißM dvc) + .7^6 r}~’ (49) 

where the 5*<*,diff describe the diffusion effects. The ex¬ 
pressions for the diffusion admittances of the ordinary 
transistor, however, cannot be used here because they 
are derived under small-injection boundary conditions. 
Rather, we must solve the time-dependent diffusion 
equation under linearized large-injection boundary con¬ 
ditions. For small ac voltages, v„ vc, superimposed on the 
de voltages, E«, Fc, 

ve = VE + ve (50) 

and 

i'c = Vc + vc. (51) 

The large-injection boundary conditions (40) and (41) 
may be linearized by the customary series expansion to 
give 

p\E — p\OE + p\Vt (52) 

where 

p\ = (dpiE/dvE)iE-vK

= - p„Ee-‘VEl{kT}\ 1 + (inon/pos)^*'™ 

+ [pO Ellon/G¡O E pon)]c 2"^ BlW' ¡ 

¡1 - [poE>ioB/(noEpoB)]e~2‘,VslikTy }~i (53) 

and 

ihn — ihon 4* >h'Ve, (54) 

where 

ill = (dihn/dvE). K-vK

= - — none-‘' E“kT '\ 1 + (¿Poe/iioe^-™^ 
kT 

+ [pOEnott/(noEPon)]e--2̂ B'kkTy j 

• {1 — [PoEiion/(>ioEpon)]e~2'lV,:iaTy }~2. (55) 

Solving the time-dependent diffusion equations under 
these boundary conditions finally yields the following 
expressions for the diffusion admittances, including the 
effect of the bias-current dependent emitter efficiency: 

yn,.mr = — Aqiix'{D„B/LnB}<A + jmTnBY12

•coth [(IF/¿„b)(1 4- jur„ny 12 ] 

— Aqpi(\ + ji>3TpBY l2{DpE/L,e) (56) 

5*12,dm = Aq(Dnii/L„u2)\{nwu — lion) csch (11 //„«) 

+ lion coth (IF/ Ä„B)] 

X (3w Ól'c)(l + jwT„n) ,:2

■csch [(U7£„«)(l + juT„n)' 12] (57) 

5*21,dm = Aqni(DnB/LnB)(l jnrh n)' 12

■csch [(IF/L„„)(1 + jer.n)' 12] (58) 

5*22,dm = — Aq(D„n/ CnB2)[(nwn — non) csch (W / L„B) 

+ ¡ton coth (II / L„n)\ 

X (dw/dvc)(A + jur„n) 112

•coth [(IP/¿„B)(1 + (59) 

Eig. 9 shows a plot of the real and imaginary parts of 
Ii22r as a function of operating point I, as calculated 
from (49) and (56)-(59). The design parameters are 
the same as for Curve 4 in Eig. 8. Again one observes 
that the negative resistance is constant over a wide fre¬ 
quency range and then vanishes rapidly as the cutoff 
frequency is approached. The imaginary part is again 

10"* 

IO -2

IO"5

IO"4

IO -5

(b) 
Fig. 9— Real and imaginary parts of small-signal diode admittance, 

h-^, at various frequencies as a function of de bias current. The 
design parameters are those of Curve 4 in Fig. 8. 
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inductive, and the inductance becomes frequency de¬ 
pendent in the neighborhood of the cutoff frequency. 
An analysis shows that the appearance oi a small-

signal negative resistance depends on a value of 

|//216|>1, (60) 

which at low frequencies is achieved by avalanche mul¬ 
tiplication. At high frequencies (and M constant lor a 
given operating point), the emitter efficiency drops be¬ 
cause of the increase in the term 

— Aqpi \/DpeÁ} tpe + ju)' 12, (61) 

in Vu.dm (56), reducing hub below unity. To achieve 
high-frequency response, it is therefore necessary to 
make the lifetime in the emitter region as small as pos¬ 
sible. To preserve the general shape of the de character¬ 
istics, one must also reduce the base width IT. The ulti¬ 
mate frequency limit of these devices thus depends on 
the technological control of small dimensions (in one 
direction). 

Ordinary Transistor with Eield-Enhanced 
Diffusion in Collec tor Region 

It is well known that transistors with high-resistivity 
collector bodies exhibit a negative resistance between 
emitter and collector. This effect has been explained by 
Early6 as a modulation by the collector current of the 
minority-carrier current from collector to base. The 
modulation mechanism is the enhancement of minority¬ 
carrier diffusion in the collector towards the collector 
junction, by the electric field produced by the total col¬ 
lector current. The effect may be observed experi¬ 
mentally in grown-junction, diffused-base and p-n-i-p 
units with high collector resistivity, often only at ele¬ 
vated temperatures. 

Let us assume that a de operating point has been es¬ 
tablished in such a transistor (see Eig. 10), and that 
through suitable blocking no ac is allowed to pass 
through the base lead, so that as far as ac is concerned, 
we are dealing with a diode only. 
With the base-contact open-circuited tor ac, the small¬ 

signal admittance between emitter and collector leads 
is given by h^, (open-circuit output admittance in 
common-emitter configuration). Expressing A22 , in terms 
of the common-base four-pole parameters, one may 
show rigorously that this admittance is given by 

ynb y22b — yi2b'y2ib 
h >2t = - -- — - —- - > (62) 

ym + yi26 + y2ib -E y22b 

where the ya-b' are the common-base intrinsic “diffu¬ 
sion” admittances ya-.dif/ including the junction ca¬ 
pacitances.5 One notices that /i 22 , is not affected by the 
magnitude of the base-spreading impedance Zr, which 
is intuitively plausible. The frequency-dependence of 
the admittance, in which we are interested here, will 
therefore be independent of the base-spreading resist-

LOW DOPING, 

FIELD-ENHANCED 

Fig. 10—Ordinary transistor with field-enhanced diffusion in collec¬ 
tor region (“collector multiplication"). AC-wise the device is 
operated as a diode between emitter and collector. 

anee, and the geometry of the device may be optimized 
for short transit times. 

Early5 has derived the influence of field-enhanced dif¬ 
fusion in the collector region on the small-signal four-
pole parameters of a transistor. = jwC„ 
(G being the emitter junction capacitance), and 
yi2i/ = yi2.,mf', are unaffected, whereas the new y2p,' and 
y2v,' are given by 

y2u,' — yn.aittac (63) 

and 

y22b = (y22,dm’ + ja>Cj)ac, (64) 

where ac has been called the “collector-multiplication” 
factor and is equal to 

ac = 1/(1 - ßc), (65) 

where for an n-p-n transistor, 

■ [(BJ + L^2 + ju/DpCY12 - (B2 - L^Y 12] (66a) 

and 

B = HpcpcJc(2Dpc)- (66b) 

Eig. 11 shows the real and imaginary parts of ac as a 
function of collector current, assuming typical design 
parameters. l he curve parameters are diffusion length 
in the collector region and frequency. This diffusion 
length, which affects the frequency response, also enters 
the expression for the collector reverse current Ipc, 
which is given in (88). If a certain value of Lpc is chosen 
in a design, one must verify through (88) that the re¬ 
verse current is not prohibitively high (causing heating 
and possible destruction of the device). 

Instead of basing the computations of the frequency 
dependence of A22e on the complete and complicated ex¬ 
pressions for the diffusion admittances, one may obtain 
a much simpler estimate by using the equivalent circuit 
for transistors, as shown in Eig. 13. Its four-pole pa-
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Curve No. LPc ‘/cm 1 w/sec 1

Al IO5 101" 
A2 10s 10’ 
Bl 104 10'» 
B2 104 10’ 
B3 104 10» 
Cl 103 10'» 
C2 103 10’ 
C3 103 10s
Dl 102 10'" 
D2 102 10’ 
D3 102 10" 
1)4 102 10" 

Fig. 11- (a) Real and (b) imaginary parts of “collector multiplication 
factor” ac in typical n-p-n germanium transistor with field-en¬ 
hanced diffusion in the collector region. Parameters: pc = 29. 7 
ohm.cm, pi» = 1.2 X IO” cm -3 , ^^“1900 cm3’Ü-1’sec-1, Dpc 
= 49.4 cm’sec“1. (The imaginary parts of Curves Al anti A2 lie 
below that of B3) 

rameters for negligible “collector multiplication” are 
given by (91)-(94). To take the field-enhanced diffusion 
into account, we need only to multiply V21" and y^" by 
ac and we finally obtain 

, ar(gr + jwCc)(g<' + j^C.' + jwCc) 
hn = - ;— :— ;- :- —:- (67) 

(1 — a<d)(g,- + /wC,') Tj^C. + ac(ge + j^Cc) 

Under the assumptions that 

I ac - 1 I « 1, (68) 

Ct « C/, Cc (69) 

and 

I + juC^/(g.' + juC,') I « I 1 — a< a I , (70) 

one finds the approximate expression 

1'22. ~ (gc + juCe) (1 ~ a,ll ). (71) 

When the series resistance rC of the collector bodv can¬ 
not be neglected, as may the be case for a thick high-
resistivity collector region, the following expression for 
the modified open-circuit output-admittance, //22e, must 
be used : 

where h™.. is given by (71) or (62). 
For the purpose of discussing the high-frequency 

operation of the Early diode, we assume that the quan¬ 
tity a in (71) is real, th.it the base width is very 
thin, and thus the alpha-cutoff frequency is very high. 
Then, from (71), one finds the real part of to be 
equal to 

i’, (l — a Rear) — Im ar 
Re 7/2», = -— — - - • (73) 

(1 — a Re ar)2 + (a Im ac)2

From (73) it is obvious that for Re 7/22. to be negative at 
high frequencies, g,(> 0) should be large, 0 <a < 1 should 
be high, Cc should be small, Rear (>()) should be large, 
and Im ac( <0) should be small. The novel feature in the 
frequency dependence of the Early diode, as compared 
to that of the ordinary transistor, thus lies in the fre¬ 
quency dependence of a< as shown in Eigs. 11(a) and 
11(b). Since 

Re ac — 1 + Re/ic (74) 

and 

Im ar ~ — Im 0c, (75) 

these curves are best understood by considering the fre¬ 
quency and current dependence of 0c-

Eq. (66) indicates that 0c is an increasing function of 
current density. The high-current limit 0C° of 0< is inde¬ 
pendent of frequency and diffusion length L,,, in the 
collector region. For low current density, Re 0c also 
reaches a limit which, however, does depend on at and 
Lpc except in the case of w—>0, when it becomes inde-
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pendent of Lpc and equal to ßc°/2. For w>0, the low-
current limit of Re ßc is always smaller than ßc°/~. I’he 
change from low-current ß<- to high-current ß, occurs 
where the following conditions are satisfied: 

(76) 

and 

H > \/Lp< (11) 

These relations are shown schematically in Fig. 12(a). 
Small values oi Lp( and high frequencies require high 
values oi collector current to bring about an increase in 
Re ß< and Re a,-. On the other hand, the low-current 
limit of Re a, at high frequencies is highest for small 

Since ß, always approaches a real value ß,° at high 
current densities, the imaginary part of ac vanishes at 
high currents. At low current densities, lma< reaches a 
limit which depends on Lpc and u:, and which may be 
estimated from the following expression: 

Lpc\_\Lpc2

ßc 
hm ßc = ju y'2 i ■ 

Dpc) Lpc. 
(IS) 

lor w—»0, one obtains ßi=ß<° 2 and for w—>x, one 
finds ßc = 0, i.e., the low-current value of Im ac is equal 
to zero in both cases, and reaches a maximum at some 
finite frequency, as indicated in I'ig. 12(b). Depending 
on whether one operates on the left or right of the max¬ 
imum in Fig. 12(b), the low-current limit of Im ac will 
increase or decrease with frequency. Examples for both 
cases are shown in I'ig. 11(b). 
One observes from Figs. 11 and 12 that the large 

values oi Re ac and small values of Im ac necessary for 
high-frequency operation are obtained by high current 
densities and short diffusion lengths in the collector 
region. 

Other Three-Layer Negative- Resistance Diodes 

In addition to the struct tires discussed in detail above, 
there are several others which also involve an increase 
in current gain a, with current due to field-enhanced 
diffusion in the collector region (“collector multiplica¬ 
tion”). These shall be the subject of future quantitative 
investigations; we mention here only the underlying 
mechanisms: 

1) A combination of field-enhanced diffusion in the 
collector region, relatively high Ico, and an increase of 
the transport factor across the base with increasing ap¬ 
plied voltage. The latter effect usually comes about as 
the collector depletion layer spreads into the base 
region. 

2) A combination of field-enhanced diffusion in the 
collector region, constant transport factor, and Ico in-

(b) 

Fig. 12— (a) Schematic on the current and frequency dependence of 
Re fie. (b) Schematic on the frequency dependence of the low-
current value of Im ac. 

creasing with collector voltage (due to the proximity of 
the ohmic collector contact and deplet ion-layer widen¬ 
ing into the collector region and or by approaching 
punch-through in the base region). 

3) A combination of field-enhanced diffusion in the 
collector region and avalanche multiplication. 
The approach to the analysis of these structures is 

analogous to that used earlier in this p iper. 

ClRCt IT APPLICATIONS 

The conceivable circuit applications of the devices 
discussed in this paper are numerous and will be the 
subject of separate investigations and publications 
when such negative-resistance and inductance diodes 
have been built and are being used in exploratory cir-
cuitr. ; here we will give a list of the more important 
appl cations: 

1) Oscillators, amplifiers, frequency converters, mon¬ 
ostable and bistable switching elements analogous to 
those extensively discussed in recent months in connec¬ 
tion with tunnel diodes. 

2) \ ¡triable Ç-multipliers realizing electronically tun¬ 
able bandwidth of tank circuits.9

9 M. Schuller and W. \\ . Gärtner, “Inductive elements for solid-
state circuits,” Electronics, vol. 33, pp. 60-61; April, 1960. 
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3) Solid-state inductances replacing coils in minia¬ 
ture circuitry.’ These will usually be electronically tun¬ 
able. 

4) Parametric microwave amplifiers using the non¬ 
linear inductance of the diode. The variable inductance 
may be self-oscillating or externally pumped. 

5) Parametric microwave amplifiers using the non¬ 
linear variable junction capacitance of an oscillating 
negative-resistance diode. 

6) Distributed negative-resistance structures for 
microwave amplification. 

Con« i.i sions 

fhe paper has shown that combinations of effects in 
three-layer semiconductor diodes may lead to a large 
number of different negative-resistance and inductive 
devices with a large range of interesting circuit appli¬ 
cations. I’he analysis given for a few typical cases has 
illustrated a general approach to the design problem, 
and has shown that operating frequency, component 
values ( — R and L) and voltage and current swings lie 
in the range of major circuit interest. 
On the other hand, many additional questions remain 

to be answered even on the structures analyzed in this 
paper. What are the highest frequencies at which nega¬ 
tive résistâm es and high-() inductances may be realized? 
What are the optimized geometries in this respect, given 
a minimum dimension realizable by state-of-the-art 
technology? What de to ac efficiency can be realized 
with such structures, particularly in comparison with 
transistors and tunnel diodes? To answer the hist ques¬ 
tion for switching applications, it may be necessary to 
«levelop a large-signal high-frequency circuit theory for 
these devices, as has recently been done for tunnel 
diodes."’ 

In addition, one might «levelop a considerably more 
accurate large-signal high-frequency device design 
theory based on the direct electronic-computer solution 
of the nonlinear differential equations underlying car¬ 
rier motion in semiconductors. 
Some of the effects described in this paper may occur 

in ordinary transistors and may explain observations in¬ 
compatible with simple transistor design theory. Among 
these are oscillations and amplification at very high fre¬ 
quencies, possibly beyond the cutoff frequency of the 
transistor involved. Amplification in particular could 
be accomplished by the variable emitter or collector 
capacitance of a transistor oscillating as a three-layer 
negative-resistance diode, or by the transistor operating 
as a negative-resistance amplifier. 

'° M. Schuller and W. W. Gartner, “Large-signal high-fnx|uei>cy 
circuit theory lor negative-resistance diodes, in particular tunnel 
di«jdes," presented at A1EE Winter Meeting, New York. N. V., 
Januar« 30. 1961. 

Appendix 

Reference Material 

This Appendix consists of generally-known formulas 
and diagrams, and a list of symbols on which the deri¬ 
vations in this paper are based. 

DC Current- Voltage Relationships 

Ie — E, e + I ,.e- (79) 

For p-n-p transistor (small-injection diffusion cur¬ 
rents only) : 

I„e = AqD,l̂:ll„E(e■‘ VEl'kl", - O/Le (8<>) 

-^i c/uri _ ! _ (^s/urt _ I) cosh (II pHy 

sinh ( II Ln) 
(81) 

For n-p-n transistor (small-injection diffusion cur¬ 
rents only) : 

-f t _ (e-vr*/ur> _ cosh (jj/ /By 

sinh (IF, Ln) 
(82) 

IPE = - AqDllKpOE(e-<' Ê kT> - \)/LE (83) 

Ie = I ,,c + IPc( + Ico). (84) 

Ico is approximately equal to the measured collector 
current tor open-circuited emitter and is added as an 
empirical quantity, since the calculated theoretical 
value is frequently unrealistically small. The value for 
Ico assumed in the numerical calculations is given in 
the legends of Figs. 5 and 8. 

For p-n-p transistor (small-injection diffusion cur¬ 
rents only) : 

/„,• = . I ql)., cl,tT > - 1) Le. 

Dpupon 
l„e=Aq 

Lh 
-^fVc/OT, _ (os), (H _ JJ-

sinh (IF Ln) 
186) 

For n-p-n transistor (small-injection diffusion cur¬ 
rents only) : 

D„niion 

(88) 

sinh (II Ln) 
- AqD^pocG de/uT> _ J) Lr

Ln 

- 1) cosh (II Ln) - <c - I)' 
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Junction breakdown voltage Ubd: 

The junction breakdown voltage as a function of 
impurity density and thus of resistivity may be de¬ 
termined from empirical graphs such as the ones 
given in McKay and McAfee, and others. 11

Punch-through voltage Upr (collector step junction) : 

p-n-p: 

n-p-n: 

q , noulpoc + non) 
V pt = - Ho2 -

2kío poc 

_ ? , ponluoc + pon) 
I PT — -- H O' 

iKto U(>c 

(89) 

(90) 

Four-Pole Admittance for the Equivalent Circuit in Fig. 13. 
Pour-pole admittances for s«' = 0 (approximations to 

C/ = 0.81g//wo (97) 

ge = a0 I Ie I (H7^b2) | dw/dvc | (98) 

a = + j^/La) 

— <W(1 + ju w„). (99) 

gi. ci: 

p-n-p: g, = AqnWED„g/L„E (100) 

Cl = glT„E/2 (101) 

n-p-n: g, = AqpW E DpE/LpE (102) 

Ci = giTpE 2. (103) 

gi and Ci describe the emitter efficiency of the transistor, 
and may be neglected in the analysis unless indicated 
otherwise. 

Fig. 13—Common-base high-frequency equivalent circuit for 
junction transistor with no avalanche multiplication. 

diffusion admittances plus junction capacitances): 

yn" = ge' + ja>Ce'+ juCp + gi + juCi (91) 

yti" = o (92) 

V21" = - a(g/ + juCr') (93) 

yr" = g,- + jaiCe (94) 

Su” = yn"y22" (95) 

g/ = q\ Ie \ /(kT) (96) 

11 K. G. McKay and K. B. McAfee, “Electron multiplication in 
silicon and germanium,” Phys. Rev., vol. 91, pp. 1079-1084; Sep¬ 
tember, 1953. 

K. G. McKay, “Avalanche breakdown in silicon,” Phys. Rev., 
vol. 94, pp. 877-884; May, 1954. 

S. L. Miller, “Avalanche breakdown in germanium." Phys. Rev., 
vol. 99, pp. 1234-1241; August, 1955. 

W. W. Gartner, op. eit., chs. 3.H and 4.1), pp. 65-89. 

p-n-p: = 2AM)pb II 2

n-p-n: = 2A3D„b II'2

Ktnq 

. 2 

ponnoE 

pon + non. 

1 

V i Veq - VE I 

(104) 

(105) 

(107) 

(108) 

Four-pole impedances for Zß'^O: 

zu" = y-si/S«” + zB' 

Zi2 = Zu 

Z21" = — y2i" A"" + Zb' 

Z22" = yu" A"' + Zb' ■ 

(109) 

(HO) 

(111) 

(112) 
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A Low-Noise A-Band Radiometer Using Maser* 
J. J. COOKf, L. G. CROSS!, M. E- BAIRt. member, ire, and R. W. TERHUNEf 

Summary—A low-noise X-band radiometer, using a ruby maser 
preamplifier in radio astronomy measurements, is discussed. The 
radiometer uses a reflection-cavity maser with voltage-gain band¬ 
width products as high as 300 Me at 4.2°K. Less than 1 per cent short¬ 
term gain instability and dependable performance are obtained. A 
system noise factor (excluding antenna spillover) of 0.6 db (43 K) has 
been obtained. The system bandwidth is limited to 8 Me by the 
intermediate frequency bandwidth, with maser bandwidths of 20-
30 Me available. RMS noise fluctuations of approximately 0.01 K 
with a 12-second integration time and 0.007 K with a 42-second 
integration time are obtained. Gain instability of 0.6 per cent up to 
10 minutes and 2 per cent up to 30 minutes has been measured. 
Electrical and mechanical features as well as measurement and 
operational techniques are described. Performance data and radio 
astronomy observations are discussed. 

I. iNTRODl < TION 

PHI* I11E first successful operation of a rub}' maser 
amplifier at Willow Rim Laboratories of the I Di¬ 
versity of Michigan on December 20, 1957' stim¬ 

ulated interest in many fields. Since this initial opera¬ 
tion, the number of research and development programs 
in masers anti maser systems has greatly increased. 
Among these programs is the development of reliable, 
low-noise systems for both active and passive astronom¬ 
ical applications. The system to be described is a modi¬ 
fied Dicke system,2 A’-band radiometer specifically de¬ 
signed for use in a long-term radio astronomy research 
program. It is presently operating on The I’niversitx of 
Michigan’s 85-foot-diameter radiotelescope (Eig. 1). 
The radiometer utilizes a four-level ruby maser pre¬ 

amplifier8 operating at 8.72 Gc.4 The maser gain is typ¬ 
ically 20-23 db with a voltage-gain bandwidth product 
of 200 Me at 4.2°K. Maser bandwidths to 30 Me anil 
voltage-gain bandwidths to 550 Me at 4.2°K have been 
obtained. An equivalent system input temperature of 
approximately 75°K, including about 30°K caused by 
antenna spillover and backlobes, has been observed. 
The remaining 45±5°K results from input-guide noise 
and a superheterodyne receiver with a noise figure of 
9.5 db (including all noise resulting from components 
following the maser preamplifier). The input-guide 

* Received by the IRE, August 31, I960; revised manuscript re¬ 
ceived, Deceinlier 12, 1960. This work was conducted by Project 
MICHIGAN under Dept, of the Army Contract (DA-36-039-7801 ) 
administered by the U. S. Anny Signal Corps. 

t Willow Run Labs., I Diversity of Mich., Ann Arbor. 
1 G. Makhov, C. Kikuchi, J. Lambe, and R. W. Terhune, "Maser 

action in ruby," Phys. Rev., vol. 109, p. 1399; February, 1958. 
2 R. H. Dicke, “Measurement of thermal radiation at microwave 

frequencies," Rev. Sei. Inst., vol. 17, p. 268; July, 1946. 
3 C. Kikuchi, J. Lambe, G. Makhov, and R. W. Terhune, “Ruby 

as a maser material," J. Appl. Phys., vol. 30, p. 1061; July, 1959. 
4 Throughout this paper Gc is used in conformance tothe National 

Bureau of Standard's newly adopted prefixes as recommended by the 
International Committee on Weights and Measures, accordingly, 
Gc replaces the former kMc designation. 

(a) 

fb) 

Fig. 1 (a) The Cniversity of Michigan’s 85-foot diameter radio 
telescope, (b) Detail showing mounting arrangement of packaged 
maser system, as well as other 2- and 3-cm receivers. 
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noise is intended to include all loss noise as well as 
cavity-wall radiation and spontaneous emission. The 
system contribution of 45°K was obtained with a maser 
gain of 23 db and bath temperature of 4.2°K. 
The development program was initiated in the fall of 

1958 and, following a six-month testing and reliability 
study on it six-foot van-mounted antenna, was con¬ 
cluded in January, I960. The system was installed on 
January 29, 1960 and successfully received the first ex¬ 
traterrestrial radiation on the same day. 

11. System Components and Characteristics 

.1. Physical Description 

I'he radiometer system is shown in simplified block 
form in Fig. 2. All components to the left of the dashed 
line are mounted at the apex of the 85-foot antenna and, 
with the exception of the input guide, are housed in a 
single weatherproof package, approximately one foot 
square and four feet long (Fig. 3). I'he package weighs 
approximately 250 lbs. I'he necessary electrical con¬ 
nection into the equipment house is through a system of 
20 individually shielded weatherproof cables which are 
285 feet long. All electrical power to the antenna-
mounted components is de, a precautionary measure to 
prevent possible pick-up into signal lines. 

I'he mounting arrangement, along the outside of one 
of the feed supports, is shown in Fig. 1(b). This position 
allows the mounting of several other receivers inside the 
“cone.” The dewar orientation is such that the entire 
antenna positioning range is permissible with a max¬ 
imum angle, dewar axis to the vertical, of 67°. Refriger¬ 
ant transfer is accomplished at the apex mount, and no 
disassembly is required. Maser performance is such 
that it is unnecessary to reduce the bath temperature, 
and all performance data are taken at 4.2°K. 

B. The Microwave System 

I'he microwave system consists of two major sub¬ 
divisions: A-band pump (18-26 Gc) and A-band sig¬ 
nal (8.2- 12.4 Gc). 

I'he A-band pump power is provided by either of two 
klystrons: the Varian VA 96B or the Raytheon 2K33. 
I'he primary requirement of the pump tube is that it 
provide sufficient power to saturate the ruby crystal. 
I'he klystron is housed in its own case to allow forced-
air cooling. A ferrite isolator and variable attenuator 
follow the klystron. I'he variable attenuator is used to 
check the degree of saturation. If a 1- or 2-db loss in the 
pump line causes no maser-gain change, the saturation 
is sufficient. A 20-db coupler and crystal mount allow 
monitoring of the pump signal. I'he remaining system 
consists of standard bends and straight sections. 
The X-band system includes a signal-input line and 

a comparison-signal line. I'he Dicke system switching, 
between the two inputs, is accomplished with a switch¬ 
able, four-port ferrite circulator. Direct current meas-

Fig. 2 Basic block diagram of maser radiometer. All equipment to 
lei I of dashed line (except input waveguide ) is mounid in a single 
weal her-proof package. 

Fig. 3— Packaged maser radiometer showing service openings. I'he 
complete unit is approximately one foot square and four feet long. 
It weighs about 2.50 pounds. 

urements, in an unmatched system, indicate insertion 
losses of 0.20 + 0.05 db and isolations of greater than 
25 db. A second (nonswitchable) circulator provides the 
necessary isolation for a reflection-cavity maser. I'he 
input path of this device has a measured insertion loss 
of 0.12+0.05 db. An additional 0.10-db loss arises from 
the silver-plated input guide. The total line loss is about 
0.45 db. 

I'he amplified maser signal feeds into a balanced 
mixer using 1N23EMR crystals. Local-oscillator power 
is provided by a stabilized microwave generator with a 
10-mw output. Long-term frequency drift is 1 part in 
10 fi . An electronically controlled variable attenuator 
and ferrite isolator complete the local-oscillator line. 
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Three methods of obtaining the necessary comparison 
signal have been used. First, a wide-beam horn pointed 
away from the antenna at “cold sky” receives an aver¬ 
age sky-signal temperature of about 10-20°K. Its dis¬ 
advantages are its obvious dependence upon antenna 
position and its insensitivity to atmospheric conditions. 
As the antenna is moved, varying amounts of ground 
radiation affect the switching temperature. Its wide-
beam averaging effect makes the comparison horn some¬ 
what insensitive to atmospheric changes, while the nar¬ 
row antenna beam is not. This also has a variable effect 
upon the switching temperature. 
A second method utilizes a cooled microwave termi¬ 

nation of sufficient loss to provide approximate black¬ 
body radiation. In liquid helium, this can theoretically 
produce a comparison signal of 4-5°K. Commercial 
waveguide terminations are not suitable as the absorp¬ 
tion characteristics are drastically reduced at liquid-
helium temperature. One method, presently under in¬ 
vestigation, is the use of a broad-band, matched, dielec¬ 
trically loaded cavity. 
A third method of obtaining a comparison signal is 

the so-called “double-horn technique.” In this scheme, 
two identical horns are pointed at the antenna surface. 
By placing these horns a few inches apart, rather large 
beam separation is possible. In this manner, one can 
compare two signals originating at discrete points in the 
sky. Preliminary tests of this technique indicate there is 
essentially no balancing problem. The two horns see 
essentially the same spillover and backlobe radiation; 
therefore, their temperature balance becomes almost 
independent of antenna motion. Although the narrow 
beams are quite susceptible to atmospheric changes, 
such as clouds, etc., their relatively close proximity re¬ 
sults in similar effects in each arm.5

Regardless of the source of the comparison signal, 
some device to “balance-out” the two inputs is neces¬ 
sary. This is accomplished with a remotely controlled 
0 to 0.3-db attenuator in each line. Physically, a tiny 
strip of resistance card is inserted into either input as 
needed. These give a total equivalent-noise-input tun¬ 
ing range of approximately 16°K in each arm. 

Calibration of the system is accomplished with two 
matched waveguide loads, one at ambient temperature 
and the other in liquid nitrogen. These loads are at-

5 Concerning the authors’ “double-horn technique,” see also: 
M. E. Bair, J. J. Cook, L. G. Cross, and C. B. Arnold, “Recent de¬ 
velopments and observations with a ruby maser radiometer,” IRE 
Trans, on Antennas and Propagation, vol. AP-9, pp. 43-49; 
January, 1961. 

This method of comparison has been used successfully in the 
recent detection of radio radiation from the planet Saturn: J. J. Cook, 
L. G. Cross, M. E. Bair, and C. B. Arnold, “Radio detection of the 
planet Saturn,” Nature (Letters to the Editor), vol. 188, p. 393; 
October, 1960. 

Also in the detection of the first radio radiation from a planetan 
Nebula: A. H. Barrett, \\ . E. Howard, F. T. Haddock, J. J. Cook. 
L. G. Cross, and M. E. Bair, “Measurement of Microwave Radiation 
at X3.45 cm from the Planetary Nebula NGC6543,” paper presented 
at the American Astronomical Soc. Meeting, New York, N. Y. ; 
December 28-31, 1960. Further investigation into the use of the 
“double-horn technique" will be reported as soon as possible. 

tached to the two input ports of a rotary, three-port, 
waveguide switch. The output port feeds, through a 
20-db coupler, into the comparison arm. The system is 
balanced with the switch to ambient; a change to liquid 
nitrogen produces a signal equivalent to an antenna 
temperature increase of 

Ttcst = 0.01 [7"a,nbie„t — Tjí.eff] (1) 

where Trj.en is the temperature equivalent of the 
liquid nitrogen load, at the switch input. 

I'he cavity assembly (discussed more fully in connec¬ 
tion with the maser preamp.) uses a silver-plated ruby 
cavity.6 This design yields dependable, stable perform¬ 
ance with voltage-gain bandwidth products of over 200 
Me. It has shown experimentally the possibility of prod¬ 
ucts up to 550 Me. 

Closely associated with the waveguide system is the 
magnet-dewar assembly. The magnet is a permanent 
alnico magnet having a l|-inch gap and a field strength 
of 3850 gauss. Coils are provided to vary the field + 150 
gauss. The dewar tip is narrowed to fit into the gap of 
the externally mounted magnet. Refrigerant capacities 
are 3.4 and 8.1 liters for liquid helium and liquid nitro¬ 
gen, respectively. These amounts evaporate completely 
in about 36 hours in a vertical, stationary dewar; how¬ 
ever, during operation a maximum of 17 hours has been 
obtained. 
A liquid-helium level indicator has been provided to 

allow continuous monitoring of the refrigerant level. 
The device consists of five carbon resistors spaced at 
various points along the cavity-assembly waveguide. 

C. Associated Electronics 

The balanced mixer output is amplified by a 30-Mc 
amplifier before it leaves the antenna mount. The pre¬ 
amplifier has a bandwidth of 8 Me, a gain of 30 db, and 
a noise figure of 1.9 db. The postamplifier has a band¬ 
width of 10 Me and a gain of 60 db. The IF output is 
fed into a selective amplifier and a synchronous detector 
system. I'he synchronous detector output is displayed 
on a recorder. All de supplies are regulated to at least 
1 per cent and a few millivolts ripple. The switchable 
circulator is driven by a square wave input at 90 cps 
with a 60-microsecond rise time. 

111. The Maser Preamplifier 

.1. Gain-Bandwidth Requirements 

I'he performance requirements of the preamplifier are 
determined by the characteristics of the receiver system 
in which it is used. If we define 

T, = the total input-noise temperature including 
contributions from sky, antenna, input guide, 
and preamplifier; 

G=power gain of the preamplifier; Apv = band-
width of the preamplifier; 

6 L. G. Cross, “Silvered ruby maser cavitv,” J. Appt. Phys., vol. 
30, No. 9, p. 1459; 1959. 
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Tu= noise temperature of one sideband of the re¬ 
ceiver; and 

Av/r=the bandwidth ot one sideband ot the receiver, 

then the effective input temperature is just 

-Sv H 

1 his applies only when Svm^Svh. Since in our system 
Svm was always greater than Sv,, and G»l, (2) can be 
replaced by the simplier expression : 

„ . 1T» UhxUa = T, + • (3) 

and the figure of merit for the whole system for any 
given integration time, t, is 

2 T, 2T n a 
I- ig. of merit = /•’ = — V-âïjms = - 4- = (4) 

7T \/ Svs \/ Svs 

where Svx is the net bandwidth of the system and 
A7'rmsÍs the rins value ol the system noise output, °K. 
11 Svs was limited by Sv y only, where Svh = Svm, then 
minimizing /•’ for any given gain-bandwidth relation 
would determine the optimum values of G and Svm. 

For our preamplifier, the following relation applies 

G'^Sw Co (5) 

where C(> is a constant of the maser material. This shall 
be discussed in Section III, B. Solving then for the 
optimum gain, with Svs limited only by Av w: 

T,< 
( fptimum G = 14 (6) 

A typical value of Co is 70 Me, corresponding to a volt¬ 
age gain-bandwidth product, at 20-db gain, of ~220. 
Using 1 h—1000°K and 7'~5O°K, one would obtain the 
optimum values G = 24.5 db and Avv = 17.1 Me. 

However, this optimum point is not at all critical, 
big. 4 shows a plot oi /•’ vs preamplifier gain, and it is 
seen that a wide variation of G with little change in 
sensitivity is possible. For this reason, G is always 
chosen to be a little low (20 23 db) to reduce gain in 
stability, and Svm is always more than sufficient to 
cover the 8-Mc band-pass ol the superheterodvne re¬ 
ceiver. 

B. Theory of Operation 

1 he preamplifier is a reflection-type, resonant-
coupled cavity maser using 0.1 per cent ruby at the 
double-pump operation point (0=54°). The gain and 
bandwidth relations lor a single-cavity amplifier using 
nonresonant coupling are just 

G(DB) 

Hg. 4— Plot ol radiometer ligure of merit vs preamplifier gain lor a 
2000°K receiver and 50°K input temperature. 

where Go is the center gain at the resonant frequency, 
fo, Ai's is the •’ power bandwidth, Sv< is the coupling 
bandwidth, and Sv„/ is the effective magnetic band¬ 
width. That is,7

«'n 
Ave = Qc = external or coupling Q, and (9) 

Qc 
Sv,,/ = SvL 4- Svm (10) 

where 

Vo 
Sv/. = QL = unloaded or loss 0 (11) 

Vo 
Av™ = — = magnetic (Z (12) 

V«» 

If one introduces a resonant cavity in front of the 
maser cavity, the center gain equation is essentially un¬ 
changed, functionally; but the bandwidth character¬ 
istics are greatly altered. I he two resonances will tend 
to push each other in frequency and the typical double¬ 
humped response is obtained, as shown in Fig. 5. The 
separation of the humps Sv, is related to the coupling 
coefficient k between the two cavities as given by 

Svk = v„k. (13) 

By analyzing a simple equivalent circuit one can ob¬ 
tain the above characteristics and show that the voltage 
gain bandwidth product is not a constant, but is propor¬ 
tional to G1'4; i.e., for high gains 

(G'l* - \)Svs^2SvmG'" (14) 

or 

G'^Sv*^ 2Sv,„. (15) 

4 his dependence has been experimentally verified on 
this preamplifier over a range of 20 40 db, the voltage-

’ I Jere the externa] and unloaded Q’s have the con\ entional defini¬ 
tion in terms of the electromagnetic field, and (>,„ is defined in (21 ). 
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Fig. 5— Gain vs frequency response for the 
resonant coupled maser cavity. 

gain bandwidth product ranging from 200 to 550 Me. 
As stated before, however, the gain instability at 

high gains has prevented the practical use of gains 
greater than ~30 db. The gain instability in the high-
gain approximation is given by 

ÔG ôx 
— = G*'2 — (16) 
G x 

where x may be Av,„, Avc or VSWR. At a gain of 30 db, 
for instance, G1/2=32; hence any variation in the cou¬ 
pling magnetic Qor the VSWR in the waveguide will be 
amplified by a factor of 32. 
The negative magnetic Q obtained is ~200, giving a 

negative magnetic bandwidth at 8.7 Gc of ~40 Me 
under optimum conditions. However, in operation 
¡Av,,,' I is somewhat less because of the magnetic gain 
control which is discussed in Section II1-C. 
The theoretical negative magnetic Q may be ob¬ 

tained from the dynamics of the four-level spin system 
which determine the paramagnetic properties of ruby. 
The Zeeman splitting of the ground state of Cr+++ in 
A12O3 shows a symmetry when the angle 9 between the 
applied magnetic field and the crystalline axis is 

1 
9 = arccos — :~54.7°. (17) 

V3 

The diagram of the energy level vs the magnetic field 
is shown in Fig. 6(a). Everywhere vi3 = v24 and V|. = vM 
and, at ZZ=3850 gauss, v23=8.7 Gc and vi3 = v>4=22.3 
Gc, which is ¿i typical operating point for our preampli¬ 
fier. 
The population distribution of electrons among these 

levels is dependent on the ambient temperature T, the 
twelve relaxation probabilities w,> (i, j=l through 4), 
and the presence of pump power at frequency vi3 = v24 . In 
Fig. 6(b) and 6(c), the population of the levels is shown 
without and with pump saturation, respectively. With¬ 
out saturation the population ratio of any two levels, 
i and j, is given by the Boltzmann factor 

REL. POPULATION — 

(c) 

Fig. 6— Electron energy levels in rubs at 0 = 54.7° (a) vs magnetic 
field, (b) at fixed magnetic field without pump, (c) at fixed mag¬ 
netic field with pump showing electron population changes. 

», 
— = ̂ aikT where i > j, (18) 
»> 

but even at 4.2°K, hv<SZkT for the frequencies involved, 
and thus the population difference, in particular for 
levels 2 and 3, is approximately 

-V //v23
»2 — Ms =- - (19) 

4 kT 

The power absorbed from the cavity at frequency v23 
is given by P^, 

P23 = In^iit - m3)TF23, (20) 

and the magnetic Q is given by 

2^11^ Vo
Qm = -- — (21) 

P23 8tt 

where H'23 is the average transition probability over the 
ruby, Hr-t is the microwave magnetic field, and Vo is the 
volume of the cavity. Thus, the functional dependence 
of the magnetic bandwidth Av,„ is seen to be 

Av,„ = (m2 - n^hv^f) (22) 
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where / is a rather complex function of the cavity mode 
configuration and the quantum mechanical transition 
probability. For our mode configuration and crystal 
orientation,/ is close to its maximum value. 
Now, for the case of pump saturation «i = n3 and 

»2 = »4- The resulting population difference in levels 2 
and 3 is: 

(»2 — Ha) 

TV h — V12W12 — V34W34 

4 ÜJ23 4" ÜJ14 T W12 T W34 

having a maximum negative value, if Wi4»«2a, W12, W34 of 

■V IlVu 
(n2 — =- - (24) 

4 kT 

A convenient parameter to measure is the inversion 
factor 1 defined as the ratio of negative magnetic Q to 
positive magnetic Q. 

Eqs. (24) and (19) show the maximum value of 1 to be 

«'n 
/mM = ~ 4 at vo = 8.7 Gc. (26) 

V23 

I can be easily calculated from the values of the maser 
gain with pump on and off, Gt ami G2, respectively. 

(G,1'-- 1)(1 +G2’'-) 
I = (2/) 

(G,''-+ 1)(1 -

We have found that 7 = 2.3. which means that w» does 
not predominate, at least at ^>3 = 8.7 Gc. 

Coupling Control 
Coupling Cavity 

Teflon Plug 

X-Band Coupling Slot 
K-Band Coupling Slot 

Soft Iron Slug 
Cavity Clamp 

X-Band Waveguide 

Gain Control 

Silver Pins 
^Coupling Plate 

Silvered Ruby Cavity 

Fig. 7— I he maser cavity assembly showing (a) complete assembly, 
(b) coupling plate containing the coupling rax ity, (c) the silvered 
ruby cavity. 

complished by a 5/8-inch diameter, 0.4-inch thick, teflon 
plug located in the waveguide near the coupling plate. 
It contains two small pieces of 0.040-inch diameter silver 
wire. As it is rotated, the silver wire perturbs the 
resonance field of the coupling cavity and produces a 
frequency change given by 

Avo = 1.2[cos0]Gc (28) 

C. Physical Description 

The cavity and assembly are shown in Fig. 7. I he 
active element is a rectangular parallelopiped ol silvered 
ruby. The size of the silvered ruby for 8.7-Gc operation 
is 0.7" X0.5" XO.27", and the signal mode is the (1, 1, 1) 
mode. In reliability and stability of operation, the 
silvered-ruby cavity is a significant improvement over 
the conventional machined-cavity designs that we have 
investigated. The microwave coupling is provided 
through slots cut in the silver with a dust cutter which 
provides a thin stream of air carrying abrasive powder 
at high velocity. I he coupling plate contains a resonant 
iris operating in a semicoaxial mode because of the in¬ 
sertion of a silver pin. The side of the coupling cavity 
facing the waveguide is completely open; therefore, it 
is very heavily coupled to the waveguide. A typical 
value of for the coupling cavity is 250 Me. 
The cavity and coupling plate are firmly clamped to 

the waveguide as shown in Fig. 7(a). In this manner, sev¬ 
eral cavities can be used in the same assembly with a 
minimum of alteration. The frequency of the coupling 
cavity is tunable to allow for the change in resonant fre¬ 
quency of the ruby cavity at 4.2°K. This tuning is ac-

where 0 is as shown in Fig. 7(a). The teflon plug is ro¬ 
tated by means of a rack and pinion arrangement. 
The gain of the preamplifier can be varied continu¬ 

ously from 10 to 30 db by the magnetic tuning rod. In 
this scheme, a small piece (0.125 inch diameterX0.150 
inch) of soft iron is soldered into a 1/8-inch stainless 
steel rod which can be moved up and down. As the iron 
is moved near the cavity, it produces an inhomogeneity 
in the magnetic field which lowers the magnetic band¬ 
width Av,,,' by broadening the resonance line. The gain¬ 
control rod is driven by a 1-rpm motor which advances 
the rod 1/17 inch per minute. This method of gain con¬ 
trol is superior to varying the gain by means of the 
coupling Q since it does not change the cavity or cou¬ 
pling configuration and thus removes a possible source 
of instability. 
Pump energy is coupled in a manner similar to the 

signal coupling. There is an abundance of cavity modes 
at the pump frequency, and saturation can usually be 
obtained in any of them. 

Both signal and pump waveguides are filled with 
Styrafoam to reduce gain instability caused by a fluctu¬ 
ating liquid-helium level. 
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D. Setup and Operation 

In order to obtain double-pump operation, the mag¬ 
net angle must be very close to 54.7° (±|°). This ad¬ 
justment must be made when the cavity is changed or 
other alterations are made. This is accomplished by 
monitoring the pump transition as the angle is varied. 
Since the 1-3 transition is stronger than the 2-4 transi¬ 
tion, they can be easily differentiated. If the angle is 
less than 54°, the 1-3 transition will occur at a lower 
field than the 2-4, and vice versa. 
The maser gain is monitored by sweeping the local-

oscillator klystron over a 60-Mc range, displaying the 
receiver output on the y axis and the klystron sweep on 
the .V axis of an oscilloscope. The resulting presentation 
is the frequency variation of the preamplifier gain, to a 
resolution of 8 Me. Fig. 8 shows a typical oscilloscope 
pattern obtained in this manner. The gain may be 
calculated if the receiver noise temperature and the 
input noise temperature are known. If Tr^Ti, G is 
given by 

Here R> and Ri are in volts, and the detector is as¬ 
sumed to be operating in the square-law region. 

IV. System Performance 

.1. Threshold Sensitivity 

I'he noise fluctuation, which establishes a lower limit 
for the sensitivity of a Dicke-system radiometer, arises 
from internally generated noise and gain instability. 
The noise contribution of each can be analyzed and 
their combined rms level taken as a measure of system 
sensitivity. 

If we define a threshold sensitivity, due to internally 
generated noise, as that signal giving an output equal to 
the rms noise fluctuations, we get: 

7T (Tinjeff rms value of internally 
(ATTn = — —= = generated noise. ' (30) 

2 \/SVsT 

Analysis of the gain-variation effect upon the output 
signal is an extremely complicated problem. Fluctua¬ 
tions throughout the system can occur from vibration, 
changes in ambient temperature, line voltages, etc., as 
well as from spurious changes in the components them¬ 
selves. Assuming that these gain variations are ran¬ 
dom, they will have a probability density centered 
about G«, and a rapidly decreasing frequency spec¬ 
trum.8
One can presumably modulate at such a frequency 

rate, (/nmd), as to make the contribution of these gain 

8 1’. Strum. “Considerations in high sensitivity microwave ra-
diometrv," I’roc. I RE. vol. 46, pp. 43 53; January. 1958. 

Fig. 8- Noise output of receiver vs local oscillator frequency showing 
the amplification of the input noise by the maser. 

variations small. However, there will still be a gain-
instability threshold, caused by a nonzero switching 
signal, given by: 

(W = a(y - 1)(| Tan . - Tc.,| ) 

= rms value of gain-instability noise. (31) 

where y = the gain-fluctuation factor = 1+(5G Go) ; 
5G/G0 = percentage gain change. The term a depends 
upon the detection technique. In the case of synchro¬ 
nous detection, a is a rapidly decreasing function of fre¬ 
quency, centered about a =1.0, for gain variations at 
the modulation frequency, (.^nod). 

In addition, very low-frequency gain “drift” will re¬ 
sult in output changes which follow the drift. The input 
noise will be amplified by a varying amount; that is, in 
effect, the equivalent input temperature of (30) will 
change with maser gain. This type of drift can generally 
be removed in data reduction by merely adjusting the 
base line. I'he maser radiometer system has been af¬ 
fected only slightly by such low-frequency “drift.” 

Eq. (31) shows the desirability of keeping the tem¬ 
perature contributions of antenna and comparison 
source as closely balanced as possible, if there are large 
signals, or if the system cannot be balanced ( 1 
— T,. >1°K), the gain-fluctuation threshold becomes 
quite large. 
Slimming the threshold rms noise levels as deter¬ 

mined by internally generated noise and gain instability 
from (30) and (31), the resultant sensitivity threshold 
becomes 

_ IT (Tinjclt 
^T). = +a(y- 1)( I 7^- T,. I). (32) 

2 vAv.a 
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B. Noise- Measurement Techniques 

The sensitivity threshold of a radiometer has been 
shown to depend heavily upon the equivalent input 
temperature. Consequently, it is necessary to develop 
methods lor precise system measurements as well as 
methods for convenient, approximate measurements. 

1) Precision Noise Measurements: The circuit for 
system-noise measurement is shown in Fig. 9. The 
switchable circulator is de energized, with the reversing 
switch thrown to look alternately at 7) and 1\. The 
output power level is monitored on a de microammeter, 
and the precision 30-Mc attenuator is varied to give an 
identical output with either T\ or 7'2as input. If Tt> T-, 
we will necessarily add an amount of 30-Mc attenua¬ 
tion (Adb) when the input is 1\, where: 

Adb = 10 log 
Ts + T, 

Ts + T, 
(33) 

Fig. 9 Block diagram oí noise measurement circuit. 

In the case of the radiometer system without maser, 
we simply tune the magnetic field off resonance, leaving 
the system otherwise intact. Since input power of the 
same level enters the IF amplifiers from both signal 
and image bands, Ts is one half the excess noise tem¬ 
perature of the receiver and the total etpiivalent input 
temperature is 2Ts. 

For the system with maser, A db is measured as before 
.md Ts obtained from (33). Now, however, input power 
in the signal band is multiplied by the maser gain (G), 
whereas the image power is not. Ts is therefore G/(G+ 1) 
ot the total excess noise temperature of the receiver and 
to the equivalent input is Ts(G+\ /G). Since G is the 
maser power gain and generally G»l, we can quite 
accurately use a total etpiivalent input temperature Ts, 
as given by (33). 

2) Approximate Noise Measurements: It is advan¬ 
tageous to devise quick checks on system performance 
which can be made before and during operation. In the 
case oi system-noise temperature, two very convenient 
approximations have been used. These approximate 
measurements are adequate for routine checks, and 
precision methods are required only in special circum¬ 
stances. 

According to (33), the power output ratio between 
the two input arms is 

ratio = 
Ts + n 
K + E (34) 

Thus, if we know 74 and T¡, we can calculate Ts from 
the ratio taken from an oscilloscope display of the IF 
postamplifier square-wave output. If we carefully meas¬ 
ure Tt as the total antenna arm input temperature 
(Ta) in, say, the access position, we need only establish 
7'i. Experience has shown that a hand over the com¬ 
parison horn serves as an approximate ambient load. 
Thus, it becomes quite simple to approximate 7\ from: 

lient R(T a) 

(R - 1) 
(35) 

A second method, which does not require the antenna 
to be in the access position, allows a quick approxima¬ 
tion oi (TGLit, even during operation. This method, de¬ 
pendent only upon short-term gain stability (a very de¬ 
pendable maser property), utilizes a calibrated test sig¬ 
nal. The temperature of the available test signal has 
been discussed in connection with (1). 

I he 2°K test signal (7'„.sl ) will produce a synchronous 
detector output to the recorder having an off-signal 
peak-to-peak noise fluctuation, .V = 4(A7), and a de 
level 5 due to the signal. We can now calculate (7'i„),. (( 

from (30). where T=\ of the peak-to-peak noise (.V). 

ST (36) 

which, when substituted in (30), gives: 

(37) 

It should be noted that this approximation includes the 
input temperature, and hence is not an excess noise 
measurement. 

C. Performance Characteristics 

I he two most significant characteristics of the radi¬ 
ometer system are its equivalent input temperature and 
gain stability. 1 he effect ol these two parameters upon 
threshold sensitivity has been discussed [see (32)]. 
Extensive measurements of these and other operational 
characteristics have been made and compared with 
theoretical calculations. 

I he total system's excess noise temperature Ts may 
be predicted from the measured performance values: 

Ambient temperature, input line loss = 0.45 db: 
¿1=1.109 

Complete superheterodyne noise figure = 9.5 db; 
r=2000°K 

Cavity radiation and spontaneous emission =4°K. 
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We may therefore calculate Ts, dependent only upon 
maser gain (G), as: 

Ts = 2000 Q) + 4(¿») + 29°(¿i - 1) 

This results in a predicted Ts of 58 and 47°K with maser 
gains of 20 and 23 db, respectively. Actual precision 
measurements have given values of 70, 57, and 43°K 
with maser gains of 17, 20, and 23 db, respectively. 
The off-source antenna temperature is about 30°I< 

largely because of spillover and backlobe radiation. 
Conventional horn designs which are 10 or even 20 db 
down at the dish edge are unsatisfactory for maser 
radiometer use. The illumination beyond the dish edge 
adds a variable input noise temperature, negligible even 
with a 1000°K system, but of great importance as the 
system temperature is reduced to the maser radiometer 
range (T<100°K). Preliminary studies indicate that it 
is possible to design a multi-element horn to illuminate 
the dish in an essentially flat pattern, dropping verj' 
rapidly at the dish edges. Such a design is expected to 
yield an antenna temperature of approximately 10°K, 
essentially independent of antenna position. 
The gain-stability performance of the complete sys¬ 

tem, taken experimentally with a maser gain of 20 db is 
approximately 

Short term: < 10 minutes: 0.6 per cent 
< 30 minutes: 2.0 per cent 

Long term: <100 minutes: 5.0 per cent. 

The variable-attenuator balance controls are capable 
of an off-source input signal zeroing to within: 

- Tmmp I < ().02°K. (39) 

This amount of unbalance, together with a system gain 
instability of 2 per cent, contributes an rms output fluc¬ 
tuation as given by (31) of: 

«(? — 1)(| T„,t — I ) 

< 1.0(0.02) (0.02) = 0.0004°K. (40) 

Thus, for present system temperatures, the gain-fluctua¬ 
tion threshold is negligible. 
The rms fluctuation due to internally generated noise 

becomes of primary concern. Theoretically, the thresh¬ 
old is predicted by (30): 

(AHnn, 
ir (Ti„),ir 

2 V Av,ST 

where: 

(Tin)cff = 7’s+ 7;ntenna^55 4-30 = 85°K 
Av,s = band width = 8 Me (IE limited) 

r = integration time = 2 seconds. 

These values result in a threshold sensitivity of: 

7T 85 
(AT)™, =- == = = 0.034°K. (41) 

2 V16 + IO" 

Gain instability is such that long integration times are 
also usable. Eor example, r = 42 seconds gives, theoreti¬ 
cally, 

tt 85 
(AT),,,,, = - = O.OO73°K. (42) 

2 V336 X 10s

Actual measurements, based upon a 2°I< test signal 
are in very close agreement with these theoretical pre¬ 
dictions. Measurements have given a no signal ( ! 

— Teem,, I <0.02°K)ATrms , taken as | the peak-to-peak 
fluctuation, of : 

(AT)r„„^ 0.033° K; t = 2 seconds 

0.007°K; t = 42 seconds. (43) 

The latter (AT)™, output fluctuation was maintained 
for 16 time constants (11 minutes). Table 1 summarizes 
the actual operational sensitivities obtained with a 
2°K test-signal input. 

TABLE I 

Sensitivity vs Integration Time 
University of Michigan Maser Radiometer 

Integration time (r) 
(seconds) 

(A7')r„„; threshold sensitivity 
(¡ peak-to-peak flnctuatioiCK 

^0.033 

~0 .01 2 

-0 007 

Maser gain = 20 db: Post-maser noise temperature = 2000°K 
Equivalent input temperature = 85°K ; s\ stem bandwidth =X Me 
TSL02:(|T„„t-7’„„„„|)á0.02oK 

V. Radio Astronomy Observation 

The final test of any radio astronomy receiver is in 
the astronomical observations. Several drift curves, rep¬ 
resentative of the system sensitivity and performance 
are presented. In this type of observation, wherein the 
earth’s rotation moves the antenna beam past the 
source, the antenna is stationary relative to the earth, 
thus eliminating spillover variations. Sources resulting 
in antenna temperature increases of 35°K to 0.4°I< have 
been observed, using integration times from | second 
to 42 seconds. In all cases, the system is balanced prior 
to the drift to minimize gain-instability fluctuations. A 
test-signal calibration is used to measure the antenna¬ 
temperature increase caused by the source. 

Fig. 10 is a drift curve of the radio source Cassiopeia 
A, obtained with an integration time of 1 second. Xo 
rms fluctuation has been calculated because the opera¬ 
tion was relatively insensitive. The peak source con-
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I ig. 10 Drill curve of radio source Cassiopeia A obtained with lhe 
maser radiometer (March 10, I960). Peak antenna temperai arc 
increase is about 35° K. Integration time is ¿ second. 

tribution to antenna temperature is approximately 
35° K. 

Proceeding to more sensitive system performance, 
Fig. 11 shows a drift curve of Virgo A (M87, XGC 4486), 
obtained with a 2-second integration time. The result¬ 
ing peak antenna-temperature increase was measured 
as 2.8°l\, and the ratio of the signal to the peak-to-peak 
noise is about 21 to 1. I se of these values in (36) indi¬ 
cates an t ins oil-source noise fluctuation of 0.033°K; 
this is in very close agreement with the theoretical pre¬ 
diction ol 0.034°K obtained from (41). 

1 he response to 1 ycho Brahe’s Super Xova 1572 is 
shown in 1'ig. 12. This figure also shows the calibration 
signal, in this case 2.05°K. 1'he peak antenna-tempera¬ 
ture increase is approximately 0.61°K: integration time 
is again 2 seconds. The rms value of the noise fluctua¬ 
tion, taken as ¡ of the peak-to-peak, is, in this case, 
approximately O.O55°K. Ihe theoretical prediction is 
again about 0.034°K. Because the results are, in gen¬ 
eral, in excellent agreement with theory, this disagree¬ 
ment is attributed to the least understood variable ol 
the system: the atmospheric effects upon antenna tem¬ 
perai tire. 

Fig. 13 shows the signal from Hydra A, the antenna 
temperature increase is 0.45°K and the integration time 
12 seconds. RMS noise fluctuation is approximately 
0.016°l\ which compares favorably with a theoretical 
prediction of 0.013°K. Assuming an antenna efficiency 
of 0.50 (as determined by comparing the results from 
several strong sources with expected results on the basis 
of published flux values), the point-source flux from 
Hydra A at 8.72 Gc (3.45 cm) is (4.8± 1.4) X10 
watts/ms/cps. 

VI. CONCUSION 

The performance of this system has shown the maser 
radiometer to be a dependable, useful addition to ratlio 
astronomy equipment. The maser amplifier can be in¬ 
corporated into a long-term program and engineered to 
assure reliable, high-sensitivity operation upon installa-

Fig. 12— Drift curve of 1’ych > Brahe's Super Xova 1572 obtained 
with the maser radiometer (March 14, I9<>0). Peak antenna tem¬ 
perature increase is O.ól’K. lest signal is 2.05°K. Integration 
time is 2 seconds. 

l ig. 13 Drift curve ol Hydra \ obtaine I with maser radiometer 
(March 2, 1960). Peak antenna temperature increase is 0.45‘K. 
Integration timéis 12 seconds. 

tion. With careful design and operation, the ratio of 
operational to down time has been proven to be as good 
as a conventional, high-sensitivity, nonmaser receiver. 
RMS noise fluctuations of approximately' 0.01°K 

with integration times as short as 12 seconds have been 
obtained for the first time. The faster response, because 
of the shorter integration time, has great operational 
significance since it makes it unnecessary to spend 
many minutes, or even hours, obtaining sensitive ob¬ 
servations. Further, the first maser gain stabilities suf-
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TABLE II 

Comparison of Existing and Future .Y-Band Receivers 

X-Band System (TiJnrCK) Ars(Mc) t (sec) for 
(AT)rn„ = 0.02°K 

r (sec) for 
UT)n,„-0.00.rK 

Presently existing, broad-band, nonmaser receivers 4000 1000 ~100 ~4400 

Presently existing, narrow-band, maser receiver 75 8 ~4.5 ~200 

Predicted, broad-band, maser receiver 40 too ~0.1 ~4.4 

ficient to allow long integration have been obtained. 
RMS noise fluctuations of approximately 0.007°K, 
with an integration time of 42 seconds, are possible. Im¬ 
proved techniques, such as the use of a cooled-load test 
signal rather than a noise tube and the “double-horn” 
comparison technique for sources of small extent 
(planets, point sources), offer simpler, more reliable 
operation. 

Results obtained with the present system indicate 
that it is possible to design an even more advanced 
system, capable of an order-of-magnitude improvement 
in sensitivity. By increasing the system bandwidth, 
decreasing the equivalent input temperature, and fur¬ 
ther increasing maser gain stability, it now appears pos¬ 
sible to construct a radiometer with a threshold rms 
fluctuation of a few thousandths of a degree. Specifi¬ 
cally, the rms fluctuations, with an integration time of 
12 seconds, are theoretically <0.003°K. 

Since atmospheric limitations are, as yet, somewhat 
unknown, there is some feeling that pushing the radi¬ 
ometer sensitivity below a few thousandths of a degree 
offers little return. I lowever, the benefit of shorter inte¬ 
gration times still exists. Table II illustrates the poten¬ 
tial of such a receiver to yield a given threshold sensi¬ 
tivity (ÚT) ri„s = 0.02°K as calculated from (30): 

(IF)™, 
ir (T«òett 
2 \/ SvsT 

On the other hand, since the atmospherics may allow 
greater sensitivities, and considering the possible, fu¬ 
ture, radiometer applications outside the atmosphere, 
Table II also indicates the response possible with 
(A7^ rn„ = 0.003°K. 

The fast response and high sensitivity of predicted 
maser receivers will be important to space communica¬ 
tions and observations above the atmosphere. 

All integration times are based upon the threshold 
due to internal noise only. Thus, due to gain variations 
during the extremely long integration times, this sensi¬ 
tivity is improbable with present nonmaser systems. 

Future maser receivers will doubtlessly utilize me¬ 
chanical refrigerators, eliminating much of the trouble¬ 
some manpower and time requirement of maser opera¬ 
tion. Continuous 4.2°K cooling will allow radio astron¬ 
omy maser receivers to be operated by one man. Also, 
the constantly refrigerated maser assembly will require 
essentially no setup adjustment, and routine operation 
at the flip of a switch is conceivable. Although the 
present system has been successfully operated by semi¬ 
trained (in maser operation) radio astronomy person¬ 
nel, the initial setup has required personnel more ex¬ 
perienced in maser work. The predicted continuous 
cooling and single setup would eliminate this require¬ 
ment. 
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An Analysis of the Magnetic Second-
Subharmonic Oscillator* 

A. LA\ If, MEMBER, IRE, AND L. A. FINZIf, SENIOR MEMBER, IRE 

Summary An analysis is given for the second-subharmonic 
parametric oscillator with two ferromagnetic cores. “Square-loop" 
reasoning is employed with extreme idealization of the magnetic core 
properties; the effects of hysteresis losses and saturated inductance 
are subsequently considered. The steady-state operation, both with 
voltage and with current pump drives, is studied to determine the 
values of the circuit parameters for which the subharmonic oscilla¬ 
tions occur. The transient build-up is evaluated by means of differ¬ 
ence equations, and the influence of the magnitude of the excitation 
signal upon the transient is illustrated. 

The experimental waveforms agree with the analytical predictions 
for a wide range of drive frequencies, the upper limit investigated 
being 3 Me. 

Introduction 

VIRTUE of their quantized phase, second-
subharmonic oscillators are utilized to perforin 
digital and logic operations in binary data-han-

dling systems. Von Neumann 1 suggested this idea, while 
Goto2 independently produced such an oscillator, which 
he called the ‘Parametron” and analyzed the operation 
treating the nonlinear magnetic component as a pe¬ 
riodically varying reactance. Similar work has been 
performed by many3-0 considering circuits with non¬ 
linear capacitors. Applications of the second-subhar¬ 
monic oscillator in digital systems have been described 
by still others.6- ” 

In this paper the steady-state performance and the 
transient build-up oi the parametric oscillator with two 

Reieived by the IRE. April 4, 1960; revised manuscript re-
<en ed, I ebruary 3, 1961. I his is part of a dissertation submitted by’ 
A. Liu in partial fidlillmeat of the requirements for the Ph. I ) de¬ 
gree, Carnegie Inst, lech., Pittsburgh, Pa. The Work herein was per-
formed under Office of Naval Res. Contract Xonr 760(09). 

t Elee. Engrg. Dept., Carnegie Inst, lech., Pittsburgh, Pa. 
J. von Neumann, “Nonlinear Capacitance or Inductance Switch¬ 

ing, Amplifying and Memory Organs,” f. S. Patent No. 2.815.488; 
December 3. 1957. 

- E. Goto, 1 he parametron, a digital computing element which 
utilizes parametric oscillation," Proc. IRE, vol. 47, pp. 1304 1317-
August, 1959. " 

1 I . Kiyasu, ct al., “Parametric excitation using variable capaci¬ 
tance of ferroelectric materials," ./. Inst. Elec. Commun. (Japan I vol 
41, pp. 239 244; March. 1958. 

I’. Kiyasu, et al., “Parametric excitation using barrier capaci-
lance ol semi-conductor ¡miction," J. Inst. Elec. Commun. (Jaban} 
vol. 40, pp. 162-169; February, 1957. 

F. Sterzer, “Microwave parametric subharnionic oscillators for 
m.g’Gl co,nP,ltinR.” |,R°C. IRE, vol. 47, pp. 1317-1324; August, 

'■ E. (.oto, “On the application of parametrically excited non-
Imear resonators,” Denki Tsushin Gakki-Shi (Jaban), vol 38 no 
770 775; October, 1955. 1

' !.. Ony shkevy ch, et al., “Parametric Phase Locked Oscillators— 
< haractenstic and Application to Digital Systems," presented at the 
Symp. on Microwave lechniques for Computers, Dept, of Interior 
Washington, I). C.; March, 1959. 

" S. Muroga, “Elementary principles of parametron and its 
applications to digital computors," Datamation, vol. 1, pp. 31-34-
O< tôlier, 1958. 

' R. L. Wigington, “A new concept in computing,” Proc. IRE. 
vol. 4/, pp. 516-523; April, 1959. 

ferromagnetic cores are analyzed with methods based 
on a piece-wise linearization of the flux current (<¡>, i) 
relationship of the magnetic cores. In order to reduce 
the transcendentality ol the resulting equations, and to 
present clearly the mechanism of operation, square-
waved pump drives are considered here. An extension 
ol this analysts to sinusoidal drives can be found in 
Lavi. 10

General Study of Cir< i it: Square-Wave 
Pimp Voltage 

1 he general equations governing the system of Eig. 
1 on a unit-turn basis are: 

Pig- 1 Circuit diagram and core description. 

With the idealization of Eig. 2(a) three states are con¬ 
ceivable for either core: 

1) Unsaturated ¡0] <<j>, 
2) Positively saturated 

0 = 0; 
3) Negatively saturated 

0 = 0. 

The “mode” of the system 
specify ing the magnetic st; 
nine modes are possible. 

U state), /•'=(); 
0 = 0, (5r state), F>0, 

0=—0X (S~ state), F^O, 

is defined at any time by 
tes ol the two cores; thus 

" A. Lavi. “Large Signal Analy sis of Parametric Subharmonic 
Oscillators, Ph. I), dissertation, Dept, of Elec. Engrg., Carnegie Inst. 
Tech., Pittsburgh, Pa.; September, 1959. 



PROCEEDINGS OP THE IRE A prit 7S0 

Fig. 2— Magnetic approximations, (a) Extreme idealization, (b) 
Approximated major and minor dynamic hysteresis loops, (c) 
Inclusion of saturated inductance. 

In the four (S,, St) modes, both cores are saturated 
(0i,2=±0«) and the pump circuit is completel) de¬ 
coupled from the output circuit 

ip = ̂p Rp> 

r.« , ¡. = — t-U-<..Urd 
Rc 

»e = 

where t,i = RcC, and v„, is the capacitor voltage at / = /„, 
the time both cores reach saturation. 

In the (L’i, Ui) mode, both cores are unsaturated, 
/''i=(), Ft = O. Hence, 

ic = 0, 

ip ~ I b, 

Cp T Rplb vc

eP T Rplb + fc 
02 = - -- (4) 

Throughout this mode f,2 remains constant. 
In the modes (Si1, Ui), 0i=O, Fj = 0. Defining v,„ as 

the capacitor voltage when the (Si, Ui) mode begins at 
t = t,u with T?= (Rp + Rr)C, 

er d* Rpl b — t,u I —- £ (f 
Rp + Re 

ip » I bi 

Tc = (eP d- RpHKl - d-

02 = («P + Rpl b) 

Rp 
- (eP d- Rpl I. — (5) 

Rp + R. 

In the modes (Ui, S,1), 02 = 0, Fi=0. Defining v,„ as 
the capacitor voltage when the ( £7i, S2) mode begins at 
f lucí 

. T Rpl b d- t’wa J —— ■ £ (/ tuJ/fc 
Rp T R 

ip = — (ic + I b) , 

Tc = - (ep+Rph)(\ - d- r„,e 

01 = (tp d" RpJb) 

Rp 
- - - (ep d- Rplb + (6) 

Rp + Rc 

A change from +0.,. to — 0., or vice versa cannot take 
place in zero time; hence, a (Ui, S2+) mode cannot im¬ 
mediately follow a (Í71, St~) mode, as there is a finite 
time during which core 2 is unsaturated. Since the 
pump waveform is square, vr is bound between + (E 
+ RpIb). Therefore when 0, or 02 is positive, ep>0, 
and when 0, or 02 is negative, ep<0. In other words, 
positive saturation is not possible in negative half cycles. 
Also the ( U\, Ui) mode can initiate only at the beginning 
of a half cycle and must occur at least once during a 
pump cycle. 
Summing up, in any operation: 

1) The possible modes are (Í7i, Ui), (Si+, S2+) and 
(5i+, Ui), or (Ut, ST) if fp>0; and (U\, Ui), 
(Sr, Sr) and (5i-, Ui), or (Ut, Sr) if eP<0. 

2) The modes (5i+, 5j~) and (5i~, 52+) are impossible 
at an)' time. 

3) The appearance of it (Ut, Si) mode rules out the 
possibility of an (5>, Ui) mode in the same hall 
cycle. 

4) If the (Si, S2) is attained, it must persist till the 
end of the half cycle. 

Therefore, the possible sequences over a half cycle of 
the pump are: 

1) (Ut, Ui), 
2) (Ut, Ut)^(St, Ut) or (Ut, St), 
3) (Ui, Ui)—*(Si, Ct) or (Ui, Si)—>(Si, S2), 
4) (Ut, Ut)^(St, St). 

St nuARMONic Oscillations in the Steady State: 
Square-Wave Pimp Voltage 

Second-subharmonic oscillations are obtained if a se¬ 
quence of modes repeats itself every two cycles of the 
pump. The various possible sequences that satisfy this 
requirement are expressed in Table 1(a) and 1(b). Table 
1(a) presumes that the capacitor voltage at the begin¬ 
ning of a positive pump half cycle is zero, pc(0)=0, 
with both cores unsaturated following that instant. Pos¬ 
sible modes that may follow from there are indicated by 
arrows. Table 1(b) presumes vc(0)#0 (in particular, 
vr(0) <0). For a pair of identical cores, the output has 
half-cyclic symmetry, i.e., 

ic(t) = — ic(t + T) (no even harmonics of the subharmonic) 

ip(t) — ip(t + T) (no odd harmonics of the subharmonic) 

01(0 = 02(/ + T) 

0i(O = 02O + T), 

where r is the period of the pump. 
It is seen by inspection that certain sequences, 

marked with X in the table, do not satisfy the perio¬ 
dicity conditions. The remaining twenty-four sequences 
have been individually examined using (1) —(6), and 
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TABLE I 

Conceivable Seqvences 

(a) V,(0) = 0. 

(b) l«0) < 0. 

again a violation of the periodicity conditions resulted 
in some sequences. 1'en sequences show no contradic¬ 
tion with the mode equations and with the periodicity 
conditions. W aveforms of fc(/) are given in Fig. 3. Se¬ 
quence 17 is particularly simple and appealing, and is 
named henceforth the “basic sequence.” Other se¬ 
quences can be regarded as modifications thereof with 
some additional modes. 

In the basic sequence, let Z = 0 be the beginning of an 
arbitrary positive half cycle which begins with the (Là, 

LO mode, (4). The initial conditions at Z = 0 are vc 
= vc(0) <0,0, =0,(0), 02=02(0). At t = h(<T 2),0, =0, 
such that 

- <M0) 

and 

/
■ n 
^dt = 02</,) - 02(O). (7) 

0 

In the resto! the half cycle, 02 is given bv (5). in this se¬ 
quence 02 cannot reach 0„ before 1 = F 2, viz., 

/
• T/2 

02</Z < 0, — 02</|) (8) 
‘i 
vc(T 2) = (E + R^l - ái) + ôifc(O) = - r.«>) ; (9) 

hence 

x 1 - 5, 
rr(0) =- (E+R.JO, <9a) 

1 + Ô, 

where 0, =e~,T 1. Thus given ô, or h, vc(0) 
can be calculated. It is seen that f,(0) is not lin¬ 
early dependent on either E or L, since ô, itself depends 
upon E and lh. 
The positive hall cycle ends with 01=0,, 02<0.s and 

vr = —vc(0). I he negative hall cycle begins immediately 
with the (Là, U0 mode which then persists throughout 
the half cycle without either core reaching —0« before 
t=T For this the inequalities 

— E + R/db + r,(0) T 
- 2<t>. <- -

2 2 

/ T\ -E+ R^b-vAO) T 
~i- , 

must hold. Now if 

r 7
I > o 
J II 
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core 1 does not reach —<ps. Thus 

02( T) - 02(O) = E 
- T 2- R- 2R„C(\ - «i)' 

r 7(2 + Ô,) - - 2RPC(1 - «,) 1 

If the coefficient of £ is equal to or greater than zero, 

T 
/i <- 2APC(1 - ÔJ. 

1’he latter is sufficient to conclude that <E>(T) >02(O) it 
</>i(7) > — 0«. For0i(7) to he greater than —0«, from 
(10) 

E - á,ApZ„ 7 
20» > -

1+5, 2 

must hold. 
\\ aveforms ot vc, <i>\, fa, ir and ip are calculated lor 

typical values of parameters using the above equations 
(big. 4). 
The unknown variables of the system are four: ti, 

vc(0), 0i(O) and 02(O). The known parameters are E, I,,, 
Rp, Rc, C, T and 0.,. These quantities are related by 

1 - 5. 
a) rr(0) =- -- — (E + Rplb), 

1 + Si 

11 
b) 0., — 0,(0) = (A + Rplb), 

1 + ¿i 
7/2 

c) 0, - 0.(0) = -- (E - 8xRpIb). (14) 
1 + ôl 

From the steady-state requirement 0i(O)=02(7), (11) 
becomes 

7 2-/,- 2RpC(l - Ó,) 
d) 0i(O) - 0,(0) = 

7 
+ ái Rplb. 1 

Equating the difference between (14c) and (14b) with 
(14d), /i can be evaluated. The above equations hold if 

E - òxRpIb T 
2 

7 
b) h < — - 2APC(1 - «Û 

I’) 0« > 0-(O) + |(£ + ApA)] 

- - - 2R„C -
_ 2 1 4- 5, I + ¿i _ 

(15) 

Condition (15c) is certainly satisfied if /i<(7/2) 
— 2RpC{\ — ái). Because of the transcendental char¬ 
acter of (14), it is difficult to obtain a static characteristic 
expressing vc as a function of E. A more convenient 
formulation res dts by rea'izing that the pump current 

Fig. 4—Calculated waveforms for basic-steady-state sequence 
(R„=12 St. K = 92 Si, C=6.2 4. 7= 1/1200 sec). I,.= 10 ma. 

ip' has no direct component, i.e., 

Moreover, since 

f T
ipil) = ip(l + T), I ipdt = 0, i.e., 

J o 

-hT + (E + RpIb)0 - 5,)C + te(0)(l - ót)C = 0. (16) 

From (14a) and (16), 

5i" — (1 — R)8\ -fi A = 0, (17) 

where 

2C(E + Rplb) 

Hence, given E and lb, vr(0) is obtained by evaluating 
ó, and substituting back in (14). The roots of (17) have 
physical significance only if they are real and less than 
unity; therefore K must be less than 0.171. In fact, two 
solutions for 5, exist for 0.171 > K >0; the static char¬ 
acteristic appears as double valued. However, the con¬ 
ditions of (15) must also be satisfied and this may rule 
out one of the roots. Fig. 5 gives calculated and meas¬ 
ured static characteristics. 

Experimentation has been performed with Orthonol 
cores at pump frequencies ranging between 250-1500 
cps, with circuit parameters chosen to satisfy (15). The 
predicted waveforms of Fig. 4 show a good confirmation 
in the oscillograms of Fig. 6. 
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Fig. 5—Static characteristic parameters as given 
in Fig. 4. is given in volts. 

If the conditions of (15) are not met, second-subhar¬ 
monic oscillators may still be obtained, but the basic 
sequence becomes impossible. Other sequences, 12, 19 
and 24, analytically predicted, have been experimentally 
verified by Lavi. 10 Lavi also presents a comparison be¬ 
tween analytical and experimental results for sinusoidal 
pump voltage at these frequencies with excellent agree¬ 
ment. Results obtained with sinusoidal pump voltage 
at 20-kc 3-Mc range, using small permalloy bobbin 
cores, also exhibit good qualitative agreement. 

Modific ations of the Extreme Magnetic 
IDEALIZAT1ON 

The extreme idealization of Fig. 2(a), used so far in 
the analysis, does not account for hysteresis and eddy 
current losses in the cores. An accurate representation of 
the core properties in dynamic processes of swinging 
fluxes is not manageable, but a reasonable approxima¬ 
tion is to assume that the double-minor loop, described 
by a core in one subharmonic cycle, is inscribed within 
a rectangle of constant width as shown in Fig. 2(b). This 

approximation implies that when either core is unsatu¬ 
rated its total MMF, instead of being zero, is + Fd de¬ 
pending on whether <¡> is positive or negative. The 
MMF relation (3), applied to the various modes of the 
basic sequence, indicates that the quantity E appearing 
in the voltage equation (1), becomes E — RpFd in posi¬ 
tive half cycles, and ( — E+RpFd) in negative half 
cycles of the pump; i.e., dynamic hysteresis losses can 
be accounted for by using a modified pump voltage 
E' = E — RpFd in the previous analysis. With F,/~30 
.1 T/m at 1200 cps, the calculated transfer characteristic 
of Fig. 5 shifts to the right by an amount RPFd~0.25 
volts, thus improving upon the agreement with the ex¬ 
periment. 
The idealization of Fig. 2(a) also implies that d<f>/dF 

= 0 for F>0. That is, no further increase of 0 is possible 
beyond the value 0„, and dd>/dt is zero for the saturated 
core. If the circuit resistances are comparatively low, 
or if the frequency of operation is high, this assumption 
may be inaccurate. A linear relationship between 
0 and F for 0>0« can be assumed then, resulting in 
the concept of a saturated differential inductance 
L,= (cty/dF) I 0>0s as shown in Fig. 2(c). Thus the two 
coils of a saturated core exhibit a self-inductance Ls and 
also a mutual differential inductance M„ with L„ = M. 
if leakage fluxes are neglected. 

Eqs. (5) for the (5i+, Ur) mode modify to 

. dtp dic
E = 02 + Rptp + L. - 1- M, -

dt dt 

0 = — 02 T Rcic + vc(ti) + F — dr 
J h c 

die dip 
+ L, —— H Ms —— ■ (18) 

dt dt 

Since core 1 is unsaturated, ip = ic — Ii„ dip/dt = dic/dt. 
Adding (18) and eliminating ip, 

Ep — vc(ti) + RpIh 

die r ' ic 
= (Rp + Rcfie + 4L, - Fl — dr. (19) 

dt J ,, C 

Eq. (19) is a second-order linear differential equation. 
If the solution is oscillatory, vc is not bound any more 
between + (E+RpIb) ; oscillatory overshoots are recog¬ 
nized in the waveforms of Fig. 7. 

Altogether, the actual core properties can be repre¬ 
sented by approximations which improve upon the ex¬ 
treme idealization of Fig. 2(a). This is feasible without 
substantial changes in the analysis. 

Subharmonic Oscillations with Square-Wave 
Current Drive 

The miniaturization of components and the use of a 
single pump to drive a number of oscillators in series 
may give the character of a current source to the pump 
supply. 
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If the above sequence repeats itself ever)' two pump 
cycles, second-subharmonic output is obtained. 

In the mode (5i+, 52+), vc decays exponential!) as 
usual. If vJRc<ip + Ib, the mode persists until ip 
changes sign, otherwise a (Ui, S->+) or (5+, 6’2) mode 
initiates. In the mode (5i+, U2), 

F2 = 0, 0i = 0, 

I11 = 2(zp + lb), 

t - I.., 
Tr(l) = f«« + (ip + lb) - ~- • 

02(f) = RAip + H) + (20) 

In the mode ( ¿ 1, S2), 

Fi = 0, 02 = 0, 

Ft = 2(ip + / (,), 

, . 1 -
^Cv) ’ VP H- ^’) ~ * 

01(f) = — R r(Í p + /ó) — (21) 

Consider an arbitrar)' positive half cycle such that at 
/ = 0, 0i =0„. The mode (5i, Ui) prevails and both 02 and 
ve are increasing. At t = t2, the (5i, 52) mode is reached. 
From f2 to T/l, vc decays exponential!). In the nega¬ 
tive half cycle, the mode (Ci, 52) prevails such that 
0i(T) =02(O) and »„(C) = — vr(0). Thus, the periodicity 
requirement is satisfied. 
The calculations become very simple if ti=T/l, tor 

then 

T 
HÁT 2) = rf(0) + Hb + Ip) , . ; 

Fig. 7— Waveforms showing effect of saturated inductance. I K I >£, 
0i,j>O when c„>0. (Rp=\2 St. A»= 12, C=1 mC 1 = 1/1200 sec, 
/„ = 6 tnh.) In (a) the experimental scale is 10 volts/div, in (b) 
it is calculated. 

Bv prescribing ip(t), the pump-loop voltage equation 
loses its meaning, but nevertheless the remaining equa¬ 
tions |(2) ami (3) ] are sufficient to describe the system. 
Assuming a square-wave pump current under the core 
idealization ol Fig. 2(a), it appears that the (Í 1, 62) 
mode cannot appear at any time unless ip = h- Elim¬ 
inating negative saturation, the transition from one 
mode to the other has to be through an (5,+, 5>+) mode. 
The only possible modes are (5i+, Uï), (Ci, 52+) and 
(51+, 52+). Since immediate transition between the first 
two modes is excluded, the three modes form the se-
quences(5i+,ÍA)—>(5i+,52+)—»( Ui, 52+)—>(5i+, 5>+)—»etc. 

T 
ve(T) = - t'f((>) = ?AT 2) - Ub - Ip) - • (22) 

Therefore, 

T T 
ty(O) =- I ■ fc(T/2) = — Ik. (22a) 

2C 2C 

The periodicity condition 

0« — 02(0) = + 0« — 01(C) 

requires that 

Fig. 8 gives calculated waveforms for a t) pical set of 
values. Eq. (22) is ver)' restrictive as it recptires a criti¬ 
cally adjusted ratio Ib/IP- wider range becomes per¬ 
missible if ti<(T/2). As before, 02 reaches 0 at f2, 

(24) 
f2

Ve(ti) = t'c(O) + (Ip Ib) ~ ' 
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Fig. 8—Calculated waveforms for special case of current drive 
h _ T T t 

L “ 57c - “ 7' 

The negative half cycle proceeds with the S«+ mode, 
implying 

vAT/2) 

Rr > 6

while fr<0. It can be shown that 

where ôj = e-(r*_',)/T< Thus a static characteristic vr vs Ip 
can be calculated. The calculation is lengthy but feasi¬ 
ble. Experimental waveforms of ve and 0 are shown in 
Eig. 9. 
The noticeable spikes appearing in <j> at the end of 

each pump half cycle are due to the existence of finite 
saturated inductances. Such inductances are practically 
helpful in reducing the discharge of the capacitor dur¬ 
ing the (5i, 5j) mode. 

The Transient Bi ild-Up Voltage Drive 

The system can be excited from rest either by apply¬ 
ing the bias current while the pump supply is already 
energized or vice versa. Theoretically, if the system is 
symmetrical a build-up of oscillations can occur only if 
the capacitor is initially charged. Practically, a build-up 
is observed even without a charge, but the phase of the 
resulting steady-state oscillation is random. The con¬ 
trol of the phase can be achieved by applying to the 
capacitor either a suitable initial charge or a small “sig¬ 
nal” voltage with the desired phase; the signal can be 
removed while the transient build-up is in progress. In 
fact, a sufficiently large signal of a given phase may be 
adequate to switch the phase of oscillation without de¬ 
energizing the system. 

Fig. 9—Experimental waveforms for square-wave current drive. 
(A -20 ma, Zp= 15 ma, Ær = 40U, C = 5 Mf, A= 1/1200 sec.) Scale 
is J volt/div. 

The transient build-up is described by a set of differ¬ 
ence equations. The symbol n is used to designate the 
nth half cycle of the pump: </>i.2(n) can be defined as the 
core flux at the end of the nth half cycle, h(n) as the time 
one core reaches 0, in the nth half cycle, as the 
time both cores reach 0, in the nth half cycle, v,(n) 
as the capacitor voltage at the end of the nth half cycle. 
Assume that the transient is initiated at the beginning 

of a negative half cycle with an initial capacitor charge 
+ Qo, while the bias is already energized. In negative 
half cycles (i.e., n odd) 

-E + R„Ih-vAn - T 
<t>M — 0i(« - 1) = - —-

</>2(n) — ̂ 2(« 

VcM = — ty(n — 1). (26) 

In positive half cycles (n even), the (5i+, S2+) mode 
may appear; this is so if 

where 

I E + Rplh I 1 + 7(n) 

I vfn — 1)1 1 — 5i(n) 
(27) 

8i.2(n) — i-(T/2-<1.,(»))/re

= 
<t>, — </>2(n — 1) 

E + RpIh - vfn - 1) 
(28) 

f2(n) is given by 
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<t>, — 0i(» — O = (E + R,,! b) 
/ X n St(n) GW - - RPC 

2 6i(n) 

, (29) 

Te(n) = ~(E+R„h) 1 
5i(») \ 

M») / 

D 
¡M “ 

ô2(w) _ 
?(«), 

(30) 

l'or a transient to build up the relation, 

E + R,J i, I 

î< (» 1 ) / 

must hold. 
On the other hand, if 

A + RPI i, 

; u. - 1) 

the (Si+, S2+) vanishes. 

IT — /i(h) \ 
0i(h) — 0i(h — 1) = (E + Rp/i^l — RpCôtO') ] 

I hW \ 
— ?,(h— 1)( ? + R,,C 51(h)) 

T.(n) = — (E + Rp/bKi — Mh)) - vc(n — 1)5i(h). (33) 

(31) 

(32) 

01(h) 
+ ; 7(") 
ô2(») 

Ôi(h) \ 
7(”) )' 

S2(h) / 

Eqs. (26)-(33) hold if vc(m— 1) is positive for n odd; 
otherwise the subscripts 1 and 2 should be interchanged 
on 0 and the sign of tv reversed. 
The difference equations derived above are nonlinear 

and transcendental; thus a closed-form solution is not 
readily obtainable. These equations, however, describe 
the physical processes involved and provide a concise 
algorithm for the computation of the transient half 
cycle by half cycle. 

Evidently the larger the initial Qu, the lower is 0,(1) 
and the shorter is /i(2). Hence more time is available for 
the capacitor to charge in the first positive half cycle. 

If the pump is applied at the beginning of a positive 
half cycle, the (Si+, S2+) mode persists throughout the 
half cycle while the capacitor loses some of its initial 
Qu; hence, a larger number of cycles are required to at¬ 
tain the steady state. 

Practically, the transient is started by applying it sig¬ 
nal voltage to the capacitor through a high impedance. 
In this case, if the pump is energized at times other 
than /= T/2, a delay of up to one half cycle results. After 
/= T/2 the build-up proceeds and the signal can be re¬ 
moved. 
A transient leading to the basic steady-state sequence 

is calculated in Fig. 10 for vc(7' 2) =0.1 vc(n=x) with 
the same circuit parameters used in Eig. 6. In Eig. 11, 

K> 

e 
VOLTS t 

-10 

l-o 

Fig. 10— Calculated transient build-up voltage drive. 
Parameters are given in Fig. 4. 

Fig. 11 -Experimental transient build-up, voltage drive, (a) System 
energized early in a positive half cycle, (b) System energized early 
in a negative half cvcle. E(0) = 1 volt. Parameters are given in 
Fig. 4. 

oscillograms are shown for various initial conditions. 
Hysteresis effects can be accounted for in the tran¬ 

sient with the same reasoning used in the steady state; 
namely, the amplitude of the pump voltage must be 
considered reduced to the value E' = E — RpFa. 
The saturated inductance has a different influence 

upon the transient build-up depending whether the sys¬ 
tem is damped or oscillatory for the particular mode. In 
the damped case, while L, slows the build-up in a Ut, St+ 
or 5i+, Ui mode, it prevents the decay of the capacitor 
voltage in the 5i+, S2+ mode which usually appears in 
the early stages of the build-up. In the oscillatory case, 
the presence of L„ causes overshoots in vc and thus a 
quicker build-up in the U\, SP or 5i+, Ui modes oi the 
transient. Furthermore, it prevents the decay of the 
capacitor voltage in the 5i+, ÓV mode as in the damped 
case. 
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The Transient Build-Up Current Drive 

Assume again that the transient is initiated at the be¬ 
ginning of a negative half cycle with an initial capacitor 
charge Qu while the bias is already energized. For n odd: 

Un) = - (A - /„), 

= (Ib - IP)R, - tA» - 1) + (/„ - Ip) • 

T 
0i(») = 0- + [(A, — IP)R< — vA" — 1)] — 

1 ZtT ''A T ' 
~2 4 C ’ 

I _ I T 
vA") = tA" — 1) — —— ' - • (34) 

For n even: 

¡An) = —(//,+ / p), 

t 
= Qb + Ip)Rc — i'c(n — 1) + (J b + Ip) —-, 

fa — — 1) = [(/;, + fp)Rr — tAh — l)]/2(»0 

lb — Ip lAQQ 
2 C 

I/, T Ip 
tAJAji)) = tA" - 1) - ~- • tAn), 

vAn) = tc(/2(«))e_<r/2~'!('l”' rj . (35) 

For ordinary sets of values, the time constant Ta is small 
compared to 7 /2, and it would be expected that the de¬ 
cay of capacitor voltage may be such to prevent the 
build-up. Actually, excitation is experimentally observed 
and suggests that the saturated inductance intervenes, 
hindering the decay of the capacitor voltage during the 
(Si+, S2+) intervals. This contention is substantiated by 
actual calculations in which measured values of L„ were 
introduced. Accounting for the existence of finite 
saturated inductance, (35) modifies into 

vAlA»)) . , tA") = - [aie«t((T/»-<»(n)) _ (36) 

«1 — «2 

where ali2 are the roots of the characteristic equation, 
the condition for transient build-up | vAn) | > | vAn — 2) I 
Qi even) is easily met. Experimental transient build-ups 
are shown in Fig. 12. 

Conclusions 

A method of analysis has been presented for the sec¬ 
ond-subharmonic parametric oscillator with nonlinear 
magnetic components. The system considered embodies 
two ferromagnetic cores to balance out the pump fre¬ 
quency and its harmonics at the output. The analysis is 

(a) 

Fig. 12—Experimental transient build-ups, current drive, (a) System 
energized early in a positive half cycle, (h) System energized early 
in a negative half cycle. ty(0) = 0. 1 volt. Parameters are given in 
Fig. 9. 

based on piece-wise linearizations of the magnetic core 
properties, avoiding the mathematics of nonlinear dif¬ 
ferential equations. In particular, the extreme idealiza¬ 
tion chosen dictates certain rules of logic that govern 
the sequence of events in the operation of the device. 
The steady-state operation, with both voltage and 

current drives, was studied at first in order to determine 
the values of parameters of the circuit which give rise 
to the subharmonic oscillation. 

For the intended use of the circuit as a binary com¬ 
puter element, the switching transients are of foremost 
importance. The method of analysis proves convenient 
in the evaluation of the switching transients in which 
oscillations are established from rest or are reversed in 
phase. 
The results of the experimentation indicate that the 

general approach is well suited for this type of problem. 
At low frequencies, the agreement between predictions 
and experimental observations is astoundingly good, 
and at frequencies as high as 3 Me no significant depar¬ 
tures from the analytical predictions have been ob¬ 
served . 

It is to be noted that the square-loop idealizations 
of the magnetic core, with or without hysteresis, exclude 
any storages of energy in magnetic form and, thus, any 
exchange of energy between the capacitor and the cores. 
The operation of the device has been explained without 
requiring concepts of tuned circuits and inductances of 
nonlinear elements. 
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Properties of Tropospheric Scattered Fields* 
N. R. ORTWEINf, R. U. F. HOPKINSf, member, ire, and J. E. POHLf 

Summary—Tropospheric scatter tests were performed in the 
Southern California region in conjunction with extensive meteoro¬ 
logical measurements. The turbulent spectra were found to be, in the 
region of interest, proportional to k 6 In general, the scattered sig¬ 
nals were found to agree with the turbulent single scattering model 
predicted by such a dielectric spectrum. 

Horizontal beamswinging experiments gave a dependence on the 
scattering angle of ’. A stronger 0 dependence was observed for 
vertical beamswinging and is explained by a height dependence of 
the turbulent fluctuation spectra rather than anisotropy. This ex¬ 
planation is further supported by agreement with Booker and 
deBettencourt aperture-to-medium coupling loss. 

A X 13 wavelength dependence was observed under standard 
atmospheric conditions. In the presence of weak turbulent layers a 
Xo 9 dependence in the lower frequency region was observed and 
is explained in terms of a frequency dependent layer reflection phe¬ 
nomena. The spectra of the envelope of the scattered signal are also 
given. They are generally Gaussian in shape with the width depend¬ 
ent upon the range, frequency and scattering angle. Other details 
of their fine structure are also discussed. 

Introduction 

ERTAIN general characteristics of microwave 
fields scattered beyond the horizon by the tropo¬ 
sphere are well known. The Rayleigh amplitude 

distributions, diversity distance and monthly means 
have been sufficiently well established to allow use of 
the phenomena in design of communications systems. 
However, in spite of extensive experimental and 
theoretical work, considerable disagreement is still pres¬ 
ent concerning the cause of the phenomena and the rela¬ 
tions between such parameters as distance, scattering 
angle, wavelength, fading rate and the effect called 
aperture-to-medium coupling loss. Most of the disagree¬ 
ments are due to assumptions concerning the structure 
of the atmosphere. In addition, the signal envelope 
power spectrum has received little attention until 
recently. 

I luring 1957 1959 X EL has conducted a new series of 
experiments designed to measure these properties of the 
tropospheric scattering process. Four overwater beyond-
the-horizon propagation paths were established using 
from one to three frequencies in the microwave region. 
Meteorological measurements were also made simultane¬ 
ously to relate the atmospheric structure to the observed 
microwave fields. An airborne refractometer and a cap¬ 
tive balloon refractovariometer1 were used to measure 
the index of refraction fluctuations, supplemented by 

* Received by the IRE, April 4, I960; revised manuscript re-
ceived, December 27, I960. 

t I . S. Navy Electronics Lab., San Diego, Calif. 
1 A. L. Crozier, "Captive balloon refractovariometer,’ Rev. Sei. 

Instr., vol. 29, pp. 276-279; April, 1958. 

special pibals, II. S. Weather Bureau maps, Raobs and 
Rawind sondes. 

1 h e or et ica I Cott s id era t io ns 

In 1950, Booker and Gordon2 following the suggestion 
of Pekeris3 proposed that the fields observed beyond the 
horizon in the microwave region could be explained by 
single scattering from fluctuations in the dielectric con¬ 
stant of the atmosphere. These “blobs” are usually as¬ 
sumed to be isotropic and are assumed to result from the 
turbulent motion of the atmosphere. Booker and Gordon 
used the spatial autocorrelation of dielectric constant as 
a measure of the fluctuations. Several others1'1" have 
made the assumption that the Kolmogoroff velocity 
spectrum determines the spectral function, E(k), which 
represents these spatial fluctuations. This spectrum is 
the Fourier transform of the autocorrelation function 
such as was used by Booker and Gordon. 11 Most of the 
disagreements in the single scattering theories have to 
do with the form of this dielectric turbulent spectrum. 

Bauer 12 has suggested the signal may be due to re¬ 
flection from the layers which are observed in most 
refractive-index height profiles. Friis, Crawford, and 

* H. G. Booker and W. E. Gordon, “A theory of scattering in the 
troposphere," Proc. IRE, vol. 38, pp. 401-412; April, 1950. 

3 G. !.. Pekeris, “Note on the scattering of radiation in an in¬ 
homogeneous medium,” Phys. Rev., vol. 71, pp. 268-269; February, 
1947. 

4 A. I). Wheelon, “Spectra of turbulent fluctuations produced by 
convective mixing of gradients,” Phys. Rev., vol. 105, pp. 1706 1710; 
March 15. 1957. 

5 F. Villars and V. F. W eisskopf, “On the scattering of radio waves 
by turbulent fluctuations of the atmosphere," Proc. IRE, vol. 43, 
pp. 1232 1239; October, 1955. 

6 A. M. Obukhov, “Structure of the temperature field on turbu¬ 
lent flow,” Akad. Nank. SSSR, Ser. Geograf. i Geofiz., vol. 13, pp. 58-
69; 1949. 

’ G. K. Batchelor, “The Scattering of Radio W aves in the .At¬ 
mosphere by Turbulent Fluctuations in Refractive Index,” Cornell 
I University School of Elect. Engr., Ithaca, N. Y., Res. Rept. No. 
EE-262; September ‘.5. 1955. 

“ R. A. Silverman, “Turbulent mixing theory applied to radio 
scattering,” J. Appt. Phys., vol. 27, pp. 699-705; July, 1956. 

9 R. Bolgiano, Jr., “Turbulent Mixing and its Role in Radio 
Scattering,” Cornell University School of Elect. Engr., Ithaca, N. Y., 
Res. Rept. No. EE 334; April, 1957. 

10 R. Bolgiano, Jr., “The role of turbulent mixing in scatter propa¬ 
gation,” IRE Trans, on Antennas and Propagation, vol. AP-6, 
pp. 161-168; April, 1958. 

11 I'he dielectric-fluctuation spectrum and the index-of-refraction 
spectrum will both be referred to as the “turbulent spectrum” E(k). 
The relation between fluctuations of the dielectric constant Ae and 
refractive index An is St = 2Sn. “Envelope spectrum” here is the spec¬ 
trum of the envelope of the scattered microwave field and the “RF 
spectrum" is the microwave carrier-frequency spectrum which is af¬ 
fected by the bandwidth of the medium. 

12 J. R. Bauer, “The Suggested Role of Stratified Elevated Layers 
in Transhorizon Short Wave Radio Propagation," M.I.T. Lincoln 
Lab., Lexington, Mass. lech. Rept. No. 124; September 24, 1956. 
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Hogg 13 have proposed that reflection from a large 
number of small layers, or from several portions of a 
single wavy layer, may account for the fields. From 
rapid beamswinging experiments, Waterman has ob¬ 
served apparent high velocities of scatterers and has 
supported the wavy layer concept to explain them. 

Several other explanations have been suggested but 
will not be discussed in detail in this paper. One of the 
best-known is the normal mode theory of Carroll and 
Ring. 14 Others include multiple scattering theories by 
Potter 15 and by Bugnolo. 16 An excellent summary of the 
theoretical work prior to 1959 is to be found in Staras 
and Wheelon. 17

Single Scattering Theory 

The single scattering theories characterize the me¬ 
dium by scattering eddies or blobs of dielectric con¬ 
stant e; 

« = eo + âe (1) 

where to is the mean value and Ae represents time and 
space variations of e and is usually assumed constant 
over ii blob of size / characterized by its wavenumber 
k = Ite/I. The ratio Q of the received power Pr to the free 
space power Pcs is obtained1” by solving the wave equa¬ 
tion in an inhomogeneous medium for the field at the 
receiver, expressing the solution as a function of the 
scattering coefficient a per unit volume per unit solid 
angle per unit incident power and integrating the scat¬ 
tering coefficient over the common volume V formed by 
the intersection of the antenna beam patterns. The re¬ 
sulting expression is 

where Rt and Rr are the distances between the incre¬ 
mental scattering volume d*r and the transmitter and 
receiver respectively and D is the total path distance 
as shown in Fig. 1. The factor of 4 comes from assuming 
perfect reflection from the earth, as is the case for the 
completely over-water paths with small incidence angles 
used in the \EL experiments. 

13 H. T. Friis, A. B. Crawford, and I). C. I logg, “A reflection 
theory for propagation bevond the horizon,” Hell Sys. Tech. J., vol. 
36. pp. 627-644; May, 1957. 

14 T. J. Carroll and R. M. Ring, “Propagation of short radio waves 
in a normally' stratified troposphere,” Proc. IRE, vol. 43, pp. 1384-
1390; October, 1955. 

15 C. A. Potter, “Tropospheric scattering of microwaves,’’ Proc. 
Decennial Symp. of ONK, Washington, I). C., March 19-20, 1957. 

16 D. S. Bugnolo, “A Transport Equation for the Spectral Density 
of a Multiply Scattered Electromagnetic Field,” Columbia Univer-
sity Dept, of Elec. Engrg., New York, N. Y., Tech. Rept. No. 
T-3/D; November 17, 1959. 

17 H. Staras and A. D. W heelon, “Theoretical research on tropo¬ 
spheric scatter propagation in the United States 1954-1957," IRE 
Trans, on Antennas and Propagation, vol. AP-7, pp. 80-87; 
January, 1959. 

18 W. E. Gordon, “Radio scattering in the troposphere,” Proc. 
IRE, vol. 43, pp. 23-28; January, 1955. 

W hen the scattering blobs are isotropic for each wave¬ 
number k, the scattering coefficient7 may be written in 
terms of the spectrum of the dielectric fluctuations 
E(k) as 

2r4 sin- xE(K) 

)PK2
(3) 

where X is the electromagnetic wavelength, x is the angle 
between the incident field and the direction of the line 
to the receiver and is approximately 90°. K is the value 
of the wavenumber k at which the spectrum must be 
evaluated. 19

4?r 6 
K = — sin 

X 2 
(4) 

where 0 is the scattering angle as shown in Fig. 1. 

The integral in (2) can be evaluated for two cases of 
special interest. For the case of narrow beam antennas, 
the scattering volume is determined by the intersection 
of the narrow antenna beams. For broad beam antennas, 
the effective scattering volume of the atmosphere is de¬ 
termined by the scattering process itself. 
Narrow Beam Antennas: A narrow beam antenna for 

tropospheric scattering is usually defined somewhat ar¬ 
bitrarily20 by the criterion 

a < s (5) 

19 Note the difference between k and K. k is the characterization 
of the turbulent blobs. K, sometimes called the magnitude of the 
scattering difference vector, is the wavenumber of the particular 
blob size most effective in scattering the radio energy to the receiver 
and is determined by the path properties. 

20 H. G. Booker and J. T. deBettencourt, “Theory of radio trans¬ 
mission by tropospheric scattering using very narrow beams,” Proc. 
IRE, vol. 43. pp. 281-290; March, 1955. 
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where a is the beamwidth between half-power points 
either of a transmitting or receiving antenna, and ömin is 
the minimum scattering angle of the illuminated volume. 
For smooth earth, on-axis, tangent-ray transmission 

D 
flmin — 6» — -

a 
(6) 

where a is the earth's radius. If the beams are narrow the 
effective scattering volume is determined by their point¬ 
ing angles and free-space beamwidths. The scattering 
angle, the scattering coefficient and the distances may be 
assumed constant. Then for identical narrow beam 
transmitting and receiving antennas, (2) becomes 

The total volume F may be approximated 20 by 

and 

D-'a 3 
F = -- , 

320» 

2Da3a 
(10) 

The a3 factor in the numerator comes from the re¬ 
striction of the common volume by the antenna patterns 
and is the cause of the phenomenon called aperture¬ 
medium coupling loss. Estimates of this loss may be 
made from comparison of (10) with (14) for the power 
received using broad beams. 

Broad Beam Antennas: For broad beam antennas de¬ 
fined by 

a > |0o, (ID 

the effective scattering volume is limited not by the 
antenna patterns but by the angular scattering cross 
section within the volume. Gordon 18 defines the width 
11(a) of the scattering volume by a scattering angle 
corresponding to a scattering coefficient equal to half of 
that for the great circle path. This is analogous to the 
half-power beamwidth of an antenna. 11(a) is given in 
terms of 0i by 

D-
H2 = (0¿ - 8„2) — • (12) 

The length Y of the scatter volume as a function of 
height h is determined by the distance between tangent 
rays and is given by 

Aha 
F =- • 

D 
(13) 

The incremental volume, d3r, may then be written as the 
product of the length, width, and an incremental height 
dh; and for broad beams the volume integral becomes 

256a r x
Qh = - I aH(a)hdh (14) 

D3 J „„ 

where ho is the tangent intersection height and the as¬ 
sumption (8) is again made. 
To obtain the received power for either (10) or (14), 

the spectrum of dielectric fluctuations E(k) must be 
known to determine the scattering coefficient a Iront (3). 

The Dielectric- Fluctuation Spectrum E(k): This spec¬ 
trum is usually divided into the three ranges shown in 
Fig. 2. I he input range characterized by small wave¬ 
numbers and large blob sizes corresponds to the region 
of insertion of fluctuation energy into the spectrum. 
The energy of the fluctuations is assumed to be con¬ 
served throughout the middle portion of the spectrum, 
called the inertial subrange. The iorm oi the spectrum 
of the fluctuations in this range is the source ot most oi 
the theoretical disagreements. It is important because 
the wavenumber K at which the spectrum is evaluated 
as in (3) is located in this region. The fluctuations are 
finally lost bv conversion to heat by the viscous forces 
in the dissipation range. 

WAVENUMBER k

Fig. 2—Dielectric fluctuation spectrum. 

The various distributions of the dielectric spectrum 
proposed for the inertial subrange result from assump¬ 
tions concerning the generation of the dielectric fluctua¬ 
tions. The dielectric constant of the troposphere is deter¬ 
mined mainly by the temperature and humidity, and 
it is the variations of these properties that is of interest 
in most cases. 
Obukhov6 and Batchelor7 obtain the same spectral 

form for the squares of the temperature and refractive 
index fluctuations as for the square of the turbulent 
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wind velocity predicted by the universal equilibrium 
theory. 21 The fluctuations are assumed to result from 
an impulse disturbance in the input range which decays 
so that there is no change in the square of the fluctua¬ 
tions throughout the inertial subrange of wavenumber 
space. Dimensional arguments then lead to a &-5/3 de¬ 
pendence for the temperature spectrum E(k). Similar 
results may be obtained for the humidity spectrum and 
thus the dielectric-fluctuation spectrum. Bolgiano 10 has 
treated the more realistic case of continuous input and 
arrived at the same wavenumber dependence. 

Experimental results by Chisholm, Roche and Jones 
indicate that the way in which the received microwave 
power in a scattered field depends on electromagnetic 
wavelength is itself variable with meteorological condi¬ 
tions. Bolgiano22 has extended his theoretical treatment 
to include the effects of buoyancy to explain the ob¬ 
served variability. He introduced a buoyancy subrange 
which separates the input range from the k~w inertial 
subrange. In the buoyancy subrange the spectrum ap¬ 
pears to vary as i. The occurrence and extent of the 
new range is determined by the stability of the atmos¬ 
phere. The anomalies in the wavelength dependence 
may thus be attributed to variations of atmospheric 
stability with a very stable atmosphere yielding a pre¬ 
dominant buoyancy subrange with little or no inertial 
subrange. 

Inoue23 assumes that the temperature fluctuations 
themselves rather than their squares are conserved and 
uses the same dimensional arguments to arrive at a 
-̂7/3 spectral dependence. 
A mixing-in-gradient theory has been proposed4-5 

which treats turbulent convection in an atmosphere 
with an initial refractive index gradient. Eor this theory 
dimensional arguments lead to E(k) proportional to & 9 :i . 
Gordon has evaluated (14) by expressing the scatter¬ 

ing coefficient in terms of the exponential correlation 
function of dielectric fluctuations and a height depend¬ 
ence of the mean-square fluctuations of the dielectric 
constant 

Ac2 = c„h~n. (15) 

for values of n from zero to three where c„ is a constant 
depending only on n. The same results may be obtained 
by using (3) for the scattering coefficient and a spec¬ 
trum varying as ¿~63 which is approximated by the 
transform of the exponential correlation function within 

21 G. K. Batchelor, “The Theory of Homogeneous Turbulence,” 
The University Press, Cambridge, England; 1953. 

22 R. Bolgiano, Jr., “A Meteorological Interpretation of Wave¬ 
length Dependence in Transhorizon Propagation,” Cornell Univer¬ 
sity School of Elec. Engrg., Ithaca, N. Y., Res. Rept. No. EE 385; 
September 15, 1958. 

23 E. Inoue, “On the Temperature Fluctuations in a Heated 
Turbulent Fluid," Geophvsical Notes, Tokyo University, Japan, 
vol. 3, no. 34. pp. 1-5; 1950. 

the limits of the inertial subrange. 
Received Power: Let the spectrum be assumed to be 

of the form 

E(k) ~ k~mh~n (16) 

with the conditions 

n > 0 m > 0. (17) 

Then substitution of (16) into (3) to get a, and then a 
into (10) and (14) gives 

Xm ,.a3am+n+3X"'~2 
Qy = — - — 

[)m+2n+2 

for narrow beams, and 

B^a^-X"-2 

Qu = -
£)m+2n—l 

(IS) 

(19) 

for broad beams, where Nmn and Bmn are constants for 
given values of m anti n. 
Even though At2 is assumed to be constant through¬ 

out the volume in the narrow beam case, a greater de¬ 
crease of received power with antenna elevation angle 
than with azimuthal angle will be observed if Ae2 de¬ 
creases with height because of the changed height of the 
scattering volume. 

Aperture-Medium Coupling Loss: The ratio of (18) to 
(19) gives the aperture-to-medium coupling loss L 
which would be observed20,24 by changing from broad 
to narrow beam antennas at both ends of the path. 

(2(1) 

The aperture-to-medium 
ent on the atmospheric 
and Bm„. Also 

coupling loss is then depend-
structure only through Nnn

~ 0.39(w + n). (21) 

The results of substituting the various forms of 
spectral dependence into (18) and (19) for the case where 
n = 0 are shown in Table I. Parameters such as fading 
rate and beam broadening which may be predicted by 
one or more of the theories25 27 will be discussed in detail 
with the results of the appropriate \EL experiments. 

24 H. Staras, “Antenna-to-medium coupling loss,” IRE Traxs. 
ox Antennas and Propagation, vol. AP-5, pp. 228-231; April, 
1957. 

25 R. A. Silverman, “Fading of radio waves scattered by dielectric 
turbulence, J. Appl. Phys., vol. 28, pp. 506-511; April, 1957. 

23 T. I.aaspere, “An Analysis and Re-Evaluation of the Role of 
Horizontal Drift in Producing Fading in Troposphere Scattering 
Propagation,” Cornell University School of Elec. Engrg., Ithaca, 
N. Y., Res. Rept. No. EE 380; August 31, 1958. 

27 F. Farner, “Signal Strength Distribution and Fading in Tropo¬ 
spheric Scatter Propagation,” Syracuse University Res. Inst., Syra¬ 
cuse, N. Y., Tech. Phase Rept. No. 2, Contract AF 19(604)-! 179; 
October, 1956. 



792 PROCEEDINGS OF THE IRE A prit 

TABLE I 

Booker and Gordon 
Gordon 
Booker and 
de Bettencourt 

Obukhov 
Batchelor 
Silverman 
Bolgiano 

Inoui Villars and 
Weisshopf 
Wheelon 

Friis, 
Crawford 
and Hogg 

Characterization of 
the medium. 

Correlation 
p~e~rl ‘ 
Si2 =>c Jr" 

E(.k)~k-™ 

Spectrum 
turbulent decay or 
continuous input 

Buoyancy subrange 

Spectrum 
(AT) conserved 
Etk^k--'3

Spectrum 
mixing-in-gradient 

E(k)~k~2'3

Layer 
reflection. Many inter¬ 
mediate size layers or 
a single large wavy 
layer. 

Received power pro¬ 
portional to: 
<0 is eliminated when 
0m in =e„ = D/a). 

Narrow beams 
X°(l + (201/0o)»)-‘« 
X°l)-<a3l 1

Broad beams 
x°l)~2n ~' 

Narrow beams 
X-1'3/»,. -14 ’a3 

X-i«P-"'3a3
Broad beams 

x-'i'Demi .,-i3 
X-l/3D -2/3 

Buoyancy subrange 
X"1 to' X3

Narrow beams 
Xispj-ie/s 

XD-' 313

Narrow beams 
XDO^r3 

XD 3

Broad beams 
XMmia~3 
XD~2

Narrow beams 
X» Ua/e) 
X(2+a/0)-’/(a/0) 
^Xl> "" 5

See (22) and (23). 

The symbols are defined in the text with the exception of: T, Temperature; p. the space correlation function of the dielectric constant, 
and l = l*lk, the blob size. 

Layer Reflection 

Friis, Crawford and Hogg 12 have computed the scat¬ 
tered field reflected from a large number of layers of 
limited dimensions which are located randomly in posi¬ 
tion and orientation. The received field Q relative to 
freespace is given by 

4.MX (a/0)fla/6) 

304 (2 + a/e) 
(22) 

where .1/ is a function of the height, size and number of 
layers, and the change in atmospheric gradient at the 
tangent intersection which represents the effects of at¬ 
mospheric structure and 

= 1 + 
1 

(i + a/ey 

1 Z2 + a/0\ 4

8 \1 + a/e) 
Fig. 3— NEL operations area for tropospheric 

scattering experiments. 

Instri m ENTATION 

The station complex used for the NEL microwave 
beyond-the-horizon scattering experiments is shown in 
Fig. 3. All microwave receiving and recording instru¬ 
mentation was located at the NEL Electromagnetic 
Propagation facility on Point Loma. The four transmit¬ 
ting stations were located at Santa Barbara, Point 
Mugu, Fort McArthur and San Clemente island pro¬ 
viding completely overwater transmission paths of 190, 
144, 92 and 78 miles. The meteorological station at 
Palos Verdes controlled a captive balloon which lifted 
the NEL refractovariometer to the height of the scat¬ 
tering volume during the experiments. An airborne 
cavity refractometer was also flown along the transmis¬ 
sion paths. All transmitting stations as well as the 
meteorological station were packaged in trailer vans. 

Measurements were made using X, S and L bands 
with antenna diameters ranging from 1.5 to 28 feet. 

Table 11 summarizes the combinations of path, fre¬ 
quency and antenna size for each path. 

Fig. 4 is a block diagram of the microwave system. 
Transmitters with peak powers between 75 and 200 kw 
were modulated with one microsecond pulses at the 
common rate of 500 cps. All receivers were time-gated 
by a system synchronizer to minimize interference from 
radars operating in Southern California. Width and 
relative delay of the gate for each path were individually 
adjustable. The type of receiver used was designed by 
NEL to provide an output voltage which is linearly 
related to the microwave field seen by the antenna. 
Linearity of better than 0.3 db was achieved over a 
30-db range with corresponding sensitivity of 95-98 
dbm for 6-8 Me bandwidth. The IF strips were operated 
at constant gain and receiver gain was adjusted by pre¬ 
cision calibrated attenuators in the waveguide prior to 
mixing. 
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TABLE II 

Characteristics of NEL Tropospheric Scatter Links 

* The effective distance is the total distance minus the horizon distances, 
t Bo is calculated using effective distances and a 4/3 earth radius. 

Location 
Total dis¬ 
tance from 
NEL (miles) 

Effective 
path dis¬ 

tance* (miles) 

Sot 
degree 

Frequency 
(Me) 

Antennas 
size a 
(feet) (degree) 

Freespace 
fields 
DBM 

Year 

Santa Barbara 190 165 1.79 X-Band 
9365 

10 0.78 

4 2.08 1 +
 1 

1 
- 1958 

1959 
1959 

S-Band 
3406 

10 2.1 - 1 .8 1959 

¿-Band 
1365-58 
1250-59 

10 5.2 

28 1.85 

- 7.9 

+ 5.4 
+ 7.3 

1958 

1958 
1959 

Point Mugu 144 118 1 .28 X-Band 10 0.78 - 8.1 1958 

¿-Band 10 5.2 — 5.5 1958 

Fort MacArthur 92 63 0.68 X-Band 10 0.78 
1.5 4.9 

+ 7.1 
-21 .4 

— 
1959 
1959 

San Clemente 78 35 0.34 X-Band 6 1.26 
1.5 4.9 

+ 3.5 
-20.4 

1958 
1958 

Palos Verdes 101 Location of refractora riometer 1958 

TO RECEIVER STSTfMS 
FOR OTHER PATHS 

Eig. 4—Block diagram of experimental 
tropospheric scatter system. 

The pulse train from detector output was passed 
through a peak reader with a time constant of several 
milliseconds and then recorded on Offner paperchart 
recorders to provide a continuous record of the envelope 
of the signal. These recorders have a flat frequency re¬ 
sponse from de to approximately 30 cps for full-scale 
pen deflection. 

Because scattered fields are characterized by rapid 
random fluctuations in amplitude which may be as much 
as 20 db relative to the mean signal amplitude, it is 
often difficult to obtain rapid and reliable estimates of 
the short term mean-signal amplitude. A special digital 
integrator designed by NEL providing an output dis¬ 

play as ii number on a mechanical counter was used to 
provide arithmetic means of field strength averaged 
over one-minute samples. The integration time over 
which the sample was averaged was simply the interval 
during which the integrator was turned on. The one-
minute sample was chosen lor convenience. This inte¬ 
grator received the output of the peak reader and pro¬ 
vided an immediate estimate of the signal mean in con¬ 
venient form. 

I he data recorded on the paper charts were converted 
to digitized form on punched cards by using a Tele¬ 
reader. The punched-card decks are in a form accepted 
by Datatron 205 and 220 computers for processing. The 
Datatron was programmed to determine the sample 
means (furnishing corroboration for the means given 
by the integrator), number of mean crossings per unit 
time (fading rate), cumulative distribution, and finite-
sample estimates of the autocorrelation function and 
power spectrum. The techniques of data sampling and 
processing are described by Potter28 based on smooth¬ 
ing functions discussed by Blackman and Tukey. 29

Data were recorded in the months from January to 
July in 1958 and again in 1959 on the few days when 
tropospheric scattering was a significant mechanism for 
beyond-the-horizon propagation. Because a stable at¬ 
mosphere with strong layers and elevated ducts 

28 C. A. Potter, “Information Recovery from Finite-Sample 
Fluctuation Data," U. S. Navy Electronics Lab.. San Diego, Calif., 
NEL Rept. No. 831; February 25, 1958. 

29 R. B. Blackman and J W. Tukey, “The measurement of power 
spectra from the point of view of communications engineering,” Hell 
Sys. Tech. J., vol. 37, pp. 185-282; January. 1958. (Also published by 
Dover Books, S5O7.) 
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normally exists over Southern California, suitable 
meteorological conditions occur only after the passage 
of frontal activity has wiped away these layers and per¬ 
sists for only hours or a few days at most. 1 he experi¬ 
mental technique involved massive data collection dur¬ 
ing these relatively short and infrequent scattering pe¬ 
riods and provided data on overwater scattered fields 
unobtainable in any other way. The behavior of the re¬ 
ceived signal as the front passes across the path and the 
transition from trapping by layers or ducts to scattering 
is discussed by Moler and Holden. 30

The refractovariometer provided measurements of 
refractive-index fluctuations with time at a point in the 
scattering region. The fluctuations were recorded at the 
Palos Verdes station on Offner paperchart recorders 
and later processed similarly to the microwave envelope 
fluctuation data to provide autocorrelation functions 
and power spectra. Mean winds aloft, temperature, 
humidity, and refractovariometer altitude were re¬ 
corded. The refractive index profiles obtained along the 
path by the airborne cavity refractometer were also re¬ 
corded using Offner recorders. Refractive index spatial 
fluctuations measured by the cavity refractometer were 
processed to provide autocorrelation functions and 
power spectra for comparison with the single-point re¬ 
fractovariometer results. 

Synchronized Beamswinging 

Synchronous beamswinging of transmitting and re¬ 
ceiving antennas such as suggested by Booker and 
deBettencourt20 is an attractive method for studying 
the tropospheric scatter mechanism since it is easy to do 
and involves the measurement of only relative signal 
amplitudes. The main requirement of the experimental 
configuration is that the antenna beamwidth be small 
compared to the scattering angle 6. [See (5).] 
The 1958-59 NEL experiments were designed to in¬ 

clude such synchronized beamswinging experiments. 
Numerous synchronous azimuthal scans were performed 
during 1958 simultaneously on the 190, 144 and 78 mile 
paths using antenna dishes of 95 X diameter. In 1959, 
simultaneous beam-swinging measurements were made 
on the 190 mile path and on the 92 mile path to Eort 
McArthur accompanied by considerably more exten¬ 
sive airborne refractometer measurements. The higher 
signal levels received on the short 92 mile path per¬ 
mitted wider angular deviations from the great circle 
antenna orientation. 

Patterns of the average signal level were obtained for 
one-minute integration periods at 0.5 intervals by 
swinging from the maximum angle on one side of the 
great circle path in steps of Io to the maximum on the 
other side and then repeating the scan at the inter¬ 
mediate 0.5° angles. Only the patterns whose average 

30 W. F. Moler and D. B. Holden, “Tropospheric Scatter Propa¬ 
gation and Atmospheric Circulation,” NBS J. of Res., Section D, 
Radio Propagation, vol. 64D, pp. 81-93; January, February, 1960. 

signal strength on the great circle bearing remained sub¬ 
stantially constant for the 20-minute period required to 
obtain a pattern are reported. 

Microwave refractometer measurements of the index-
of-refraction fluctuation spectra as a function of height 
were made at the middle of the propagation path as well 
as the usual profiles. The results of the meteorological 
measurements have been reported by Gossard. 31 Those 
spectra required for interpretation of the propagation 
data are reproduced in Figs. 5 and 6. 

Microwave refractometer index-of-refraction profiles 
are shown in Fig. 7. The data shown in Fig. 5 taken on 
February 12 were obtained during the period between 
the two index profiles measured at 1321 and 1430 hours. 
The slightly turbulent layer which is evident between 
two and three thousand feet had little effect on the field-
strength measurements on the 92-mile path since the 
antenna product pattern was 6 db below the maximum 
at 2000 feet. The average field strength was observed 
constant within + 1.5 db from 1100 until after 1600 
that day. Thus even fairly strong elevated inversions 
had little effect on the fieldstrength during horizontal 
beamswinging. However vertical beamswingings were 
strongly effected by elevated inversions as observed on 
several of the profiles (February 9 and 10, March 23). 
Fig. 5 shows a series of index-of-refraction fluctuation 
power spectra at various altitudes also taken on bebru-
ary 12. Note that over at least a decade of wavenum¬ 
bers, the data indicates that the atmosphere was char¬ 
acterized on this day by a spectral dependence of ¿~5/3 . 
The ranges of k computed from (4) for the 92-mile path 
at X-band and for X, L and 5 wavelengths on the 190-
mile path are indicated along the abscissa. It has been 
pointed out by Gossard 31 that the spectra taken at vari¬ 
ous altitudes tend to coincide at high wavenumbers and 
to diverge at low wavenumbers. 

Little is known experimentally about the behavior 
of the spectra for wavenumbers greater than about 2 
per meter. However, it is reasonable to assume when the 
slope of the turbulent spectra and of the angular scat¬ 
tering crosssection Q(0) are both smoothly var\ ing and 
well-behaved that the spectra may be extrapolated to 
somewhat higher wavenumbers than could be meas¬ 
ured. In Fig. 6, turbulent spectra for February 9 and 10 
appear to reverse slope and increase with increasing 
wavenumber for k greater than 1 per meter. I his effect 
appears in about half of the turbulence spectra but is 
not confirmed by the behavior of E^k) inferred from 
the measurements of Q(ß). 
The energy in the turbulent spectrum is eventually 

dissipated by viscosity, but the scale size at which this 
occurs is not evident from the measured spectra. Since 
the received power continues to vary nearly with 0 14/3

31 E. E. Gossard, “Power spectra of temperature, humidity and 
refractive index from aircraft and tethered balloon measurements, 
IRE Trans, on Antennas and Propagation, vol. AP-8, pp. 71 90; 
March, 1960. 
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for wavenumbers as large as 40 per meter, viscous cutoff 
is presumed to occur at some higher value of k, probably 
at a scale size of less than 0.4 feet. 
An example of a typical beamswinging pattern is 

shown in Fig. 8. The sidelobes of the multiplied an¬ 
tenna pattern measured in free space were below the 
noise level. The predictions of Booker and deBetten¬ 
court are applicable in this particular example for off-
axis angles greater than 2° but not near the great circle 
bearing since the antenna beamwidths used are not 
small compared to the minimum scattering angle. 

Since scattering theories indicate a simple power law 
variation of received signal with scattering angle, a log¬ 
log presentation is used to obtain the exponent by slope 
matching. Fig. 9 shows two horizontal patterns at dif¬ 
ferent elevation angles. This figure also shows a power¬ 
law curve for the exponent of the scattering angle which 
best matches the slope of the data. The experimental 

Fig. 5— Index of refraction fluctuation spectra taken from 
airborne refractometer data, February 12, 1959. 

g. 6— Index of refraction fluctuation spectra taken with airborne 
refractometer at 100 and 2100 feet under different weather condi¬ 
tions. Partial layering on February 9 and 10 with no layering on 
February 12. The range of K for horizontal beamswinging on the 
92-mile path are indicated by the double arrows. 

INDEX OF REFRACTION 

ANGLE OFF GREAT CIRCLE PATH - DEGREES 

Fig. 8— Af-band synchronized beamswinging pattern for 
the 92-mile path. 

6 SCATTERING ANGLE - DEGREES 

Fig. 7— Refractive index profiles. All profiles except the February 11 
Raob were obtained using an airborne microwave refractometer. 

Fig. 9— A'-band received power vs scattering angle with 
tangent ray and elevated antennas on 92-mile path. 
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curves in the figure have not been normalized and may 
be compared directly in magnitude. The slope of best 
fit for the horizontal curves is very close to 
the exponent of —4.67 for 0 corresponding to a turbu¬ 
lent spectrum proportional to ¿~5/3 , shown to exist at 
the time in Fig. 5. The break in slope near 6° on the 
tail of the horizontal scan at Io elevation has not been 
resolved . 

Day-to-day temporal changes have been observed in 
the angular scattering cross section Q(0) which cor¬ 
respond to changes in the turbulent spectra. Fig. 10 
shows horizontal beamswinging data which corresponds 
to the spectra in Fig. 6 taken at 100 and 2100 feet on 
the same three days. These measurements define the 
upper and lower boundaries of the common volume at 
midpath. Meteorological conditions at altitudes much 
above 2100 feet were not effective on the 92-mile path. 

Fig. 10— A'-band received power vs scattering angle on 92-mile path. 

On February 9 and 10, there was a slight but definite 
tendency for the exponent of 0 to decrease with increas¬ 
ing 9 as would be expected from the behavior of the tails 
of the E(k) curves for these days shown in Fig. 6. On 
February 12, the spectra closely followed ¿-5/3 and 
the A'-band angular cross section exhibited the expected 
^-u/3 form . 

The A'-band beamswinging experiments on the 190, 
144 and 78 mile paths showed a variability in the ex¬ 
ponent of 9 ranging from —3.0 to —4.5. Figs. 11-13 
show curves corresponding to the maximum and mini¬ 
mum observed values of the exponent for each oi the 
three paths. From these figures it may be seen that the 
range of the exponent is nearly the same for the two 
longest paths and that —14 3 represents a limiting 
value for all paths. Similar results using L band on the 

190-mile path with different aperture sizes are also 
shown in Fig. 11. 
On the 78-mile path the antenna beamwidth is sev¬ 

eral times larger than the minimum scattering angle so 
that for scattering angles less than the free-space beam¬ 
width (about 3.5°), the slope is considerably different 
from that for an exponent of —14 3. However, when 
the narrow-beam criterion is satisfied the slope becomes 
constant and Q(ß) varies as 6 u'3, as predicted. 

Ilie results of vertical beamswinging experiments 
performed under various meteorological conditions are 
shown in Fig. 14 with a curve calculated by using the 
turbulent spectra for February 12. The computed curve 
of Fig. 14 has been normalized to the data at an eleva¬ 
tion angle of 1.5° above which sea reflection effects are 
negligible. The dependence of received power on vertical 
scattering angle is greater than for horizontal scattering 
indicating that either the index-of-refraction fluctua¬ 
tions are diminishing with height or that the blobs are 
anisotropic. 32 A simple height dependence oi the turbu¬ 
lent spectra such as observed in Fig. 5 is sufficient to 
explain the increased slope without recourse to aniso¬ 
tropic blobs. 
On one other occasion (February 19) the results of 

vertical beamswinging were nearly the same as on 
February 12. Xo refractometer data was taken on the 
19th, but radiosonde measurements indicated that no 
inversion layers existed at the time. The other three 
vertical patterns shown in Fig. 14 (February 9, 10, and 
March 23) were obtained on days when definite inver¬ 
sion layers were present as shown by the index profiles 
in Fig. 7. Enhancement of the microwave signal level 
greater than 15 db may occur when the antenna beams 
intersect at the height of the inversion, but is not pres¬ 
ent on days when the beams intersect at high angles in 
a well mixed atmosphere. The signal enhancement is 
believed to result from enhancement of the turbulent 
spectrum by mixing-in-gradient effects in the inversion 
rather than from specular reflection by the layer. 
When scattering from atmospheric turbulence is the 

dominant mode of propagation, the results of the syn¬ 
chronized beamswinging experiments indicate that the 
dependence of the received fieldstrength on the scatter¬ 
ing angle is predictable from the power density spec¬ 
trum of the dielectric fluctuations. 1'his conclusion is 
supported by the following observations: 

1) On February 12, the dielectric fluctuation spec¬ 
trum was measured to vary with &-5/3 , and the de¬ 
pendence of the received field strength on the hori¬ 
zontal scattering angle was 014'3. 

2) On February 12, the dependence of the received 
fieldstrength on the vertical angle was greater 
than for the horizontal and agreed with that cal¬ 
culated from the measured height dependence of 
the dielectric fluctuation spectrum. 

32 S. O. Rice, Statistical properties of a sine wave plus random 
noise,” Bell Sys. Tech. J., vol. 27, pp. 109-157; January, 1948. 
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Fig. 11—Received power vs scattering angle over 190-mile path 
showing maximum and minimum observed slopes at A'-band and 
one ¿-band beamswinging. 

Fig. 12—A'-band received power vs scattering angle over 144-mile 
path showing maximum and minimum slopes. 

Fig. 13—AT-band received power vs scattering 
angle on 78-mile path. 

HEIGHT AT CENTER OF ANTENNA BEAMS 

Fig. 14—A'-band received power vs scattering angle for vertical 
beamswinging on 92-mile path under various meteorological con¬ 
ditions. 

3) I’he greatest dependence of fieldstrength on scat¬ 
tering angle for many measurements on all paths 
was 0~1V3 , and it always occurred on days with 
well mixed atmospheric conditions. 

4) The same dependence of fieldstrength on scatter¬ 
ing angle was observed for a simultaneous meas¬ 
urement on L-band and X-band yielding the 
value of 0-u/3 . This implies consistance between 
overlapping regions of the dielectric fluctuation 
spectrum. 

Multiple-Erequency Measurements 
with Equal Beamwidths 

Theory predicts that the amplitude of the scattered 
field is a function of wavelength. Estimates of the wave¬ 
length factor range from X~ 1,3 to X (Table I). Bolgiano’s 
proposal of the buoyancy subrange was due to the dis¬ 
tribution of wavelength dependence obtained by Chis¬ 
holm at both 417 Me and 2290 Me, using antennas of 
equal beamwidth at both frequencies. 
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The NEL experiments on the 190-mile path extended 
measurements of the wavelength dependence to include 
the X-band region; 1250 Me, 3406 Me, and 9365 Me 
were measured simultaneously on this path. Antennas 
with 2° beamwidth between 3-db points were used on 
all three frequencies to illuminate the same common 
volume. The difference in db of the signals received (in 
db below free space) at two frequencies was used to esti¬ 
mate the dependence on frequency between the two fre¬ 
quencies. I'he notation X-S, X-L, S-L refers to this 
“difference.” 
The one-minute averages of the received signals re¬ 

corded on all three frequencies on February 11 and 12, 
1959 are shown in Fig. 15 as a function of time of day. 
The cumulative distributions of the average differences 
X—5, X—L, and S—L are given in Figs. 16 and 17 for 
February 11 and 12, in terms of the wavelength de¬ 
pendence n. Fig. 18 shows the medians, 0.10 and 0.90 
limits of the cumulative distributions of the short-term 
averages for each day. The median values of a distribu¬ 
tion reported by Chisholm are shown in Fig. 18 nor-

TIME OF DAY PST 

Fig. 15— Average received power vs time of day over 190-mile 
path using broad scaled beam antennas. 

malized to the median of the L-band data for compari¬ 
son. fhe anomalies apparent in Fig. 18 are believed due 
to effects of the atmospheric structure. 

Strong frontal activity with heavy rains on February 
11 grounded the aircraft flying the microwave refractom¬ 
eter and prevented measurements of the turbulent 
spectra and profiles. However, the Raobs shown in Fig. 
7 indicate that a standard atmosphere existed during 
that day. I'he refractive index profiles and turbulent 
spectra measured on February 12 are shown in Figs. 
5 and 7. 

I'he expected fieldstrength for February 12 calculated 
from the spectra of Fig. 5 using (19) is indicated by the 
open circles in Fig. 18. The calculated values are near 
the measured medians indicating wavelength depend¬ 
ence nearly proportional to X^U3 , as is expected for a 
turbulent spectrum with £~5/3 . 
Comparison of predictions with the data for Febru¬ 

ary 12 suggest either a dominant layer reflection phe¬ 
nomena or mixing-in-gradient (both give Q as directly 

Fig. 17— Wavelength dependence vs per cent of time observed 
over the 190-mile path using broad scaled-beam antennas. 

Fig. 16— Wavelength dependence vs percent of time observed over 
the 190-mile path using broad scaled-beam antennas. Fig. 18— Received power vs frequency. 
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proportional to X) for the lower microwave frequencies 
and turbulent single scattering at higher frequencies. 
The X " dependence observed on the 11th followed the 
passage of a frontal zone which left an unstable standard 
atmosphere with no layering. Turbulent scattering was 
the dominant mode of propagation. The ¿-band field-
strength increased in the afternoon of the 12th with 
the onset of a turbulent layer but the S-band and X-
band signals remain unchanged. Data from the morning 
of February 12 indicated a X0 4 dependence when there 
were slight irregularities in the profile but a Xo 9 de¬ 
pendence was observed in the afternoon when the turbu¬ 
lent layer had become more established. Little change 
was noted in the S-band and X-band signals on Feb¬ 
ruary 12. 

The Microwave Envelope Spectrim 

The random fluctuations in time of microwave fields 
scattered by the troposphere which have been observed 
are rapid compared to the slow fading resulting from 
layers or other multipaths but are extremely slow com¬ 
pared to the period of the microwave carrier frequency. 
They are observed as envelope fluctuations in the same 
general domain as refractive index fluctuations. Little 
is known of fluctuations at or near the carrier frequence 
at present. 
The envelope signal contains information which may 

be related to the turbulence of the medium. Statistical 
functions of varying degrees of complexity can be used 
to characterize the random process of short-term en¬ 
velope fluctuations. Estimates of these functions formed 
from sampling the received signal for a finite time can 
be formed. 28

The first order probability function for envelope fluc¬ 
tuations is usually considered to follow a Rayleigh dis¬ 
tribution. But for cases of mixed meteorological regimes 
when both scattering and reflection from layers (pos¬ 
sibly broken) are present, the observed distribution may 
not be Rayleigh. In general, unless meteorological 
measurements indicate a standard well-mixed atmos¬ 
phere free of layers at the time the microwave data is 
taken, the characteristics of pure scattered fields are 
difficult to estimate from the data. The occurrence of 
Rayleigh fading provides an additional indication of 
nearly pure scattering conditions. 
More emphasis was placed on second-order functions 

such as finite-sample estimates of correlation functions 
and power spectra. These functions provide somewhat 
more insight into the process than the simple probabil¬ 
ity distribution. Spectra of the envelope fluctuations 
were obtained for combinations of range, frequency and 
scattering angle. 

Examples of envelope spectra U(J) are shown for data 
from March 7, March 28, 1958 and Eebruary 12, 1959. 
The antennas used in 1958 were 0.78° narrow-beam 
dishes on the 190- and 144-mile paths and 1.26° broad-

799 

beam dishes on the 78-mile path. In 1959, 2° broad¬ 
beam antennas were used on all three frequencies on the 
190-mile path. 
Some examples of A-band envelope correlation func¬ 

tions obtained on the afternoon of March 28, 1958 are 
shown in Fig. 19. The envelope spectra obtained from 
transforms of the correlation functions are shown in 
Eig. 20, which also includes ¿-band spectra which were 
obtained simultaneously. All spectra are normalized at 
zero frequency. The 0.90 confidence limits which are 
given in one case are approximately the same for all en¬ 
velope spectra shown. 
The spectra obtained on the February 12, 1959 equal¬ 

beamwidth multiple-frequency experiments are shown 
in Eig. 21. Figs. 22-24 show spectra for horizontal off-
axis angles for the three paths in operation in 1958. 
F’smdh the spectra can be well-fitted by a Gaussian 
curve within the 0.90 confidence limits but occasionally 
an exponential gives a better fit. 
Hogg and Lowry have shown that the spectrum ap¬ 

proaches a Gaussian curve with a “standard deviation” 
proportional to the frequency, for the case of a large 
number of layers drifting across the path with the mean 
wind. A similar result is given by Rice32 for the sum of a 
sine wave and random noise. An increase in the spread 
of the carrier spectra with distance was predicted by 
Laaspere. 26 An increasing spread with distance of the 
envelope spectra has been predicted quantitatively by 
Potter15 and also by Bugnolo, 16 both using multiple 
scattering models. 
An unexpected result appears in the log-log presenta¬ 

tion of spectra shown in Eig. 25. In more than half of the 
cases, the tails of the spectra appear to follow a differ¬ 
ent power law at higher spectral frequencies rather than 
the initial Gaussian or exponential curve. Occasionally 
this frequency region is clearly divided into two sub¬ 
regions, each with a different exponent. The middle 
region is characterized by U(f)~f~3 where the 3 is an 
average value of the exponent for all cases. The end of 
the tail (when distinct from the middle region) followed 
a power law form with a slope varying from —4 to —6 
with an average value of —5.1. 

In Eig. 25, fb is the frequency at which the final tail 
starts. In Fig. 26, fb is shown as a function of the maxi¬ 
mum Doppler frequency ft expected from the drift of 
the “scatterers” with the mean wind w across the vol¬ 
ume defined by the antenna beamwidths. 

2aw 
/« = -—■ (24) 

A 

The mean wind velocities were obtained by averaging 
the normal components of the wind velocities in the 
lower 1000 meters of the scattering volume as reported 
by the U. S. Weather Bureau. 
The correlation coefficient p» between fa and fb from 

Fig. 26 was 0.26. This weak correlation does imply some 
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Fig. 22—X-band envelope spectra during beamswinging 
tests on 190-mile path. 

Fig. 20—Envelope spectra of scattered fields. 

Fig. 23—X-band envelope spectra obtained during beamswinging 
tests on 144-mile path. 

Fig. 21—Envelope spectra of scattered field with broad 
scaled-beam antennas on a 190-mile path. 

Fig. 24—X-band envelope spectra obtained during beamswinging 
tests on 78-mile path. 
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Fig. 25—X-band envelope spectrum of 78-mile path demonstrating 
the three regions observed. The middle region is often missing. 

Fig. 26 Scatter plot of calculated maximum Doppler frequency vs 
beginning frequency of the upper region of the envelope spectra. 

indication of Doppler shifts caused by a drift of the scat-
terers with the mean wind. This result was predicted in 
a different manner for Booker-Gordon single-scattering 
by Laaspere28 from consideration of the shape of the car¬ 
rier frequency spectrum alone. No definite relation has 
been discovered relating the occurrence oí fb to atmos¬ 
pheric conditions. However, the effect was less notice¬ 
able in the L-band spectra. If the small amount of 
energy in the portion of the spectra above fb is due to 
turbulence, the spectrum of the signal being propagated 
by some other mechanism (Á-band layer reflection) 
would not be expected to have such a tail. 

Aperture-to-Medium Coupling Loss 

Narrow-beam antennas restrict the size of the scatter 
volume preventing a system from realizing the total 
gain of the antennas. This loss of system gain is termed 
apert ure-to-medium coupling loss. Broad-beam anten¬ 
nas do not restrict the scattering volume and exhibit no 
coupling loss. Thus a comparison of the signal received 
using a pair of narrow-beam antennas to that received 
with a pair of broad-beam antennas gives a measure of 
aperture-to-medium coupling loss. 
Such comparisons were made on the 190- and 92-mile 

paths. Three to five one-minute integrator means were 
recorded using small broad-beam antennas. They were 
then changed to the large narrow-beam dishes, the mean 
similarly obtained and the procedure repeated. The re¬ 
sults obtained in this manner over a three hour period 
on the afternoon of February 12, 1959, are given in 
Table III. Note they agree quite closely with the pre¬ 
dictions of Booker and deBettencourt2" and not that of 
Staras24 which were obtained assuming anisotropy. This 
indicates a height dependence of the spectrum (Fig. 5) 
rather than anisotropy as the cause for the increased 
slope in the vertical beamswingings of Fig. 14. 

CONCLUSIONS 

1) The observed angular scattering dependence of the 
received field strength Q(0) varies as 0“ u/3 , con¬ 
sistent with the turbulent spectra E^k) varying as 
k^3. 

2) The multiple-frequency measurements indicate a 
layer reflection mechanism at low microwave fre¬ 
quencies and turbulent scattering at higher fre¬ 
quencies. This does not contradict the X-band 
beamswinging results where turbulent scattering 
was the dominant mechanism. 

FABLE III 

Path distance 

Antenna pairs 
Size in feet 

Plane wave 
gain ratio 
of large to 
small pairs 

db 

Measured scatter 
response of pairs 

db 

“Loss” of 
response 

db 

Booker and 
de Bettencourt 

“Loss” 

db 

Staras 
‘•Loss” 

db small large 

92 1 .5 10 28.5 24.0 + 0.5 4. 5+0. 5 6.1 1 .0 

190 4.0 10 14.4 7.1 +2.0 7. 3 + 2.0 6.9 3.5 
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3) The turbulent spectra satisfactorily predicts the 
angular scattering and wavelength dependence of 
the received field. 

4) The microwave envelope spectra can be fitted by 
Gaussian or exponential forms except near the tail. 

5) These spectra in many cases have a tail which 
varies with spectral frequency raised to some 
power, occasionally characterized by two distinct 
frequency regions with different exponents. The 
maximum Doppler frequency is slightly correlated 
with the frequency at the beginning of the tail. 

6) These spectra broaden with increasing range, scat¬ 
tering <mgle and frequency. 

7) Aperture-medium coupling loss agrees with that 
predicted by Booker and deBettencourt. 

8) In general, the results support the turbulent 
single-scattering concept with a dielectric spec¬ 

trum proportional to k~w. Layer reflection phe¬ 
nomena becomes important in the lower frequency 
range as the atmosphere begins to stabilize. 
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Behavior of Thermal Noise and 
Beam Noise in a Quadrupole 
Amplifier* 

Because of a fundamental difference in 
the nature of thermal noise in resistors on 
one hand, and of cyclotron-wave noise in 
electron beams on the other, the terms corre¬ 
sponding to these noise sources in the single¬ 
channel noise figure of quadrupole ampli¬ 
fiers' exhibit significantly different frequency 
dependence. It is well known* that for any 
parametric amplifier, the contribution from 
the thermal noise in the idler channel is pro¬ 
portional to on/wj, the ratio of signal fre¬ 
quency to idler frequency. In parametric 
amplifiers where thermal noise is dominant, 
an obvious way to improve the noise figure 
is to select a high idler frequency so that this 
ratio becomes small. The same is not neces¬ 
sarily true with respect to quadrupole ampli¬ 
fiers. 

I he purpose of this letter is to clarify the 
noise behavior of nondegenerate quadrupole 
amplifiers under the following mutually ex¬ 
clusive sets of conditions: 

1 ) Beam noise, having been removed 
from the beam by appropriate fast¬ 
wave input couplers, is negligible at 
both signal and idler frequencies. 

2) No fast-wave coupler is provided at 
the idler frequency; thus, the original 

* Received by the IRE. December 19. 1960. 
1 R. Adler. G. Hrbek. and G. Wade. “The quadru¬ 

pole amplifier, a low-noise parametric device." Proc. 
IRE. vol. 47. pp. 1713-1723; October. 1959. 

■ II. Heffner and G. Wade. “Minimum noise fig¬ 
ure of a parametric amplifier." J. Appl. Phys., vol. 
29, p, 1262; August. 1958. 

beam noise is present at that fre¬ 
quency. 

In both cases, we can assign to the beam 
an effective noise temperature at the idler 
frequency T,. The minimum noise figure is 
then 

Ti wi 
/‘min = 1 + ~- ’ (0 / o W2 

where Tu is room temperature. How large is 
T, in the two cases? 

For case 1, we assume that an idler 
coupler succeeds in extracting all the beam 
noise at œ2 and dissipating it in an external 
resistive load. The thermal noise generated 
in this external load, or in other resistive ele¬ 
ments associated with the idler coupler, 
must be impressed upon the beam like an 
input signal at the idler frequency. Thus, 
Ti is the temperature of the external load or 
the resistive elements generating the noise. 
If this temperature is held at To, the mini¬ 
mum noise figure for case 1 becomes the 
familiar expression2

Wl 
Fmioll) =14- - (2) 

The situation in case 2, where idler noise 
is not stripped from the beam, is quite dif¬ 
ferent. We have shown in an earlier paper,3 

experimentally as well as theoretically, that 
the noise temperature of cyclotron waves is 
inversely proportional to the cyclotron 
frequency. Specifically, the noise tempera-

» R. Adler and G. Wade, “Beam refrigeration by 
means of large magnetic fields," J. A ppi. Phys., vol. 
31. pp. 1201-1203: July. 1960. 

ture Tu observed at a frequency w in a mag¬ 
netic field having a cyclotron frequency wr is 
equal to 

(3) 

where Tr is the cathode temperature. Equat¬ 
ing Tw with Tt in (1) and w with œ», we find 
that 

Tc an 
Fmln(l) = 1 + — —’ ‘ 

/ 0 We 

Note that the idler frequency w> no longer 
appears in the expression for the minimum 
noise figure. As the idler frequency is in¬ 
creased, the beam noise power available at 
u>2 increases proportionately, thus cancelling 
the advantage one would normally expect. 
The cyclotron frequency now appears in the 
position previously occupied by the idler 
frequency; if idler noise is not removed, 
the magnetic field must be made high to re¬ 
duce it. 

In a practical nondegenerate quadrupole 
amplifier, one normally attempts to strip the 
beam noise at w2 in order to attain the su¬ 
perior performance corresponding to case 1. 
In practice, the match between beam and 
room temperature load at the idler frequency 
may not be perfect. The minimum noise 
figure will then be between the values given 
for the two cases. 

R. Adler 
Zenith Radio Corp. 

Chicago, Ill. 
G. Wade 

Raytheon Co. 
Burlington, Mass. 
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Tunnel Diode Large-Signal 
Simulation Study* 

Crisson1 has presented a method for pro¬ 
ducing a voltage-controlled negative re¬ 
sistance at the input terminals of an "ideal 
amplifier" with feedback. It can be shown 
that the network enclosed by the dashed line 
in Fig. 1 displays the same terminal charac¬ 
teristics as the “ideal amplifier.” 

Curve A in Fig. 2 isa broken-line approxi¬ 
mation to the static \’-I characteristics of a 
GE ZJ56 tunnel diode which was produced 
by an analog-computer mechanization of the 
aforementioned network. The i(v) current 
generator in Fig. 1 delivers a current equal 
to ii(v) — ij(v), which is a function of the 
junction voltage, f. ¿(r) is defined by the 
linear equation relating v and i in region 1 
of curve A, and the resistance r, is equal to 
the constant ratio of » to i in this same 
region. ij(v) is defined by the linear equations 
relating v and i in each of the j linear regions 
(j=l, 2, 3, 4) of curve A, Fig. 2. Curve B 
in Fig. 2 is the broken-line output current 
from the i(v) generator. Curve C is the plot 
of an analytic expression that was fitted to 
curve B, i.e., 

i(v) = ¿i[l — exp (—^2)] (1) 

where =0.008 and fe=110 for the GE 
ZJ56 tunnel diodes that were the basis for 
the simulation. The monotonic character of 
the i(v) curves permitted good curve-follow¬ 
ing techniques during the analog simulation. 
The enclosed network in Fig. 1 is used to 
simulate the static voltage-current charac¬ 
teristics of the large-signal tunnel diode 
equivalent circuit shown in that figure. The 
L. C and R. elements that complete the 
equivalent circuit have been treated in de¬ 
tail in the literature.2 (An additional average 

* Received by the IRE, November 22, I960; re¬ 
vised manuscript received, December 10. I960. 

1 G. Crisson, “Negative impedances in the twin 21 
type repeater,” Bell .Sys. Tech. J., vol. 10, pp. 485-
513; July. 1931. 

2 U. S. Davidsohn, V. ('. Hwang and G. B. Ober, 
“Designing with tunnel diodes,” Electronic Design, 
vol. 8, pp. 50-55; February 3, 1960. 

Fig.l —Large-signal tunnel-diode equivalent circuit. 

Fig. 2 Curve A: Approximation to GE ZJ56 tunnel 
diode static v-i characteristic obtained by analog 
computer simulation. Curve B: Broken-line ap¬ 
proximation to current from i(v) generator. Curve 
(': Analytic approximation to current from i(v) 
generator. 

diffusion capacitance can be switched in 
region 4 during analog simulation.) 

I'he equivalent circuit was investigated 
for large-signal dynamic response using both 
analog simulation and graphical analysis 
techniques. An objective in this initial study 
was to determine the correlation between 
the analog and graphical techniques for 
arbitrary equivalent circuit parameters. 
Figs. 3 and 4 show some analog simulated 
results (dashed lines) with the analytic i(v) 
current generator employed in the equiva¬ 
lent circuit. Fig. 3 displays the response of 
the equivalent circuit to a ramp driving 
function with the circuit operating in the 
switching mode, i.e., (Rtl + R*) > | — r|, 
where — r is the inverse slope in region 2. 
(Æÿ4-Æ.=470 ohms, ¿=5.0 nh and C—lmsi). 
Fig. 4 shows the sinusoidal response to a 
voltage step input that places the load line 
(Ra+R,,)<\ — r| , in the negative resistance 
region (region 2) of the v-i characteristic. 
(Ru+R^ 10 ohms, L — 7.5 nh and C=2 wf ) 

A total, second-order, nonlinear differ¬ 
ential equation employing the t(v) function 
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defined in (1) was written for the junction 
voltage r, i.e., 

+ H u£(1 + Ky - Wi[l - exp (-*.!■’)] 

= tW,2 (2) 

where R = R„ + K, and IF„2=1/LC. Al¬ 
though this equation does not lend itself to 
closed analytic solution, it was found to be 
solvable by Hsia’s3 graphical method when 
the construction technique is properly al¬ 
tered to accommodate the changes in the 
apparent driving conditions. This graphical 
method yields the solution of the equation 

Ar» tan n + /•'(:■„) = H(nãl) — 5„(/) (3) 

which is obtained from a term-by-term inte¬ 
gration of (2). 

Figs. 3 and 4 display the graphical solu¬ 
tions of (3) for the same circuit conditions 
used in the analog simulation process. The 
equivalent circuit in Fig. 1 also produced 
relaxation oscillations with the proper ex¬ 
ternal circuit parameters. 

S. B. Geller 
P. A. Mantek 

Data Processing Systems Div. 
Natl. Bureau of Standards 

Washington, D. C. 

3 P. S. Hsia. “A graphical analysis for nonlinear 
systems,” Proc. I EE, vol. 99. pt. 2. pp. 125-134: 1952. 

Radar Sensitivity with Degenerate 
Parametric Amplifier Front End* 

The following analysis is presented to 
assess the role of the tiegenerate parametric 
amplifier as the front end of a radar receiver 
operated in the normal mode or as a co¬ 
herent moving-target indicator (MTI). In 
both cases, it is assumed that the degenerate 
parametric amplifier, which can either be of 
the elect ron -beam1 or junction-diode2 type, 
is synchronously pumped3—that is, its 
pump voltage is derived from the second 
harmonic of a reference signal conerent with 
the transmitted KF. 

It will be shown that when calculating 
the effect of the degenerate amplifier on 
normal mode sensitivity, a value between 
1.6 and 3.2 db must be added to the broad¬ 
band noise figure of the amplifier. (The 

♦ Received by the IRE, July 8, I960; revised 
manuscript received, October 26, 1960. The work re¬ 
ported here was performed under Contract AF 
30(602)- 1854 with the Rome Air Dev. Ctr., Griffiss 
Air Force Base, N. V. 

1 R. Adler, G. Hrbek, and G. Wade, “The quad¬ 
rupole amplifier, a low-noise parametric device,” 
Proc. IRE, vol. 47, pp. 1713 1 723; October, 1959. 

2 R. Gardner, et al., “First Quarterly Progress Re¬ 
port on Application of Semiconductor Diodes to 
Microwave Low-Noise Amplifiers and Harmonic Gen¬ 
erators," Airborne Instruments Lab., Rept. No. 
5872 1 1, Section I VC; October 15, 1958., 

3 “High-frequency radar amplifier," New Products 
Section, Proc. IRE, vol. 48, pp. 174A-178A; June, 
I960. 

actual value depends on the characteristics 
of the radar set anti is about 2.4 db for a 
typical search radar.) It will also be shown 
that the coherent M i l performance of the 
system will be severely degraded unless a 
filter can be used to eliminate one half of the 
IF amplifier's usual pass band, in which case 
3 db must be added to the broad-band noise 
figure of the degenerate amplifier when cal¬ 
culating its effect on system M i l sensitivity. 

The radar return from a target can 
either be considered to have the same fre¬ 
quency as the reference RF, but with a 
variable phase tiepending on the range of the 
target, or to have a frequency differing from 
the reference RI' by the Doppler frequency 
corresponding to the target's radial velocity. 
Initially, consider the first viewpoint and 
denote the phase difference between the 
radar return and the reference RF for each 
pulse by ß. Then the complex output voltage 
of the degenerate amplifier F is given by 

F = .4Bn»[l + (1 - 4)e->*>] (1) 

where A is a gain factor, B is the amplitude 
of the received signal, and (1 — ô) equals the 
idler voltage divided by the signal voltage 
(5«1 for high gain).2

brom (1), the magnitude and phase of V 
under high-gain conditions are given by 

| F | » 2.1B cosí (2a) 

. 5 tan ß 
tan (-^F) = ——— • (2b) 

Thus, the degenerate amplifier rejects those 
input signal (and noise) voltages in quadra¬ 
ture with the reference RF voltage. Further¬ 
more. the output voltage of the degenerate 
amplifier contains the original phase infor¬ 
mation in the radar return ß principally in 
its magnitude and only slightly in its phase 
angle. The voltage F is then fed to either 
the normal or MTI receivers. 

For the normal receiver, assume the use 
of a linear detector (square-law for weak 
signals) that delivers an. output video volt¬ 
age proportional to the envelope of the in¬ 
put voltage. Then, for comparison pur¬ 
poses, assume the receiver front end can 
either be a degenerate parametric amplifier, 
which rejects quadrature components, or of 
a conventional single-channel amplifier, 
which amplifies both in phase and quadra¬ 
ture components, and whose noise figure 
equals the broad-band noise figure of the de¬ 
generate amplifier. Then, if the noise con¬ 
tribution from the post receiver is negligible, 
the average signal-to-noise power ratio ap¬ 
plied to the detector will be the same in both 
cases, but the video voltage probability 
density functions will be different, and are 
given by 

where PdW and P,(v) are the functions for 
the degenerate and conventional amplifiers, 
when v>0; a is the mis value of the Gaus¬ 
sian noise voltage applied to the detector, 

and a is the peak signal voltage applied to 
the detector. 

For the degenerate amplifier, the mean 
and mean-square values of distribution (3a) 
are. respectively. 

I'he mean-square fluctuation in the ab¬ 
sence of the signal is then 

(6) 

and the xideo-signal component for weak 
signals is approximately 

For a large number of weak radar returns 
with arbitrary values of phase 0, the axer¬ 
age signal component is 

35 = ; 
y/licXla) 

thus, the axerage x ideo signal-to-noise power 
ratio is 

=Ä -^(-1 Y (9) 
Vd2 - (tu)’ MX* -2/ 

For strong signals, the video-signal com¬ 
ponent is 

Sj' = a I cos ß I . (10) 

l or a large number of strong radar returns 
with arbitrary values of phase 9, the average 
signal component is 

S/ 
2a 

(11) 

and the average video signal-to-noise power 
ratio becomes 

(S.O- = ̂ (JL\ 
lid2 — (Va)2 <r2tr xir — 2/ 

(12) 

Repeating the process for the conventional 
amplifier, we obtain the following video sig¬ 
nal-to-noise power ratios for the weak and 
strong signal cases, respectively. 

5, ' / ir \ 
iÿ2 - Kw'\4-^/ 

SP _ 2a2
F2 - M 2 ~ <r’(4 - r) ' 

Comparing (9) with (13) and (1 
(14), we find that the loss incurred in aver¬ 
age video signal-to-noise power ratio with 
the degenerate amplifier is 2 (4 — w) /7r(?r — 2 ) 
or 3.2 db for both weak and strong signals. 
In the strong-signal case, this means a 
3.2-db loss in sensitivity since the detector is 
linear. In the weak-signal case, this means a 
1.6-db loss in sensitivity, since any detector 
characteristic is square-law for weak signals. 
The conclusion then is that 1.6 db must be 
added to the broad-band noise figure of the 
degenerate amplifier to determine normal 
mode sensitivity for a large number of weak 

(13) 

(14) 

2) with 
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returns with random phases, while a value of 
3.2 db must be added for the corresponding 
strong-signal case. The exact value to use in 
a given application depends on the circum¬ 
stances. In a typical search radar case with 
10 to 15 target returns |xt antenna scan, 
the minimum detectable signal is about 
equal to noise for each return and we arc in 
the breakpoint region where the proper value 
is about 2.4 db. 

Next, the coherent M i l receiver case is 
considered. Here, video detection is ac¬ 
complished in a phase detector (operating 
from the reference RI' ) that is preceded by a 
limiting II-' amplifier. The object is to sense 
moving targets by obtaining a phasc-de-
tc< tor output-pulse amplitude that is a 
cosine function of the phase angle 0 of the 
radar return. Then pulse-to-pulse subtrac¬ 
tion in a subsequent canceller will generate 
outputs only for moving targets. When a 
degenerate amplifier front end is used, how¬ 
ever, its output voltage contains the neces¬ 
sary phase information primarily in its mag¬ 
nit ude. (See discussion following 12). | As a 
result, there is a severe degradation in MTI 
performance caused both by the generation 
of spurious target indications and by the 
failure to detect actual moving targets. 
Spurious target indications will be gen¬ 
erated from the small perturbations in clut¬ 
ter returns that are caused by antenna scan¬ 
ning when the clutter return has the average 
phase necessary to produce a small output 
from the degenerate amplifier. On the other 
hand, if the clutter return has the phase 
necessary to produce a large output from the 
degenerate amplifier, the desired phase vari¬ 
ation for a moving target in the presence of 
this clutter (which appears as an amplitude 
variation superimposed on clutter at the 
output terminals of the degenerate ampli¬ 
fier) will be masked by the limiting action 
of the IF amplifier. Furthermore, because 
of this same limiting action, a large moving 
target in the clear will lie largely undectected 
except at near-optimum target speeds when 
an appreciable number of complete RF 
phase reversals from pulse-to-pulse occur in 
one scan of the antenna. Note that the use of 
a non-limiting IF amplifier should provide 
better moving-target detection, but it too 
would produce spurious target indications 
due to scanning clutter. These spurious indi¬ 
cations can be detrimental in main applica¬ 
tions. 

I he degradation in Ml I operation that 
occurs with a degenerate amplifier can be 
avoided in theory by inserting a filter to 
eliminate one half of the IF amplifier's 
usual response. Aside from the practical 
difficulties of designing a filter of sufficiently 
sharp rejection, however, such a procedure 
would cause a degradation in optimum sensi¬ 
tivity. This can be seen most readily by 
considering the radar return from a moving 
target to be at either a frequency fo+fd 
(target approaching radar) or fn~fd (target 
moving away from radar), where fo is the 
transmitted frequency and f,i is the Doppler 
frequency corresponding to the target’s ra¬ 
dial velocity. Signals at either of these fre¬ 
quencies will then be amplified (either with 
or without frequency translation) and will 
appear at the output of the degenerate am¬ 
plifier in the useful band (say in the vicinity 

of fo+fj, due to the subsequent IF filter). 
Input noise from the vicinity of both of these 
frequencies, however, will always be present 
in this useful output band, resulting in a 
3-db degradation in optimum sensitivity (3 
db must be added to the broad-band noise 
figure to determine system M i l sensitivity). 

In conclusion, although synchronous 
pumping affords a convenient means for ob¬ 
taining a pump source, it does not yield a 
significant improvement in search-radar per¬ 
formance over that obtainable by simply de¬ 
tuning the amplifier from the degenerate 
point, where a constant value of 3 db must 
be added to the broad-band noise figure of 
the amplifier to determine system sensitiv¬ 
ity. 
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Comments from K. Adler* 

Anyone who has seen a distant radar tar¬ 
get suddenly light up with a certain setting 
of the pump-frequency control, only to find 
later that the setting was dose to twice the 
signal frequency, will find it difficult to be¬ 
lieve all of Greene and White's pessimistic 
conclusions. 

Synchronous pumping of a degenerate 
parametric amplifier was suggested several 
years ago by Kenneth G. Eakin of Rome Air 
Development Center, for the purpose of 
increasing the sensitivity of coherent M i l 
radars. I he idea was to take advantage of a 
property which the degenerate amplifier 
shares with the phase detector: both respond 
to one signal component (say cos 9) and 
reject the corresponding quadrature com¬ 
ponent (sin 9). Thus, with the pump syn¬ 
chronized and properly phased, the entire 
output from the degenerate amplifier, in¬ 
cluding signal and idler alike (see Greene and 
White’s (2a), above) is accepted by the 
phase detector; the sin 9 component rejected 
by the degenerate amplifier would have been 
suppressed by the phase detector in any 
event. For weak signals (below limiting level), 
one would therefore expect a sensitivity in 
accordance with the double-channel noise 
figure of the parametric amplifier, without 
any impairment whatever. 

Such a system was tested in Rome, N. Y., 
early in I960. An electron-beam parametric 
amplifier (EBPA) operating at about 1300 
Me was used in these experiments. The dou¬ 
ble-channel noise figure was 1.3 db (com¬ 
pared to 8.5 db without EBPA); more than 
20-db gain was available and the results were 
exciting—the minimum detectable signal 

8 Received by the IRE, November 9. I960. 

(MDS) in MTI mode improved by a full 10 
db. Effective antenna temperature of sub¬ 
stantially’ less than 290°K probably ac¬ 
counted for the nearly 3-db extra improve¬ 
ment beyond the 7.2-db difference in noise 
figures. 

The expectation that the full-range in¬ 
crease corresponding to the double-channel 
noise figure would be realized in the MTl 
mode was clearly confirmed. This result, 
which had been Eakin's prime concern, does 
not seem to be the subject of controversy. 

Unfortunately, an MTI setup is not 
usually concerned with weak targets at ex¬ 
treme range; its main purpose is to reject 
strong stationary targets, often at close 
range, while rendering moving targets visi¬ 
ble. MTI circuits frequently employ a 30-db 
span between noise level and limiting level; 
stationary targets are often strong enough 
to cause limiting, and whenever this happens 
the degenerate amplifier impairs subclutter 
visibility, as explained by Greene and White. 
Not all the dire consequences predicted by 
them are observed—for instance, the range 
of blind speeds for large moving targets in 
the clear is narrowed, not widened- but the 
fact remains that M i l performance at close 
range is seriously degraded. 

Greene and White mention the theo¬ 
retical possibility of avoiding this degrada¬ 
tion by means of a filter which eliminates 
half the IF response. Such a filter was con¬ 
sidered after the difficulty was first discov¬ 
ered; it turned out, however, that a comb 
filter capable of separating the IF band into 
as many parts as there are lines in the pulse 
spectrum would be required. This is im¬ 
practical. 

Let us now return to the Rome experi¬ 
ments. The radar could be operated with 
conventional detection as well as with M i l. 
We had expected no particular advantage 
from synchronous pumping with conven¬ 
tional detection, and a switch was available 
to move the pump frequency a few mega¬ 
cycles away from the synchronous point. 
This had no measurable effect on gain or 
double-channel noise figure but it removed 
all signal power from the idler channel. To 
our surprise, we found immediately’ a sub¬ 
stantial difference in MDS in favor of syn¬ 
chronous pumping; the difference appeared 
to be close to 3 db. It seemed that putting 
the idler into the receiver pass band restored 
the double-channel signal-to- noise ratio. 

Today, after many more experiments and 
a little more thought, it appears that the 
signal-to-noise ratio using conventional de¬ 
tection and idler-in-passband pumping (syn¬ 
chronism is not important in this case) is 
just 1.5 db poorer than would lx.- expe< ted 
from the double-channel noise figure. The 
magic number of 1.5 db results when one as¬ 
sumes square-law detection. It is interesting 
that it differs by only 0.1 db from Greene 
and White’s figure (1.6 db) for this case. 
Let us show first how easily the result can 
be derived, then why square-law detection 
seems a proper and practical assumption, 
and finally’ give experimental data. 

As stated before, the degenerate ampli¬ 
fier accepts cosine components and rejects 
sine components. It applies to the square-law 
detector a signal (and noise) of the form 
a -cos 9. The detector output is thus a2 cos2 9. 



806 PROCEEDINGS OF THE IRE A pril 

TABLE I 
Experimental Resells (L Band) 

Equipment 
Noise- Figure 
Improvement 

(Double-Channel 
Over Original) 

MDS Improvement 
(Conventional 

Detection) 
Source 

FPS-8 Radar 
Rome, N. V. 

ARSR 1 Radar 
Wayland, Mass. 

MPS- 11 Radar 
Glenview, 111. 

AASR-1 Radar 
North Bay, Ont. 

GRN-9B TACAN 
Patuxent River, Md. 

MPS- 11 Radar 
Jacksonville, N. C. 

7.2 

4.9 

8.1 

5.5 

6.3 

8.3 

9 

4.0 

7.0 

4.5 

4.3 

7-10 

antenna 

dummy load 

antenna 

dummy load 

dummy load 

antenna* 

* Ranse increase o 45 to 70 tier cent, PPI (controlled flight tests). Better figure corresponds to in-pass band 
pumping. 

This output includes the desired video sig¬ 
nal as well as rectified noise having a certain 
fluctuation. 

In principle, we could assume that the 
unused sine components might be utilized 
in a second degenerate amplifier and recti¬ 
fied by a second square-law detector, with 
a resulting output signal a2 sin2 0. We could 
then add the two video voltages (each repre¬ 
senting signal and noise power) to obtain 
simply a2, the output from a conventional 
receiver followed by a square-law detector. 

1'he two channels which we have thus 
combined contain, on the average, equal 
amounts of signal. Their noise fluctuations 
are not correlated. By combining the two 
channels we double the signal and the av¬ 
erage de level of the noise, but the noise 
fluctuation increases only by y/2. Since out¬ 
put voltage represents input power, the im¬ 
provement resulting from the combination 
is 1.5 db. Conversely, with the single degen¬ 
erate amplifier operating alone, we lose 1.5 
db compared to a conventional amplifier. 

Greene and W hite point out that for 
large signals, video signal-to-noise ratio is 
impaired if linear detection occurs in place of 
square-law detection. But this is just as true 
in any other receiver; once a signal pulse 
sticks out of the noise by a detectable mar¬ 
gin. flattening the detector characteristic 
from square-law to linear naturally reduces 
that margin. Since every detector becomes a 
square-law device at sufficiently low input 
level, proper receiver design provides enough 
video gain to permit operation of the de¬ 
tector in this region for signals close to the 
noise level. An operator who turns the IE 
gain up and the video gain down deprives 
himself of a certain degree of performance; 
but why assume operation of any radar re¬ 
ceiver, conventional or otherwise, with mis¬ 
adjusted gain controls? 

Before giving experimental results, let 
me correct another error: the 1.5-db impair¬ 
ment applies to the signal-to-noise ratio, not 
to the noise figure. The impairment in noise 
figure is 1.5 db only when the antenna-noise 
temperature is 290°K. Usually, this tempera¬ 
ture is somewhat lower and the correspond¬ 
ing degradation of noise figure is then less 
than 1.5 db. 

I'he experimental data are shown in 
Table I. Idler-in-pass-band pumping was 
used in all cases. In some locations where 

Mil was employed at close range, the range 
gate was used to shift the pump frequency 
so as to place the idler outside the pass band 
during MTI operation. Turning the pump 
off at close range, with the EBPA acting as 
a unity-gain isolator, has also been sug¬ 
gested. 

One interesting puzzle remains: In a 
number of cases where the idler frequency 
could be shifted inside or outside the pass 
band, the MDS improvement resulting from 
in-pass-band pumping was measured di¬ 
rectly. Theoretically, we would expect 3 — 1.5 
= 1.5 db; Greene and W hite would look for 
something from 1.4 db down to —0.2 db. 
But observers uninhibited by either theory 
keep finding 2.5 to 3 db. 

To sum it all up, idler-in-pass-band pump¬ 
ing with conventional detection provides a 
significant improvement over offset-fre¬ 
quency pumping. The correction to be ap¬ 
plied to the double-channel noise figure is 
1.5 db or less. 

It isa pleasure to thank |. C. Greene and 
W . D. W hite of Airborne Instruments Lab¬ 
oratory for the courtesy of making their 
manuscript available in advance of publica¬ 
tion. 

Robert Adler 
Research Dept. 

Zenith Radio Corp. 
Chicago, 111. 

Rebuttal from Greene and White" 
Adler finds that distant targets appear 

brighter on the display of a radar set when 
a low-noise degenerate amplifier is used. This 
is not surprising, but we would expect that 
if the degenerate amplifier were replaced 
with a conventional amplifier having the 
same noise figure, distant targets would 
appear even brighter on the normal mode 
display while the MTI display would show 
far fewer spurious targets and more clearly 
reveal moving targets in chaff, in choppy 
seas, or near uneven terrain. 

6 Received by the IRK, January 13. 1961. 

W’e have shown that, depending on rela¬ 
tive signal level, the normal inode sensitivity 
of a radar set using a degenerate amplifier 
front end will be between 1.6 and 3.2 db 
worse than that obtained with an equivalent 
conventional amplifier. Adler suggests that 
by proper manipulation of receiver gain con¬ 
trols, one can operate the detector in the 
square-law region and thereby suffer only 
the minimum degradation of 1.6 db. W’<x>d-
ward7 has shown why this cannot be done; 
he indicates that when a number of pulses 
are to be combined for detection purposes, 
the optimum detector characteristic is 
square law for weak signals but becomes 
asymptotically linear as the signal level in¬ 
creases. (The linear detector we assumed is 
a close approximation to the optimum de¬ 
tector and is used almost universally in re¬ 
ceivers.) Thus, for the case of a conven¬ 
tional search radar where 10 to 15 pulse 
returns are received per antenna scan and 
each of these returns must be about equal to 
noise if the target is to be detected, even 
the optimum detector characteristic must 
depart significantly from sí piare law. As a 
result, the minimum sensitivity degradation 
in this case becomes about 2.4 db as indi¬ 
cated in our letter. 

We would like to point out that in mod¬ 
ern radar sets with only a few target returns 
available per antenna scan, the increase in 
signal strength required for reliable target 
detection when using a degenerate amplifier 
rather than a similar conventional amplifier 
can be significant ly larger than the 3.2 db 
limit we derived on the basis of a large num¬ 
ber of returns. This occurs because the de¬ 
generate amplifier can entirely reject some 
of the few returns available. Detailed com¬ 
putations for the limiting case of detecting 
a single pulse with 90 per cent probability 
and a false alarm rate of 10”6 show a 14-db 
penalty for the degenerate amplifier. It is 
also of interest to note that if a degenerate 
amplifier is used in a radio astronomy ap¬ 
plication where the received signal is broad¬ 
band noise, the system will be 1.6-db less 
sensitive than if a conventional amplifier 
having the same noise figure and total band¬ 
width is used. 

1'he degradation in normal mode sensi¬ 
tivity caused by the degenerate amplifier is 
a result of the detection process, and we have 
indicated that for convenience this degrada¬ 
tion may be added to the amplifier’s broad¬ 
band noise figure when calculating system 
sensitivity. W’e are, of course, aware that 
when the antenna temperature is other than 
290°K, corresponding adjustments must be 
made in computing system sensitivity. How¬ 
ever, noise figure is defined by the IRE 
Standards in terms of a source (antenna) at 
290°K. To speak of the noise figure at some 
other reference temperature is to invite con¬ 
fusion. A more general way of expressing the 
degradation for an arbitrary value of an¬ 
tenna temperature, is to multiply the effec¬ 
tive system noise temperature (antenna 
temperature plus receiver excess noise tem¬ 
perature) by the factor representing the 
actual sensitivity' degradation. 

7 P. M. Woodward, “Probability and Information 
Theory with Applications to Radar," McGraw-Hill 
Book Co., Inc., New York, N. V., p. 98, l-qs. 38 and 
39; 1953. 



l<)61 Correspondence 807 

Our objection to the degenerate amplifier 
for coherent MT! reception is based solely 
on the serious consequences of the loss of 
subclutter visibility and the generation of 
spurious targets, since there is no degrada¬ 
tion in MTI sensitivity with synchronous 
pumping. Adler is correct in stating that the 
range of blind speeds for large moving tar¬ 
gets in the clear is narrowed with the degen¬ 
erate amplifier, but only to the extent that 
the degenerate amplifier noise figure is better 
than that of the amplifier it is compared 
with, for the case of equal noise figures, 
there should be little difference in the range 
of blind speeds. 

fhe only published report available on 
the Rome experiments indicates that a 
Hewlett-Packard signal generator was used 
to simulate actual radar returns.8 In such 
a case, an unlimited number of pulses is 
available for processing by the radar set, 
and we believe the puzzle reported by Adler 
can be explained on this basis. Thus, with 
degenerate operation, many of the incoming 
pulses will arrive with near optimum phase 
and produce an A-scope deflection con¬ 
sistent with no sensit ¡vit y degradation. Be¬ 
cause of scope' iKTsistence, the observer 
should be able to detect this peak value, 
which should correspond to a signal level 
just about 3 db lower than that with the 
idler outside the amplifier pass band. |n a 
practical radar case, where a limited number 
of pulses is available, one would not expect 
the same results. 

In summary, we behexe the conclusions 
stated in our original letter are correct, and 
that the experimental data presented by 
Adler would have been even better if the 
degenerate amplifier had been replaced with 
a conventional amplifier having the same 
noise figure. 

J. C. Greene 
W. I). White 

Airborne Instruments Lab. 
Melville, X. Y. 

Rebuttal from R. Adler* 
Apparently we are in substantial agree¬ 

ment with respect to the MTI mode: no 
sensitivity is lost there, but close-range per¬ 
formance is degraded. The disagreement cen¬ 
ters on the normal mode (conventional de¬ 
tection): Greene and White expect that 
shifting the pump frequency from outside to 
inside the pass band should produce an im¬ 
provement of only about 0.6 db; we expect 
the improvement to be 1.5 db, and field ob¬ 
servers find even more, usually 2.5 to 3.0 db. 

Greene and W hite’s explanation of the 
puzzle (next-to-last paragraph of their re¬ 
buttal) has considerable merit. Let me add a 
detail: with degenerate operation, quadra¬ 
ture noise is rejected and therefore the de 
level of the detected noise is one-half, its 
fluctuation amplitude l/\/- of what they 
would be with a conventional amplifier. Op-

8 “Test and Evaluation oí a Zenith Electron Beam 
Parametric Amplifier,” RADC Rept.; February 26 
I960. 

• Received by the IRE, December 7, I960 

tinium phase signal pulses, on the other 
hand, produce the same scope deflection as 
with a conventional amplifier. If an ob¬ 
server were able to detect the peak value as 
Greene and White suggest, he could observe 
even weaker signals than with the conven¬ 
tional amplifier, because the noise is lower. 
There is no evidence for this; with signal 
generator and A-scope, the typical improve¬ 
ment observed with in-pass-band pumping 
is 3 db, no more. Greene and White’s expla¬ 
nation may well account for this result. 

But why are the results with search ra¬ 
dars and 1’1*1 observation as good as re¬ 
ported? Let me briefly describe a controlled 
flight test: Typically, a test plane flies radi¬ 
ally outward at fixed altitude. Each time 
the antenna sweeps across the selected azi¬ 
muth, the radar paints a spot which is graded 
as follows: 1) persistent for the entire scan, 
2) for only half the scan, 3) barely visible. 
Grade and distance are recorded; the results 
are quite reproducible. It is in tests of this 
kind that the 2.5- to 3.0-db improvement 
with in-pass-band pumping is observed. 

These are conventional search radars 
with 10 to 15 hits per scan, so that consider¬ 
able averaging takes place each time a spot 
is painted; the fluctuations resulting from 
the random phasing of individual hits are 
reduced by a factor of \ T0 to \ 15, or about 
3 to 4 times. The residual fluctuation has not 
been observed. But the point raised by 
Greene and W hite regarding the probability 
of missing an individual pulse is very well 
taken: in those special radars which make 
use of single (or very few) pulses, instead of 
averaging over many, in-pass-band pumping 
should not be used. 

Xo matter how good the averaging proc¬ 
ess, it does not explain why the PPI ob¬ 
servations give better results than either 
theory. If we follow Greene and White in 
assuming that the detector is not square-law, 
the gap between theory and practice widens 
further. Could it be that there are other fac¬ 
tors involved? Let me suggest one worth 
investigating. 

The integration over the 10 to 15 hits 
occurs in the phosphor on the face of the 
cathode ray tube. The instantaneous light 
intensity of a spot is proportional to P25 
to V3 5, where V is the drive voltage above 
black level. 10 Thus, even with a strictly linear 
detector, the light intensity varies much 
faster than the signal amplitude. Could this 
nonlinear reproduction process favor the de¬ 
generate amplifier by placing a premium on 
the large in-phase pulses? 

Before closing, two minor points. First 
the matter of antenna temperature. We all 
agree, of course, that the noise figure must 
always be referred to a signal source of 
290°K. In a conventional amplifier, the 
story ends right there. But a parametric 
amplifier has a noise leak in the form of its 
idler channel. The noise which enters through 
this leak does not come from the signal 
source but from the idler termination which, 
for instance, could be cooled even though the 
signal source remained at 290°K. The total 
excess noise of a parametric amplifier (used 
as a single-channel device) consists of the 

10 See, for instance: Donald G. Fink, “Television 
Engineering,’ McGraw Hill Book Co., Inc., pp. 131-
132: 1952. 

built-in noise on the signal channel, the 
built-in noise on the idler channel, and the 
external noise generated in the idler ter¬ 
mination. To determine, for the signal chan¬ 
nel, an equivalent single-channel noise fig¬ 
ure, the idler termination temperature must 
be specified; it need by no means be 290°K. 
In practice it is often lower. 

Second, with respect to the degenerate 
amplifier used in a radio astronomy (or 
radiometry) application: the suppression of 
all quadrature components (internal and 
external noise alike) is equivalent to cutting 
the information bandwidth (bits per unit 
time) in half; the two sidebands (above and 
below the half pump frequency) become sym¬ 
metrical, therefore one is superfluous. This is 
probably another way of stating what 
Greene and \\ hite hat e said. The noise figure, 
in this case, is of course the double-channel 
noise figure. 

To return to radar and summarize the 
points of diagreement: Greene and White's 
predictions with respect to the normal mode 
are unduly pessimistic. The degenerate am¬ 
plifier performs surprisingly well with con¬ 
ventional search radars; so well, in fact, that 
its replacement by a conventional amplifier 
having the same noise figure would result in 
very little improvement. 

Robert Adler 
Research Dept. 

Zenith Radio Corp. 
Chicago, 111. 

Determination of Noise Tempera¬ 
ture of a Gas-Discharge Noise 
Source for Four-Millimeter 
Waves* 

A gas-discharge noise source has been 
calibrated against a hot-body standard for 
use in the measurement of the noise figure of 
crystal diode mixers at 70 Ge. The tube 
calibrated was a neon discharge tube (noise 
source G\W-\ 18 made by Roger White 
Electron Devices, Inc.) mounted in RG-
98/U waveguide. The noise temperature of 
this tube at 70 Gc was determined to be 
18.2+0.25 db relative to 290°K at an oper¬ 
ating current of 35 ma. 

The hot-body standard was made from a 
wedge of high-resistivity silicon (50 ohm-
cm) inserted into a 5-inch section of RG-
98/U waveguide, as shown in Fig. 1. The 
wedge was approximately 1 inch long, and a 
VSWR of 1.05 was achieved. The load was 
placed in an oven and heated to 78O°C. To 
keep the temperature of the load uniform, 
and to achieve a high temperature gradient 
away from the load, the walls of the wave¬ 
guide section adjacent to the silicon wedge 
were machined to a thickness of approxi¬ 
mately 10 mils over a 2 1/16 inch length, as 

* Received by the IRE, January 6, 1961. This 
work was supported in j>art by the U. S. Army Signal 
Corps under Contract No. DA-36-039-SC-78066. 
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Fig. 1 “Hot-body" termination. (Note: drawing not to scale; 
dimensions in inches.) 

ments were made with a standard deviation 
of 0.15 db. The uncertainty in the determi¬ 
nation of the effective temperature of the 
hot load was less than 0.1 db. 

It is of interest to note that a similar gas-
discharge noise source was calibrated by 
Bridges' at approximately 37 Gc. He used a 
microwave radiometer for comparison with 
a load heated to 500°C and obtained the 
same noise temperature of 18.2 db for the 
gas-discharge noise source. 

Nicoll and Warner2 also measured the 
noise temperature of a neon gas discharge, 
at 30 mm Hg pressure, and found it to be 
about 13 db at 4-mm wavelength. The dif¬ 
ference between their result and ours may Ih? 
due to insufficient attenuation of the dis¬ 
charge they used, which would cause lower¬ 
ing of the effective temperature. In our case, 
the discharge attenuation was high enough 
so that a change in the termination behind 
the discharge tube did not affect the noise 
temperature within the experimental un¬ 
certainty. 

W. Jasinski 
G. Hillek 

Special Products Operation 
Philco Corp. 
Lansdale, Pa. 

1 T. I. Bridges, “A gas-discharge noise source lor 
eight-millimeter waves," Proc. IRK vol. 42, pp. 
818 819; May. 1954. 

5 G. R. Nicoll and F. L. Warner, T. R. E. Memo 
randum No. 544. 

Given, then, the following: 1) the flux <t>x\ 
2) the mean length of branch YJy, its cross¬ 
section area ,4r, and its average B-Il 
curve; 3) the mean length Zz, the cross-section 
area Az. and the B-H curve of branch Z, it 
is required to lind <£r and <t>z-

This case is the dual of a series circuit, 
consisting of two different branches con¬ 
nected in series, where it is required to find 
the division of the total magnetomotive 
force (mmf) between these branches.' 

I he equations pertaining to the solution 
of the present problem are 

<t>x = 0> + 4>z, (1) 

T, = Uz, (2) 

where Í is the mmf. 

Fis. 2. 

Fig. 3—BIock diagram of 70-Gc receiver. 

shown in Fig. 1. Just outside the oven, the 
waveguide was maintained at 100°C by 
water cooling. The waveguide temperature 
gradient, as shown in Fig. 2. was determined 
by moving a thermocouple inside the wave¬ 
guide. (Measurements were made with a 
650°C source and extrapolated to the 780°C 
hot-body temperature.) Ihe waveguide in¬ 
sertion loss was also determined as a func¬ 
tion of temperature. From these data the 
effective noise temperature was calculated, 
and found to be only 0.2 db less than the 
measured temperature of the silicon load. 
To prevent oxidation of the inner walls of 
the waveguide, the load was evacuated and 
tilled with dry argon (this precaution proved 
to be unnecessary in subsequent measure¬ 
ments). 

I he hot-body standard was compared 
with the gas-discharge noise tube using a 
70-Gc superheterodyne receiver employing a 
Philco 1N2792 mixer diode, as shown in 
Fig. 3. Ihe receiver noise figure measure-

A Direct Graphical Solution for the 
Flux Distribution in a Magnetic 
Parallel Circuit* 

A problem which is encountered in mag¬ 
netic circuit analysis is that of the division of 
a flux <t>x between two different branches, F 
and Z, of a parallel circuit (Fig. 1). By meth¬ 
ods of successive approximations, a solution 
can be derived with a sufficient degree of ac¬ 
curacy. I he present method provides a di¬ 
rect graphical solution. The principle of this 
method is one that is used in many nonlinear 
circuits problems. 

♦ Received by the IRE, October 30. I960. 

ihe relationship between the flux and 
the mmf for branch Y can be determined 
from the given data i^y — ByAy and Uy 
Hyly) in a rationalized system of units. The 
curve of <t>y as a function of Uy is plotted in 
Eig. 2. Likewise, the relationship between 

and Uz can be determined. This curve is 
plotted in such a way that values on the 
ordinate axis increase from the top to the 
bottom, with the zero value starting at 
the point whereby is equal to <>.\. That is to 
say, an inverted magnetization curve is plotted 
for branch Z. Ihe intersection of the two 
curves at 5 satisfies (1) and (2), and there¬ 
fore yields the required result. 

Shlomo Karn i 
Elec. Engrg. Dept. 

I niversitv of Illinois 
Urbana, 111. 

1 M.I.T. Staff, “Magnetic Circuits and Trans 
formers, " John Wiley and Sons, Inc., New York. 
N. Y.; 1949. 
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Comparative Figures of Merit for 
Available Varactor Diodes* 

In a parametric amplifier using a varac¬ 
tor diode, optimum noise performance and, 
to a large extent, the maximum achievable 
gain-bandwidth product are both deter¬ 
mined by the figure of merit M of the par¬ 
ticular diode used. 1 However, M, defined as 
the product of the diode cutoff frequency 
and relative nonlinearity under pumped 
conditions, is not specified by the manufac¬ 
turers of commercially available diodes. 
Thus, it may appear to the diode user that a 
silicon diode with a graded junction will not 
compare favorably with an abrupt-junction 
gallium arsenide diode having the same cut¬ 
off frequency, since the graded junction is 
reputedly “less nonlinear" than the abrupt 
junction. In determining the .1/ values ob¬ 
tainable with the best commercially avail¬ 
able abrupt- and graded-junction diodes, it 
has been found that the graded junction ap¬ 
pears to hace a larger effective nonlinearity. 
For the particular graded-junction diode 
considered, however, this advantage was 
offset by a lower cutoff frequency, resulting 

conduction, and 2) the pump amplitude is 
adjusted to drive the diode into the forward 
conduction region (the maximum allowable 
amplitude is determined by a compromise 
between rapidly increasing Ci/Co values and 
the additional loss anti noisiness imposed by 
the onset of conductive current). This mode 
of operation is essentially optimum for the 
Tl XD-503 gallium arsenide abrupt-junc¬ 
tion diode. However, for silicon graded-
junction diodes, such as the MA pill diode, 
there is an anomalous current effect due to a 
multiplication through collision ionization 
of the minority carriers injected during for¬ 
ward conduction.2 As a result, the optimum 
bias point for such diodes is generally much 
closer to the forward conduction region. 

For the silicon graded-junction diode, the 
necessity for driving into the forward region 
and the phenomenon of multiplication of 
stored carriers indicate that the capacitance 
due to minority carrier storage may be the 
dominant factor in obtaining large Ct/Co 
values. The theory of the graded junction 
does show an enhancement of storage ca¬ 
pacitance effects when compared with the 
abrupt junction, indicating a larger ratio 

capacitance-voltage law was used in the all 
important forward conduction region (the 
assumed sinusoidal junction voltage actually 
gives a somewhat more pessimistic M value 
than that obtainable with a constant current 
pump source). The computed results are 
listed in Table 1 for several values of pump 
drive about fixed operating bias voltages. 
The assumed bias voltage of —1.0 volt for 
the MA diode is a nearly optimum value, as 
determined by experiment. The 2.0 volt 
value assumed for the TI diode is not quite 
optimum, but represents a good compromise 
between an optimum .1/ value and reason¬ 
able pump requirements. 

[ able I shows that the diode nonlinearity 
factor Ci/Co increases rapidly, while the 
diode cutoff frequency fr decreases rapidly 
(due to an increase in average diode capaci¬ 
tance) as the pump amplitude is increased. 
The figure of merit .1/ which is the product 
of these quantities is seen to increase to a 
maximum of 25 kMc for the MA diode and 
then decrease as the drive level is further in¬ 
creased. AI for the TI diode increases con¬ 
tinuously with drive level to a value of 34 
kMc for the assumed maximum drive level. 

TABLE I 
Diode Characteristics vs Pump Drive 

Diode Type 
Peak Pumped Capacitance 

0 Bias Capacitance 

Instantaneous 
de Current 

Corresponding 
to Peak Pumped 
Capacitance 

in pa 

Un pumped Capacitance 
Pumped Capacitance (Average) 
_ Pumped Cutoff Frequency 
Unpumjwd Cutoff Frequency 

Ci 

Co 
in kMc “"•iy 

M icrowave Associates 
MA 4298X Silicon 
Varactor 

Operating Bias = —1.0 v 

Unpunqied Cutoff Frequency 
at Oiwrating Bias =90 kMc 

2.35 

4.0 

10 

<1 

1 

5 

0.70 

0.55 

0.35 

0.37 

0.50 

0.67 

23 

25 

21 

27 

33 

38 

Texas Instruments 
XD-503 Gallium Arsenide 
Varactor 
Operating Bias = —2.0 v 
Unpum|x*d Cutoff Frequency 
at OjMTating Bias = 144 kMc 

1 .63 

2.43 

1 

10 

0.74 

0.66 

0.29 

0.36 

30 

34 

33 

38 

in similar M values of about 30 kMc for 
either type of diode. The good .8-, C-, and 
.Y-band experimental data recently reported 
are consistent with such large M values. 

For an analysis based on a parallel 
equivalent circuit, AI has been defined as1

A/ = (fMCdCo) = (i/lrKCMCi/Co), (1) 

where 
fr = diode cutoff frequency under 

pumped conditions, 
R=diode series resistance, 

C(t) = Co+2Ci sin wt + 2Ci sin 2wt+ ■ • • 
(the diode capacitance variation 
when pump frequency w is applied). 

Barring complicated effects, maximum 
M values are ordinarily obtained when 1) 
the diode is biased slightly forward of the 
midway point between forward and reverse 

♦ Received by the IRE, January 6, 1961. The work 
reported here was performed with the Rome Air Dev. 
Ctr., Griftiss AFB, Rome, N. Y.. under Contract 
A F 30(602)1 854. 

1 I. C. Greene and E. W. Sard, “Optimum noise 
and Rain-bandwidth lærformance for a practical one-
port parametric amplifier," Proc. IRE. vol. 48. pp. 
1583 -1590: September. I960. 

of susceptance to conductance for a given 
lifetime. 31 In any event, since the loss and 
noise due to RF conductive current actually 
determine the maximum obtainable M 
values, simple comparisons of AZ values 
based on assumed diode capacitance varia¬ 
tions with the inverse square root or inverse 
cube root of applied voltage plus contact po¬ 
tential are meaningless. 

To determine the AI values obtainable 
with each type of diode, Fourier series for 
the capacitance-time characteristics were 
determined from curves of junction capaci¬ 
tance vs applied voltage derived from the 
manufacturer’s published Smith chart data 
taken at microwave frequencies. Thus, al¬ 
though a sinusoidal junction voltage was as¬ 
sumed to facilitate analysis, no erroneous 

2 K. Siegel, “Anomalous reverse current in varac¬ 
tor diodes. ” Proc. IRE, vol. 48. pp. 1159-1160; June. 
1960. 

2 A. E. Bakanowski, “Crystal Rectifiers,” Bell 
Telephone Labs., Ninth Interim Tech. Rept., Signal 
Corps Contract DA 36 O39-SC-5589; October 15. 1956. 

4 VV. Shockley, “The theory of p-n junctions in 
semiconductors and p-n junction transistors,” Bell. 
Sys. Tech. J., vol. 28. pp. 435 489; July, 1949. 

1'he peak of the drive level assumed for the 
MA diode corresponds to a point on the 
E-I curve where a forward current of 5 ga 
flows. Such a peak current does not cause a 
significant degradation in amplifier noise 
performance. The degradation in noise per¬ 
formance of the corresponding peak current 
value of 10 ^a for the TI diode has not yet 
been determined. 

Also shown in Table I are values for M„ 
the diode figure of merit derived on the basis 
of a series equivalent circuit5 (A/ is derived 
on the basis of a parallel equivalent circuit). 
A/, is larger than A/ by the factor 1 — (Ci/Co) 2 

and thus, for a given diode, the series analy¬ 
sis always predicts better amplifier noise per¬ 
formance than the parallel analysis. For the 
TI diode, the values of A/ and M, are not 
significantly different, whereas for the MA 
diode, AI, becomes considerably larger than 
AI at high drive levels. The actual diode cir¬ 
cuit is neither a simple series nor parallel ar-

5 G. L. Matthaei, “A Study of the Optimum De¬ 
sign of Wideband Parametric Amplifiers and Up-
Converters," presented at PGMTT meeting, San 
Diego, Calif.: May, 1960. 
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rangement if stray parasitic reactances are 
considered, but in most cases it is believed 
that the series circuit is the more representa¬ 
tive. 

It is also of interest to note that for 
diodes with unpumped cutoff frequencies dif¬ 
ferent from those listed in Table I, the value 
of M can be readily computed, since the 
parameter M divided by unpumped cutoff 
frequency tends to be constant. The good 
experimental data recently reported at 5, C, 
and X bands6-8 require silicon diode M 
values between about 20 and 30 kMc, which, 
as shown in Table I, are not the best ob¬ 
tainable, but are consistent with the lower 
cutoff frequency values of the actual diodes 
used. 

In summary, it appears that the MA 
linearly-graded silicon junction diode is con¬ 
siderably more nonlinear than the TI abrupt-
junction gallium arsenide diode. However, 
due to a higher cutoff frequency, the TI 
diode has a comparable M value and there¬ 
fore should give about the same noise per¬ 
formance in a parametric amplifier; but this 
has not yet been verified experimentally. 

K. Siegel 
Airborne Instruments Lab. 

Division of Cutler-Hammer, Inc. 
Melville, X. Y. 

* I. Goldstein and .1. Zorzy, “Some results on diode 
parametric amplifiers." Proc. IRE, (Correspondence), 
vol. 48. p. 1783: October, I960. 

• J. C. Greene, et al., “Tenth Quarterly Progress 
Report On Application of Semiconductor Diodes to 
Low-Noise, Amplifiers, Harmonic Generators, and 
Fast-Acting TR Switches," Airborne Instruments 
Lab., Melville, N. Y.. Rept. No. 4589-1-10; December, 
I960. 

* Microwave Associates advertisement, Aiicrowave 
J., vol. 3 p. 15: November, I960. 

Capacitance Coefficients for 
Varactor Diodes* 

It has been shown1 that the Fourier co¬ 
efficients of a back-biased varactor, when 
driven by a constant voltage pump source, 
can be expressed in terms of hypergeometric 
functions. These coefficients are, of course, 
required in the preliminary design of single¬ 
tuned, as well as multiply-tuned, parametric 
amplifiers.2 When the varactor is of the 
abrupt junction type, the hypergeometric 
function reduces to the complete elliptical 
integrals of the first and second kind and 
these are widely available in tabulated 
form.3 The linearly graded junction, on the 
other hand, leads to nontabulated hyper¬ 
geometric functions. Fortunately, these 
functions can be expressed in a power series, 

* Received by the IRE, December 27. 1960. 
> S. Sensiper and R. D. Weglein, “Capacitance 

and charge coefficients for parametric diode devices.” 
Proc. IRE, (Correspondence), vol. 48, pp. 1482-1483; 
August, I960. 

- G. L. Matthaei, “A Study of the Optimum De¬ 
sign of Wideband Parametric Amplifiers and Up-
Converters," PGMTT Natl. Symp., San Diego. Calif.; 
May 9-11. I960. 

3 See, for example: E. Jahnke and F. Emde, 
“Tables of Functions," Dover Publications, Inc., New 
York, N. Y., 4th ed., pp. 78-80; 1945. 

which rapidly converges for all values of the 
argument.1 Calculations from this series ex¬ 
pansion are presented in Figs. 1 and 2. 

The form of thecapacitance variation with 
instantaneous voltage was assumed as fol¬ 
lows: 

C - Ca(l — a cos®)-1'3, 9 = at, 

where 

Cd = ColU 

a = Yo/U IT), 

with Cob the zero-bias capacitance, Vb the 
negative bias voltage, A the built-in voltage, 

and Vo the magnitude of the pump voltage 
at frequency w. While, in particular, Fig. 2 
shows the possibility of obtaining relatively 
large values of Ci/Co when the diode is 
driven severely, it should be remembered 
that under these conditions (that is, when 
the instantaneous voltage swings positive), 
there will be a contribution from the storage 
admittance. Although this admittance is 
capacitive in nature, its Q is frequency de¬ 
pendent and at microwave frequencies ap-

4 W. Magnus and F. Oberhettinger, “Formulas 
and Theorems for the Special Functions of Mathe¬ 
matical Physics,” Chelsea Publishing Co., New York, 
N. Y., pp. 9, 11; 1949. 

proaches unity, thus subtracting from the 
over-all Q of the varactor.5 It follows that, 
if low noise is the objective, the permissible 
normalized capacitance swing suffers as the 
frequency is increased. In addition, as can 
be seen from Fig. 2, higher-order capacitance 
coefficients attain magnitudes comparable 
with Ci/Co, under severe pumping condi¬ 
tions. These may lead to instabilities and 
spurious behavior in unsuspected places. 

Finally, the authors wish to point out an 
error in their previous note. 1 The limits on 
the integral of (13) should be 0 and tt/2. 

R. I). Weglein 
Hughes Res. Labs. 

Malibu, Calif. 
S. Sensiper 

Space Electronics Corp. 
Glendale, Calif. 

4 J. Hillibrand and C. F. Stocker, “The design of 
varactor diodes," RCA Rev., vol. 21, pp. 457-474: 
September, I960. 

Note on a Balun: Solution by 
a Tapered Potential* 

A recent paper1 described a design of 
tapered bahm (transducer between coaxial 
and two-wire transmission lines) with a re¬ 
ported excellent wideband performance. I lie 
design, however, was based on an intuitive 
approach, and it is the purpose of this note 
to draw attention to a powerful method 
which frequently leads to a simple solution 
of this type of problem. In this instance, a 
form of balun results which does not seem 
to have been known previously. 

The method was devised for waveguide 
mode transducers2 and may be explained 
briefly as follows. Suppose a two-dimensional 
field described by an eigenfunction, which 
in the waveguide case is a solution of the 
wave equation; then the walls of the guide 
must lie along boundaries set by the eigen¬ 
function. Xow suppose it is required to taper 
from one waveguide mode to another. In¬ 
stead of considering directly how to choose 
a suitable boundary taper, the method is to 
construct an eigenfunction taper, changing 
gradually along the axis from the function 
appropriate to the first mode to the function 
appropriate to the second. Boundaries satis¬ 
fying the function at each intermediate stage 
can often be assembled into the desired 
boundary taper. 

For the balun, the first and second modes 
are transverse electromagnetic (TEM 
modes)3 for which the fields are described by 

* Received by the IRE, November 7, 1960. 
1 J. W. Duncan and V. P. Menerva, “100:1 

Bandwidth balun transformer,” Proc. IRE, vol. 48, 
pp. 156-164; February. 1960. 

2 L. Solymar and C. C. Eaglesfield, “Design of 
mode transducers," IRE Trans, on Microwave 
Theory, and Techniques, vol. MTT-8, pp. 61-65; 
January, 1960. 

3 S. A. Schelkunoff, “Electromagnetic Waves," 
D. Van Nostrand Co., Inc., Princeton, N. J.; p. 281; 
1956. 
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a scalar potential satisfying the two-dimen¬ 
sional Laplace equation. The surfaces of the 
conductors follow equipotentials. The field 
of the concentric line is described by a 
potential proportional to 

Ua = logic r, 

the equipotentials being given by r=const. 
The two-wire line is similarly described by 

Vb = log r, — log r2, 

the equipotentials being circles surrounding 
(but not centered on) P and Q. 

Now form 

u — (i -qua + ̂Ub, 

where e is a slowly-varying function of the 
axial coordinate, changing from Oto 1. Thus, 
U changes slowly from Ua to Ub- Being a 
sum of two solutions of the Laplace equa¬ 
tion, U is also a solution and therefore de¬ 
scribes a TEM wave. 

Hence, ¿ describes a wave changing grad¬ 
ually from the concentric to the two-wire 
configurations. The required balun is to be 
sought by finding conductor cross sections 
corresponding to each intermediate U and 
assembling them along the axis. Note that 

U = log rt — i log r2, 

and consider l'ig. 1, which shows an equi" 
potential plot for the case of e = 0.5. It wil 
be seen that the equipotentials are closed 
loops surrounding either P or Q, or both. 
W hen U is small, the equipotential is a single 
loop around P, and when U is large, it is a 
pair of loops, one around Q and one around 
both P and Q. There is a transition value of 
U for which the two latter loops join. This 
general description applies for any value of e. 

Now if one boundary is taken along one 
value of U, Ut, and the other along Ui, then 
the impedance of the resulting transmission 
line is 

138(í¿2 — Ui) ohm 

if the dielectric is air. 
As an example, a design of balun will be 

given on which the following restrictions 
have been imposed: 

1) The impedance is constant, 150 ohms 
(i.e., U2-U, = t.O9). 

2) The outer loop and the small loop 
around Qareat the same potential Ui. 

3) I he small I "2 loop is arranged to have 
the same diameter as the U, loop. 

4) I he scale of the cross section is ad¬ 
justed, for each xalue of e, so that the 
diameter of the Ui loop remains con¬ 
stant through the taper. 

I he third condition needs qualifying. 
The diameter referred to is along the PQ 
axis, although for most of the balun it turns 
out that the small loops are very nearly cir¬ 
cular. But when e is small, it is not possible 
to fulfill the condition and then the transition 
loop is taken. 

Fig. 2 shows several 150-ohm sections 
assembled into the balun. 

A simple physical explanation of the 
balun is that the outer conductor is gradually 
replaced by a second wire as the return path. 
This second wire starts as a rib on the outer 
conductor and at a certain stage separates, 
leaving the outer conductor to expand in the 

Fig. 1 Equi|>otentials for « =0.5. 

pressing the undesired TEM mode, this 
would probably be effective also on the 
higher modes. It would have little effect on 
the desired mode. 

The fabrication of the balun does not 
seem to present great problems, although the 
shape of the outer conductor is a little in¬ 
convenient. It is possible that more con¬ 
venient shapes could be substituted without 
appreciably changing the performance, for 
instance an outer conductor mainly circular 
and concentric with the first wire. 

C. C. Eaglesfield 
Standard Telecommun. Labs., Ltd. 

Harlow, Essex, Eng. 

Fig. 2—Several sections assembled into the balun. 

manner of a horn. The proportion of current 
carried by the second wire (measured by e) 
gradually increases, but it is not possible to 
continue the taper until virtually all the 
current flows in the second wire. 

It can be shown that an approximate ex¬ 
pression for the diameter I) of the outer con¬ 
ductor is given in terms of the diameter d of 
a wire [for the conditions 1) to 4)] by 

1.09 
log n/d = -— • 

1 — 

Practical limitations on D set a limit to e of 
about 0.8. 

At the section where the outer conductor 
is terminated, the spacing between the wires 
can be closed to the finalspacing. Thisavoids 
reflection in the desired mode. 

Due partly to the termination and partly 
to a finite angle of taper, other modes will 
be generated. Perhaps the most important 
is a 1 EM mode in which the second wire and 
the outer conductor are not at the same 
potential. This mode is reflected at the 
separation of the second wire from the outer 
conductor. 

It may be desirable, in a practical device, 
to provide a mode suppressor which could 
take the form of a resistive card placed be¬ 
tween the second wire and the outer con¬ 
ductor, in the PQ plane. In addition to sup-

Energy Fluxes from the Cyclotron 
Radiation Model of VLF Radio 
Emission* 

In a recent note,1 Santirocco makes a 
rough calculation of the energy radiated by 
gyrating protons in the magnetic field of the 
earth. Since he concludes that the energy is 
probably insufficient to explain the observed 
natural radiation known as “dawn chorus'’ 
as was proposed by MacArthur,2 and ac¬ 
cordingly favors the traveling wave amplifier 
hypothesis proposed by Gallet,3 some com¬ 
ments on his note seem to be in order. 

The geometry assumed by Santirocco, 
which for any one observer corresponds to 
an infinite plane sheet of radiators, is fairly 
realistic in one respect— that is, spectro¬ 
graphic observations in the auroral zone 
show that protons come in over large areas. 
It is not necessary to worry about geometry, 
however, since the radiation will be chan¬ 
neled down the magnetic field lines in the 
manner of whistlers, so that the result will be 
very nearly the same as the infinite plane 
source, whatever the actual shape of the 
emitting cloud. 

Santirocco's note gives the impression 
that, in order to obtain the power he calcu¬ 
lates, the protons must be oscillating in 
phase, but the power that he actually cal¬ 
culates is for oscillators in random phase. 
(His equation is P = sn, where P is the 
power, n the number of oscillators, and s the 
radiation flux per oscillator.) If the ele¬ 
mentary oscillators are in phase, the power 
is proportional to the square of the number 
of oscillators, to within the approximation 
involved in assuming all oscillators to be at 
the same distance from the receiver.4 The 
length of column assumed by Santirocco 
(700 km) is much too long to be considered 

* Received by the IRE. November 18, I960. 
1 R. A. Santirocco, “Energy fluxes from the cyclo¬ 

tron radiation model of VLF radio emission," Proc. 
IRE. vol. 48, p. 1650; September, 1960. 

-.1. W. MacArthur. “Theory of the very low fre¬ 
quency radio emissions from the earth's exosphere." 
Phys. Rev. Leit., vol. 2, pp. 49| 492; June. 1959. 

1 R. M. Gallet, “The very low frequency emissions 
generated in the earth's exosphere," Proc. IRE. vol. 
47, pp. 211-231; February, 1959. 

* L. Page and N. I. Adams. “Electrodynamics," 
D. Van Nostrand Co., Inc., Princeton, N. I., pp. 329-
331 ; 1940. 
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in this way. To remove this difficulty, let us 
assume a cloud of particles of large hori¬ 
zontal extent, but of one kilometer thickness 
along the direction of the magnetic field. 
Such a structure is plausible in view of the 
auroral observations. Assuming a particle 
density of 103 protons cm-* which corre¬ 
sponds to 1012 protons m“2 from the 1 km 
column, and using Santirocco's value of 
2X10’“ for the flux from a single particle, 
the power becomes: 

P = 2 X 10"’’ 
= 2 X 10"” X IO2' = 2 X 10" 11 watts W’ 

for the phase coherent case. This is 100 times 
the power he calculates as minimum detect¬ 
able. The density that he originally assumed 
(10* protons cm"3) gives a signal of 2X10"’ 
watts m"2, so it can be seen that there is no 
difficulty so far as the power is concerned, 
provided that the particles can be considered 
to gyrate as a group, or achieve phase co¬ 
herence in some other manner. 

Even supposing the elementary oscil¬ 
lators in random phase, the factor of 10"3 

calculated by Santirocco is, as he says, not 
sufficient to be conclusive, in view of the 
roughness of the calculation. Actually, if the 
process is considered as taking place in the 
top of the ionosphere, which the writers con¬ 
sider the most favorable region, the factor 
is 10"2 rather than 10"3 because of the change 
in 5 due to the increase in magnetic field 
strength. Local concentrations of particles, 
some small degree of focusing action, or 
partial phase coherence could easily increase 
the signal strength by this much. Thus, it is 
impossible to discriminate against the gy¬ 
rating proton mechanism on the basis of in¬ 
sufficient power. 

There seems to be some impression that 
the traveling-wave amplification hypothesis 
has been shown to produce signals of suf¬ 
ficient power to be detectable. Xo calcula¬ 
tion has been made which shows the travel¬ 
ing-wave mechanism capable of producing 
any signal at all, let alone a detectable one. 
In attempting to show that the power avail¬ 
able from particle streams is sufficient to 
produce the observed signal, Helliwell5 as¬ 
sumed an energy transfer of one per cent of 
the particle energy to the signal for the 
traveling-wave mechanism. The traveling¬ 
wave hypothesis consists solely of the sug¬ 
gestion that, since the velocity of electro¬ 
magnetic radiation of the frequency range 
observed in chorus is comparable to that 
which might be expected of incoming 
charged particles, some interaction might 
lead to amplification of stray signals of these 
frequencies. Since no precise interaction is 
suggested, it is not possible to calculate what 
signal strength might be expected, nor is it 
possible to say whether the mechanism can 
work at all. 

The writers are far from convinced that 
the proton gyration mechanism is the source 
of the phenomenon known as dawn chorus. 
It can be said, however, that protons ap-

s R. A. Helliwell. “Low Frequency Propagation 
Studies, Part I: Whistlers and Related Phenomena,” 
Radio Propagation Lab.. Stanford University. Stan¬ 
ford, Calif., Final Rept.. Contract AF 19(604)795, 
AFCR TR-K-IS1». ASTIA Document AD 1101S4; 
1953-1956 (revised 1958). 

proaching the earth will radiate in a manner 
which can be calculated, and that if this 
radiation is received on the ground it will 
have a frequency-time curve much like those 
observed in natural chorus. Whether the 
chorus actually observed is this radiation or 
not is still uncertain, and Dr. Santirocco's 
calculations are a valuable attempt to ap¬ 
proach this problem from a new angle, even 
though the results are not conclusive. 

This study was supported in part by the 
Electronics Research Directorate, U. S. Air 
Force Cambridge Research Center. 

W. B. Murcray 
J. H. I'ope 

Geophysical Inst. 
Fniversity of Alaska 

College, Alaska 

lating voltage and current at the load 

h + // - Il (D 

Fi + Fi' = VL (2) 

and since h = F( F» and /, = — Fi Fo, we 
have 

I 11 « — I i I o — I L J L- (3) 

Solving for the reflection coefficient, 

17' Fn — 17. p =- -- - (4> 
17 Fo+Ft

If 17. —Gand F« —G„ 

G 
1-

Interpretation of the Transmission 
Line Parameters with a Negative-
Conductance Load and Application 
to Negative-Conductance 
Amplifiers* 

Introduction 

In the study of negative-conductance 
amplifiers such as the maser, it is necessary 
to understand the effect of negative¬ 
conductance loads on transmission lines. 
Fig. 1 shows the normal configuration of a 
negative-conductance amplifier consisting of 
a circulator, transmission line, and a 
negative-conductance load. The signal enters 
the circulator, goes down the transmission 
line, encounters a negative conductance, re¬ 
turns up the transmission line amplified, and 
goes through the circulator to the receiver. 
The gain for such a configuration has been 
reported in the literature? 

Theory 

Consider the transmission line and load 
of Fig. 1. Writing the standard equation2 re¬ 

Fig. 1—Typical negative-admittance 
amplifier configuration. 

* Received by the IRE. August 5. 1960; revised 
manuscript received. November 7, I960. This paper 
presents the results of one phase of research carried 
out at the .let Propulsion Lab.. California Inst. Tech.. 
Pasadena, under Contract No. NASw-6, sponsored by 
the NASA. 

1 M. E. Hines and W. W. Anderson, “Noise per¬ 
formance theory of esaki (tunnel) di>xte amplifiers,” 
Proc. IRE, vol. 48, p. 789; April. 1960. 

’ S. Ramo and .1. Whinnery, “Fieldsand Waves in 
Modern Radio." 2nd ed.. lohn Wiley and Sons, Inc.. 
New York, N. Y.; 1953. 

Realizing that no restriction has been placed 
on the polarity of G, we can plot (5) in Fig. 
2 for values of G/G„ from — 10 to +10. The 
reflected voltage F/ is greater than F, for 
all values of G/G„<0. In a negative¬ 
conductance amplifier — l<G/G„<0 and 
the voltage gain is given by |p| . 

If the load Yl is complex and consists of 
a susceptance jH and two conductances G 
and G, and the transmission line, circulator, 
receiver, and source have the same con¬ 
ductance G„, the power gain defined by the 
power delivered to the receiver divided by 
the power available from the source is 
given by 

The standing-wave ratio is given by 

I 1 + ! p 1
i - c ' 

(7) 

Eq. (7) is plotted in Fig. 3 for values of 
G/G„ from -10 to +10. 

Summary 

The effect of connecting a negative¬ 
conductance load on a transmission line is 
to reflect a voltage which is larger than the 
forward traveling wave by the factor of the 
absolute value of the reflection coefficient. 
As shown in Fig 2, the gain goes to infinity 
as G/G„ approaches —1 when the load re¬ 
actance is tuned out. Since the reflected 
voltage is much greater than the forward 
traveling wave for high gain, there is little 
interference between the two waves. This 
results in a low standing wave ratio that 
approaches 1 as G/G„ approaches —1 and 
the gain approaches infinity. 

In the amplifying condition G/G„ lies 
between 0 and —1. In an amplifier with a 
voltage gain oí 10, G/G„=— 0.82, p = 10 
and 5=1.22. 
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Fig. 2 Plot of transmission line reflection coefficient 
vs normalized load conductance. 

Fig. 3—Plot of transmission line standing-wave ratio 
vs normalized load conductance. 

Ideally, the impedance of the trans¬ 
mission line, circulator, receiver, and source 
should be the same, so as to eliminate re¬ 
flections and match the amplified signal to 
the receiver. 

Ac K N< )WLED< iM E N T 

W illiam Pilkington and Dr. W alter Higa 
contributed with helpful discussions. 

Glossary of Perms 

B=Load susceptance. 
6' = Load conductance (not including 

losses). 
Gw = Real part of transmission line char¬ 

acteristic conductance. 
G i «Circuit losses of load. 
Il — Current flowing into the load Z/.. 
/i = Value of the current forward travel¬ 

ing wave at the load. 
7/ «Value of the current negative 

traveling wave at the load. 
^«Standing wave ratio = Em/Kni». 
Vl «Voltage across the load Zl. 

Vmax —The value of the maximum voltage 
along a transmission line. 

Knin = The value of the minimum voltage 
along a transmission line. 

Vi «Value of the voltage forward travel¬ 
ing wave at the load. 

V/« Value of the voltage negative 
traveling wave at the load. 

Yl = Transmission line load admittance. 
Yo — Transmission line characteristic 

conductance. 
^«Reflection coefficient « Vi'/Vp 

C. T. Stelz ri ED 
Jet Propulsion Lab. 

California Inst. Tech. 
Pasadena, Calif. 

WWV and WWVH Standard Fre¬ 
quency and Time Transmissions* 

The frequencies of the National Bureau 
of Standards radio stations WWV and 
WWVH are kept in agreement with respect 
to each other and have been maintained as 
constant as possible with respect to an im¬ 
proved United States Frequency Standard 
(USFS) since December 1, 1957. 

I'he nominal broadcast frequencies 
should, for the purpose of highly accurate 
scientific measurements, or of establishing 
high uniformity among frequencies, or for 
removing unavoidable variations in the 
broadcast frequencies, be corrected to the 
value of the USFS, as indicated in the table. 
The corrections reported have been im¬ 
proved by a factor of three over those pre¬ 
viously reported, by means of improved 
measurement methods based on LF and 
VLF transmissions. 

I'he characteristics of the USFS, and its 
relation to time scales such as ET and UT2, 
have been described previously,1 to which 
the reader is referred for a complete dis¬ 
cussion. 

I'he WWV’ and WWVH time signals are 
also kept in agreement with each other. 
Also they are locked to the nominal fre¬ 
quency of the transmissions and conse¬ 
quently may depart continuously from UT2. 
Corrections are determined and published 
by the U. S. Naval Observatory. The broad¬ 
cast signals are maintained in close agree¬ 
ment with UT2 by properly offsetting the 
broadcast frequency from the USFS at the 
beginning of each year when necessary. 
This new system was commenced on Jan¬ 
uary 1, 1960. A retardation time adjustment 
of 20 msec was made on December 16, 1959; 
another retardation adjustment of 5 msec 
was made at 0000 UT on January 1, 1961. 

WWV Freqvency With Respect to U. S. 
Frequency Standard 

1961 
January Parts in 10"’t 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

-LSI .8 
— 151.4 
-151 .0 
-150. 8 
-150.8 
-150.9 
-151 .0 
-151.1 
-151 .0 
-151.1 
-151 .3 
-151 .5 
-151 .7 
-151 .9 
-151 .7 
-151 .1 
-150.7 
-150.5 
-150 .4 
- 150 .1 
-150.2 
-150.4 
-1 50 3 
-1 50 2 
-150 .4 
-150.7 
-150 .6 
-150.6 
-150.6 
-150.5 
-150.5 

t A minus sign indicates that the broadcast fre¬ 
quency was low. The uncertainty associated with 
these values is ±3X10 ». 

National Bureau of Standards 
Boulder, Colo. 

* Received by the IRE, February 23, 1961. 
1 “National Standards of Time and Frequency in 

the United States," Proc. IRE, vol. 48, pp. 105 106; 
January, I960. 

Minimum Power Set by 
Quantum Effects* 

In gamma-ray spectroscopy, far more 
photons must be counted to determine the 
central frequency of a gamma-ray line spec¬ 
trum than to merely measure its intensity. 
One might similarly expect th.it at radio fre¬ 
quencies the specific power level at which 
quantum limitations become important 
should depend on the information to be ex¬ 
tracted from the signal. We shall demon¬ 
strate this possibility by estimating the 
minimum power set by quantum considera¬ 
tions in an idealized experiment intended to 
measure the frequency of a CW signal. 

Let us suppose that it is desired to meas¬ 
ure the frequency of a CW signal with as 
great precision as possible. It will be assumed 
that we have the advantage of knowing be¬ 
forehand that the signal frequency lies be¬ 
tween two limiting frequencies, ft and 
f2(fi>fi)- We will also impose the restriction 
on integrating time that only one second of 
time is available for the measurement. Our 
problem is thus equivalent to that of meas¬ 
uring the frequency transmitted from a 
satellite within the frequency range set by 
the expected Doppler shift and within the 
time the frequency may be assumed to re¬ 
main reasonably constant. 

In order to make maximum use of all 
available signal power, it is proposed to de¬ 
termine the frequency by passing the signal 
through a lossless device which divides the 
signal into two portions appearing at sepa¬ 
rate output ports. The amounts of signal 
power Pi and P? leaving the two output 
ports will be assumed to depend on fre¬ 
quency, as in a typical transmission line 
hybrid with two output ports separated 
from the input and each other by different 
fractions of a wavelength at different fre¬ 
quencies. In order to simplify calculations we 
will assume this power divider to have ideal 
linear characteristics, such that the ratio of 
the power P, leaving one output port to the 
total input power P equals the ratio of the 
amount by which the signal frequency f ex¬ 
ceeds its lowest possible vahie/i, to the fre¬ 
quency range ft—fi in whir h the signal fre¬ 
quency is known beforehand to lie. 

I he operation of the power divider may 
then be described by the two relationships, 

P = Pi 4- Pi (no power loss) (1) 

(power division proportional to position of/ 
within frequency range). 

Since the division of power between the 
output ports is frequency-dependent, the 
frequency may be found by measuring Pi 
and separately. We will find that in order 
to accurately measure frequency this way a 
large number of photons are required. 

We consider first the case /—/i >/,—/. 
Rewriting (2), we see that if Pi and Pi can 
be measured with perfect accuracy the dif-

* Received by the IRE. November 1. I960; re-
vised manuscript received, December 8. I960. This 
work was supported by the Ballistic Res. Labs., Aber¬ 
deen Provine (»round, Md. 
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fereuce between the signal frequency/ and 
/i is given by 

If, on the other hand, it is possible to 
measure Pi/(Pi + Pi) "¡th only a relative 
accuracy r, we must regard the actual fre¬ 
quency as given by 

(4) 
1 1 T I 2 

when measured values are used for Pi and Pi. 
Since 

f=fi + (fi-fi')Pi/(Pi + PD 
± r(fi - fiïPAPi + Pi), 

the measured frequency can be considered 
to be determined only within 

V = RE - f^PiKPy + Pi) cps. 

We now proceed to estimate the mi. i-
mum relative accuracy r set by quantum 
considerations only. At optical or higher fre¬ 
quencies the powers Pi and Pi woidd be 
measured with photon counters. Gabor1 * 
has given a general theoretical proof that no 
more information can be obtained from a 
signal with radio equipment than that ob¬ 
tainable with photon counters. Accordingly, 
we will compute the minimum value of Af 
as that which would result if Pi and Pi were 
measured with photon counters. Since 
photons are counted randomly in time, in 
successive equal intervals of time the num¬ 
ber of counts fluctuates about its mean value 
„ with the V» standard deviation character¬ 
istic of the Poisson distribution governing 
events occurring randomly in time. Thus, if 
in a fixed time interval t one observes n¡ 
photons at output port 1, and nt photons at 
output port 2, then Pi and Pi must be con¬ 
sidered to be determined only within relative 
uncertainties y/ni/ni and y/nt/n*. 

Applying these uncertainties to Pi and 
Pi, one has for the ratio Pi/(Pt+Pt) a rela¬ 
tive uncertainty r of y/Pi/Pt/y/ni+nt and, 
therefore, a measurement uncertainty 

If a one-second integrating time is assumed, 
>h + ni = P/hf, giving 

Pi + Pi 
(6) 

Solving for P gives the minimum power, 
permitting measurement with any given 
precision A/ as 

If/—/i <fi—f, the ratio Pi/(Pi +/,2>may 
be measured with greater accuracy than the 
ratio Pi/(PiF Pi), and (7) is replaced by 

1 D. Gabor, “Communication theory and phys¬ 
ics." Phil. Mag., vol. 41, pp. 1161 1187; November. 
1950. 

5 D. Gabor, “Der Nachrichtengehalt eines electro-
magnetischen Signals," Arch. Elekt. Übertragung, vol. 
7, pp. 95 99; February, 1953. 

The greatest power is required when 
P\ = Pi. Then the minimum power needed 
to measure, by this technique, to an ac¬ 
curacy A/ of one cps, the frequency f of a 
100-Mc signal known beforehand to lie 
within a band h—Jx of 10 kc, is approxi¬ 
mately 10“ 18 watts by either (7) or (8). 

Another radio measurement in which 
quantum considerations might similarly 
prevent rapid measurement is radio direction 
finding. The determination of the direction 
of a distant transmitter with a rotatable re¬ 
ceiving antenna is equivalent to using the 
distant source to measure the radiation pat¬ 
tern of the receiving antenna with sufficient 
precision to define the direction giving maxi¬ 
mum intensity. In this case, the bearing 
giving maximum intensity can be found only 
by comparing intensity measurements on 
different bearings, each of which, like the 
powers P1 and P* in the frequency measure¬ 
ment, requires a minimum number of 
photons for its precise measurement. 

L. P. Bolgiano, Jr. 
W. M. Gottschalk 

Dept, of Elec. Engrg. 
University of Delaware 

Newark, Del. 

Corrections and Coordination of 
Some Papers on Noise 
Temperature* 

This note should clarify the applications 
of the noise temperature concept as given 
recently by various authors, and provide 
some corrections. 

The literature mentions various noise 
temperatures which are related to each other 
in a receiving system. Radio astronomers 
seek the cosmic noise temperature, and com¬ 
munication engineers seek CNR of the 
received signal referred to some convenient 
point. Some important papers on the subject 
are incomplete in definition to the extent of 
not distinguishing the point of noise tem¬ 
perature reference, and of possibly obscuring 
the application to CNR calculations. 

Ihe following nomenclature is most 
common to the authors. The asterisk indi¬ 
cates reference to the input terminals of the 
receiver. 
C= ’received rms power of desired signal, 

in watts 
N — P =’summation of all noises that can 

be expressed by KTB, in watts 
K = Boltzmann’s constant, 1.38 X 10 -23 

watts per cps per degree Kelvin 
B = bandwidth in cycles per second 
G —gain of receiver between input ter¬ 

minals and any later point 
L = loss ratio of input to output 
A — attenuation ratio of output to input, 

or \/L 
7 = noise temperature in degrees Kelv in 

* Received by the IRE, November 14, 1960; re¬ 
vised manuscript received, December 15. I960. 

Subscripts (all giving location of loss and/or 
temperature) 

a «■antenna 
6/ = back lobes of antenna 
X — mixer 

h2o = atmospheric waver vapor 
g = galaxy 
»/= intermediate frequency 
o2 = atmospheric oxygen 
5 = ’effective noise of entire antenna and 

receiver system 
e = ’effective noise of receiver and prior 

hardware 
er = ’effective noise of receiver alone 
Ln = losses in hardware located between 

antenna ..perture and input terminals 
in receiver 

Ti.= Jo^ambient temperature, which max 
be 290° Kelvin 

To obtain CNR. N = KT.B. Therefore, 
we will reduce the noise temperature expres¬ 
sion given by each author toa value T . I he 
clearest and simplest explanation of noise 
temperature and T. may be that of Hogg 
and Mumford. 1 From their Fig. 1, and refer¬ 
encing the receiver output terminal, 

GKB . 
A = —— [7„ + (I. - 1)7’,. + LT„], (1) 

I he last two terms in the brackets give the 
hardware noise and the receiver noise. Now 
referring the noise to the receiver input 
terminals by deleting G, and clearing ihe 
loss factor, we have 

A = KB [y + (1 - 1) T,. + r,,]. (2) 

Next, replacing the loss ratio with its recip¬ 
rocal, the attenuation factor /L, the terms 
in brackets become 

Tk = AqTo 4- (1 — A o) To 4" 7 fr . (3) 

This seems completely clear and will be re¬ 
tained herein as a standard of comparison, 
with our reference retained as the receiver 
input terminals. Note that hardware noise 
temperature is proportional to its loss, and 
only a termination (absorbing all signal) has 
the same noise temperature as the ambient. 
[Our Eq. (7) is also convenient.] 

Dimond2 has given a particularly con¬ 
venient delineation of noise temperature as 
related to CNR. Typographical errors in¬ 
clude: 1) In the last equation, page 684, 
expression for P, change “182” to “172°”, 
2) in Fig. 3, the middle line, change “db” 
to “dbw,” 3) in Fig. 4, change “db/cps bw" 
to “watts/cps bw expressed in dbw,” 4) in 
Fig. 4, one may delete the left-hand arrow 
and also that at the lowest abscissae scale, 
and the “ANTENNA GAIN” arrow should 
refer to the number scale immediately 
above ( 100 db to -lOdb). 

The significant error is in Dimond’s (6) 
and footnote 15, which presume that a noise 
source of 290° is connected. His (6) is most 
usefully changed to P = KT,B where T, 
comes from Dimond’s (7) or our (3). These 

1 D. C. Hogg and W. W. Mumford, “The effective 
noise temperature of the sky," Proc. Nall. Coni, on 
Aeronautical Electronics (NA ECON), pp. 580 587; 
May, 1959. 

’ R. 11. Dimond, “Interplanetary telemetering," 
Proc. IRE, vol. 48, pp. 679-685; April, 1960. 
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errors have been brought to the attention of 
Mr. Dimond, who is submitting corrections 
including his Fig. 3 and numerical work. 

A report to the I . S. Government3 states 
“the equivalent antenna input noise tem¬ 
perature is T9=Ta + T . . . Tn (evaluates) a 
noise power, . . . generated by the thermal 
background radiation to which the radiation 
resistance is subjected. . . T is the ambient 
temperature surrounding the antenna ohmic 
losses. . . . ” The assumption appears to be 
that the antenna, T, is inherently a 290° 
noise source; the value of T (our To) should 
be corrected as in (2) or (3). 

Perlman, d a/.,4 in (7) express T„ with 
antenna noise Ta taken twice for the case 
where there is no preselector, due to image 
noise. 

7\ = Tx 4~ 7 tf + 2T^. (4) 

This is consistent with our (3) provided that 
the hardware losses (1— Aq)Tl are added 
to (4). 

I )rake and Ewen5 give 

Ta = ——-——- 4- 7 b 4- 71 4- TA„ 4- 71. (5) 
(.1 1 -f- J2) 

This is equivalent to our (3), with their 
nomenclature; the five terms on the right¬ 
hand side arc, respectively, any noise gener¬ 
ator connected to the system (with its 
coupling losses in the denominator), the 
galactic background radiation (equivalent 
black-body temperature of), tropospheric 
losses (oxygen and water vapor), hardware 
losses (theirs is expressed as a ferrite switch 
and the sidelobe losses), and man-made 
noises. 

Madigan6 gives similar information for 
the radar receiver: 

T = Ta d- (¿ - D29O 4- L(T - 1)290. (6) 

Replacing his (F— 1)290 with our identical 
T,r, and his T with our F., we have 

T, = Ta 4- (A - 1)290 4- TTfr. (7) 

This expression assumes 290° Kelvin for the 
temperature of the lossy hardware, which 
could be true, or could be altered by sun 
heat, equipment-room heat, conducted RF 
current. or refrigeration. Eq. (7) is identical 
to our (3) except for the first \/L factor in 
( 1 ). Thus, Madigan’s input terminal must be 
the input to the prereceiver hardware and 
not the receiver itself, although he states 
“the noise output of the ideal receiver will 
be KTR times the gain of the receiver. For 
this to be the same noise output as in the 
nonideal receiver, the effective operating 
temperature must be T. . . . To arrange 
the Madigan equation in the Hogg and 
Mumford manner requires dividing Madi¬ 
gan’s right-hand expression by L. 

* McCallum, et al., “Factors for Systems Consid¬ 
erations of Earth Satellites," Govt. Contract AF 
33(616) 5471 , June 30. I960 (unclassified report). 

4 S. Perlman, et al., “Concerning optimum fre¬ 
quencies for space vehicle communication," Record 
of Natl. Symp. oh Extended Ranne and Space Com¬ 
munications, pp. 24-31 ; October, 1958. 

• F. D. Drake and II. I. Ewen. “A broad-band 
microwave source comparison radiometer for ad¬ 
vanced research in radio astronomy," Proc. IRE, 
vol. 46, pp. 53 60; January, 1958. 

• T. W. Madigan, “Receiver sensitivity graph," 
Electronics, vol. 32, p. 62; April 3, 1959. 

Ewen’s7 Fig. 1 illustrates temperatures 
and losses. For simplicity, his last equation 
assumes ail temperatures equal. “T\To” 
should read T1 — T0. W ith another simpli¬ 
fication, L\L„2L>i„L = Lo (the combined losses 
from the receiver input terminals back out 
through the ionosphere), and otherwise 
using the above tabulated nomenclature, 
Ewen gives 

Ta = (Tu 4” Tm) 4" (To — l)To 4- TtLo. (8) 

This apparently customary treatment by 
the radio astronomers increases the hard¬ 
ware losses and receiver temperature in 
order to reference all noises back to outer 
space,—the location of their target, and a 
convenient place to correct for nontarget 
noise sources. To use (8) for calculation of 
noise temperatures seen at the receiv er input 
terminals (our 7’,) requires dividing the 
whole expression by Ewen’s Lo. 

Edwin Dyke 
Melpar, Inc. 

Falls Church. Va. 

7 II. I. Ewen, “Thermodynamic analysis of maser 
systems,” Microwave ./., vol. 2. pp. 41-46: March, 
1959. 

Small-Signal Space-Charge Density 
in Drifting Ion-Neutralized Recti¬ 
linear-Flow Beams Immersed in an 
Axial Magnetic Field of Finite Mag¬ 
nitude* 

In the small-signal field theory of elec¬ 
tron beams,1 the alternating part of the 
space-charge density p, is calculated under 
the assumption of an infinite confining axial 
magnetic field and is found to lie propor¬ 
tional to the axial component of the high-
frequency electric field E„ W hen the con¬ 
stant axial magnetic field is relaxed so that 
transverse motions of electrons are per¬ 
mitted, a more general expression for the 
space-charge density p, is found. Analyses of 
waves in beams under such conditions, spe¬ 
cifically of cyclotron waves,2 for the fre¬ 
quencies where the phase velocity vp is 
greater than the velocity of light c, may be 
useful in connection with the treatment of 
essentially transverse electric field tubes, 
such as the quadrupole amplifier at high fre¬ 
quencies (X band), which have recently at¬ 
tracted interest. 

We shall now calculate the alternating 
space-charge density in a drifting rectilinear-
flow ion-neutralized beam for a finite axial 
magnetic field. Since it has been shown by 

Hahn3 and more recently by Suhl and 
W’alker4 that the electromagnetic waves in 
such media can no longer be resolved into 
purely TE and TM modes, the derivation 
should include also the effects of the high-
frequency magnetic field. Consider that the 
ion-neutralized electron beam moves with a 
uniform velocity vo along the s-coordinate 
axis, immersed in a constant magnetic field 
of intensity Bu in the direction of the z axis. 
It is assumed, as usual, that all alternating 
quantities (pi, vi, E. H) vary with time and 
the z coordinate as the function expj(wZ — de) ; 
and, furthermore, all products of alternating 
quantities are neglected. 

Definition of symbols: 
«“operating frequency 

«,,2=cpu/mt,:K plasma frequency 
(squared) 

we = (e/mK)Ba cyclotron frequency 
d = propagation constant 
Po=dc charge density in the beam 

e/w=charge-to-mass ratio for electrons 
e. “unit vector in the direction of z axis 
A2 = 1/|1 — (tio/c)2] relativistic factor 
wi, = « — Cud transformed operating fre¬ 

quency. 
I he force equation for charged particles 

is5

— = — E + v, X B + puco X H 
a I mK L 

— — Vu(vu E)J. (1) 

This equation is readily solved for v> after we 
replace d/dt by j«t 

wiw,,2f„ t ;u2
V, = E- e (e ■ E) 

— U.2)po C2

0)* 1 C0c—- - - e:(e:-E) 4- j - (e- X E) 
o)i,~ K ' 0)1, 

4- pui'ofe- X H) 4~ j — 
O)b 

M1,:„|e.-(e; H) - . (2) 

With the use of the relations 

J\ = PoV, + VoPl (3) 

jo)EP\ = — poV-Vi (5) 

the space-charge density is found to be given 
by 

♦ Received by the IRE, December 27, I960. The 
research reported here was supported by the Wright 
Air Dev. Div., Wright- Patterson AFB, Dayton, 
Oliio, under Contract AF 33(616)-6139. 

1 See, for instance, R. G. E. Hutter, “Beam and 
Wave Electronics in Microwave Tubes," D. Van 
Nostrand Co., Inc., Princeton, N. J., ch. 9; I960. 

2 A. W. Trivelpiece and R. W. Gould, “Space 
charge waves in cylindrical plasma columns," J. 
A ppi. Phys., vol. 30. pp. 1784 1793 , 1959. 

» W. C. Hahn, “Small signal theory of velocity 
modulated electron beams," GE Rev., vol. 42. pp. 
258-270; June, 1939. 

4 II. Suhl and L. R. Walker, “Topics in guided 
wave projmgation through gyromagnet ic media,” Hell 
Sys. Tech. J., vol. 33, pp. 579 659; 1954. 

6 See, for instance, L. Landau and E. Lifshitz, 
“Theory of Fields," Addison-Wesley Co., Reading, 
Mass., p. 46; 1959. 
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Obviously, for w, —> x the expression for p1 

of (6) becomes the familiar one which is ob¬ 
tained with an infinite magnetic field. 

It is noted that the contribution of the 
high-frequency magnetic field to the space¬ 
charge density pi is not negligible in general. 
Calculations6 for a beam in a drift tube, as 
well as for a waveguide filled with nonmov¬ 
ing plasma, show that in the cyclotron modes 
and some waveguide modes which are pre¬ 
dominantly transverse electric at values of 
phase velocity greater than the velocity of 
light, the major contribution to the space¬ 
charge density pi is due to the axial com¬ 
ponent of the high-frequency magnetic field. 

Moreover, it is apparent from (6) that 
near metallic walls tangential to E¡, the lat¬ 
ter tends to vanish, and there the space¬ 
charge density p, is due almost entirely to 
high-frequency magnetic field H.. 

\'. Bevc 
Dept, of Elec. Engrg. 

University of California 
Berkeley, Calif. 

6 V. Bevc and T. E. Everhart, “Fast Waves in 
Plasma Filled Waveguides," Electronics Res. Lab.. 
Univ, of Calif., Berkeley, Calif., Tech. Rept. under 
Wright Air Dev. Div. Contract AF 33(616)-6!39; to 
be published. 

cause of this, it is feasible to consider in-
itially an ideal TEM mode to calculate the 
interior transverse fields; on this basis, the 
imperfect TEM mode is subsequently 
analyzed. 

The results achieved, (1) and (2), show 
that the external field components of the 
coaxial line, E„ and //s,, and the shielded 
pair, En, Hti, Eft, and Hr3, depend on the 
shield properties as well as the line dielectric 
constant. The external longitudinal electric 
intensity, Ea, essentially depends on only 
the shield properties. All field components 
are inverse functions of radius, and the 
shielded-pair fields are harmonic functions of 
angular displacement. Eor typical shielded 
lines, the transverse electric intensity may 

be several hundred times larger than the 
axial intensity at the outside of the shield. 
Using the derived external field equations, 
it is possible to calculate the shielding 
effectiveness of a shielded transmission line. 

Coaxial Line 

-— SI -
k3 kir In 2/k,b 

^-SI - 1-
k3 ksr\n2/kzb 

Ea 
In 2/k,r 
In 2/kJ> 

Shielded Pair 

U) 

Zc\2" ' 2» - 1 / Ô \2“ ' 
- S2 rSI (?) j 

Er, = ¿ 2 SI (-Y " ( X" ' COS (2n - 1)9 
n-1 Ä3 X a / k¿r \ r / 
* / C V"’1 / b \2n~}

Er = £ 2 SI I Ç— I cos (2n - 1)9 

, , 7 r / c V"-' 2» — 1 / b \2"-< 

A jwtj / c A2"-1 2h — 1 / b x2"“1

(2) 

The External Electromagnetic 
Fields of Shielded 
Transmission Lines* 

In order to reduce the amount of inter¬ 
ference caused by the transmission network 
of an electronic system, it is often expedient 
to shield the individual transmission lines. 
The most commonly used type of shielded 
line is the ordinary coaxial cable (Eig. 1). A 
second type not infrequently used is the 
parallel pair of wires enclosed in a circular 
shield the shielded pair (Eig. 2). The prob¬ 
lem of calculating the external fields or pre¬ 
dicting the “shielding effectiveness" of these 
lines has been investigated.’ 

In the analysis, the transmission lines are 
assumed to be sinusoidally excited and 
operating in the steady state. Only lines of 
infinite length are considered, which restrict 
the results to describing the near fields of 
actual lines. filamentary inner conductors 
and solid shields are also assumed. 

I he analytical method used is a direct 
extension of the classical perturbation tech¬ 
nique employed to calculate the attenuation 
factor for high-frequency transmission lines 
and waveguides. Since a well-designed trans¬ 
mission line operates in a “nearly" TEM 
mode, the transverse field pattern in the line 
dielectric is substantially the static con¬ 
figuration, and only a relatively small com¬ 
ponent of axial electric intensity exists. Be-

* Received by the IRE. November 21. I960. The 
authors gratefully acknowledge the support of Signal 
Corps Contract No. DA 35 039, SC 72308. 

1 Final report on Contract No. DA 36-039, SC 
72308, USASRDI. Fort Monmouth, N. .1., by the 
Dept, of Elec. Engrg., Carnegie Inst. Tech.. Pitts¬ 
burgh. Pa.; .Inly. 1938. 
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Fig. 2—The shielded pair. 

|. I). Meindl 
USASRDI. 

Eort Monmouth, X.J. 
Formerly at Carnegie Inst. Tech. 

Pittsburgh, Pa. 
E. R. Schatz 

Carnegie Inst. Tech. 
Pittsburgh. Pa. 

Duality as Applied to 
Transformers* 

The principle of duality as applied to a 
circuit with transformers has been generally 
avoided by most authors except under cer¬ 
tain special conditions which will be briefly 
reviewed. The purpose of this lettter is to 
show that a topological dual-like circuit can 
always be obtained for a planar network 
whether or not the original circuit has trans¬ 
formers. By the utilization of the ideal trans¬ 
former as a circuit element, it is possible to 
derive the topological dual circuit for any 
planar network. Of course, in the realization 
of the dual circuit, a transformer will have 
to be used instead of an ideal transformer; 
however, there are many situations where 
this substitution is permissible. 

♦Received by the IRE, November 1. I960; re¬ 
vised manuscript received December 16. I960. 
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The argument with respect to duality as 
considered by most authors simply states 
that duality does not apply if a negative 
capacitor is necessary in the dual circuit. 
The necessity of a negative capacitor in the 
dual of a transformer is a result of the use 
of the T-equivalent circuit as a model to 
represent the transformer. Assuming that a 
common connection can exist, a dual net¬ 
work is permitted if all of the capacitors in 
the dual circuit arc positive, which constrains 
the T-equivalent circuit to have all positive 
inductors. 

Let us digress for a moment to show that 
an ideal transformer is the dual of itself when 
turned end for end, and then, we will return 
to the original argument to show that a 
transformer has a dual with all positive ele¬ 
ments if an ideal transformer is permitted in 
the dual circuit. In order to show that an 
ideal transformer is the dual of itself when 
turned end for end, we need to compare 
Fig. 1(a) and Fig. 1(b) with respect to volt¬ 
ages and currents, together with the hybrid 
h and g parameters which are themselves 
dual systems, The following dual compari¬ 
sons can be made: 

Original System 

[Fig. /(a) J 

¿1, *2, Vl, î'2 

Dual System 

[Fig. /wl 
Vi, V2, ih Í2 (res pectizely) 

hw — . — 0 = ~ — 0 
Ï! I (rs-0) t’l (i,-0) 

î’j I ii I 
Iii2 = — = 1/n gis = — = •/» 

®2 I «i-«) »2 I <r,-0> 

*21 = 7“ = 1/» S21 = — — t/n 
*1 I (1,-0) t’l I (i.-O) 

1/22 = - — 0 git ~ —I 0 
1'2 ' 12 I (r,-0> 

Thus, an ideal transformer is the dual of it¬ 
self when turned end for end. 

Returning to the original problem of ob¬ 
taining the dual of a transformer, let us de¬ 
fine a different model, given in Fig. 2(b), to 
represent the transformer. The parameters 
of Fig. 2(b) can be identified with the pa¬ 
rameters of Fig. 2(a) by the following 
equations 

Lp-M'/U (1) 

Ls = C - M'/Lt, (2) 
and 

n = L./M. (3) 

From these equations, it follows that Ls is 
always positive since the mutual inductance 
37 must be less than however, the 
voltage-turns ratio n can be either positive 
or negative depending on the sign of M. The 
sign of n will be indicated by the familiar 
“dot rule" where a dot is located on each 
winding of the ideal transformer as illus¬ 
trated by Fig. 3. Having defined a model for 
a transformer that can absorb any negative 
inductance by the turns ratio n, it is possible 
to derive the topological dual circuit for this 
model as given by Fig. 2(c). 

From these results, it is now possible to 
set forth the rules for obtaining the topo¬ 
logical dual of a planar network which con¬ 
tains transformers. In addition to the usual 

(b) 

Fig. I The ideal transformer and its dual. 

Fig. 2—A transformer and its dual as defined 
by a different mode’.. 

(a) (b) (c) 

Fig. 3—A network with two separate 
parts and its dual. 

rules for obtaining the topological dual of a 
given network, the following additional rules 
should be included: 

1) Each transformer in the circuit is re¬ 
placed by its model. 

2) The dual network will have as many 
separate parts as the original network; 
therefore, a reference node is assigned 
to each separate part. 

3) The dual of the primary winding is the 
secondary winding and conversely. 

4) After the dual of each separate part of 
the network is obtained, the primary 
and secondary windings of each ideal 
transformer should be grouped to¬ 
gether as in the original circuit. 

These ideas will be illustrated by an ex¬ 
ample. In this example, we will derive the 
dual of a network which has two separate 
parts where the driving-point and transfer 
impedances are given by the equations 

(41 

(5) 

and 

/ (6) 

(1/2)5 (9/2)3 

(1/6)3 (81/2)3 

(3/2)s , (l/2)s 

Comparing Fig. 3(b) and Fig. 3(c), it follows 
that the driving-point and transfer admit¬ 
tances of the dual circuit are equal to the 
driving-point and transfer impedances given 
by (4), (5), and (6). 

Paul G. Griffith 
Dept, of Elec. Engrg. 
University of Arizona 

Tucson, Ariz. 

Transient Behavior of Aperture 
Antennas* 

A recent article by Polk1 appears to con¬ 
tain several typographical and/or calcula¬ 
tion errors. 

Eq. (3) should read, 

R(f, w) ~ —— e~'*r(cos 0 4- i; -s) 
2XR 

k »in cos 0+n (3) 

Eq. (6) should read, 

fm = -L _ 
V/2tt wi1 — or (6) 

Eq. (7) should read, 

(7) 
tAe sm œ.v R(r. w) = — 

2ircRx 

Eq. (7) is based on the assumption that 

(cos 6 + ii -s) = 2, (a) 

and thus is correct for small values of 9 but 
is off by a factor of two for large values of 9. 

Eqs. (10)— (12) should read. 

.4w, 
2ircR (10) 

^o = O, q < — .V (b) 

1 rcos.ro>, . 
= — M - sin çwi 

2 L .vwi 

sin .vw i 1 
H- -cosçwi , — .v < q < ,v (11) 

•VWi J 

sin .vw i 
= M- cos çwi, .r < q (12) 

.vwi 

where 

a 
X = — sin 0. (8) 

2c 

0 must be restricted to the first quadrant or 
(8) redefined to be 

i a
2 c 

sin 0 
I (c) 

or a complementar} set of equations to (a), 
(11), and (12) written for the case of 
negative .v. 

Eq. (13), 

a 
qi — X = sin 9 

2c 
(13) 

gives the time, measured on the q axis, re¬ 
quired for the steady-state condition to be 
reached. However, it should be pointed out 
that the origin of the q axis lies at the mid¬ 
point of the transient. Thus, the transient 
duration, 7\, is 

Tt = 2 | X I = J — sin 6 . (d) 

Fig. 1 shows these relationships graphical!} 
Similar!} the transient duration, T/, 

within the 9 region corresponding to the 

* Received by the IRK, September 15. 1960. 
1 C. Polk. “Transient behavior of aperture an 

temías," Proc. IRK, vol. 48. pp. 1281 1288; lulv. 
1960. 
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steady-state main beam is given by 
X 

77 <r, 0 < H < sin ' — a 
(e) 

where t is the period of the carrier frequency. 
The transient has its maximum duration 

at 0 = 90°. 1'his is, 

Ti max = — > (f) 
e„ 

where 6„ is the half-beamwidth between first 
nulls for the steady-state pattern. 

Fig. 1 Transient region for uniformly 
illuminated ajjerture. 

Fig. 2—Transient patterns of uniformly 
illuminated aperture. 

one half the amplitude of the steady-state 
pattern when cos qui = 1. It is seen that the 
nulls of the transient patterns are shifted 
qui units toward the U axis origin from the 
nulls of the steady-state pattern. Fig. 2 is a 
plot of the instantaneous field for three 
specific times. From (g) it is seen that the 
magnitude of the transient side lobes varies 
as \/V. 

For small values of ((7+?wi), (g) be¬ 
comes 

which, for finite qui, approaches infinity as 
U approaches zero. This accounts for the 
change of sign in the slope of the transient 
portion of the pattern for small qui in the 
region where U=Ucr- From (g) and (i), it 
is evident that the magnitude of the tran¬ 
sient sidelobes are equal to one half the 
magnitude of the steady-state sidelobes 
whenever U^Ucr. 

Eq. (20) should read 

i2irAe-^“R,c > 
R(r, u) = -

X/i 
cos UX 
x2 - W.r2’ 

(20) 

where the assumption has been made that 
(a) applies 

Eqs. (21)— (23) should read. 

M' 
¿Awi 
cR 

(21) 

II = 0, q < — X (j) 

—- - — - sin qui q > X, (23) 
ir2 — 4wrx-j 

where again it has been assumed that 0 is 
restricted to the first quadrant or.v redefined 
according to (c). 

Eqs. (28) and (29) should read 

Case I: 2x<W (small values of 0). 

ï(x,q) = 0 q < — x (k) 
1 sin (q + x)wi 

^(.v, q) = — .1/ - —x<ç<x(m) 
2 xwi 

_ sin ,ra>i 
I(x, q) = .1/ - cos qui 

xu i 
x < q < — x + w (n) 

_ 1 sin (q — x)ui 
I'M = -T .V— - — 2 xu i 

— .V + w < q < X + W (p) 

ï(x, q) = 0 q > x + a’ (q) 

Fig. 3 shows the transient and steady¬ 
state regions on the q axis for this case. 

Case II: 2x>w (large values of 8). 

ÿ(x, q) = 0 q < — x (r) 

_ 1 sin (q + x)wi 
IG,q) = V ’Z- -- ~ 2 xw, 

— X < q < — x + W (s) 

ÿ(x,ç) = 0 —x + ;e < q < X (t) 

1 sin (q — x)ui 
IG, q) = - V 17 — - ~ 2 .vw i 

x < ÿ < x + to (u) 
ÿ(x, q) = 0 x + te < q (v) 

Fig. 3 Transient regions for uniformly 
pulse-illuminated aperture. 2x <w. 

Fig. t Transient regions for uniformly 
pulse-illuminated aperture. 2x >v. 

Polk's big. 2 is in error, since it is based 
on incorrect versions of (ll) and (12). A cor¬ 
rected version of Fig. 2 is included in this 
letter. The behavior of the curves in our 
Fig. 2 can best be understood by rewriting 
(11) and (12) to obtain 

1 
= — -1/ 

sin (1/ + qui) 
U 

u 
W| 

where U = xui, and 

sin V U 
^0 = .1/ - cos qui, q > — • 

U UI 
(h) 

In Fig. 2, q is assumed to be a fixed 
parameter and is plotted as a function of 
U. For a sufficiently large value of q, the 
steady-state pattern will result for all values 
of U. As q is decreased, portions of the pat¬ 
tern near the V axis origin are steady-state, 
and portions of the pattern removed from 
the Ù axis origin are transient. Forç = 0, the 
entire pattern is transient, except for the 
point C = 0, and has the same shape as the 
steady-state pattern, but with an amplitude 

1 P cos .vw i sin vwi 
^2 = — .1/ sin qui + — cos qu, , 

2 L .vwi xwi J 

-x <(q- w) < x, (28) 

3111 .IWI , 
^2 = .1/ - cos qui (q — ta) > x, (29) 

XWl 

where, by (10), 

.-Iwi 

2xcR ’ 
(10) 

and 0 is restricted to the first quadrant or 
redefined according to (c). 

The RF field for the case of a continuous 
aperture uniformly illuminated by a square 
sinusoidal pulse of length IF is given by 
(27) to be 

— It- (27) 

It is perhaps more illuminating to presentí/' 
in a slightly different form. If In and ̂ 2 are 
combined, then x has one form when IF<2x 
and another form when II’°>2x. 

Fig. 4 shows the transient regions on the 
q axis for this case. There is no steady-state 
region. 

From the above two cases we can draw 
the following conclusions for the continuous 
aperture uniformly illuminated by a square 
sinusoidal pulse of time duration II : 

1) The radiated energy is spread over a 
time interval of ll'+2x, where 2x is 
the projected time depth of the an¬ 
tenna. 

2) For azimuth angles lor which the pro¬ 
jected time depth of the antenna, 2x, 
is less than the illuminating pulse 
length, IF, the radiated pulse consists 
of an initial transient period equal in 
length to the projected time depth of 
the antenna, followed by a steady¬ 
state period equal in length to the 
difference between the illuminating 
pulse length and the projected time 
depth of the antenna, followed by a 
final transient equal in length to the 
projected time depth of the antenna. 
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3) For azimuth angles for which the pro¬ 
jected time depth of the antenna, 2x, 
is greater than the illuminating pulse 
length, IF, the radiated pulse consists 
of an initial transient equal in length 
to the length of the illuminating 
pulse, followed by a period of zero 
radiation equal in length to the dif¬ 
ference between the projected time 
depth of the antenna and the length 
of the illuminating pulse, followed by 
a final transient equal in length to the 
illuminating pulse. 

Fig. 5 Transient region for aperture uniformly 
illuminated by linearly time-delayed unit-stepped 
sinusoid. 

Eq. (36) should read 

X(F,u) = TiosOH- - . 
Arrdt L v/fAO2 + 1 J 

- r " sin w f x — Y (36) 

(’-?) k J
Eqs. (39)-(4D should read 

,, Awi / 1 \ 
J/ = ( cos e + -s==== ), (39) 

4*cR \ y/tpcY + 1 / 

/ />«\ "I sin on lx — - ) 
+- cos 0W1 , 

pa í“ -X + C< q<x-C. (40) 

sin ai I X- I 
W = .1/ - COS ÜW1 

pa 
q> x-C. (41) 

where a —p«/2>0. A complementary set of 
equations to (39), (x), (40), and (41) can 
be written for those azimuth angles for 
which x — pa/l<Q, or, alternately, magni¬ 
tude signs properly placed about the 
quantity (x — pa/2). The main lobe maxi¬ 
mum occurs for 

Fig. 5 shows the transient region on the 
q axis for this case. 

It is seen that when /> = 0, (39), (x), 
(40), and (41) reduce to (10), (b), (11), 
and (12) if 

(cos 9 -|- 1) = 2, 

as was assumed in those equations. 
Bruce R. Mayo 

Advance Engrg. Subsection 
Heavy Military Elect. Dept. 
General Electric Company 

DeW itt, X. Y. 

Author's Comment2
I agree substantially with the comments 

made by Dr. Mayo. It should be pointed 
out, however, that (20) is correct as given 
in my paper. Eq. (2D should be 

ttcR 

Eq. (22) should be 

(G - — M’ ~ ~ — F sin (q + x)w, 2 7T- .v L 

— cos 2 J» — x < q < X 

(21) 

(22) 

Eq. (36) is correct as given in my paper, 
provided 2?r in the denominator is replaced 
by 4ir; likewise, (39) and (41) are correct as 
given originally. Furthermore, the statement 
that the main lobe maximum occurs for 

/><! 
— = 0 
2 

is equivalent to (37.) 
None of the corrections affect the con¬ 

clusions given on page 1285 of the July 
Proceedings. 

C. Polk 
College of Engineering 

University of Rhode Island 
Kingston, R.l. 

2.4«, 
TC It 

(21) 

iAi = y T—7—r; Fcos + A)"1
77r ~l + sm —J, -x < q < x (22) 

^i=0, q < - x (j) 
, cos XWl 

^1 = 'I 7- . . -COSçœi, q > X. (23) 
tt- — 4ù>ux2

For a cosine taper in only the J plane, (20) 
and (21) should be multiplied by tt/2. 
As a check, (21)—(23) of this letter have 

been obtained by two different methods. 
First, the signal spectrum was multiplied by 
the frequency-domain impulse response of 
the antenna and the time waveform of the 
resulting spectrum then found. Second, the 
time waveform of the signal was convolved 
with the time-domain impulse response of 
the antenna. 

3) Eq. (36) is correct as given in the orig¬ 
inal paper provided 2a- in the denominator 
is replaced by 4a-, an i is inserted in the ex¬ 
ponential term, and a w is deleted from the 
denominator to give, 

Eqs. (36) and (39) in my first letter should 
hat e the quantity 1 /VÍ/xT+l replaced by 

Bruce R. Mayo 
Advance Engrg. Subsection 

Heavy Military Electronics Dept. 
General Electric Company 

Dewitt, X. Y. 

Letter from Dr. Mayo2
I agree with the letter of Dr. Polk, except 

to the extent of the following comments. 
1) Eq. (20) of the article is correct for a 

cosine taper in both the i and planes. Eq. 
(20) of my first letter is correct for a cosine 
taper in only the J plane. If (20) of the 
article is to be accepted as correct, perhaps 
a better form for ( 19) of the article is 

v) = cos — cos — ■ 

I f I < i n| < 1. (19) 

2) Eqs. (21 ) and (22) are incorrect in the 
original paper, in my first letter, and in Dr. 
Polk’s letter. Assuming (20) of the article to 
be correct, (20)—(22), (j), and (23) should 
read, 

R(r, w) 
i4Ae uukic) cos wA' 

XR a-2 — 4w2x2
(20) 

2 Received by the IRE, November 3, 1960. 
1 Received by the IRE. November, 21. I960. 

RF Focusing of an Electron Stream* 
A recent letter1 discussed the possibility 

of focusing a stream of charged particles 
with electromagnetic waves. We had al¬ 
ready formed a theory and performed veri¬ 
fying experiments for this type of focusing, 
using slow (v,, <c), traveling (not standing) 
waves on a helix.2 However, our best results 
were obtained exactly in the region (wave 
velocity greater than that of the electron 
stream) where Sugata, et al., said that de¬ 
focusing should occur! This letter is to point 
out what we believe is the error in their 
letter. 

* Received by the IRE, November 4, 1960. 
1 E. Sugata, M. Terada, K. Ura, and V. Ikebm hi. 

“Beam focusing by RF electric fields," Proc. IRE. 
(Correspondence), vol. 48, pp. 1169-1 170; June, I960. 

2 C. K. Birdsall and G. W. Rayfield, “Focusing of 
an Electron Stream Solely by the Radio Frequency 
Fields on a Slow-Wave Circuit,” presented at the 
Internatl. Congress on Microwave Tubes, Munich, 
Ger., June 10, I960. (Work supported by Wright Air 
Dev. Div. under Contract AF 33(616)-6139.) 
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The authors’ argument that defocusing 
occurs if the wave velocity is larger than the 
stream velocity is as follows: as the wave 
accelerating (axial) field passes by an elec¬ 
tron, the wave accelerates the electron; 
then, the radially inward (focusing) force of 
the wave acts on this electron. Similarly, 
after the wave decelerates an electron, the 
radially outward (defocusing) force acts on 
this electron. Ihus, it appears that the elec¬ 
tron will spend less time in the focusing field 
and more time in the defocusing field, result¬ 
ing in net defocusing. However, we wish to 
point out that the opposite is true and that 
net focusing occurs. 

The accelerated electron tends to catch 
up with the wave and spends more time in 
the focusing field than in the defocusing 
field that follows deceleration, where the 
electron tends to drop further behind the 
wave. Or, one may observe the action from 
the wave coordinate system, as follows: an 
electron drifting through the decelerating 
phase is decelerated, to be sure, as viewed by 
a laboratory observer, but this electron is 
accelerated away from this region as seen by 
the wave; similarly, the electron drifting 
through the accelerating phase is acceler¬ 
ated in the laboratory frame, but is deceler¬ 
ated in the wave frame. I hus, just as with 
periodic electrostatic focusing, net focusing 
occurs. 

C. K. Birdsall 
G. \\ . Rayfield 

Dept. <>f Elec. Engrg. 
University of California 

Berkeley, Calif. 

Authors' Comment* 

Birdsall and Ra y field have pointed out 
that even the forward wave traveling faster 
than the electron can focus the beam. Al¬ 
though their report2 has not yet come to our 
hands, we have found that the analytical 
procedure in our letter* includes the fatal 
mistake which led to erroneous results. It is 
hoped that the following will help to clarify 
the matters. 

We consider, at first, the problem in the 
case of Eoi mode in the parallel plane wave¬ 
guide. We assume RF field exists in the 
region of If an electron velocity u is 
much smaller than the light velocity c and 
wave velocity is not so much larger than 
the light velocity (operating frequency is not 
near the cutoff), the force due to magnetic 
field can be neglected. The equations of mo¬ 
tion are written as 

J2v 
—- = /(v) cos (ul — 0z) 4- h, 
dl-

d-z 
— = K(y) sm (wt - 0z) (1) dt£

where 

f(y) = A sin kyy, x(,v) — ijk„A cos k„y, 

ku = ir/la. 

Received by the IRE, December 28. 1960. 

h is the space-charge term. We put 

: = rZ + r (2) 
where v is waxe xelocity. 'This transforma¬ 
tion is purely mathematical but physically 
fictitious. Substituting (2) into (1), one gets 

d2v 
~ = Jiy) cos 0 + h, 
dl-
d2< 

~ s(y) sin 0. 0 = 0Ç. (3) dl-

We assume the solution as y^b+yi, and 
\vi| «.b. From (3) one gets 

( \2 •> 7 , I — LV = 2 (COS0 — COS0o) 
\ dt / 0 

g' r ° 
— 2 — I V| sin 0t/0 4- higher-order terms (4) 

d J — 

where 

0o —WT is the injection phase angle. On the 
other hand. 

d2y d2y / d<t> \2 c 
77 ~ 772\7t ) + 7p 77 ' 

(51 

Substituting (4) and (5) into (3), taking y,. 
g and f as the first-order perturbation, and h 
as the second-order, and neglecting the 
higher-order terms, (3) reduces to the ap¬ 
parent “path" equation which is analogous 
to the path equation in the case of periodic 
electrostatic field. 

yi"[u’o202 + 2g/3(cos0 — cos </><,) I — y/ßgsin^ 

— yif cos <p — f cos </> + h, (6) 

where 

dy t 

d<b 
The particular solution of (6) is written 

/ . pn cos »0 + q„ sin iup. 

Substituting this into (6) and comparing the 
constant term and n = 1 terms, one gets 

qx = 0, p, = —/[ß’tco2 — 2gd cos <*(,]-' (7) 

(f + Mf = 2^k. (8) 

The assumption that h is the second-order 
perturbation is consistent with (8). h is ex¬ 
pressed in the first approximation as follows 

qln 

2e„t<„ (9) 

Eq. (8) may be expressed explicitly, 

P = 1.01 X 10’ “4= [(ut/»)2v 1 - (ulr/ol2)] ’ 
X'l 0 
ft V 
— tr I (watts/meter) (10) 
a / 

sin 

where P is the RF power necessary to focus 
beams. 

If |3wo2|»|g|, /»„and qnare of the order 
of Ig/ßWo’l". 

This particular solution is equal to 
pi cos 0 to the first order. This means that 

the beam perturbation can lie xery small if 
an electron is injected to RF field xvith dis¬ 
placement pi cos 0o and xvith appropriate 
slope. If an electron beam is continuously in¬ 
jected into the RF field parallel to the axis 
and xvith the beamwidth 2b, the perturba¬ 
tion cannot be expressed by pi cos 0o only, 
and it is expected that the perturbation will 
become considerably large. To estimate this, 
one must find the general solution of (6) or 
the one of the homogeneous equation which 
is obtained by putting the zero on the right¬ 
hand side. This latter homogeneous equation 
max’ be transformed into the standard form 

J2T r i 
~ IQ- 4- Qi cos 0 4" Qi cos 20] J =0(11) 
«0* 

XV here 

F = yi[02ïi'o2 4- 2i,'ß(cos0 — cos 0o) I*'4. 

Qp, Qi, and Q> are of the second, the first and 
the second order, respectixelx . In order to 
investigate the stability of the solution, one 
must know Qo up to the second order at 
least. But (11) is exact up to the second 
order of F, g and f, because (6) is so. It is 
not self-consistent to discuss the stability of 
the solution directly from the above “path” 
equation. However, the order of yi| lnax is 
obtained roughly as folloxvs. The dominant 
terms of the general solution of (6) are given 

yi = Pl COS0 4- Pcos ( y 0 4- 3 Y (12) 

n is the characteristic number of (11) and of 
the first order. Here we impose the following 
injection condition 

dyi 
yi = 0 and —- = 0 for 0 = 0O. (13) 

i/0 

Then 

r 4 . t,/2P = pi |_cos2 0o 4—- sin2 0o J 

That is, 

II /h ~ 2V) I m;ix/ b ~ 
b M 

is of the zeroth order. If the condition 
Iy, «ft fails to hold, the above analysis is 
not self-consistent. It might be expected, 
however, that the beam perturbation shotdd 
be considerably large if electrons are in¬ 
jected in the above manner. 

I he above analysis can be extended to 
the case of Eoi mode of the symmetric wave¬ 
guide and the lowest mode of helix under the 
assumption that ««c, »«c, and yb are not 
so small (neglecting the forces due to mag¬ 
netic field and Es). The above results may 
be applicable also to this case when we put 

Ry) = qAWy)I,(yy) 
g(y) = qAh(yy) 

, q G h = --
2?reo Wo 

P = 3.03 X 10’ -^-/o (1 - 2F(B), (15) 

F(B) = BEWIRB) - \1P(B), B = yb 

where K is the coupling impedance. The 
necessary power P decreases as h0 tends to c. 
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because the coupling between waves and 
electrons becomes stronger. But the “path” 
equation is correct when | tfu'o2|» |g| , or 
explicitly 

1.23 X 10»/ ^^«1. (16) 

It should be noted that the necessary power 
to focus the beam in the case of slow waves 
is much smaller compared with the one in 
the case of fast waves. 

We made two serious (and primitive) 
mistakes in our previous letter. One must 
eliminate t in (1) in order to derive the 
“path” equation (6). Instead of (2), we had 
assumed 

t = — + r 
Mo 

r: injection time of an electron. (17) 

Eq. (17) might be plausible as the first ap¬ 
proximation. This assumption, however, is 
not self-consistent. I nder (17), one may get 

« - cos 0„ • z 
2«»O2

K . . . 
—- - (sin </> - sin 0,1 
2o2»o2

a •= - 0, 0 = az. (18) 
«0 

I hat is, t—r—s/un is not small compared 
with the period of RF (although small com¬ 
pared with r+z/Mo). Secondly, in the discus¬ 
sion of physical meanings, we overlooked the 
fact that the focusing action of the periodic 
electrostatic field and the RF field is due not 
only to the lens action but also to the field 
periodicity itself. 

E. Sugata 
M. Terada 

K. Ura 
Dept, of Electronic Engrg. 

Osaka University 
Higashinoda, Osaka 

Japan 

A Wide-Band Single-Diode Para¬ 
metric Amplifier Using Filter 
Techniques* 

The application of filter techniques to 
achieve broad-band operation of a single¬ 
diode parametric amplifier has been sug¬ 
gested by Seidel and Hermann1 and others. 
For example, the addition of reactive ele¬ 
ments to a single-tuned circuit can result in 
flat band-pass characteristics over an in-

* Received by the IRE, November 18, 1960; re-
vised manuscript received, December 22, I960. The 
development was initiated under the sponsorship of 
contract Nour 225(24) as an amplifier study and has 
been brought to the final stages under contract AF 
19(603)-53 for application to the Stanford Radio 
Telescojie. 

1 II. Seidel and G. F. Hermann, “Circuit aspects 
of parametric amplifiers," 1959 IREWESCON Cos-
venhon Record, pt. 2, pp. 83-90. 

creased frequency range. As far as is known, 
however, no descriptions of amplifiers of this 
type have so far appeared in the literature, 
and it is the purpose of this note to report 
the successful operation of such an amplifier 
recently constructed at Stanford University. 

The amplifier operates in the degenerate 
mode at a center frequency of 3.3 kMc. The 
construction is shown in Fig. 1. A strip-line 
stepped transformer converts the 50-ohm 
input impedance to about 10 ohms at the 
input to the diode, which together with a 
short length of line is made to appear as a 
series resonant circuit at this point. A filter 
composed of two 80-pf capacitors at each 
end of a quarter-wave line, allows a de bias 
to be applied while still maintaining an RF 
ground over the frequency band of interest. 

Fig. I—General view showing arrangement ot‘ diode 
circuit, filter sections and de bias connection. 

To widen the bandwidth, filter sections 
made up of parallel-tuned circuits are placed 
at appropriate points along the signal line. 
As shown in Fig. 1, one circuit is placed at 
the input to the series diode circuit and con¬ 
sists of a shorted line at right angles to the 
main line, while a second parallel circuit can 
be placed a quarter of a wavelength closer to 
the signal input to form a three-section 
filter. The required Q's for the parallel cir¬ 
cuits are obtained by selection of the tapping 
points to these lines. 

I he pump is fed in through resonant slots 
cut opposite the diode in each wall of the line 
as in Fig. 1. The effect of these slots on the 
signal circuit has been reduced by shorts 
provided by quarter-wavelength parallel¬ 
plate lines extending into the waveguide. 
Since these lines are half a wavelength at 
the pump frequency (6.6 kMc), they do not 
appreciably affect the pump circuit. The 
pump is fed in through the waveguide in one 
wall and a variable short circuit in the oppo¬ 
site waveguide allows a high electric field to 
be placed at the diode. 

Tests have been carried out with a three-
port circulator of bandwidth 200 Me and in¬ 
sertion loss 0.2 db. The isolation exceeded 
22 db. 

As the number of filter sections is in¬ 
creased. the bandwidth changes as in Fig. 2, 

which shows the equivalent circuits of the 
amplifier for three cases alongside the corre¬ 
sponding frequency response. The gain in 
each case was 16 db while the bandwidth 
was 27 Me for the diode circuit alone, 102 
Me for one added parallel circuit and 130 Me 
for two parallel circuits. It is to be noted, 
however, that during these tests, the load 
connected to the circulator was slightly mis¬ 
matched and this contributed an extra 
ripple to the pass band which was removed 
by matching. The ripples amounted to no 
more than + J db. 

Fig. 2—Effect on bandwidth of changing tile number 
of filter sections in (a) diode circuit alone, (b) one 
parallel circuit added, and (c> two parallel cir¬ 
cuits added. 

Fig. .1 Improved frequency response of amplifier in 
(a) diode circuit alone, and (b) one parallel circuit. 

Following these tests, the amplifier was 
readjusted with a subsequent improvement 
in performance. At a gain of 16.5 db, the 
diode circuit alone yielded a bandwidth of 
50 Me with a double-channel noise figure of 
1.7 db. Addition of one parallel-tuned circuit 
improved the bandwidth to 190 Me for the 
same gain, while the noise figure was de¬ 
graded slightly to 1.8 db. The frequency re¬ 
sponse is shown for the two cases in Fig. 3. 
It is to be noted that in the two-section case, 
the ripples amount to no more than ±0.4 db 
over 150 Me and are consistent in shape with 
those expected from a two-section filter. It 
was not possible to extend the bandwidth by 
the addition of a further section because of 
the limited bandwidth of the circulator. 

The diode used in all these tests was a 
Microwave Associates Pill varactor with a 
zero bias capacitance of 1.16 pf and a cutoff 
frequency of 130 kMc. It was operated at a 
reverse bias of 1.25 volts, and about 100 mw 
of pump power were required at the ampli¬ 
fier for a gain of 16 db. More gain could be 
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obtained, indicating that the performance 
may be improved by utilizing more of the 
available capacitance swing of the diode. 

In conclusion, these results support the 
promise of wide bandwidth offered by the 
filter technique, and it is expected that even 
greater bandwidths than that reported here 
can be obtained. 

The work was greatly assisted by the 
several reports on this subject privately com¬ 
municated by G. L. Matthei to the author 
and which it is understood will be material 
for a forthcoming paper. The author also 
wishes to acknowledge the advice and en¬ 
couragement of Dr. H. Heffner and the as¬ 
sistance of K. Yngvesson during the initial 
stages of the development. 

A. G. Little 
Radioscience Lab. 

Stanford University 
Stanford, Calif. 

Dynamic Response of Rihaczek’s 
Constant Phase Nonlinear Filter* 

I read Dr. Rihaczek’s1 interesting paper 
describing a nonlinear constant phase high-
selectivity filter. The nonlinear constant 
phase filter does perform the job for which it 
was designed—to provide high selectivity 
and maintain constant phase difference be¬ 
tween the input phase and output phase of a 
slowly phase-modulated signal—it does not, 
however, share the principal advantages of a 
constant phase linear filter. As pointed out 
by Rihaczek, a band-pass linear constant 
phase filter is not physically realizable for 
the reason that such a transfer impedance 
corresponds to an impulse response different 
from zero before application of the impulse. 
This is unfortunate, since, for example, a 
zero phase linear filter could smooth noisy 
signals without time delay and could un¬ 
doubtedly be used to solve many difficult 
servomechanism problems. 

After reading Rihaczek’s paper, I con¬ 
sidered the response of his high-selectivity 
filter to a single-tone amplitude-modulated 
carrier. The argument followed was that 
since the filter adds zero phase (or constant 
phase) to both sidebands and carrier, the 
phase of the envelope is not altered by the 
filter regardless of the modulation frequency. 
The same argument was repeated fora single¬ 
tone frequency-modulated signal with the 
same conclusion of zero modulation phase¬ 
delay regardless of modulation frequency, in 
agreement with Rihaczek’s statement. These 
results were baffling as they suggest zero 
over-all time delay, despite the definite time 
delay in the linear selective filters. The ac¬ 
tual fact, however, is that modulation phase 
delay is a function of modulation frequency, 
and application of superposition to Mixer JI 
of Fig. I1 is the source of error in the above 

♦ Received by the IRE, November 15. 1960. 
1 A. W. Rihaczek, “High selectivity with constant 

phase over the pass band," Proc. IRE, vol. 48, pp. 
1756-1760; October. 1960. 

argument. Mixer ¡I is nonlinear because 
both its inputs are functions of the filter in¬ 
put. Mixers I and III, of course, can be ap¬ 
proximated as linear time-varying networks. 
The following is a simple analysis which 
brings out some of the important character¬ 
istics of this filter. 

Fig. 1 is a block diagram of a constant 
phase nonlinear filter equivalent to that of 
Fig. 1 in Rihaczek’s paper. The second har¬ 
monic mixer has been replaced by a fre¬ 
quency doubler and a fundamental mixer to 
show that two nonlinear operations are in¬ 
volved. A delay line added in the local oscil¬ 
lator arm serves to adjust the phase shift 
through the filter. For mathematical sim¬ 
plicity, all linear filters are assumed to have 
constant gain and linear phase character¬ 
istics over the significant spectral width of 
their respective inputs. In addition, all 
linear filters are assumed to have zero gain 
at frequencies corresponding to undesired 
modulation products. Full-wave square law 
rectifiers are assumed for the balanced mix¬ 
ing and frequency doubling operations. 

The input signal is taken as a band-pass 
voltage with envelope and phase modula¬ 
tion. Accordingly, the input signal is written 
<18 

«i = a(t) cos [117/ + 0(/)]. (1) 

Keeping in mind the assumptions given 
above, it is a simple matter to compute the 
desired waveforms at various points in the 
circuits. Omitting obvious details, these 
waveforms are written as 

e2 = a(t) cos [(IFl- H'DZ - 0(/)] (2) 
Í3 = il(t + 7 |) 

•cos [(II/. — II i)(Z + 77) — 0(' + 71)] (3) 
e, = a2(/)-cos [2117/ + 20(')| (4) 
Cs = a2(/)-a(t + 77)cos [(IF/. + 117)/ 

-F (Il L — 117)7’ i + 20(7) — 0(/ + Ti)] (5) 
re = a*(t + T;)a(l + T, + TJ 

•cos [(117. + 117)0 + r2) + (117. •- H7)Ti 
+ 200 + T2) - 0(/ + 77 + 771] (6) 

e, = a2(/ + r2)a0 + 77 + 77) 
•cos [117/ + 117(77 — 77) + 20(/ + 77) 
— 00 -f- 7'1 4- r2>] (7) 

(In writing cj, the time delay added in the 
local oscillator was taken as 77 + 77; this 
cancels a constant phase shift in the output.) 

ri = a2« + 77 + 77)<i(/ + 77 + 77) 
•cos [IF,/ + 117(77 + T,— 7-,) 
+ 200 + T, + 77) 
— 0<Z + T'i + T< + T'a)]. (8) 

Letting Ti = T2+T:i in (8) gives the de¬ 
sired result as 

es = «20+ TOaO + 277) 
•cos [ll ,/ + 20(/ + T'i) — 4>(t + 27'i)[. (9) 

First consider the envelope modulation 
term of (9). Obviously, the distortion is quite 
severe, anti the time delay is not zero. For 
example, for single-tone amplitude modula¬ 
tion with small modulation factor such that 

d(/) = (1 + in cos IF,,,), in « 1, (10) 

the output envelope becomes 

a\l + TJa(l + 2TJ 
= [1 + 2/» COS WmO + T'i) 

+ III COS IFm(i + 27’1) ] (1 1 ) 
which shows an envelope phase delay be¬ 
tween IT,„77 and 2IT,„77 corresponding to a 
time delay Itetween 77 and 277. 

The behavior of the nonlinear filter is 
quite different for phase modulation and, of 
course, more useful. The operation of the 
nonlinear filter on the phase modulation 
may be thought of as one of straight-line 
prediction since 20I/ + 77) —0/Z+277) is a 
straight-line prediction of 0(Z). This is evi¬ 
denced by writing a Taylor series expansion 
of the phase term of (9). The result, assum¬ 
ing no envelope modulation, and conver¬ 
gence of the series, can be written as 

T r. = cos 117/ + 0(Z) -L dl2
d2<!> 7 

Thus, ¡I the frequency of the input signal 
is constant, d2di/dt2 and higher derivatives 
must be zero, and it follows that the filter 
exhibits no phase shift. If the input fre¬ 
quency changes at a rate 6, there is a con-
stand phase error of —bTr2 and no error in 
in instantaneous frequency. If the input is of 
the form 

ci = cos (117/ + e cos IFm/), (13) 

the output can be approximated by 

c, = cos [(II I/ + reos 117,,/ + rH’„,27'i2cos IF,,,/ 
+ dF„’77’sin IF,,,/)] 

117,77 < 0.5 (14) 

which shows an increase in the modulation 
index and a phase shift of the modulating 
signal. It follows that the nonlinear filter, as 
it operates on phase modulation, has a phase 
modulation delay given approximately by 

(1F„77)3

for small values of IF,„77. 
The effect of moderate (matched) distor¬ 

tion in Filters I, II, and III was examined 
for a few simple cases using Wheeler's paired 
echo theory. 1 he result is that any one echo 
does not result in output phase errors if 0(Z) 
is well approximated by 20(/ + 7') —0(/+27'), 
T being the time delay of the echo. This be¬ 
havior was the object of Rihaczek’s design. 

The results of the above analysis may be 
summarized as follows: the constant phase 
filter exhibits constant phase only when the 
frequency of the input is constant. The 
phase error due to the phase modulation 
0(/) can be approximated by the formula 
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Phase Error 

= ̂ (/) — 2<t»U — T) + <£(/ + 2Ti), (15) 

= ̂ .r + ̂.n+ ... t (16) 
dP dP 

T being the time delay in Filter I or Filters 
Il and III in cascade. If the impulse re¬ 
sponse of Filter 1 (or Filters 11 and 111 in 
cascade) is so smeared in time that T cannot 
be evaluated, (15) and (16) do not apply. 

Rihaczek has suggested the application 
of this phase compensation scheme to para¬ 
metric amplifiers in those cases where the 
input is a single angle modulated carrier. 
F'or practical reasons, it is often desirable 
(sometimes unavoidable) to keep the band¬ 
width of the parametric amplifier several 
times wider than the final predetection band¬ 
width. An important consideration in this 
connection is the small signal suppression 
effect in some nonlinear devices.2 As a result 
of this effect the signal-to-noise ratio at the 
output of the constant phase filter will de¬ 
crease very rapidly when the desired signal-
to-noise ratio at the input to the frequency 
doublerand Mixer II falls below about unity. 

M. G. Pelchat 
Radiation Inc. 
Melbourne, Fla. 

. I uthor's Comment2
In principle, I agree with Mr. Pelchat ’s 

analysis of the constant phase filter. In con¬ 
ceiving the method of phase compensation, 
I almost abandoned the idea because 1 went 
through the same reasoning concerning the 
delay of a modulating signal. If the results 
from linear filter theory were applicable, not 
only could we design a filter with delay time 
zero but, by overcompensating the phase, 
the delay time could be made negative such 
that the circuit would act as a predictor. 
These concepts of modulation delay are not 
valid for the nonlinear filter. Indeed, such a 
filter does not retain all advantages of a 
linear filter, but then, of course, we cannot 
build a selective linear filter with constant 
output phase. 

As Pelchat confirms, the principal appli¬ 
cation for the nonlinear, phase-constant 
filter appears to be for signals of slowly 
changing frequency' (or phase). However, to 
be more precise we have to determine how 
slow is “slow" for variations in frequency. 
Todo this, we can use the results of Pelchat’s 
analysis. For signals whose frequency 
changes at a constant rate, the phase “error" 
was shown to be constant; hence, this phase 
delay adds to the output phase, and the 
phase-constant filter has no error for such 
an input signal. For a sinusoidal phase mod¬ 
ulation with frequency fm, the phase delay 
was found to be (wmT)3, where T is the delay 
of a linear filter. Fora parallel-tuned circuit, 
T is of the order of Q/tcfr (Q the quality' fac-

- D. Middleton, “Introduction to Statistical Com¬ 
munication Theory," McGraw-Hill Book Co., Inc., 
New York. X. V.. p. 553; I960. 

1 Received by the IRE. December 23, 1960. 

tor, fr the resonance frequency). For a phase 
delay of A^, the modulation frequency then 
becomes f,„ = (/,/2Ç)A0 1/s. Tolerating a phase 
delay of, say, 1 degree and using a Q = 50, 
the highest usable modulation frequency is 

=0.26 X10-2/r. This shows that “slow" 
means that the ratio fm/Jr must be small but, 
for practical systems, a value of = 0.26 
per cent is not so small. Under the above 
conditions, a center frequency of 1 Me would 
permit a maximum fm of 2.6 kc, while 100 
Me would give a value of/„max = 260 kc. The 
requirement that the frequency variations 
be slow thus leaves a large class of signals 
which satisfy this condition and for which 
the phase compensation method is useful 
and practical. I he exact phase constancy 
achievable with signals of linearly varying 
frequency may not be obtained, theoreti¬ 
cally, for signals of other characteristics, but 
the abose data prove that the suggestion 
that the compensation method may' also be 
applicable for special problems in FM sys¬ 
tems using higher modulation frequencies is 
justified. 

August W. Rihaczek 
Aerospace Corp. 

Los Angeles. Calif. 

D’Alembert s Method for Nonuni¬ 
form Transmission Lines* 

The present trend, found in many of the 
newly introduced books on mathematics for 
the undergraduate level, is to treat slightly 
the “classical" techniques developed for 
linear and nonlinear differential equations, 
while there is active interest in nonlinear dif¬ 
ferential equations. 1-’ Among those rela¬ 
tively' neglected methods is the one de¬ 
veloped by D’Alembert* for the solution of 
two, coupled first-order linear differential 
equations with variable coefficients. This 
note outlines his method and applies it for an 
approximate analy tical solution of general 
nonuniform transmission lines. The useful¬ 
ness of this analy tical approximate method 
provides 1) checks for numerical solutions of 
general nonuniform line problems by high¬ 
speed digital computers, 2) a needed mesh 
size based on the numerical values obtained 
at check points preceding detailed computa¬ 
tions, and 3) simple means to evaluate prac¬ 
tical nonuniform problems approximately 
without using any digital computer if two 
parameters of the line F(x) and Z(x) are in¬ 
dependent of each other but Z’(x) — Z(x) 
4-Z2(x) Y(x) is close to zero. 

* Received by the IRE, December 27, I960. 
1 R. Kalaba, "On nonlinear differential equations, 

the maximum operation, and monotone covergence," 
J. Math, and Mechanics, vol. 8, pp. 519-574; July, 
1950. 

- M. A. Abdelkader, “Solutions by quadrature of 
Riccati and second-order linear differential equa¬ 
tions," Amer. Math. Monthly, vol. 66. pp. 886-889; 
December, 1959. 

1 I. Sugai, “Approximate solutions for a first order 
nonlinear ordinary differential equation," to be pub¬ 
lished in Amer. Math. Monthly. 

< S. Fujita, el al., “Sugaku-Koshiki" (Mathematical 
Formulas). Sankaido, Tokyo, Japan, 54th ed., pp. 
412-413; 1950. (In Japanese.) 

D’Alembert’s Method* 

Letting y(x) and z(x) be two unknowns 
and P(x), Q(x), R(x), S(x), T(x) and U(x) 
be continuous and arbitrary functions of x, 
we have 

y' + Py + Qz = U. (1) 
z' + Ry Sz — T, (2) 

where primes are used for derivatives with 
respect to x throughout this note. Let X(x) 
be an undetermined continuous function of 
X. Multiply X(x) onto (2) and add this result 
to (1), giving 

t' + (7* 4- XR)t 
- z(X' + (P - SIX + «X2 -Q) = U + XT, (3) 

where 
t(x) = y(x) + X(x)z(x). (4) 

Require that the coefficient of z in (3) be zero 
at all times, 

X' + (P - S)X + «X2 = Q. (5) 

Let X, (¿=1, 2) be any two particular solu¬ 
tions of (5), then y(x) and z(x) are uniquely 
determined through 

/,-y + X.s, (i=1.2), (6) 

where I, should be obtained from 

C + (P + X.RII, = U + X.T, (i = 1, 2). (7) 

An apparent disadvantage of D’Alem¬ 
bert's Method is that it depends on the solu¬ 
tion of the generalized Riccati’s nonlinear 
differential equation, (5). As is well known, 
Riccati’s nonlinear differential equation has 
not been solved exactly with general coef¬ 
ficients. This could have been the chief 
reason why D’A embert’s Method has been 
almost totally forgotten. Renewed interests 
in nonuniform transmission lines and non¬ 
linear differential equations should result in 
more careful reconsideration of his method. 
Operate an operator (d/dx+S)/Q onto (1) 
and subtract (2), giving 

y" + (P + S)y' + (P' + PS - QR)y 
-U' + SU - QT. (8) 

Similar operations give an equation for z(x) 
as, 

z" + (P + S):' + (S' + PS - QR)z 
= T + PT - RU. (9) 

Require that the coefficient of y is identically 
vanished, i.e., 

P exp ( j Sdxj 

— a, + J" QR exp JSdxJ dx, (10) 

for (8) [or a similar one for (9)|, where at is 
any constant of integration. In this excep¬ 
tional case, (1) and (2) are exactly solved for 
y(x) and z(x). 

Analytical Approximate Method 

A practical application of D’Alembert’s 
Method lies in solutions of nonuniform 
transmission line problems. Change y, z, Q 
and R into more familiar symbols of U(x), 
Kx), Z(x) and T(x) and assign zero to the 
rest of the symbols in (1) and (2). Riccati’s 



824 PROCEEDINGS OF THE IRE 

nonlinear differential equation is expressed 
by 

X'to + F(.r)X2(x) = Z(x\ (11) 

where line parameters of nonunifonn lines, 
F(x) and Z(x), are arbitrary continuous 
functions of .v. As it stands, (11) has no exact 
solution. l he approximation proposed is to 
introduce an “accompanying” differential 
equation for (11), such as 

X'(.r) + F(x)X2(x) = Z'(x) + Z^x) F(x). (12) 

Use a linearizing transform, 

X(.v) = (YZu + w')/(Fw), (13) 

where u(x) is any arbitrary continuous func¬ 
tion of .v. Now (12) is reduced to an exactly 
solvable differential equation, 

u" 4- (2YZ - (Y'/Y))iY = 0. (14) 

This technique to convert a specialized 
Riccati’s nonlinear differential equation into 
.i lirst-order linear differential equation has 
been reported.5 Therefore, X, is given by 

Xi = Z + exp(- J 2FZir 

C,+ J Fexp(- ^J Zdv^rf^, (15) 

where 2) is any arbitrary constant 
of integration. The final answers for voltage 
and current are given by 

F(x) = P2X1 exp — § X^Ydx 

— ¿>1X2 exp Ç— J XiFd.r^/(Xi — X2), (16) 

and 

I (*) = ( Di exp ( — § Xi Ydx\ 

— Ojexp(-W)/(X, -X2), (17) 

where D\ and D- are constants of integra¬ 
tions. 

This analytical approximate method be¬ 
comes the exact method if F(x) is inter¬ 
related to Z(x) via 

F(x) = (Z(x) - Z'lx^RZ^x)), (18) 

where Z(x) is any function of .v. The previous 
note6 had the sole purpose of obtaining this 
interrelationship. The practical use of the 
present note is that if 

Z'(x) - Z(x) + Z’(x) F(.v) - 0 (19) 

is obtained when F(x) and Z(x) are given 
independently, combinations of (15), (16) 
and (17) give approximate analytical solu¬ 
tions for nonuniform transmission line 
problems. 

Iwao Sugai 
Electron Tube Lab. 
ITT Federal Labs. 

Xutley, X. J. 

5 I. Sugai, “A class ol solved Riccati's equations,” 
submitted to FAectrical Commun. 

• I. Sugai. “The solutions of nonunifonn transmis¬ 
sion line problems," Proc. IRE, (Corresjiondence), 
vol. 48, pp. 1489 1490; August, I960. 

A Broad-Band Spherical Satellite 
Antenna* 

lu a recent paper with the above title, 
Riblet reported on an interesting application 
ol the equiangular spiral antenna. 1 This con¬ 
sisted of projecting the planar equiangular 
spiral antenna upon the spherical surface of 
the TRANSIT satellite to meet a particular 
pattern requirement. 

Since this application is based upon the 
equiangular spiral antenna conceived at the 
University of Illinois in 1954, it is unfortu¬ 
nate that the author of the above paper did 
not reference the original work on the planar 
and conical antennas.2“4

John I). Dyson 
Antenna Lab. 

University of Illinois 
Urbana, 111. 

* Received by the IRE, April 25, I960; revised 
manuscript received, January 9, 1961. 

1 II. B. Riblet, “A broad-band spherical satellite 
antenna," Proc. IRE, vol. 48, pp. 631-635; April, 
1960. 

2 \’. II. Rumsey, “Frequency indejwndent anten¬ 
nas," 1957 IRE National Convention Record, pt. 
1, pp. 114 118. 

3 J. D. Ryson, “The equiangular spiral antenna," 
IRE Trans, on Antennas and Propagation, vol. 
AP 7. pp. 181-187; April, 1959. 

4 J. D. Dyson, “The unidirectional equivangular 
spiral antenna," IRE Trans, on Antennas and 
Propagation, vol. AP 7, pp. 329-334: October, 1959. 

A Nondegenerate S-Band Paramet¬ 
ric Amplifier with Wide Bandwidth* 

This correspondence discusses a practical 
single-diode, 5-band parametric amplifier, 
operating in the nondegenerate mode, with a 
large gain-bandwidth product. Specifically, 
bandwidths up to 80 Me have been meas¬ 
ured at a center frequency of 2.5 kMc, with 
voltage gain-bandwidth products of 500 Me 
and noise figures of 2.0 db. To the best 
knowledge of the authors, this is the highest 
gain-bandwidth product reported in the 
literature for a single-diode nondegenerate 
5-band parametric amplifier. 

The amplifier utilizes band-pass filters in 
the input and idler circuits in a manner 
similar to that suggested by Seidel and 
Herrmann1 for degenerate mode configura¬ 
tions. Applying broad-band filters to the sig¬ 
nal and idler circuits increased the band¬ 
width from 20 Me for the single-tuned case 
to 80 Me. Also utilized, for convenience in 
tuning and obtaining a wide bandw idth, is a 
separate timing adjustment for the pump 
and an external idler load. A unique feature 
of this amplifier is that it can be operated in 
the following modes: 1) wide-band with the 
idler termination at room temperature, 
2) wide-band with a cooled idler termination 

* Received by the IRE, January 3. 1961. This 
work was sponsored under contract witli AF Cam¬ 
bridge Res. Lab., Cambridge, Mass. 

1 H. Seidel and G. F. Herrmann, “Circuit aspects 
of parametric amplifiers." 1959 IRE WESCON Cox-
\ ention Record, pt. 2, pp st «< 

. 1 pri! 

for lower noise figures, 3) narrow-band with¬ 
out the external idler termination for mini¬ 
mum noise figure, and 4) regenerative up-
converter with an X-band output, thereby 
yielding a low-noise two-port device with in¬ 
creased gain over the equivalent one-port 
device having the same regeneration. 

The amplifier, shown in Fig. 1, has low-
loss, low-noise tuners constructed for mini¬ 
mum back lash and susceptibility to vibra¬ 
tion. Diode bias is applied via the fourth port 

Eig. 1—S-band parametric amplifier. 

¡TtRM i NÀT1QN I 

Fig. 2—Bkx'k diagram. X-baud parametric 
amplifier, model SPAOI. 

of a four-port circulator, thereby decreasing 
the radiation problems normally encoun¬ 
tered in conventional diode biasing circuits. 
Fig. 2 is a block diagram representation of 
the parametric amplifier. 1'he input filter 
consists of two quarter-wavelength stub 
tuners (noncontacting) in strip line, and the 
idler filter consists of three direct coupled 
cavities in RG52/L waveguide. The position 
of the idler cavities is important, and in the 
first models this position was adjustable. 
However, an optimum position for the first 
idler cavity was found which has proven 
satisfactory on subsequent models. The 
high-pass filter located on the pump side of 
the varactor is a short section of waveguide 
beyond cutoff which slides inside the 
RG52/U waveguide. The cutoff frequency 
ol this filter is 10.5 kMc; therefore, the filter 
acts as an adjustable short for the 9.0-kMc 
idler circuit, while passing uneffected the 
11.5-kMc pump. 

Typical results for this amplifier are as 
follows: 

Jo = 2500 Me, 
BW3,lb = 70 Me, 
BVVo.Mb=65 Me, 
Band-pass ripple = <0.75 db, 
Gain = 17.0 db 
Xoise figure (less circulator) =2.0 db, 
G''SB\\ 3,u, = 495 Me. 
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The basic concept of individual signal, 
idler, and pump tuning appears applicable 
for other frequency parametric amplifiers. 
Such amplifiers are presently under develop¬ 
ment at the Solid State Devices Laboratory 
of Motorola, Inc. 

G. Schaffner 
F. VOORHAAR 

Solid State Electronics Dept. 
Motorola Inc. 

Scottsdale, Ariz. 

Waveguide Harmonic Generators* 

The traveling-wave harmonic generator 
suggested by Hedderley1 can be regarded as 
a multiphase rectifier circuit. The use of 
such circuits is feasible in waveguides, and 
the simplest form, the two-phase circuit, has 
been shown to have useful properties.2 The 
essential feature of such circuits is the in-
phase property of the »th harmonic outputs 
of rectifiers, which are excited by the possi¬ 
ble phases of an n-phase system. This is 
easily demonstrated. If the fundamental 
current in a rectifier is 

i - It cos wZ, 
the voltage developed across the crystal will 
be of the form 

V = ¿3 rm cos (mut 4- </>„). 
nt 

Suppose that individual rectifiers are excited 
by the different phases of an n-phase circuit. 
Then, the current for rectifier r will be: 

/ 2 irr \ 
i, = h cos ̂ wZ -|- I, 

and the voltage developed will be: 

X- .. / 2rmr \ fr = 2 . I m COS I mut -I- (- 0 ) . 
\ n / 

I he nth harmonic for each rectifier is there¬ 
fore V„ cos (nut +2irr+<t>„) ; i.e., the nth 
harmonic outputs of the rectifiers are in 
phase. 

A two-phase circuit is easily constructed 
using a magic 7'. Identical rectifiers are con¬ 
nected at equal distances on the side arms, 
and the fundamental signal is supplied via 
the E-plane arm. The crystal currents are 
therefore in antiphase, and the reflected 
fundamental signals, which are also in anti¬ 
phase, couple only to the E-plane arm. The 
generated second harmonic signals are in 
phase, however, and so couple only to the 
//-plane arm. The second harmonic output 
is thus isolated from the input and the cir¬ 
cuit can easily be matched to the funda¬ 
mental input. The isolation depends only on 
the geometrical properties of the magic T. 
and it is thus possible to use the circuit over 
a wide range of frequencies. 

* Received by the IRE, January 3, 1961. 
1 D. L. Hedderley, “A traveling wave harmonic 

generator," Proc. IRE, (Correspondence), vol. 48. p. 
1658; September. I960. 

- A. Anderson, “A New Technique for Using 
Crystal Frequency Doubles at Millimeter Wave¬ 
lengths," Ph.D. dissertation, University of London, 
London, Eng.: 1959. 

A corresponding technique can be ap-
plied to other values of n by using the geo¬ 
metrical properties of modes in waveguides. 
Once again, this leads to a circuit which is 
sensibly independent of frequency anti 
should, therefore, be much easier to adjust 
than circuits which rely on frequency filters 
to extract the wanted harmonic. A possible 
arrangement is indicated in Fig. 1. A circular 
waveguide is used and is excited by an Hn 
circularly polarized fundamental mode. The 
rectifiers are coupled to side arms positioned 
at equal angular intervals around the cir¬ 
cumference of the guide. Fig. 2 shows the 
arrangement for a six-phase system. The 
sixth harmonics in this case give equal 
amplitude, in-phase signals at the coupling 

Circular 

“ci 

Plan* cf 
C fystals 

Fig. 1 Fi transmits the Hn mode and reflects the 
Hoi mode; F? transmits the Hoi mode and reflects 
the Hn mode. 

holes Cl, Ci. etc., and thus excite the II<>i 
mode in the circular guide. The other har¬ 
monics have different phase relations at the 
coupling holes and so excite other II „ modes, 
as n is not equal to zero. Isolation is thus 
effected between the harmonics since they 
give rise to different mode types. Mode 
filters Ft and F; may be inserted to allow the 
wanted harmonic to be extracted from one 
end of the guide. The properties required 
from these filters are shown in Fig. 1, and 
their positions are selected to maximize the 
harmonic output. Suitable mode transducers 
can be added so that the input couples only 
to the Hn circularly polarized wave and the 
output couples only to the Hoi mode. The 
other harmonics will be restricted to the re¬ 
gion between the transducers and thus be¬ 
have as though the circuit were terminated 
in reactances. 

John Brown 
Dept, of Elec. Engrg. 

I'niversity College, 
London, Eng. 

A Complete Transistor 
Equivalent Circuit* 

It is desired to present here, for those 
who might find it useful, a very simple “com¬ 
plete transistor equivalent circuit," which 
has, perhaps, often been tacitly assumed, 
but which, to the writer’s knowledge, has 
not been used as such. 

The circuit, shown in Fig. 1, is implicit in, 
though not given by, Ebers and Moll. 1 This 
is seen most easily by the fact that the fol¬ 
lowing equations from the above paper im¬ 
mediately result from it: 

—avie = Ie + Ico\t,,c'KT — 11 
—adc = 1 e + lEo\el*E KT — 11. 

Together with the above equations, the 
circuit is valid in all three regions (I, II and 
HI) and in either the forward or the reverse 
direction. In addition, all other equivalent 
large and small signal circuits, shown in the 
above-mentioned paper, can be derived from 
it. These are the reasons for calling it a “com¬ 
plete equivalent" circuit. 

The usefulness of this circuit shows up in 
its application to a problem such as the 
following: 

It is desired to know the voltage drop 
across the transistor chopper shown in 
Tig 2(a); its equivalent circuit is shown 
in Fig. 2(b), where equivalent resistances 
have also been added to the circuit. If we 
make I the circuit reduces to that 
of !■ ig. 3. Then we can write the following 
equation: 

V~/B(/fc, - R.P 

If we now assume that In» Ice and Ieo. 
then we have: 

A 7 r ori*lEoilcm ”1 
V — In(Rr¡ - RJ + — In -

q \_anlanlm J 

* Received by the I RI’. December 5. I960. 
1 .1. .1. Ebers and J. L. Moll, “Large-signal be¬ 

havior of junction transistors," Proc. IRE, vol. 42. 
pp. 1761-1772; December. 1954. 
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i 

(a) 

I 

(b) 

Fig. 2. 

Fig. 3. 

but if we assume that 

a 11 co — ax I no • 
then, 

KT r aws "I 
V~/a(Ä C1 -/?J +- In - . 

<7 L a.vi J 

R. fl. Beeson 
I airchild Semiconductor Corp. 

Mountain View. Calif. 

The Tunnel Diode as a Highly 
Sensitive Microwave Detector* 

A recent letter1 described the use of the 
tunnel diode in a super-regenerative receiver. 
We have found in similar experiments that 
our receivers showed maximum sensitivity 
with minimum quenching voltage; in tact, 
good receiver sensitivity has been achieved 
with no quenching at all. In this case the 
diode is biased near oscillation and is op¬ 
erated as a square-law detector. 

Eig. 1 shows the equivalent circuit of the 
detector at radio frequencies. Vo and Ra 

comprise the source, A is the external reso¬ 
nating inductance, and — R, C, and R* make 

♦ Received by the IRK. December 29, 1960; 
revised manuscript received. January 11, 1961. 

1 A. G. Jordan, “Ks tki diodes as su|>er-regenerative 
detectors,” Proc. IRK, (Corres|K>ndence), vol. 4X, p. 
l‘>02: November, l9f0. 

up the usual diode equivalent circuit. We 
define the short-circuit current sensitivity, 
ß^IiC/Pa, where h, is the short-circuit recti¬ 
fied current and Pa is the available power 
from the source. 

Using the various circuit parameters 
shown in Eig. 1, and utilizing the above 
definition, we find 

cuit of the diode was crude, reasonably good 
results were obtained. The input signal was 
square-wave modulated at 1 kc or 400 cycles, 
but the choice of modulation frequency 
made little difference in the behavior of the 
detector. The open-circuit detected output 
voltage was measured by using an amplifier 
with a 3-db response from 20 cps to 150 kc 

2K^,R‘ a __ _ 
|/e, + R, + ̂ LCR - Æ]2 + - CR(R, + Ä„)]2

where w is the signal carrier frequency and 
K* is the constant of proportionality be¬ 
tween the rectified current and square of the 
RE voltage across the diode. 'Ehe form of 
this relation is shown in I'ig. 2 where ft is 
plotted against frequency with R appearing 
as a parameter, Ehe values of A», R, and C 
are measured, and the values of L and R„ 
+R* are calculated. R is normalized against 
Ao, the magnitude of the negative resistance 
necessary for oscillation, and œ is normalized 
against wo, the natural frequency of oscilla¬ 
tion. The value of A is controlled by the 
choice of operating point. 

The short-circuit current sensitivity 
measurements were made in a straightfor¬ 
ward manner, and although the resonant cir-

Fig. 2 —Short-circuit current sensitivity as a function 
of normalized frequency and negative resistance. 

to drive a wide-band voltmeter. Ehe RE in¬ 
put of the detector was stub tuned to match 
the generator. 

Ehe input signal frequency was 980 Me, 
and the best short-circuit current sensitivity 
obtained was 10s ampere/watt giving a mini¬ 
mum detectable power of —110 dbm. T'his 
figure for minimum detectable power is 
somewhat pessimistic because the video 
bandwidth was much larger than the fre¬ 
quency spectrum occupied by the 1-kc 
square wave. Ehe dynamic characteristic for 
this run is shown in I'ig. 3. Ehe RE band¬ 
width was 500 kc, and the video output level 
was extremely sensitive to crystal bias. Ehe 
extremely narrow bandwidth and poor sta¬ 
bility are to be expected when operating 
close to a singular point on the l-V charac¬ 
teristic. 

Several measurements of 3 were made 
using different biases on the diode, and the 
results are plotted with the calculated curves 
of Eig. 2 for comparison. It should be noted 
that the experimental and theoretical curves 
agree in general shape, but show an order of 
magnitude discrepancy in sensitivity. Some 
of this discrepancy was due to poor RE 
coupling between generator and receiver as 
slight changes in coupling resulted in large 
changes in optimum sensitivity, and some 
discrepancy could have been due to errors in 
measurement of parameters. Ehe circuit was 
composed of lumped elements and was 
coupled to the source with a one-turn loop of 
wire. 

As expected, the diode showed square-
law response to quite large input signals. The 
only limiting factor to the dynamic range 
was the tendency for large signals to start 
the diode oscillating. 

io2

AVAILABLE POWER (dbm) 

Fig. 3—Dynamic characteristic. 
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The video noise temperature of the diode 
was not measured, but observations with a 
variable band-pass amplifier indicate a 
nearly flat noise spectrum down to about 
500 cps. This is in agreement with studies of 
1// noise associated with tunnel diodes 
biased in the negative-resistance portion of 
their characteristic.2

The diode used in these experiments was 
a GE gallium arsenide diode ZJ61-10. 
Other diodes have been tried at various fre¬ 
quencies up to 1 kMc, and the results were 
similar. The diodes, of course, will be sensi¬ 
tive only when the signal frequency is equal 
to or below the maximum frequency of oscil¬ 
lation. Good sensitivities (0 = 5X1O2) with a 
minimum detectable power of —90 dbm 
have been obtained under quite stable con¬ 
ditions with a bandwidth approaching 2 per 
cent. 

M. D. Montgomery 
U. S. Naval Res. Lab. 

W ashington, D. C. 

2 L. Esaki and T. Yajima, “Excess noise in nar¬ 
row germanium p-n junctions," J. Phys. Sm. Japan, 
vol. I.t.pp. 1281 1287; November, 1958. 

be reduced to a first-order linear differential 
equation: 

dy 
dt 

ni 

T 
m 
Im 

(3) 

The general solution of (3) is 

• J exp £- y J* (tc - Gri.)d/pç , (4) 

where C is to be determined by the initial 
condition. 

The integral is impossible to evaluate for 
ie in general. However, ic can usually be ap¬ 
proximated by piecewise straight line seg¬ 
ments. Then ic takes the form 

i, — kt + a, 
or 

and 

ic — I er\\ kt — b, 

Comments on “An Analysis of 
Cryotron Ring Oscillators”* 

In a recent paper. Cohen1 analyzed a 
film cryotron ring oscillator as an R-L cir¬ 
cuit with variable R. In the linear amplifier 
analysis, the gate resistance is considered to 
increase linearly with the total control cur¬ 
rent i = ie + i„/n-. 

Ra = »I (^ic + ~ - Gn.). (D 

In the switching analysis, the assumption is 
made that gate resistance isa discontinuous 
function of current i. 

R„ = O for i < I era 

R„ = R for i > /crll . 

The value of the probability integral 

f exp[-;2]d: = P(z) 

can be found from mathematical tables. 
Substitute (5) into (4); then 

With the initial conditions t =0, iâ Iap, this 

The gate current i„ then constitutes simple 
exponential functions of time. 

W hen (1) is used for switching analysis, 
the circuit equation becomes 

III (ic + -~ lern} i, + L^- = O. (2) 
\ m / al 

By making the substitution y = \/i„, (2) can 

* Received by the IRE. January 10, 1961. 
1 M. I.. Cohen, “An analysis of cryotron ring oscil¬ 

lators." Proc. IRE. vol. 48. pp. 1576-1582; Septem¬ 
ber. I960. 

The denominator of (6) seems to imply that 
i„ decreases faster for smaller pi, even though 
the feedback effect of iaf n is to reduce the 
gate resistance. This is because the com¬ 
parison is not made at the same region of 
gate resistance. If I cm is adjusted (through 
bias control current) to compensate for the 
change of /„o/m as g is varied (less b for larger 
pi), one would find that i„ decreases faster for 
larger pi. 

T. H. Cheng 
IBM Corp. 

Research Center 
Yorktown Heights, N. Y 

Discussion of “Fourier Series 
Derivation”* 

I feel that I must take exception to 
Gadsden’s article. 1 It is questionable 
whether his treatment constitutes a deriva¬ 
tion of the Fourier series. I n the usual order 
of events, the Laplace transformation in¬ 
tegrals are developed from the exponential 
form of the Fourier series through a succes¬ 
sion of limiting processes. Derivation of the 
Laplace transformation integrals in this 
manner is presented in many reference 
works.2 One does not usually reverse the 
process, since the meromorphic functions in¬ 
volved are generally rather difficult to 
handle mathematically. 

Now, so far as derivations and proofs of 
validity of the Fourier series are concerned, 
several exist. Early proofs of validity of 
Fourier series representation were formu¬ 
lated by Cauchy and Poisson. One of 
Cauchy’s proofs has been shown to be in¬ 
valid in its original form. The other employs 
functions of a complex variable. Poisson at¬ 
tempted proof by means of3

(1 — A2)/(.v')[l — 2h cos (.r — .r') + 7/2] 'dx' 
■r 

= (l/2r) J” f(x')dx' 

+ (l/<) ¿ h" J" fix') cos h(x — xfdx' 

for — 1 < h < 1 

Further proofs of validity are provided 
by Dirichlet’s approach, perhaps the most 
rigorous, and minimization of the square 
error. 4 5 Dirichlet's proof is based upon a 
sketch provided by Fourier. 

The derivation of the Fourier series is 
not a derivation in the usual sense. Certain 
relations are stated from which the Fourier 
series representation for a piecewise con¬ 
tinuous periodic function can be developed. 
This is perhaps the factor that has disturbed 
Gadsden. One derivation of the Fourier 
series may be developed from an approach 
employing orthogonal functions. Following 
is a sketch of this derivation. 

The Fourier series is one of a class of 
general trigonometrical series which may be 
represented in the form1’ 

f(t) = (do/2) + 22 [“t cos kt + bp sin ¿/J. (1) 
A-U 

* Received by the IRK, November 3, I960. 
1 C. P. Gadsden, “Fourier series derivation," Proc. 

IRK, (Correspondence), vol. 48, p. 1652; SeptemlxT. 
I960. 

’M. F. Gardner and .1. L. Barnes, “Transients in 
Linear Systems," John Wiley and Sons, Inc., New 
York, N. Y., vol. 1; 1942. 

C. R. Wylie, “Advanced Engineering Mathe¬ 
matics," McGraw-Hill Book Co., Inc., New York. 
N. Y.; I960. 

3 S. D. Poisson, “Sommation des Series des Quan 
tités Périodique," Paris Ecole Polytechnique, Journal, 
Tome 12, cahier 19, (1st series), 1823; “Suite du 
Mémoire sur les Intégrais Définies et sur la Somma¬ 
tion des Séries," p. 404 ff. 

S. D. Poisson, “Théorie Mathématique de la 
Chaleur," Bachelier, Paris, France, 1837. 

4 E. W. Hobson, “The Theory of Functions of a 
Real Variable," Dover Publications, Inc., New York, 
N.Y., vol. 2; 1957. 

5 W. Kaplan, “Advanced Calculus," Addison 
Wesley Publishers, Cambridge, Mass.; 1953. 

6 A. Zygmund, “Trigonometrical Series," Dover 
Publications. Inc., New York, N. Y.; 1955. 



828 PROCEEDINGS OE THE IRE . 1 prit 

Provided that a0, fl*, and bk are correctly de¬ 
termined. the expression on the right-hand 
side of (1) is a Fourier series representation 
for f(t). 1'he function /(/) is a piecewise con¬ 
tinuous periodic function. 

As a starting point, we examine the set 
of orthonormal functions, </>„(/), investi¬ 
gated by Fourier: 

d>M = l/v2r, <2>i(/) = (i/CO sin /, 

</>:(/) = (l/V’r) cos 2, 

^i(f) — (1/x tr) sin 2/, 

<>)(/) = (1/x r) cos 2/, ■ ■ • 

= (1/\ >r) sin nt. 

— (M\'O cos nt. (2) 

Let us suppose that our piecewise continuous 
function /(/) can be represented by the in¬ 
finite series: 

fit) = + F|^>1(/) + C2</>2(/) + ' • ■ 

+ + • • • 

= ¿ cM- (3) 
k-0 

Now, to evaluate the constants Ck, we use the 
property ol sets of orthonormal functions 
that: 

J = 1; 

J <t>k(l)<t>j(.l) = 0, k # j. (4) 

(In this case the range of définition of one 
period is — r to d-r.) We now form the 
expression 

J 

§ [co^o(O 4- c\d»\(i) 4- • • • 
4- Ck^M + • • • I0, Xt)dl 

c^o(l)d>o(.0dl 4- I C]0i(r)0i (/)<// 4~ • • • 

4- J fkd>k(i)d>k(t)di 4- • • • 

= ¿ Q f tMdMdt = ¿ ck. (5) 
*-0 J -T k^O 

1 le nee 

J JV+Mdl 

— ̂Ck = Co 4- Q 4* c-i 4- • • • 4- Ck 4- • • •• (6) 

Or 

J f(t)<i>a(t)dl = c«; 

J Rt^Mdl = ci ; • - - ; 

J* f(l)<bMdl = ck. (7) 

Substituting from (2) into (7), we find 

Co = (l/v'2r) J /(/)<//; 

Ci = (l/x/-Jr) J f(D sin tdl; 

c» = (I/x/t) J /(/) cos 1dl-, • • ■ ; 

Cjn-i = (1/x/ir) J* f(l) sin nidi; 

Ci„ = (Wir) J fit) cos nidi. (8) 

Substitution of (2) and (8) into (3) produces 

/W = c^oQ) 4~ ci</>i(/) 4^ • • • 4- Ckd>k(t) 
4" • • • 4" c„d>n(t) 4- • • • 

= ZL Ckd>k(l) 
k-0 

= }(l/2or) f/fOdl 

+ £(l/r) J J'(l) sin /<7/J sin I 

+ ̂ (1/r ) J" f(l) cos Idt J cos I + • • - I 

-(1/2^) y RDdt 

+ ¿ y(l/ir) y /(/) eos í/d/1 cosí/ 

+ I ( 1 /w) f /(/) sin ktdl I sin kl ( . (9) 

Comparison of (9) with (1) yields 

/(/) = (flo/2) + ¿ [a* cos kl + bi sin kt (1) 

flo = (1/tr) y f(l)dt; 

nt = (l/tr) y /(/) cos ktdl; 

bk = (l/ir) y sin ktdl, 

k = 1, 2, 3, • • • . (10) 

1'he function f(t), to be expressed as a 
Fourier series, must satisfy the Dirichlet 
conditions: 1) /(/) may have a finite number 
of discontinuities only over the range of one 
period; 2) the integral shown must be abso¬ 
lutely convergent. 

I/(/) I dl < », 
a 

where a-b is the range of definition of /(/); 
and 3) any infinite discontinuities of f(t) 
must be integrable. 

A complete discussion of the Fourier se¬ 
ries derivation and proof of validity would 
include examination of the Gibbs Phenome¬ 
non and the convergence properties of the 
series. The sketch presented above should 
provide some insight into one method of 
deriving the Fourier series. 

Clifford D. Ferris 
Dept, of Elec. Engrg. 

1'he George W ashington University 
W ashington, D. C. 

Author's Comment1
My brief letter was not meant to furnish 

a rigorous derivation of the Fourier series. 
It is well known that restrictions must be 
put on a function for it to be representable 
in such a series. The purpose of the note was 
to indicate howthe general form of the series, 
as well as the standard formula for the 
Fourier coefficients, could be deduced from 
Laplace-transforni theory. The development 
outlined above, which is very well known in¬ 
deed, is merely a procedure for obtaining the 
coefficients; the form of the series is assumed.8

After receiving a copy of Ferris’ remarks 
1 was, however, able to expand the formal 
derivation of my letter into a rigorous proof, 
assuming that the given periodic function 
PCD satisfies Dirichlet’s original conditions, 9 

by using a general method 10 for inverting its 
transform: 11

PG) = (1 - e~T’)~‘ f e "p(l)dt, (1) 
V 0 

where T = the period and RelsJ>0. Soon 
afterward, I found an almost identical dis¬ 
cussion in a recent book; 12 it is therefore un¬ 
necessary to repeat it here. 

Still, the point can be raised whether 
PG) may first be expanded into its partial¬ 
fraction series 

PW = ¿ k„G — 5„)-1 . (2) 
— 00 

where 

kn = T~' f s„ = j2irnT~\ 
J o 

# - 0, ± 1, ± 2, • • • , 

and then this series inverted term by term to 
recover p(t) in its Fourier representation 

PW = ¿ i„e-"‘. (3) 

7 Received by the IRE, January 10, 1961. 
8 Note added in proof: In Ferris’s letter, there is an 

error in (5) and (6). The right-hand sides should be 
Ctl, not an infinite sum. 

'' See Hobson, op. cil., pp. 502-509. These condit ions 
are that the function be sectionally continuous, and of 
bounded variation in its ¡æri<xi. The conditions listed 
by Ferris are presumably meant to refer to Dirichlet's 
later weakened conditions, and, if so. are incom¬ 
pletely stated: the latter conditions allow a finite num¬ 
ber of infinite discontinuities in the period, but the 
function must still lx* of bounded variation when ar¬ 
bitrarily small neighborhoods of these discontinuities 
are excluded; the condition 3) is unnecessary as it fol¬ 
lows from 2). 

*® R. V. Churchill, “O|)erational Mathematics,’’ 
McGraw-Hill Book Co., Inc., New York, N. V., 2nd 
ed., pp. 186 193; 1958. 

11 A proof of this formula, simpler than the usual 
one, is as follows. Let p(t) =0, t <0; p(t)=p(t + T), 
t>0. Transforming q(t) =p(t) —p(t — T) we have 

J exp ( —sl)q(t)dl = P(s) - P(s) exp ( - sT) 

by the shifting rule. Then (1) follows since q(t) =p(t), 
0 <t <T\ and =0 otherwise. It is not hard to see that 
the Lebesgue integrability of q(t) is sufficient for 
validity, and that the abscissa of absolute convergence 
is 0, or — » if q(t) ¡s null. 

12 S. Seshu and N. Balabanian, “Linear Network 
Analysis," John Wiley and Sons, Inc., New York, 
N. Y., sect. 5.5 and Problem 5.13; 1959. The inverting 
of ( 1 ) by residues has also been treated by N. W. 
McLachlan, “Fourier expansions obtained opera¬ 
tionally,” Phil. Mag., vol. 24, p. 1055, 1937, and dis¬ 
cussed by Gardner and Barnes, op. cit., p. 243. 
However, _ the idea seems to have originated in 
O. Heaviside, “Electromagnetic Theory," Dover Pub¬ 
lications, Inc., New York, N. Y., 1950 (see especially 
sect. 265, “Conversion of o¡>erational solutions to 
Fourier series by special ways,” and sect. 275, “How 
to find the meaning of a Fourier series operationally"). 
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Xow, the expansion (2) can be verified 
rigorous!}' by a method of Cauchy: 13 front 
residue theory we have 

¿ Mo - s,) 1 
\ 

+ C — s)~'P(s)ds, (4) 

where Cv is the square in the s plane with 
corners at ±<rv±jav, = (2JV-F 1 and 
z^s„ is inside Cv. We now show that the line 
integral of (z — s}~'P(s) along each side of 
this square — »0 as TV—*x. Let 
z=x+jy, and note the relations 

| 1 - c ’«T 

= 1 - 2r rom uT 4- e > (1 - e 

I- — 51 >av — in, where msmax (|.v|, |v|L 
s on C.v and z within Cx. and 

b = l.u.b. I />(/) I , 0 < I < T, 

which is finite because f>(t) is sectionally con¬ 
tinuous. First let / = the line integral along 
the left or right side of Cx. Then, 

•e-^dldw. 

Xow let I' = the line integral along the top 
or bottom of Cx. Since cos c*>T= — I, 

HI 
< b(frN - m)~' f * f (1 + "'e-”dtda 

= b(aK — m)~' J' a~' tanh (aT/2}da. 

As N—*x, the last integral diverges to — x 
since the integrand is asymptotic to a-1 ; by 
L’ Hospital's rule the limit of the entire ex¬ 
pression can be evaluated as 2/> lim ay" 1 

tanh (axT/2) =0. Hence (2) is valid as the 
limit of (4) as N—*x. Unfortunately the 
rigorous term by term inversion of (2) into 
(3) appears to be difficult; the only general 
theorem on inversion of an infinite series of 
transforms that is given in standard works 
on the Laplace transform is much too re¬ 
strictive for the broad conditions assumed 
here. 11 Of course, the valid result of inversion 
of P(s) from the closed form (1) shows in¬ 
directly that term-by-term inversion must 
also be valid. If any reader can supply me 
with a direct proof, I would appreciate it. 

Finally, in contradiction to what Ferris 
cites as the “usual” order of events, it may¬ 
be noted that the Laplace transform pre¬ 
dated the Fourier transform by some 30 

11 E. T. Copson, “Theory oí Eunctions of a Complex 
Variable," Oxford University Press. Oxford, England, 
pp. 144145; 1935. 

11 G. Doetsch, “Laplace Transformation," Dover 
Publications. Inc., New York, N. Y„ p. 139, theorem 
1: 1943. 

years in its original development. 15 The ap¬ 
proach of starting with the Fourier series is 
only a pedagogical device, as Gardner and 
Barnes clearly state. 16

Christopher I*. Gadsden 
Dept, of Elec. Engrg. 

Tulane University 
New Orleans, La. 

11 Gardner and Barnes, 
pendix C. 

*• Ibid., pp. 94-95. 

op. cit., p. 104 and Ap-

Microwave Bistable Circuits 
Using Varactor Diodes* 

Fast microwave switching circuits, with 
switching times of the order of a few nano¬ 
seconds, have been built using varactor 
diodes. The circuits use the nonlinear ca¬ 
pacitance and rectification properties of the 
varactor to generate a negative resistance. 
Similar negative resistance phenomena have 
been reported recently , but they have been 
attributed to new high-frequency semicon¬ 
ductor phenomena. 1-3

Fhe basic circuit consists of a varactor 
diode mounted in a tunable waveguide or 
coaxial diode mount, and a high-frequency' 
voltage applied to the circuit. When the 
tuner and the power level are properly ad¬ 
justed, the voltage-current characteristic 
that is observed at the bias terminal has a 
negative resistance region and sometimes 
has hysteresis, as shown in Fig. 1. 

Fig. 1 -Current-voltage characteristics of the varac¬ 
tor negative-resistance circuit for various micro¬ 
wave power levels. 

* Received by the IRE, December 6, I960; revised 
manuscript received, January 6, 1961. 

1 I. Hefni, “Effect of minority-carriers on the dy¬ 
namic characteristic of parametric diodes.” Electronic 
Engrn., vol. 32, pp. 226-227; April, I960. 

2 K. Siegel, “Anomalous reverse current in varactor 
diodes,” Proc. IRE, vol. 48, pp. 1159 1160; June, 
1960. 

’ H. C. Torrey, and C. A. Whitmer, “Crystal Rec¬ 
tifiers," McGraw-Hill Book Co., Inc., New York. 
N. Y., ch. 13; 1948. Here it was realized that the 
phenomena were due to the nonlinear resistance and 
capacitance of the diode, but the explanation was not 
very detailed and the diodes at that time did not show 
enough negative resistance and were not uniform 
enough to Ix’ useful. 

The explanation for the operation of the 
circuit is as follows: at one value of bias 
voltage the circuit is resonant, thus causing 
the ac voltage across the % arador to be large 
and to extend into the reverse conduction 
region. This causes a large rectified current 
to flow at the bias terminal. \\ hen the bias 
voltage is increased or decreased from this 
value, the circuit is no longer resonant and 
the rectified current is smaller, thus giving 
the negative-resistance characteristic. This 
explanation is substantiated by the fact that 
the voltage at which the peak current occurs 
decreases as the frequency is decreased. The 
hysteresis occurs because the resonance can 
be a nonlinear resonance (ferroresonance) 
and occurs only for a certain range of circuit 
parameters. Experiments with low-fre¬ 
quency versions of the circuit substantiated 
this explanation. 

The best negative resistance character¬ 
istics obtained so far have been with diffused 
silicon varactors with sharp breakdown 
characteristics and with breakdown voltages 
of 5 to 7 volts. Negative resistances of less 
than 10 ohms with a peak current of 3 ma 
have been observed. The cutoff frequencies 
of the varactors were about 25 kMc at zero 
bias, and the capacitances ranged from 0.5 
pf to 1.6 pf. 

This phenomenon is very fast, i.e., the 
negative resistance is observed at all fre¬ 
quencies that are low compared to the car¬ 
rier frequency. To get an indication of the 
speed of the phenomenon, an oscillator was 
made by connecting a resonant circuit across 
the bias terminals. Using a 10-kMc carrier, 
the circuit could be made to oscillate at any 
frequency up to at least 900 Me. 

A bistable circuit was constructed by 
biasing the negative resistance through the 
proper load resistance. The circuit could be 
switched between states with speeds of less 
than 10 nsec when the carrier frequency was 
10 kMc. The circuit used had much more 
energy storage than necessary, due to the 
long length of the circuit and the high in¬ 
ductance of the varactor, and therefore, it is 
expected that the switching time would be 
reduced if the circuit were miniaturized and 
the varactor package improved. Experi¬ 
ments with the low-frequency circuit showed 
that the switching time could be made to be 
as short as 6 cycles of the carrier frequency. 
Another type of low-frequency carrier-
energized varactor bistable circuit was re¬ 
ported by Keizer several years ago.4

A microwave bistable switch was made 
by connecting the basic circuit in shunt with 
a transmission line as shown in Eig. 2. The 
impedance presented to the main transmis¬ 
sion line by the bistable circuit depends on 
the state of the circuit. In one state the cir¬ 
cuit is resonant, and the length of the shunt 
line can be chosen so that the impedance is 
high, therefore permitting a large amount of 
power to be transmitted to the load, while in 
the other state, the impedance is low, there¬ 
fore reflecting most of the incident power. 
Typical curves of transmitted power vs bias 
voltage and incident power are shown in 
Fig. 3. 

4 E. O. Keizer, “A carrier-energized bistable circuit 
using variable capacitance diodes," RCA Rev., vol. 18. 
pp. 475-485; December. 1957. 
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Threshold logic circuits with power gain 
can be made as shown in Fig. 2. The bias 
power is adjusted as in Fig. 3(b), so that a 
certain number of inputs is required to cause 
the circuit to switch. The length of the shunt 
line can be chosen so that the transmission 
characteristic is as shown in either Fig. 3(b) 
or Fig. 3(c). In the latter case, the output is 
inverted. 

Fir. 2—Microwave bistable switch. Ph. Pi, and Pt 
are the microwave power levels in the circuit. 

The experiments indicate that the per¬ 
formance of the circuit in high-speed switch¬ 
ing applications would be improved by using 
higher carrier frequencies, low-energy stor¬ 
age circuits, and better varactors. 

C. L. H BIZMAN 
IBM Corp. 
Res. Center 

Yorktown Heights, N. Y. 

Mismatched Interconnection of 
Transistor Feedback Amplifiers* 

One of the difficulties in the design of 
transistor feedback amplifiers is the inter¬ 
action between successive stages. Consider 
the following example: 

The voltage gain of a series feedback am¬ 
plifier, Fig. 1(a), is given by 

.4,. « Rl/Re. (1) 

In a cascade of series feedback stages, Fig. 2, 
the effective load Rl for each transistor is 
the parallel combination of its own collector 
resistor Re and the input resistance r, of the 
following stage: 

Rl = (Rcr^RR, + r.) (2) 

Fig. 1 —Single-stage transistor feedback amplifiers: 
(a) series feedback, (b) shunt feedback. 

Now r, is relatively unknown, being 
(roughly) proportional to 

n « 0nRe- (3) 

Therefore, if the gain of a cascade of series 
feedback stages is to be accurately stabilized, 
Rr must be very much smaller than the un¬ 
known r¡, so that Rl is know n accurately. A 
ty pical value for Rr would be 

Rc = 0.1 PxaR e, (4) 

where ßxA is the value of ßx expected for an 
“average” transistor. Therefore, 

Rl ~ Rc 

= 0.1 ßxARE (5) 

and, from (1), the voltage gain per stage is 

A, » 0.1 ftva. Í6) 

* Received by the IRE, January 16, 1961. 

Thus, the gain per stage of a cascade of series 
feedback amplifiers must be small if this gain 
is to be accurately stabilized. 

A dual argument may be applied to show 
that the gain per stage of a cascade of shunt 
feedback amplifiers must be small if this gain 
is to be accurately stabilized. 

It may be shown that a series feedback 
amplifier has a stable transconductance. Its 
input and output resistance are increased by 
the feedback. Ilutare not stabilized. Further, 
such an amplifier should work into a low load 
resistance, and there is no feedback when such 
an amplifier is fed from a current source. Its 
transconductance is given by 

to a.x 1 
ft rn/ßx + te + Re Re 

The shunt feedback amplifier, Fig. 1(b), 
is the dual of the series feedback amplifier. 
It has a stable transresistance, it has low 
input and output resistances, it should 
work into a high load resistance, and there 
is no feedback when it is fed from a voltage 
source. Its transresistance is given by 

t'o Re 
f> 1 + (Re + Rp/ßxRi. 

In view of these facts, the obvious 
method for cascading transistor feedback 
stages is the use of alternate series and shunt 
feedback stages. \\ ith this method of inter¬ 
connection, each stage operates under very 
nearly the ideal conditions for which its 
transmittance is stabilized. The low input 
resistance of a shunt feedback stage forms 
an ideal load for a series feedback stage, and 
the high input resistance of a series feedback 
stage forms an ideal load for a shunt stage. 
Similarly, the high output resistance of a 
series stage forms an ideal source for a shunt 
stage, and the low output resistance of a 
shunt stage forms an ideal source for a series 
stage. For the same uncertainty in gain, 
more than twice the gain per stage can be 
realized with this method of interconnection 
than can be realized with either of the cas¬ 
cades of similar stages. Basically, what is 
done is to introduce a gross impedance mis¬ 
match between stages, so that the trans¬ 
mittance of each stage depends only on that 
stage. The over-all gain is closely the prod¬ 
uct of the individual stage transconduct¬ 
ances and transresistances. 

This method of interconnection of feed¬ 
back stages is particularly useful in the de¬ 
sign of transistor video amplifiers, where the 
use of single stage feedback circuits is almost 
essential for the production of designable 
circuits w ith satisfactory transient response. 
It also has application to audio amplifiers, 
and to cascades of feedback pairs, as is dis¬ 
cussed in a paper to be published shortly.1

E. M. Cherry 
Dept, of Elec. Engrg. 

University of Melbourne 
Melbourne, Australia 

1 E. M. Cherry, “An engineering approach to the 
design of transistor feedback amplifiers,” Proc. IRE 
(Australia}, vol. 22; 1961. To be published. 
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General Matched-Filter Analysis of 
Linear FM Pulse Compression* 

A previous paper1 discussed the basic 
concepts of linear FM pulse compression. 
The following discussion presents a matched-
filter derivation of the pulse-compression 
waveform that includes the effect of a fre¬ 
quency shift of the received waveform (i.e., 
Doppler shift approximation). 

The transmitted waveform for the linear 
FM pulse compression is 

m/2 T T 
/(/) = COS (wo/ + “), - y < / < y • (1) 

The matched filter required in the receiver 
has an impulse response h(t) that is the time 
inverse of the signal at the receiver input. 
Thus. 

bandwidth is very much smaller than the 
transmitted frequency, wo+wr/. 

The most general output of the linear 
FM matched filter is obtained by evaluat¬ 
ing: 
g(r, ud) 

7] 
•cos ^w0(r — /) - y (t - Z)2J dt, (5) 

This has the form : 

sin (a + 0) — sin (a — 0) = 2 cos a sin 0, 

where 

a = (w0 + y^r 

3 = ̂ (7--.). 

Thus, combining with the similar result for 
r<0, the final expression is obtained: 

h(t) = t/— COS (wo/ - - ), 
V TT L sin 

g(r, wj) = (1(1) cos 
WJ + MT (2) 

where 
factor that gives the 

a 

Jr — /)<//. (3) 
and 

gW = 
a 

Utilizing the proper trigonometric identities 
terms, the 

gO = 

gC, w) = «6 cos 

sin (wot + w,// + Mr/ — (mt/2)2
Ud + Mr 

Md + Mr 

• (8) wj + mt 

T 
7 

T 
1 

T 
1 

T 
7 

T 
1 

If M.rr/l is appropriately added and sub¬ 
tracted in the argument of the first term, 
we obtain 

which compares to previously derived re¬ 
sults1 that assume a matched filter approxi¬ 
mation of linear time delay vs frequency, 
and no bandwidth limitation: 

T 
b = — 

2 

It is interesting to note that the carrier 
frequency term contains no frequency mod¬ 
ulation for the nonmatched situation. In 
addition, the output frequency is shifted by 
wj/2, not wrf, an expected result when con¬ 
sidering the bandwidth-limiting effects of 
the matched filter. For the special case of 
w,/ = 0, the usual autocorrelation function is 
obtained, 

and dropping higher frequency 
matched filter output is 

Imposing the limits for t>0, the above be¬ 
comes 

g(r, M.p 

* Received by the IRE, January 17, 1961. 
1 C. E. Cook, “Pulse compression—key to more 

efficient radar transmission.” Proc. IRE, vol. 48. pp. 
310-316; March, 1960. 

When f(t) and A(Z) are “matched,” g(r) 
represents the autocorrelation function of 
the input signal. If the signal and the filter 
are not matched, then g(r) represents the 
cross-correlation of the two functions. In 
pulse-compression systems, the case of gen¬ 
eral interest lies in the effect of a moving 

w^T - y 

filter unity gain. 
The output of the matched filter is ob¬ 

tained by convolving /(/) and h(t), yielding 

r r11" 1 (wot + wjt + Mr/ - —J dt -«</<». (12) 

As the compression ratio increases (i.e., 
T is larger for a fixed compressed pulse 
width) the above two functions become 
nearly identical except for large values of r. 
In the case of the filter for the linear time 
delay only, there is a linear displacement 
with time of the compressed pulse as a func¬ 
tion of shift in frequency, but no waveform 
distortion as in the matched filter solution. 
In actual practice, (10) presents a more real¬ 
istic appraisal. It should be pointed out that 
this analysis does not include the case of the 
reduction of the signal sidelobes by addi¬ 
tional nonmatched filtering techniques. 

The writer is grateful for helpful discus¬ 
sions with R. F. Schreitmueller and J. E. 
Chin of the Sperry Gyroscope Company. 

Charles E. Cook 
Air Armament Div. 

Sperry Gyroscope Co. 
Div. of Sperry Rand Corp. 

Great Neck, L. I., N.Y. 

. m/ sm — T 
. , i 2cos (wo/ - —) — 

2 m/ 

target that causes, by virtue of the Doppler 
signal shift, the received signal to be mis¬ 
matched to the pulse-compression filter. 
For the linear FM function we may take 
the Doppler-shifted signal as 

/(0 = COS [(w0 - MdP + ~y-]. (4) 

This ignores the second-order effect pro¬ 
duced by the frequency deviation of the sig¬ 
nal, a valid assumption if the total signal 

sin^r-M) 
COS UqT -
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Gain vs Bandwidth Limits for 
Esaki Diode Amplifiers* 

Calculations have been made of the theo¬ 
retical limits on gain vs bandwidth for Esaki 
diode linear amplifiers in three different con¬ 
figurations. These limitations are an inter¬ 
esting measure of performance for such am¬ 
plifiers and are not widely publicized at 
present. 

A scattering matrix description was used 
for amplifiers of the transmission type, re¬ 
flection type, and reflection type with circu¬ 
lator. 1 An absolute stability requirement was 
expressed in terms of the reflection coef¬ 
ficient of the network seen by the negative 
resistance. This stability requirement, to¬ 
gether with conditions of physical realizabil¬ 
ity of passive lossless coupling networks, 
leads to integral restrictions of the trans¬ 
ducer gain (output power/available source 
power) along the ju axis. These integrals are 
as follows:2

1) Transmission-type amplifier: 

2) Reflection-type amplifier: 

J o L GgGl J 

’rGc / . (Go + G 
- I approximately tor Gt — 
Cd X GgGl 

» 1 or = 1 

3) Reflection-type amplifier with circu¬ 
lator: 

X- tGd In G rd ta - ; 
Cd 

Gr = output power/available source power 
G g = generator conductance 
Gl = load conductance 
Go “diode conductance (magnitude) 
Co=diode capacitance. 

In deriving the integrals, series resistance 
and inductance have been neglected since 
careful packaging and fabrication tech¬ 
niques can make these effects small. 

In order to demonstrate the meaning of 
these integrals in a general way, it was as¬ 
sumed that Gt is constant over a band of 
frequencies Br, outside of which Gt drops to 
zero or to some appropriate constant value 
which is less than or equal to unity. This 
idealized response gives an estimate of the 
limiting gain achievable for a specified band¬ 
width, without restriction to a specified pole 
pattern. The results are plotted in Eig. 1, to¬ 
gether with points representing a number of 

* Rereived by the IRE, January 9, 1961. 
1 Different types of amplifiers have been described 

by E. W. Sard, in “Tunnel (Esaki) diode amplifiers 
with unusually large bandwidth,” Proc. IRE, (Corre¬ 
spondence), vol. 48, pp. 357-358; March, 1960. 

2 A detailed derivation of the integral restrictions 
is given by J. S. Logan, “Theoretical Limitations of 
Gain and Bandwidth in Wide-Band Transistor and 
Esaki Diode Amplifiers,’’ Solid-State Electronics Lab., 
Stanford Univ., Stanford, Calif., Tech. Rept. No. 
1753-1; September 20, I960.' 

Normalized bandwidth (u>j—an) Cd Cd^B^d Gd. 

Fig. 1. 

Curve 1 = Maximum flat gain for reflection-type 
amplifier with circulator. 

Curve 2 "Maximum flat gain for reflection-type 
amplifier. 

Curve 3 = Maximum flat gain for transmission¬ 
type amplifier. 

Curve 4 "Maximum gain for equal -ripple response 
in a reflection-type amplifier with 3 db of 
ripple. 

Curve 5 = Maximum gain for equal-ripple response 
in a reflection-type amplifier with 0.5 db 
of ripple. 

realizable designs. It is seen that the re¬ 
flection types are superior to transmission 
types, thus supporting Sard’s conclusion 1 

for maximally flat amplifiers. 
J. S. Logan 

14 Highpoint Drive, R.D. 2 
Poughkeepsie, X. Y. 

Some Electron Trajectories in a 
Nonuniform Magnetic Field* 

A theoretical investigation1 has been 
given to the ray paths of electrons deflected 
by electrostatic fields in both horizontal and 
vertical directions of a thin cathode-ray 
tube.2 Since magnetic fields may also be 
used for deflections, this letter reports a 
magnetic method of scanning an electron 
beam in one direction only. The electron 
trajectories in the midplane of a nonuniform 
magnetic field are first treated as a two-di¬ 
mensional problem. By including a second 
component of the magnetic field, trajectory 
calculations are then extended to the region 
close to the midplane. 

The equation of motion of an electron in 
magnetic fields takes the form 

d 
— (mv) = eB X V, (1) 
dl 

where t is the time variable, m and e are the 
mass and the magnitude of the charge of the 

* Received by the IRE, December 30, 1960. 
1 E. G. Ramberg, “Electron-optical properties of a 

flat television picture tube,” Proc. IRE, vol. 48, pp. 
1952-1960; December, I960. 

2 W. R. Aiken, “A thin cathode-ray tube,” Proc. 
IRE, vol. 45, pp. 1599-1604; December, 1957. 

electron, and v is its velocity. For the region 
close to the x-y plane in rectangular co¬ 
ordinates x, y, and z, the magnetic field B 
can be expressed by 

B, = 0, (2) 
B, = — azBo[exp ay], (3) 
B, = — B0[exp ay], (4) 

where B» and a are parameters for the case 
in consideration. 

Trajectories in x-y Plane 

After substituting (4) into (1) and inte¬ 
grating with respect to t, the x, y components 
of (1) become 

dx w 
T7 = - D, (5) dt a 

and 

where u> = eB<¡/m is known as the Larmor fre¬ 
quency. If the time variable is eliminated in 
these equations, the electron path in the 
x-y plane may be described by 

Eq. (7) indicates that the path will be 
normal to the x axis wherever it crosses the 
x axis. Since the slope of the curve is a func¬ 
tion of y alone, the magnitude of the slope 
for the same y must be equal, but the sign 
may be different. If the curve is continuous, 
the trajectory is symmetrical about a line 
parallel to the y axis. The results for various 
values of aR are shown in Fig. 1. 

Trajectories in y-z Plane 
After determining the principal trajec¬ 

tories in the x-y plane, it is helpful to ex¬ 
amine the focusing action in the y-z plane. 
Since the magnetic field has no x component, 
the z component of (1) becomes 

(9) 

With the aid of (5) and (6), the above equa¬ 
tion can be written as 

The initial conditions are that the electrons 
having the same velocity are now injected 
from points off the origin, i.e., x = y = 0 and 
z=zo. In Fig. 2 the y-z trajectories are 
plotted for six values of aR. 
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Fig. 1 Trajectories in the x-y plane for 
different values of aR. 

Fig. 2—y-3 plot of the electrons entering perpendicu¬ 
lar to the x-z plane at five values of z/R ranging 
from 0.02 to 0.1 . 

As compared with a uniform magnetic 
field, the nonuniformity is introduced here 
to improve the deflection sensitivity and to 
reduce the width of the electromagnet for a 
definite scanning size. Since the exit angle of 
the beam can be made perpendicular to the 
scanning direction, this scanning method 
may be useful in a thin picture tube. 
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On the Fourier Transform 
Constants* 

I'he problem considered in a recent 
note 1 on how to divide the 1 /2ir between the 
members of the Fourier transform pair, can 
be resolved also as follows: absorb this 
factor into the doi as df“d(w/2ir), and con¬ 
sider the cycle frequency /as the basic fre¬ 
quency variable instead of the radian fre¬ 
quency w. Then the pair becomes sym¬ 
metrical: 

G(/) = f g(l)e-^'dt, 

g(t) = J G(W‘>df, 

and the Parseval relation for the energy 
spectrum becomes simply 

J"|g(/)|W - J“|G(/)|W' 

Christopher P. Gadsden 
Dept, of Elec. Engrg. 

Tulane Univ. 
New Orleans, La. 

* Received by the IRE, January 16, 1961. 
1 R. S. Johnson and J. L. Hammond, “On the 

choice of constants in the Fourier transform pair,’’ 
Proc. IRE. (Correspondence), vol. 49, pp. 375-376; 
January, 1961. 

A Nearly Optimum Wide-Band De¬ 
generate Parametric Amplifier* 

Seidel and Herrmann1 treated the case of 
multiple-resonator tiegenerate parametric 
amplifiers from the viewpoint of setting fre¬ 
quency derivatives of the gain function 
equal to zero, and they showed that use of 
multiple resonators can increase the band¬ 
width. More recently, Matthaei23 has 
treated the cases of degenerate and non¬ 
degenerate parametric amplifiers, and also 
the case of up-converters from the view¬ 
point of filter theory. This work showed that 
considerable improvement in bandwidth is 
possible by incorporation of multiple-reso¬ 
nator filter structures in the design of any of 
these three types of devices. The degenerate 
amplifier described in this note was con¬ 
structed to verify experimentally the prac¬ 
ticality of part of the design theory described 
by Matthaei. 2 3

* Received by the IRE. January 3, 1961; revised 
manuscript received. January 16, 1961. This research 
was sponsored by the Wright Air Dev. Div., Wright-
Patterson Air Force Base, Ohio, under contract 
A F 33(616) 5803. 

1 II. Seidel and G. F. Herrmann, "Circuit aspects 
of parametric amplifiers,’’ 1959 IRE WESCON Con¬ 
vention Record, pt. 2, pp. 83-90. 

2 C. W. Barnes, G. L. Matthaei, and R. C. Honey, 
“Application of New Techniques to Low Noise Re¬ 
ception,” Stanford Res. Inst., Menlo Park, Calif., 
Quart. Progr. Rept. 7, Sec. III-A SRI Project 2550, 
Contract No. AF 33(616)-58O3; March, I960. See also, 
Quart. Progr. Rept. 8 for same contract. 

3 G. L. Matthaei, “A study of the optimum design 
of wide-hand parametric amplifiersand up-converters,” 
IRE Trans, on Microwave Theory and Tech¬ 
niques, vol. MTT-9, pp. 23-38; January, 1961. 

A two-resonator single-diode degenerate 
parametric amplifier was designed in which 
the first resonator, including the diode, was a 
series circuit and the second resonator was a 
shunt circuit. Fig. 1 shows a drawing of the 
stripline realization of the circuit using a 
Hughes 1N896 diode which has a computer¬ 
type package. The high-characteristic-im¬ 
pedance wire leads provide the additional 
series inductance required to bring the diode 
to series resonance at the 1-kMc midband 
frequency. I'he shunt resonator is formed 
using a small, short-circuited stub to pro¬ 
vide the inductance, and a metal block in¬ 
sulated with dielectric material to form the 
capacitance. The capacitor block was de¬ 
signed so that it would become resonant at 
the 2-kMc pump frequency and thus pro¬ 
vide a short circuit across the input-output 
line at that frequency. The pump resonator 
consists of a nominally quarter-wavelength 
resonator which has loose inductive coupling 
to the diode resonator and loose capacitive 
coupling to the pump generator line. DC 
bias is applied to the diode using an ex¬ 
ternal battery. 

Fig. 1—Construction details of double-resonator de¬ 
generate parametric amplifier. 

The single-diode degenerate amplifier 
described herein has a number of features 
which result in characteristics close to the 
theoretical optimum. The diode was reso¬ 
nated in series so that the internal inductance 
merely contributed part of the inductance 
required for resonance (when the diode was 
used below self-resonance). I n contrast, if the 
diode had been resonated in shunt, the in¬ 
ternal inductance could place a serious 
limitation on the bandwidth if the self-
resonant frequency were at all near the 
operating frequency. The obtainable band¬ 
width could also be seriously limited by the 
multiple resonances which occur in any dis¬ 
tributed element used to resonate the 
diode.2 3 Therefore, the inductive elements 
introduced in the circuit were made as 
nearly lumped as possible so that their self¬ 
resonances wotdd be far removed from the 
operating band of the amplifier. The loose 
coupling to the pump resonator was used to 
preclude any appreciable bandwidth nar¬ 
rowing as a result of the resonance intro¬ 
duced by the pump circuit. By making the 
distance from the RF short-circuit block 
(see Fig. 1) to the diode somewhat less than 
one-quarter wavelength at the 3-kMc upper¬ 
sideband frequency, the diode was made to 
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see a large reactance at that frequency, and 
also at the 4-kMc second harmonic of the 
pump. In this manner, dissipation of power 
at these frequencies was prevented, and 
associated effects on the response and noise 
figure were reduced. 

A negative-resistance amplifier such as 
this requires a circulator for best perform¬ 
ance.1 Since no circulators with adequate 
bandwidth appear to be available, separate 
input and output ports were obtained with 
a broad-band, low-\ SWR, 3-db directional 
coupler. This was fabricated using an inter¬ 
leaving, printed-circuit construction devel¬ 
oped at SRI. By use of this coupler, it was 
possible to make frequency response and 
noise-figure measurements from which the 
performance of the device as operated with 
an ideal circulator could be derived. 

Fig. 2 shows the measured and computed 
theoretical response of the amplifier, with 
and without the shunt resonator. Since the 
amplifier is degenerate, the gain includes 
both signal and idler output. The agreement 
between the computed and the measured 
results gives very encouraging verification 
of the previously developed theory. 2 3 Note 
that the computed 3-db bandwidth of the 
single-resonator design is 81 Me, while the 
measured bandwidth is practically the same. 
The 3-db bandwidth of the computed double 
resonator response is about 220 Me, while 
the corresponding measured bandwidth is 
about 210 Me (i.e., 21 percent bandwidth). 

FREQUENCY — megacycles 

Fig. 2 Frequency response of the single- and the 
double-resonator parametric amplifier. 

The noise figure measurements were 
made using a pulsed, coaxial noise source, a 
superheterodyne receiver, and an automatic 
noise figure meter. Using various precau¬ 
tions to make the measurements as reliable 
as possible, it was possible to make noise 
figure measurements at only the center fre¬ 
quency. The measured values ranged closely 
about 1.0 db (double-sideband). This is in 
acceptable agreement with the theoretical 
value of 0.5 db since the estimated possible 
error is in excess of 0.5 db when equipment 
accuracy and experimental errors are taken 
into account. 

M. Gilden 
G. L. Matthaei 

Stanford Res. Inst. 
Menlo Park, Calif. 

1 Of course, use of two identical amplifiers as a 
balanced pair alonit with a 3-db coupler can give 
equivalent performance. See S. 11. Autler, “Proposal 
for a maser-amplifier system without nonreciprocal 
elements." Proc. IRE. (Correspondence), vol. 46, pp. 
1880-1881; November. 1958. 

Measurement of the Number of 
Impurities in the Base Layer of a 
Transistor* 

The number of impurity atoms per unit 
area in the base region of a transistor is an 
important design parameter.1 In diffused-
base transistors, the impurity distribution 
in the base is frequently calculated from 
measurements on the diffusion depth and 
the sheet resistivity of the diffused layer. If 
one then also knows the depth to which the 
emitter is diffused or alloyed, one can calcu¬ 
late the number of impurity atoms per unit 
area between emitter and collector. 

We wish to point out that the latter 
quantity can be measured directly and very 
easily. The method consists of measuring the 
collector current as a function of emitter-to-
base voltage. Diodes usually show devia¬ 
tions from the simple exponential law2

(1) 

because of space charge generation and re¬ 
combination,3 conductivity modulation,1 se¬ 
ries resistance or other processes; however, 
in transistors having reasonable current 
gain, an exponential law of the form 

(2) 

is very closely obeyed at currents low enough 
so that the voltage drop of base current flow¬ 
ing through the base resistance is negligible. 
In the above equation, I, is the collector cur-
tent, A a saturation current, q the electronic 
charge, and kT the Boltzmann energy. If the 
base width is small compared to the diffusion 
length, i.e., if recombination in the base is 
negligible, as is usually the case for high fre¬ 
quency transistors, Zi is given by1

o.l Dur qADm1
It = S- = 2—- (3) 

J N(x)dx 

Here A is the emitter area (or collector area 
if it should be smaller), /) the diffusion con¬ 
stant of the minority carriers ia the base, 
», the intrinsic carrier concentration, N(x) 
the base inpurity concentration at a distance 
x from the emitter junction. The integral 
extends from the emitter junction to the col¬ 
lector junction and represents the number of 
impurities per unit area in the base, Nb, 
that we wish to find. Eq. (3) was derived 
for a diffusion constant I) that does not vary 
over the base width, wheras I) actually de¬ 
pends to some extent on the impurity con¬ 
centration. Eq. (3) still applies if we inter¬ 
pret D as a properly averaged value. 

The constant It can be obtained with 
good accuracy by subtracting the saturation 

* Received by the IRE, January 12, 1961. 
1 .1. L. Moll and I. M. Ross, "The dejK-ndence of 

transistor parameters on the distribution of base 
layer resistivity," Proc. IRE, vol. 44, pp. 72-78; 
January, 1956. 

3 W. Shockley. “The theory of p-n junctions in 
semiconductors and p-n junction transistors," Bell 
Sys. Tech. J., vol. 28, pp. 435 489; July, 1949. 

1 C. T. Sab, R. N. Noyce, and W. Shockley, 
“Carrier generation and recombination in p-n junc¬ 
tions and p-n junction characteristics," Proc. IRE, 
vol. 45. pp. 1228 1243; September, 1957. 

’ R. N. Hall, “Power rectifiers and transistors," 
Proc. IRE. vol. 40, pp. 1512-1518; November. 1952. 

current G from the measured collector cur¬ 
rent and plotting the difference in a semilog 
plot vs the emitter-to-base voltage. This plot 
results in a straight line whose intercept is /|. 

Eq. (3) can now be solved for .V« and 
yields: 

q 
Nb = 7- A Dm1. (4) 

11 
If the junction area is measured microscop¬ 
ically, then all quantities on the right side of 
(4) are known. The greatest uncertainty is 
due to D, whose value at high impurity con¬ 
centration is not known accurately. Subject 
to that uncertainty, this method should pro-
\ ide accurate measurements of Nb-

II. K. Gummel 
Bell Telephone Labs., Inc., 

Murray Hill, X. J. 

Elimination of Crossover Distortion 
in Class-B Transistor Amplifiers* 

Crossover distortion in a Class-B com¬ 
plementary-symmetry emitter-follower pow¬ 
er amplifier can be virtually eliminated by 
use of a very-high-impedance source to drive 
the output stage. A practical method of do¬ 
ing this is shown in Fig. 1. To obtain the 
high source impedance, the output stage is 
driven from the junction of the collectors ol 
Q2 and Q3. At each zero crossing of the sig¬ 
nal, the voltage at the bases of Q4 and 05 
jumps from the turn-off bias of one transis¬ 
tor to the turn-on bias of the other. I his 
voltage is maintained at the proper de level 
by feedback to the input transistor QI. Al¬ 
though the base voltage jumps as described 
above, the current waveforms are not dis¬ 
torted. Ihe resistance-voltage divider RI 
and R2 in the feedback network is chosen to 
give the desired ac voltage gain from input 
to output. The capacitor Cl is included so 
that full voltage feedback is effective at de. 
Two positive and two negative power sup¬ 
plies are used. The higher-voltage supplies 
permit biasing Q2 and Q3 so that the out¬ 
put-transistor bases can be driven right up 
to the lower supply voltage, for maximum 
power output and maximum efficiency. \\ ith 
the circuit arrangement shown, it is un¬ 
necessary to remove ripple completely from 
the power supplies. 

This circuit affords good protection 
against thermal runaway. The bases and 
emitters of the output transistors are tied to¬ 
gether; thus, when one is biased on, the 
other is biased off by the same voltage. This 
virtually precludes a runaway current 
through the two output transistors. I he 
“off" bias is supplied from a relatively low-
impedance source (the “on" base-emitter 
junction of the other transistor). This fact 
effectively reduces the turn-off time of the 
power transistors, and prevents a large in¬ 
crease in power consumption and dissipation 
at high audio frequencies. 

* Received by the IRE. August 1,1960. 
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The average current through Q2 and Q3 
must be at least as great as the peak base 
drive current required by the output tran¬ 
sistors. To limit the dissipation in Q2 and Q3 
(which must operate Class A), one can add 
driver transistors that operate Class B, as 
shown in Fig. 2. The average current in Q2 
and Q3 can then be reduced in proportion 
to the current gain of the drivers, Q6 and Q7. 
This extensive feedback loop can be stabi¬ 
lized by the use of high-frequency transistors 
for QI and Q3, and by the addition of a 
phase-correcting capacitor C2 to the feed-

Fig. 1. 

Fig. 2. 

back divider. I ligh-frequency instability 
caused by parasitic inductance in series with 
the load can be eliminated by addition of a 
series RC combination in parallel with the 
load. 

Twenty-live-volt transistors can be used 
with an 8-ohm load to produce a sine-wave 
output up to about 9 watts. Higher power 
would subject all transistors except QI to 
peaks greater than 25 volts. A lower load 
impedance would, of course, permit greater 
power output with transistors of the same 
voltage rating. However, if an output trans¬ 
former is used, the de resistance of the pri¬ 

mary might be much less than the nominal 
load impedance. Here a capacitor should be 
added in series with the transformer primary 
to prevent high currents from flowing, in the 
event of de unbalance at the output. This 
circuit is therefore best suited for direct con¬ 
nection to substantially resistive loads, such 
as loudspeaker voice coils. For higher power 
outputs with 25-volt transistors, the voice 
coil impedance must be lower than the con¬ 
ventional 8 ohms. 

The highly satisfactory results obtained 
with circuits of this type lead us to hope that 
economically-priced power transistors of 
both polarities will soon be available. 

James J. Farax, |r. 
General Radio Co. 

West Concord, Mass. 

A Broad-Band Tunnel-Diode 
Amplifier* 

A first-order theory of operation for an 
amplifier using tunnel diodes as active ele¬ 
ments will be presented. The series resistance 
and inductance of the tunnel diodes will be 
neglected, except for stability consideration. 
The amplifier exhibits significant gain over a 
broad bandwidth. 

Consider a lossless transmission line of 
characteristic resistance Rm terminated in a 
negative resistance — R„ and a load resist¬ 
ance Rm as shown in Fig. 1. The line is 
matched if 

_ RmR. 
^-R^+R.' 

and hence, Rm is less than Rm. Considering 
the capacity C„ associated with the negative 
resistance, the load can still be matched to 
the generator if a lossless, lumped transmis¬ 
sion line is used as shown in Fig. 2. The line¬ 
terminating capacity C/2 is furnished by the 
tunnel-diode capacity C„. The cutoff fre¬ 
quency of the line fe, and the capacity C„ de¬ 
termine the characteristic resistance Rm 
thus: 

= = nc " = ~7c ' r C 7TV LC 7Tj, C 

Here L and C are the inductance and capaci¬ 
tance of the lumped line (see Fig. 2). 

I he load resistance Rm can be furnished 
by a second stage similar to the one just de¬ 
scribed, and in a similar manner a number of 
subsequent stages can be added. I he last 
stage is then terminated in a load resistance 
Ri.. The capacity associated with the nega¬ 
tive resistance now supplies all or part of the 
capacity at the junction of any two lumped 
lines. 

An N stage amplifier of the type de¬ 
scribed is shown in Fig. 3. Assuming that all 
negative resistances are similar, the .Vth 

♦ Received by the IRE, February 2, 1961. 

stage is termina ted in its characteristic re 
sista nee if 

11 iV 
lc. - + 7c ’ 

Since the lines are matched within the pass 
band, the voltage gain of the amplifier is 1. 
A power gain is, however, realized due to re¬ 
duction in resistance level and is given by 

A’oi A Æ01

G = = 1 i- • 
Rl r„ 

Fis. 2. 

A rigorous mathematical treatment of sta¬ 
bility will not be given; the following argu¬ 
ment should, however, suffice. Within the 
pass band, the amplifier should be stable 
since the lines are purely resistive. Outside 
the pass band, the lines are purely reactive 
and the possibility of oscillation exists. Now 
a tunnel diode cannot oscillate above its re¬ 
sistive cutoff frequency fa»; hence, if fr>f„o, 
the amplifier should be stable outside the 
pass band as well. If practical considerations 
dictate that /«</,», then oscillations will oc¬ 
cur. A small resistance inserted in series with 
the tunnel diode would be one method of 
preventing these oscillations, as this in effect 
limits the cutoff frequency of the tunnel 
diode. 

In practice, the amplifier would be con¬ 
structed using strip or coaxial line tech¬ 
niques. More sophisticated types of lumped 
lines (filters) could be used to provide a bet¬ 
ter match in the pass band. It should be 
pointed out that it may be possible to utilize 
the tunnel-diode series inductance to ad¬ 
vantage in this respect. 

N. F. Moody 
A. G. Wacker 

Dept, of Elec. Engrg. 
Univ, of Saskatchewan 
Saskatoon, Sask., Can. 
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Self-Setting Cross-Correlator* 
A method of automatically tapping a 

balanced delay line to provide cross-correla¬ 
tion of one function of time with another has 
been proposed by Golay.1 With this method, 
the tapping function is first inserted as a 
signal in the delay-line input, and when the 
first portion of the signal reaches the end of 
the delay line, a special signal causes each 
or every other delay-line section to be tapped 
in accordance with the sign of the tapping 
function. This self-setting cross-correlator 
has been operated experimentally, and this 
note is a report on the circuits and of the 
results obtained. 

The test system, as shown in Fig. 1, is 
driven by timing pulses originating in the 
frequency standard. 1'hese pulses occur at a 
rate of four megabits per second. The code 
derived from the shift register utilized for 
this test is 15 bits long; therefore, it has a 
3.75-jxsec duration. 

tapping function occupies exactly the full 
length of the delay line, the voltages are 
applied to the tapping multivibrators (see 
Fig. 3 for waveforms). Depending on the 
polarity of the instantaneous voltage on the 
particular section tapped, Di or Dll will 
conduct for a very short time. The instan¬ 
taneous current drawn at a base of one of 
the two transistors of the bistable multi¬ 
vibrator will determine its state. As the 
voltages VI and V2 increase to their normal 
values, diodes DI and Dll become nega¬ 
tively biased. The tapping multivibrators 
will remain in the condition assumed until 
the voltages Fl and V2 are collapsed and 
the procedure is repeated. 

Diodes D2 and D22 are used as the tap¬ 
ping capacitors. Both diodes are negatively 
biased at all times by the voltage V3. How¬ 
ever, one diode of a given pair will be more 
negatively biased than the other, as deter¬ 
mined by the voltage appearing at the col¬ 
lectors of the multivibrator. The least nega¬ 
tively biased diode exhibits the largest 

Fig. 1—Self-setting cross-correlator block diagram. 
Fig. 2—Tapping multivibrator schematic diagram. 

A pulse applied to the start multivibra¬ 
tor allows the ptdse gate to open. The 4-Mc 
pulses are passed to the shift register and the 
timing counters. As the shift register gen¬ 
erates the code, the timing counters establish 
the frame reference for that particular code. 
The instant the code is fully present in the 
delay line, the timing counters open the 
voltage return gate and power is applied to 
the tapping multivibrators. The tapping mul¬ 
tivibrators assume the condition dictated by 
the code in the line and retain this setting. 
From this time on, a correlation peak will 
occur in the tapping buss whenever the 
same code is again fully present in the delay 
line. The application of a reset pulse de¬ 
stroys the memory of the tapping multi¬ 
vibrators by collapsing their voltages. This 
enables the self-setting procedure to be re¬ 
peated on a new code. 

The tapping multivibrator (Fig. 2) is set 
to a definite condition as dictated by the 
voltages sensed through the diodes DI and 
Dll, which are connected to the two tap 
points of alternate sections of the balanced 
delay line. At any given instant, diodes 
DI and Dll will sense voltages of oppo¬ 
site polarity. Initially, voltages VI and V2 
are zero. At the precise instant that the 

* Received by the IRE, January 11, 1961. 
> M. J. E. Golay, “Self-setting cross-correlators.” 

Proc. IRE (Correspondence), vol. 48, pp. 2037-2038; 
December, I960. 

Fig. 3—Voltage return timing diagram. 

Fig. 4—(a) Oscillogram 1. Scale: vertical, 1 v/cm; 
horizontal, 1 gsec/cm. (b) Oscillogram 2. Scale: 
vertical, 100 mv/cm: horizontal, 1 gsec/cm. (c) 
Oscillogram 3. Scale: vertical, 100 mv/cm: hori¬ 
zontal, 1 ..sec/cm. 

capacity and will become the effective tap¬ 
ping capacitor. 

A 3.75-mscc code recorded from the last 
tap point of the delay line is shown in oscillo¬ 
gram 1 of Fig. 4. When this code traverses 
the delay line with the tapping multivibra¬ 
tors set up at random, a noncorrelated signal 
appears at the tapping buss (oscillogram 2). 
After the tapping multivibrators are set ac-
coring to the code in the delay line, a cor¬ 
relation peak appears at the tapping buss 
(oscillogram 3). 

J. A. Jurenko, Jr. 
F. L. Burson 
Philco Corp. 

Philadelphia, Pa. 

A Technique for the Development of 
Permanent Visual Images on 
Magnetic Tape* 

It has been found that visual images of 
magnetization patterns can be permanently 
fixed on magnetic tape if a suitable additive 
is combined with the carbonyl iron suspen¬ 
sion typically used in producing such im¬ 
ages. The well-known technique1 remains 
unchanged, but greater care is required if 
best results are to be obtained as there is no 
chance to rework a messy job. On the other 
hand, “underdeveloped” images have been 
intensified by running the tape through the 
bath a second time. 

Both carbon tetrachloride (CCI.) and 
chloroform (CHCh) have been used as the 
additive, but it is likely that other strong 
clorinated solvents may also be used. It is 
theorized that the highly diluted solvents 
soften the oxide layer as the tape is im¬ 
mersed, allowing the carbonyl iron particles 
to become permanently imbedded. Upon 
evaporation, the layer appears to reassume 
its original physical characteristics. After ex¬ 
tended use the suspension becomes discol¬ 
ored, indicating that part of the resinous 
binders is leached from the tape. 

The concentration of solvent depends on 
the type of tape employed. Our experience 
has been principally with Reeves Type A 
Instrumentation Tape for which the follow¬ 
ing solution has been found satisfactory; 
CHClj—5 cc, Vehicle2—95 cc, and carbonyl 
iron—5 gms. 

Unbroken lengths of tape in excess of 100 
feet have been continuously developed by 
drawing through an agitated solution at 
about one inch per second. Uniform drawing 
and rapid dry-off appear to be the secrets 
for run- and streak-free images. Digital ptdse 
separations of 0.005 inch have been con¬ 
sistently resolved. 

Howard R. Padgitt 
Cook Research Laboratory 

Morton Grove, Ill. 

* Received by the IRE, January 19, 1961. The 
work reported here was supported under Contract 
AF 30(602)-1913, USAF, RADC. 

1 “Visible Tracks on Magnetic Tape" Minnesota 
Mining & MI'g, Co., St. Paul, Minn., Sound Talk 
(Bulletin No, 5). 

a This may be Freon-MF or Freon-TF. 
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Effect of Fluctuations in Density 
on the Esaki Effect* 

The author once proposed 1 that statisti¬ 
cal fluctuations in density of donors and ac¬ 
ceptors might be sufficient to affect the char¬ 
acteristic curve of an Esaki diode. Since the 
tunneling probability is a very strong func¬ 
tion of the doping density, the relatively 
small fluctuations in local density might give 
rise to large spatial fluctuations in tunnel 
current, and perhaps even a change in the 
form of the characteristic over that which 
would be predicted on the basis of a model 
using a uniformly distributed charge. It is 
the purpose of this communication to in¬ 
vestigate this concept quantitatively and 
evaluate its relevance to our knowledge of 
the Esaki effect. 

To approximate the diode, it will be con¬ 
sidered to be composed of a great many cells. 

is 1.5.58 ev, the energy of the lowest level in a 
hydrogen atom; in,, is the reduced longitudi¬ 
nal mass; m,, is the reduced transverse mass; 
o is the relative dielectric constant; and E„ 
is the energy gap. 

In case the transverse position can be 
very accurately defined, it is still reasonable 
to restrict no to not less than 

Ho » d2dnN<j, 

where d is the total depletion layer thickness. 
Again using Kane's result, plus the approxi¬ 
mate form for the depletion layer thickness, 
one obtains 

where V is the sum of built-in anti applied 
voltages. I he value given by (4) is generally 
larger and is tabulated in Table I for com-

TABLE I 

Material mri me mrx fn e E„ .V„(cnt •) MO 

Ge 

InSb 
Ga As 

0 0 186 
0.0« >9 
0.012 
0.043 

0.043 
0.09«) 
(0.012) 
(0.043) 

0.66 

¿U 
1 » 

15.8 
11.5 
15.8 
11.1 

1.9X10» 
8.9X10» 
1 .7X10’« 
1.25X10» 

28 
12 
18 
19 

Each cell has a depletion region with an 
average of hu donors and Ho acceptors. There 
will be a fluctuation in this number which, 
if there are no correlation effects, would be 
given by the Poisson distribution 

/Th)“-— (ho)". (1) 
n! 

Eor mathematical convenience, this will be 
replaced by the Gauss distribution which it 
approaches for sufficiently large Ho. 

'1 
/’(h) ~- = e •’ "o* 2"». (2) 

27Tx/Ho 

It is now necessary to estimate the cell size, 
and thus, Ho, which is limited by the more 
significant of two factors, I ) the extent of in¬ 
fluence of a charge distribution on the po¬ 
tential, and 2) the uncertainty in transverse 
position due to a well-defined transverse 
momentum. The latter leads to 

Ho ~ (A.r)2<Z„.Vd, (3) 

where d„ is the width of the H-type portion of 
the depletion layer, N,i is the donor density, 
and Ax is approximated by xft/fp2)1'2. Using 
the relationships for indirect tunneling as 
given by Kane,2 this value of Ho can lie ex¬ 
pressed as 

r r tpfnirr/m,) "1 12
"" “ 7 L2/ã, J ’ 4

where 

mte* p __ _ 
32ir2fo2h2

♦ Received by the IRE, January 25, 1961. The 
work rejiorted here was supported by the Office of 
Naval Research. 

1 D. G. Dow, “The Effect of Fluctuations in Den¬ 
sity on the Esaki Effect," presented at the IRE-AÏEE 
Solid State Device Res. Conf., Pittsburgh, Pa.; lune 
14, I960. 

2 E. O. Kane, “Theory of tunneling,” J. A ppi. 
Phys., vol. 32, pp. 83-91; January, 1961. 

mon tunnel diode materials. Also given is 
the value of 

at which (6) equals (4). 
To calculate the effect of fluctuations on 

the tunneling current, we assume a form 
which is correct to the first order for the cur¬ 
rent as governed by an exponential tunnel¬ 
ing probability 

/(h) = ße~“ ' (7) 

n being a statistical variable related to 
N„Nd/(N.+Nd). 

Eor mathematical simplicity, it is as¬ 
sumed that one of the -Vs is much greater 
than the other, and the tunneling probabil¬ 
ity is dictated by this density only. The 
parameter a is given by 

8£, r^HoCV. + A'.dw„-| 1 2

3fteL eV-V^Vd J ’ 

The total device current can now be written, 
using (2) and (7), as 

Since the Gaussian portion of this expression 
dominates except near h = h . and we have 
assumed no fairly large, the term a In' 2 will 
be expanded about no as follows: 

Eq. (9) can then be integrated. 

(11) 

Since Ble~aiv"o is the current which 
would be predicted by a model using uni¬ 
form charge density, the effect of the statisti¬ 
cal fluctuations is to multiply the total de-
v ice current by e“2 ’"»2. a2 8h<i2 is given by 
(6) and (8), and can be written numerically 
as 

I n this last expression, the TV's are in cm"3 to 
conform with the current literature. 

Table 11 gives values resulting from (12) 

table it 

Ma¬ 
terial «rx Wf E,/' 

a2 A'a-Vj 

8m ■ A,; • \ i 

Ge 
Si 
InSb 
Ga As 

h o >86 
0.09«) 
0 013 
0.043 

0.043 
0.09«) 
0 013 
0.043 

0 66 
1 12 
0. 16 
1.35 

6.85 X10» 
7.7 X10» 
1.75X10» 
3.0X10» 

for the four common materials. The num¬ 
bers in the right-hand column can be in¬ 
terpreted approximately as the densities of 
the less dense dopant which would give an 
c-fold increase in current over that predicted 
by the uniform theory. Note that these 
densities are generally lower than those 
normally used in Esaki junctions, so one 
might state as a general rule that the effect 
of statistical variations on the tunneling 
current will Ite less than c-fold. 

These calculations were concerned with 
changes in the tunneling probability only 
and did not consider the changes in Fermi 
level due to statistical fluctuations. Neither 
did they take account of the possibility of 
‘‘clumping," in which impurities might have 
an affinity for each other or the opposite re¬ 
pulsive effect. The latter might well be re¬ 
lated to the excess current problem, and the 
effect on the Fermi level might also have 
some effect on excess current. 

Shockley3 has considered a model similar 
to the one used here and has suggested that 
local changes in the Fermi level would con¬ 
tribute to the excess current. However, if 
the density fluctuations in the depletion 
layer are uncorrelated with those adjacent, 
the effect will be small. Since his presenta¬ 
tion, Chynoweth and his co-workers’ have 
presented a very convincing case for deep 
states as the excess current mechanism. It 
appears that fluctuations do not influence it 
appreciably. 

I he author wishes to thank E. O Kane 
for his cooperation in providing a preprint 
of his work, and H. S. Sommers for his sug¬ 
gestion regarding the effect of transverse 
momentum. 

D. G. Dow 
Dept, of Elec. Engrg. 
California Inst. Tech. 

Pasadena, Calif. 

1 W. Shockley, “Statistical fluctuations of donors 
and acceptors in pat junctions." Hull. Am. Phy*. 
Soc., vol. 5. ser. 11. p. 161; March 21, 1060. 

* A. G. Chynoweth. W. L. Feldmann, and R. A. 
Logan, “Excess tunnel current in silicon Esaki junc¬ 
tions,* to be published. 
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Contributo r s_ 
Richard B Adler (A’44-SM’53-F’6O) 

was bom in New York, N. Y., on May 9, 
1922. He received the B.S. and Sc.D. de-

R. B. Adler 

grees in electrical en¬ 
gineering from the 
Massachusetts Insti¬ 
tute of Technologe, 
Cambridge, in 1943 
and 1949, respec¬ 
tively. 

From 1944 to 
1946, he served in the 
United States Nava! 
Reserve as an in-
structorattheM.I T. 
Radar School. After 
his discharge, he be-

iame a part-time staff member at the Re¬ 
search Laboratory of Electronics, M.l.T., 
both in a teaching and a research capacity. 
His major interests have been in circuit 
theory, electromagnetic theory, and semi¬ 
conductor electronics. From 1951 to 1953, 
he was group leader of the M.l.T. Lincoln 
Laboratory Solid State and Transistor 
Group. He subsequently continued in the 
same field at the M.l.T. Research Labora¬ 
tory of Electronics and also at the Energy 
Conversion Group of the M.l.T. Electronic 
Sy stems Laboratory . At present, he is pro¬ 
fessor of electrical engineering at M L I 

Dr. Adler is a member of Sigma Ni and 
Eta Kappa Nu. 

James B. Angell (S’45-A’47-M'55-
SM'57) was born in Staten Island, New 
York, N. Y., on December 25, 1924. He re¬ 

ceived the S.B. and 
S.M. degrees of the 
cooperative course in 
electrical engineering 
in 1946, and the 
Sc.D. degree in elec¬ 
trical engineering in 
1952, all at the 
Massachusetts Insti¬ 
tute of Technology, 
Cambridge. 

F rom 1946 to 
J. B. Angeli. 1951. he worked at 

the Research Labora¬ 
tory of Electronics at M.l.T., studying noise 
in tracking radars. From 1951 to 1960, he 
was with the Research Division of Philco 
Corporation, Philadelphia, Pa., where he led 
a group study ing the basic circuit applica¬ 
tion and evaluation of transistors and other 
solid-state devices, particularly for com¬ 
puters and high-frequency functions. He be¬ 
came associate professor of electrical engi¬ 
neering at Stanford University. Stanford, 
Calif., in September, 1960. 

Dr. Angell is organizer and present chair¬ 
man of the IRE Subcommittee on Masers 
and Yariable Reactance Transducers, and 

a member of Tan Beta Pi, Eta Kappa Nu, 
Sigma Xi, Al EE, and the Franklin I nstitute. 

Max E. Bair (S’58-M'61) was born in 
Morenci. Mich., on March 12, 1932. He re¬ 
ceived the B.S. E. E. degree from the Univer¬ 

sity of Michigan, Ann 
Arbor, in 1960. 

From 1951 to 1955 
he served yvith the 
U. S. Air Force as an 
electronics and radar 
instructor. In 1955 he 
was employ ed by the 
RCA Sert ice Com¬ 
pany as a contract 
instructor. He joined 
W illoyv Run Labora-

M. E. Bair tories at the Univer¬ 
sity of Michigan, as 

an elec trollies technician in 1956. He is cur¬ 
rently an assistant in research yvith the Solid 
State Physics Group at W illoyv Run, ami is 
actively engaged in the basic and applied 
research of maser dec ices. 

Jerald J. Cook yvas born in West Frank¬ 
fort, III., on August 9, 1933. He received the 
B.S. degree in physics from Western Michi¬ 

gan University , Kal¬ 
amazoo, in 1956, and 
the B.S. E. E. degree 
from the University 
of Michigan. Ann 
Arbor, in 1957. 

From 1957 to 
1958 he yvas a re¬ 
search assistant yvith 
the Upjohn Com¬ 
pany, Kalamazoo, 
yvorking in instru¬ 
mentation. In 1958 
he returned to the 

University ol Michigan to pursue a graduate 
curriculum in engineering mechanics, yvork¬ 
ing in the fields of solid state physics and 
radio astronomy at W illoyv Run Laborato¬ 
ries. He is presently a research associate at 
W illoyv Run, and a member of the teaching 
staff of the Department of Engineering Me¬ 
chanics at the University of Michigan. 

Mr. Cook is a member of fan Beta Pi, 
Eta Kappa Nu, and Sigma Xi. 

J. J. Cook 

J. S. Cook (S'52-A'53) yvas born in Flint, 
Mich., on May 30, 1927. He received the 
B.E.E. and M.S. degrees from The Ohio 

State University . Columbus, in 1952. 
From 1950 to 1952, he yvas associated 

yvith I lie Ohio State University Research 

J. S. Cook 

Foundation. Between 
1952 and 1959, he 
yvas engaged in mi-
crowa ye t ube resea rch 
yvith Bell Telephone 
Laboratories, Mur¬ 
ray Hill, N. J. In 1960 
he moved to the 
Military Electronics 
Research Depart¬ 
ment at the Whip-
pany branch of the 
Laboratories. 

Mr. Cook is a 
member of Eta Kappa Nu and Tan Bela Pi. 

Lloy d G. Cross yvas born in Flint, Mich., 
on O< tober 7, 1934. He received the B.S. de¬ 
gree in physics in 1957 and the M.S. degree 

L. G. Cross 

of infrared physics. In 

in 1960, both from 
the University of 
Michigan, Ann Ar¬ 
bor yvhere he is cur¬ 
rently yvorking to¬ 
yyard the Ph. I), de¬ 
gree in physics. 

From 1956 to 
1958 he was an as¬ 
sistant in research at 
W illoyv Run Labora¬ 
tories, the Univer¬ 
sity of Michigan, 
yvorking in the field 
1958 he transferred to 

the Solid State Phy sics Group of the same 
laboratory, and began yvork on masers. He is 
presently a research associate at Willow 
Run Laboratories. 

James M. Early (A'48 SM’54 F'59) yvas 
born in Sy racuse, N. Y„ on July 25, 1922. 
He received the B.Sc. degree cum laude in 

forestry from the Neyv 
York State College 
of Forestry, Syra¬ 
cuse, in 1943. .After 
two ami a half years 
ol military service, 
he attended The 
Ohio State University , 
yvhere he received the 
M.Sc. degree in 1948, 
and the Ph.D. degree 
in 1951, both in elec-

J. M. Early trical engineering. 
He joined the Bell 

Telephone Laboratories, Inc., Murray Hill, 
N. J., in 1951, yvhere he has yvorked on junc¬ 
tion transistor analysis and experiment, 
transistor design, and the development of 
high-frequency germanium transistors. He 



1961 Contributors 83 

is currently in charge of a subdepartment 
responsible for development of very-high-
frequency transistors. 

Dr. Early is a Fellow of the AAAS and 
a member of the American Physical Society, 
Sigma Xi, and Eta Kappa Nu. 

cations," was published in 1960. He is a 
member of the American Physical Society, 
the Division of Solid State Physics in the 
American Physical Society, and the Armed 
Forces Communication and Electronics 
Association. 

nonlinear devices, as well as the study 
hysteresis properties in ferromagnetic m 
terials. Since 1959, he is an assistant profe¬ 
sor of electrical engineering at Carnegie II 
stitute of Technology. 

Dr. Lavi is an Associate Member of tl 
AI EE, and a member of Sigma Xi. 

Leo A. Finzi was born in Padova, Italy, 
on December 16, 1904. He received the 

from the University of 
Naples, Italy, in 1921, 
anti the “Doktor- In¬ 
genieur" degree, sum¬ 
ma cum laude, from 
the Institute of Tech¬ 
nology, Aachen, Ger¬ 
many, in 1932. 

He has done re¬ 
search and develop¬ 
ment work with the 
Hochspannungs Ges. 
m.b.H, of Cologne, 
Germany, erection 
and operation of 

power stations and transmission systems for 
the Volturno Power Company of Naples, 
Italy, and teaching at the Electrical Insti¬ 
tute of the University of Naples. From 1939, 
he was Senior Laboratory Engineer in charge 
of the Impulse Laboratory of Westinghouse 
Electric Company, Pittsburgh, Pa. In 1946, 
he joined the faculty of the Carnegie Insti¬ 
tute of Technology, Pittsburgh, Pa., where 
he is presently Buhl Professor of Electrical 
Engineering. He is the author of numerous 
papers in European and American Journals, 
his main field of interest in recent years being 
that of nonlinear magnetic devices. 

Dr. Finzi is a Fellow of the Al EE and a 
member of EKN, Sigma Xi and the ASEE. 

M. El. Eng. degree 

Wolfgang W. Gärtner (M’54-SM'6O) 
was born in Vienna. Austria, on July 5, 1929. 

h.D. degree in physics 
from the University 
of Vienna in 1951, 
and the Dipl. Ing. de¬ 
gree from the Tech¬ 
nische Hochschule, 
Vienna, in 1955. 

I Ie wasengaged in 
electron tube and 
semiconductor re¬ 
search with Siemens 
and 1 lalske A.G., Vi¬ 
enna, and Munich, 
Germany. He became 
associated with the 

Research and Develop¬ 
ment Laboratory, Fort Monmouth, N. J., 
in 1953, where in 1959 he advanced to the 
position of Chief Scientist, Solid State De¬ 
vices Division. In 1960, he joined CBS Lab¬ 
oratories, Stanford. Conn., as Manager of 
the Electronic Semiconductor Department. 

Dr. Gärtner is the author of papers on 
semiconductor properties, transistor design, 
circuit theory, and ultrasonics. His book, 
“ 1 ransistors: Principles, Design, and Appli-

He received the P 

W W. Gärtner 

U. S. Army Signal 

Robert U. F. Hopkins (S’4O-A’43-M’5O) 
was born in Long Beach, Calif., on June 18, 
1918. He received the B.S.E.E. degree from 

R. U. F. Hopkins 

years his work was 

the University of 
California, Berkeley, 
in 1941. 

He joined the 
U. S. Navy Electron¬ 
ics Laboratory, San 
Diego, Calif., in 1941 
(then the U. S. Navy 
Radio and Sound 
Laboratory), where 
he was engaged in 
studies of anomalous 
radar propagation ef¬ 
fects. During the war 

concerned with experi¬ 
mental studies of tropospheric ducting and 
technical radar assistance to the fleet. He 
participated in the 1946 1947 Byrd Antarc¬ 
tic expedition conducting radar propagation 
and meteorological measurements. During 
the early 1950’s he was engaged in numerous 
microwave communication site surveys in 
the U. S. and abroad for naval activities. 
Since 1955 he has been the head of the 
Tropospheric Propagation Section at the 
I . S. Navy Electronics Laboratory which 
has been engaged in theoretical and experi¬ 
mental studies of tropospheric scatter propa¬ 
gation. Recently he has been involved in ex¬ 
periments concerning UHF propagation by 
ducting between the U. S. west coast and 
I lawaii. At present he is primarily interested 
in the construction of a 60-foot X-band radio 
telescope. 

Abrahim Lavi (M'57) was born in Khor-
ramshahr, Iran, on January 12, 1934. Heat-
tended Robert College, Istanbul, Turkey, 

from 1953-1955, later 
transferring to Pur¬ 
due University, La¬ 
fayette, Ind., where 
he received the B S.-
E.E. degree with 
Highest Distinction 
in 1957. He then en¬ 
tered Carnegie Insti¬ 
tute of Technology, 
Pittsburgh, Pa., 
where he obtained 
the M.S. and Ph.D. 
degrees in 1958 and 

employment at W hirl-
pool-Seeger Research and Development 
Laboratory at St. Joseph, Michigan; Wes¬ 
tinghouse Electric Corp., Pittsburgh, Pa.; 
and RCA Research Laboratories, Princeton, 
N. J. His work involved switching circuits, 
magnetic amplifiers, parametric and other 

I960, respectively, 
lie held summer 

Donald E. Nelson (S’41-A’41 M’49) w; 
born in Taylorville, III., on February 1 
1919. He received the B.S.E.E. and Mj 

D. E. Nelson 

degrees from the Un 
versity of lllinoi 
Urbana, in 1941 an 
1948, respectively. 

From 1941 I 
1945 he worked ; 
a development eng 
neerat Westinghom 
Electric Corporatioi 
Bloomfield, N. J 
where he worked c 
pulsed magnetron 
From 1945 to 1949 1 
was Research Assis 

ant and Research Associate at the Universit 
of Illinois Tube Laboratory working on C\ 
magnetrons and millimeter-wave device 
Since 1949 he has been with the RCA Tul 
Division in Harrision and Princeton, N. 
From 1949 to 1959 he was concerned wit 
magnetron development. Since 1959 he h; 
worked on development of oscillators an 
amplifiers employing tunnel diodes. 

Mr. Nelson is a member of Eta Kapp 
Nu and Tati Beta Pi. 

N. R. Ortwein was born in Longviev 
Wash., on February 14, 1934. He receive 
the B.S. degree in ph\ sics from the Univei 

sity of Washingtoi 
Seattle, in 1956. 

Since 1956 he ha 
been with the U. f 
Navy Electronics Lal 
oratory, San Diegt 
Calif., where he ha 
been concerned wit 
the data reductio 
problems of t he t rop< 
spheric scatter pr<>| 
agation studies of th 
Signal Propagatio 
Division. He has re 

cently been involved with extreme-rang 
overwater propagation in the microwave n 
gion. 

Mr. Ortwein is a member of the Sa 
Diego Chapter of the American Meteore 
logical Society. 

\ R Ortwi in 

James E. Pohl was born in Georgetown 
Ohio, on September 21, 1927. He receive! 
the B. E. E. degree from The Ohio State Uni 
versity, Columbus, in 1952. 

Since 1952 he has been with the U. S 



840 PROCEEDINGS OF THE IRE A pril 

Xavy Electronics Laboratory, San Diego, 
Calif., where he has been concerned mainly 
with microwave scatter system instrumenta-

J. E. Pohl 

tion, along with re¬ 
lated data acquisition 
and data handling 
problems in the Signal 
Propagation Divi¬ 
sion. He has partici¬ 
pated in some VLF 
studies in the Arctic 
regions. His current 
work is connected 
with instrumenting a 
large, steerable an¬ 
tenna. 

Robert L Pritchard (S’45-A 51-SM 55-
F’60) was born in Irvington, X. J., on Sep¬ 
tember 8, 1924. I Ie received the B.S.E. degree 

R. L. Pritchard 

on the transistor 

from Brown I ni-
versity, Providence, 
R. I.,’ in 1946, and 
the Ph.D. degree in 
acoustics from Har¬ 
vard University, 
Cambridge, Mass., in 
1950. 

From 1950 to 1957 
he worked at the Gen¬ 
eral Electric Re¬ 
search Laboratory, 
Schenectady, X. Y., 
engaged in research 
m an electric-circuit 

point of view. In 1957, he joined Texas In¬ 
struments, Inc., Dallas, where he is now 
manager of the Device-Electronics Branch 
of the Research and Engineering Depart¬ 
ment, engaged in exploratory development 
and electric-circuit analysis of semicon¬ 
ductor devices. 

Dr. Pritchard isa member of the Acousti¬ 
cal Society of America, Sigma Xi, and Tau 
Beta Pi. 

Max J. Schuller (M’60) was born in 
Schwandorf, Germany, on October 26, 1932. 
He received the Dipl. Ing. degree in phys-

M. J. Schuller 

ics in 1957 from 
the Technische Hoch¬ 
schule, Munich, Ger¬ 
many. 

I n 1957, he joined 
the European sub¬ 
sidiary of Beckman 
Instruments, Mu¬ 
nich, working in the 
field of infrared and 
ultraviolet spectros¬ 
copy. He became as¬ 
sociated with theU. S. 
Army Signal Re¬ 

search and Development Laboratory, Fort 
Monmouth, X. J., in 1958, where he special¬ 
ized in semiconductor device design and 
circuit theory. In 1960, he joined the Elec¬ 
tronic Semiconductor Department of CBS 
Laboratories, Stamford, Conn., where he is 
Director of the Theory and Design Section. 

Fred Sterzer (M'56) was born in Vienna, 
Austria, on November 18, 1929. He received 
the B.S. degree in physics from the College 

of the City' of Xew 
York in 1951, and 
the M.S. and Ph.D. 
degrees from Xew 
York University in 
1952 and 1955, re¬ 
spectively. 

From 1952 to 
1953 he was em¬ 
ployed by the Allied 
Control Corporation, 
Xew York, X. Y. 

F. Sterzer During 1953 and 
1954 he was an in¬ 

structor in phy sics at the Xewark College of 
Engineering, Xewark, X. J., and a research 
assistant at Xew York University. He 
joined the RCA Tube Division in Harrison, 
X. L. in October, 1954, and transferred to 
the Princeton, X. J., branch in 1956, where 
he is now group leader in microwave physics. 
His work has been in the field of microwave 
spectroscopy, traveling-wave tubes, back¬ 
ward-waveoscillators, solid-state microwave 
amplifiers and oscillators, and microwave 
computing circuits. 

Dr. Sterzer is a member of Phi Beta 
Kappa, Sigma Xi, and the American Physi¬ 
cal Society. 

Robert \\ . Terhune was born on Febru¬ 
ary 7, 1926, in Detroit, Mich. He received 
the B.S. degree from the University of 

R. W. Terui xi 

Michigan, Ann Ar¬ 
bor, in 1947, the M.A. 
degree from Dart¬ 
mouth College, Han¬ 
over, X. IL, in 1948, 
and the Ph.D. degree 
in physics from the 
University of Michi¬ 
gan in 1957. 

He was head of 
the Solid State Phy s-
ics Laboratory, \\ ¡I-
low-Run Laborator¬ 
ies, the University of 

Michigan, Ann Arbor, where from 1951, he 
was engaged in work on masers, spin reso¬ 
nance, infrared detectors and spectroscopy, 
systems analysis, and design of digital data 
handling systems. Recently he joined the 

staff of the Scientific Laboratory at the Ford 
Motor Company . 

Dr. Terhune is a member of the Ameri¬ 
can Physical Society' and Sigma Xi. 

William M. Webster (A’48-SM’54) was 
born in Warsaw, N. Y., on June 13, 1925. 
He received the B.S. degree in physics from 

Union College, Sche¬ 
nectady, X. Y., in 
1945, and the Ph.D. 
degree from Prince¬ 
ton University , Prince¬ 
ton, X. J., in 1951. 

He joined the 
staff of the RCA 
Laboratories in 1946. 
as a specialist in 
vacuum and solid-
state electronics. In 
1954 he was trans¬ 
ferred to the RCA 

Electron l ube Division, Harrision, X. J., and 
subsequently to the newly-formed Semicon¬ 
ductor and Materials Division, Somer¬ 
ville, X. J., as manager of Advanced De¬ 
velopment. In June, 1959, he was named 
administrative engineer on the staff of the 
vice president, RCA Laboratories, Prince¬ 
ton, X. J., with the responsibility for special 
assignments relating to various aspects of 
the overall RCA research program. He was 
appointed Director of the Electronic Re¬ 
search Laboratory in August, 1959. 

Dr. Webster is a member of Sigma Xi. 

W M. Webster 

Amnon Yariv (S’56-M’59) was born 
in Tel Aviv, Israel, on April 13, 1930. He 
served in the Israeli army' from 1948 to 1950, 

and came to the U. S. 
in 1951. He received 
the B.S. E. E. degree, 
with highest honors, 
and the M.S. and 
Ph.D. degrees in 1954, 
1956, and 1958, re¬ 
spectively, from the 
University of Cali¬ 
fornia, Berkeley . His 
graduate research in¬ 
cluded a study of 
electron beam dy¬ 
namics and of “Adia¬ 

batic Fast Passage” effects in paramagnetic 
resonance. During his graduate studies he 
was an IBM pre-doctoral fellow and a re¬ 
search assistant in the Department of Elec¬ 
trical Engineering. He joined the Bell Tele¬ 
phone Laboratories, Murray Hill, X. J., in 
January, 1959, where he has been working in 
the general field of microwave properties of 
solids. 

Dr. Yariv is a member of the American 
Physical Society and Phi Beta Kappa. 
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IRE Awards, 1961 
Founders Award 

Ralph Bown 
For outstanding service to the IRE and 

for outstanding contributions to the radio 
engineering profession through wise and 
courageous leadership in the planning and 
administration of technical developments 
which have greatly increased the impact of 
electronics on the public welfare. 

Memorial Prize Award 
in Memory of 

Morris N. Liebmann 

Leo Esaki 

For important contributions to the 
theory and technology of solid state devices, 
particularly as embodied in the tunnel diode. 

Medal of Honor Award 

Ernst A. Guillemin 
For outstanding scientific and 
engineering achievements. 

Memorial Prize Award 
in Memory of 

Browder J. Thompson 

Eiichi Goto 

For his paper entitled “The Parametron, 
a Digital Computing Element which Utilizes 
Parametric Oscillation,” which appeared in 
the August, 1959, issue of the Proceedings 
of the IRE. 
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Prize Award by W. R. G. Baker 

Manfred Clynes 
For his paper entitled “Respiratory Con¬ 

trol of Heart Rate: Laws Derived from Ana¬ 
log Computer Simulation,” which appeared 
in the January, 1960, issue of the IRE 
Transactions on Medical Electronics. 

Memorial Prize Award 
in Memory of 
Harry Diamond 

HeLMI T L. Bitt EC KMANN 

For outstanding contributions to the 
theory and technology of antennas. 

Prize Award by 
Vladimir K. Zworykin 

Peter C. Goldmark 
For important contributions to the de¬ 

velopment and utilization of electronic tele¬ 
vision in military reconnaissance and in 
medical education. 

Professional Group on Bio-
Medical Electronics Prize 
Award in Memory of 
William J. Morlock 

Britton Chance 
For the application of a varíete' of ad¬ 

vanced electronic techniques in a long-term 
program of fundamental biological research. 
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P. R. Adams 
For contributions in the development 

of radio aids to navigation. 

Pierre An.RAIN 
For contributions to the theory and 

application of solid-state devices. 

For creative contributions in the fields 
of instrumentation, medical electronics, and 
electronic aids to law enforcement. 

New Fellows 

R. J. Adams 
For contributions to the design of radar 

antennas, and for direction of research and 
development of naval radar systems. 

S. S. Attwood 
For contributions to the understanding 

of electromagnetic field theory. 

\ I TOLD BELEVITCH 

For contributions to the general theory 
of lumped networks. 

Pali. Adorian 
For development of electronic distribu¬ 

tion networks used in broadcasting and tele¬ 
vision. 

G. S. Am i.by 
For achievements in electronics and auto¬ 

matic control systems; and for promoting 
progress of the IRE Professional Groups at 
the local and national levels. 

F. B. Berger 
For fundamental contributions to the 

theory and development of Doppler naviga¬ 
tion. 
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G. A. Blake 
For leadership in military electronics 

and communications. 

New Fellows 

R. N. Bracewell 
For contributions to radio astronomy. 

F. B. Bramhall 
For contributions to the theory and 

practices of electrical communications. 

W. B. Bruene 
For advancing single-sideband 

radio communications. 

J. W. Christensen 
For contributions to photo transmission 

and color television systems. 

J. W. Clark 
For contributions to research on 

the effects of radiation. 

P. S. Darnell 

For contributions to the field of 
component engineering. 

S. H. Dike 

For contributions in the analysis and 
development of electronic systems. 

W. J. Dodds 

For technical contributions and leadership 
in the development of microwave tubes. 
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AI. L. Doelz 
For contributions to mechanical radio¬ 

frequency filter development and predicted-
wave digital data communication. 

New Fellows 

W. C. Dunlap, Jr. 
For contributions to semiconductor research 

and transistor production techniques. 

Michael Ference, Jr. 

For technical contributions and leader¬ 
ship in military communication and space 
electronics. 

Richard Filipowsky 
For contributions in the application of 

information theory to communication sys¬ 
tems. 

H. L. Flowers 
For contributions to radar and guidance 

control systems. 

P. F. Godley 
For pioneering in the short wave art. 

R. S. Elliott 
For contributions in the field of 

electromagnetic waves. 

J. F. Fisher 

For contributions to color television. 

W. E. Gordon 
For contributions to the understanding 

of radio scattering. 
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A. R. Gray 
For contributions to reliability 

New Fellows 

E. II. Greibach 
For contributions to high sensitivity 

measuring instruments. 

D. D. Grieg 
For contributions to pulse 

modulation systems 

C. M. Harris 
For contributions to the science 

of acoustics. 

C E. Hastings 
For contributions to radio surveying 

and navigation. 

L. G. Hector 

For contributions in the field of 
electronic devices. 

J. W. He yd 

For contributions to the applications 
of atomic energy. 

R. W. Hickman 
For contributions to electronics education. 

C. L. J EEFERS 

For contributions to domestic and 
foreign broadcasting and to antenna de¬ 
velopment. 
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New Fellows 

A. S. Jensex 
For contributions to the development of 

electronic storage tubes and special electron 
devices. 

A. C. Keller 
For contributions to the recording and 

reproduction of stereophonic sound and to 
telephone switching. 

For contributions to nonlinear 
circuit analysis. 

A II. LaGrone 
For contributions to the theory and ap¬ 

plication of tropospheric radio wave propa¬ 
gation. 

Emory Lakatos 
For contributions in communications 

and weapon systems design. 

Y. W. Lee 
For contributions to communication 
theory and engineering education. 

II. A. Leedy Emil Lenzner Samuel Lubkin 
For contributions to electronic For leadership in military com- For applications of digital computers 

research management. munication-electronics. to airborne systems. 
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New Fellows 

D. E. Maxwell 
For contributions to rad io-tele vision 
broadcasting and standardization. 

G. D. McCann 
For contributions to electrical engineer¬ 

ing literature and education. 

R. L. McFarlan 
For contributions to systems applica¬ 

tions of electronic computers and for effec¬ 
tive administrative activities during forma¬ 
tive periods of technical administration. 

M. E. Mohr 
For contributions to military 

electronic svstems. 

F. H. Nicoll 

For contributions in electron optics 
and electroluminescence. 

H. M. O'Bryan 

For contributions to the administration 
of scientific research. 

A. A. Oliner 

For contributions to network representa¬ 
tions of microwave structures. 

R. D. O'Neal 
For leadership and technical administration 

in systems engineering. 

D. C. Ports 
For contributions to research in electro¬ 

magnetic propagation. 
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New Fellows 

E. A. Post 
For contributions to aeronatitic.il 

electronics. 

M. B. Ried 
For contributions to the understanding 

of electrical networks. 

Donald Richman 
For contributions to color television. 

S I). Robertson 

For contributions to engineering in 
the microwave field. 

II. I. Rom nés 
For contributions in the held of commu¬ 
nication engineering and management. 

V. L. Ronci 
For contributions to the development 

of electron devices. 

Paul Rosenberg 

For contributions in the held of 
electron physics. 

R. C. Sanders, Jr. 

For contributions to the art of continu¬ 
ous-wave radar systems. 

L. S. Schwartz 

For applications of information and decision 
theory to communication systems. 
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R. W. Si aus 
For contributions in the field of coding 

and storage electron tubes. 

R. M. Somers 
For contributions to phonographic 
recording and dictating machines. 

T. E. Tice 

For contributions to radome theory 
and techniques. 

New Fellows 

Gustave Shapiro 

For contributions to the development of 
electronic miniaturization techniques and 
components. 

T. A. Smith 
For contributions in many helds of 

radio engineering. 

E. K. SroDoi.A 
For contributions to the development of 

extended-range r.idar systems. 

M E. Strh in 

For pioneering in the development of 
the coaxial cable system. 

Miyaji Tomota 
For development of electronic measuring in¬ 
struments and automatic control devices. 

II. C. A. VAN 1)UI REN 

For contributions toward the reliability 
of radio comm.inic ation. 
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New Fellows 

G. S. \\ IC KIZER 

For contributions to experimental wave 
propagation research. 

A. M. Zarem 
For contributions in the application of 

millimicrosecond electronic instrumentation 
techniques. 

851 

C. R. Wischmeyer 
For contributions to engineering 
education and instrumentation. 

11. K. Ziegi.i r 
For guidance and leadership in military 

electronics. 
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Books 

Solid State Physics in Electronics and Tele¬ 
communications, Vol. 4, Magnetic and Opti¬ 
cal Properties, Part 2, M. Désirant and J. L. 
Michiels, Eds. 

Published (1960) by Academic Press, Inc., Ill 
Fifth Ave.. N V. 3, N. Y. 404 pages 4-xvi pages. Ulus. 
6¡ X10. SI6.00. 

This is the fourth volume of the Proceed¬ 
ings of the International Conference on 
Solid State Physics in Electronics and Tele¬ 
communications, sponsored by the Interna¬ 
tional Union of Pure and Applied Physics, 
and held in Brussels in June, 1958. It is the 
second of two parts dealing with the mag¬ 
netic and optical properties of solids and 
their applications. I'he book is divided into 
six parts. It contains four papers on masers, 
eleven papers on electroluminescence, six 
papers on phosphors, five papers on the ap¬ 
plication of photosensitive materials, five 
papers on radiation damage, anti seventeen 
papers on miscellaneous problems. 

In the section on masers, both the cavity 
and the traveling-wave types are treated. 
The effects of radiation upon the properties 
of semiconductors and ferrites are covered 
by several papers. There are also several 
papers on ferroelectrics such as barium 
titanates. The theory of electroluminescence 
anti its experimental interpretations are the 
topics of a number of papers. Methods of 
measurement of radiant flux, pressure effects 
on luminescence, and activators for phos¬ 
phors are discussed in the section on phos¬ 
phors. Infra-red phosphors, solid state image 
transducers, etc. are discussed in the section 
on application of photosensitive materials. 

The contents of the papers contained in 
this book are of high quality and represent 
results of research of scientistsand engineers 
from many countries. There are a number of 
papers in French and German in addition to 
the majority of papers in English. The book 
contains a wide range of topics in several 
growing fields of research in solids. 

t he quality of the printing and illustra¬ 
tions is excellent. It is recommended for 
researchers in the field of the magnetic and 
optical properties of solids and for institu¬ 
tional libraries. 

Ronald F. Soohoo 
MIT Lincoln Lab. 

Lexington 

Transistors—Principles, Design and Appli¬ 
cations, by Wolfgang W. Gartner 

Published (I960) by D. Van Nostrand Co.. Inc., 
120 Alexander St., Princeton, N. .1. 637 pages 4-21 
index pages 4-xii pages 4-bibliography by chapter 4- 14 
apfiendix pages. Ulus. 6J X9}. SI 2.50. 

Most of the new recruits into the broad, 
voting field of transistor technology must 
still be trained on the job. T his is partly due 
to the lack, up to now, of a clear, substan¬ 
tially pertinent and comprehensive textbook 
covering transistor principles, design and ap¬ 
plications. Dr. Gärtner’s book has, in the 
opinion of this reviewer, successfully filled 
this void. T he book can also serve the full-
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fledged technologist as a permanent store of 
basic ideas and typical design examples. It 
can also be useful as a guide to the literature 
written on the subject of transistors until 
about two years ago. 

Beginning with a line, up-to-date intro¬ 
duction, the book proceeds to build a 
foundation of basic concepts of semiconduc¬ 
tor physics and the properties of junction 
transistors, as is both logical and customary. 
The treatment of parameter dependence on 
temperature and operating point given here 
is more tietailed and useful than any seen 
before under one cover by this reviewer. The 
author then bridges over to a survey of 
transistor applications with a discussion of 
the characterization of the transistor as an 
electrical network. Among the applications 
discussed are low-drift stages, push-pull 
stages, low- and high-frequency amplifiers, 
wide-band amplifiers, oscillators and pulse 
circuits. The writing style throughout the 
book is concise and very clear, such as to be 
readily readable by senior undergraduate 
physics or electrical engineering students. 

If any part of this book must be adjudged 
weak, it is the applications section. The re¬ 
viewer feels that the treatment here falls 
somewhat short of imparting the intuitive 
grasp needed for innovative circuit design. 
It is rather sketchy and occasionally over¬ 
looks highly pertinent material which would 
not have added many pages, such as the ap¬ 
plication of avalanche diodes in the biasing 
of some de amplifiers. A more regrettably 
abbreviated topic is the use and stabilization 
of external negative feedback in transistory 
circuitry. 

This book bears the mark of careful 
preparation and accuracy-—an over-all im¬ 
pression enhanced by the many fine illustra¬ 
tions and the small number of typographical 
errors. Every technical person seriously in¬ 
terested in transistors should certainly ex¬ 
amine it. 

V. R. Saari 
Bell Telephone Labs. 
Murray Hill, N. J. 

La Modulation de Fréquence, 
by Jean Marcus 

Published (I960) by Editions Eyrolles, 61 boule-
bard Saint-Germain, Paris Ve. 307 pages +3 bibliog¬ 
raphy pages. Ulus. 6|X9J. 43,65 NF. 

The subtitle of the book is, “Theory and 
Industrial Applications." As mentioned in 
the preface, the volume is intended primarily 
for the engineer interested in the fundamen¬ 
tals of the various techniques of frequency 
modulation. Because of the clear and concise 
treatment of the subject matter, this Ixxik 
will also be valuable to students and tech¬ 
nicians. 

In Chapter 1, the basic principles of fre¬ 
quency modulation and phase modulation 
are discussed: fundamental definitions, fre¬ 
quency spectrum of a frequency-modulated 
carrier wave, double modulation FM-FM, 

frequency multiplication and frequency di¬ 
vision, response of a band-pass filter to an 
FM wave. In live appendixes the author 
gives a clear and brief mathematical de¬ 
velopment of the formula used in the text. 

Chapter 2 describes the various systems 
used to produce frequency modulation (re¬ 
actance tubes or saturated cores) or phase 
modulation (Armstrong’s modulator, or Ser-
rasoid modulator). In each case, the distor¬ 
tions produced are carefully analyzed. Mod¬ 
ulators using delay lines or reflex klystrons 
are also considered, together with variable 
capacitances and variable inductances. 
Formulas relative to tuned circuits with 
variable elements or to reactance tubes are 
derived in two appendixes. 

Chapter 3 discusses limiters and dis¬ 
criminators: Travis, Foster-Seeley, Rate 
Discriminators. After an analysis of the 
various circuits, some practical examples 
are described. An application to frequency 
control is given. The effect of noise in the 
limiters is described in the appendix. 

Chapter 4 is devoted to the effect of 
noise in FM systems. With a minimum of 
mathematical development, it gives the 
fundamental formula of signal-to-noise ratio, 
FM improvement, the effect of distortions 
produced by multipath transmission, and 
the use of feedback to reduce the effect 
of interferences. The necessary mathemati¬ 
cal analysis is very clearly given in four ap¬ 
pendixes. Although the author has men¬ 
tioned here the phase-lock demodulator, a 
more detailed discussion of phase-lock sys¬ 
tems would have done more justice to this 
important application. 

Chapter 5 discusses the frequency modu¬ 
lation receivers (HF and IF amplifiers 
mostly, since limiters and discriminators 
were already described in Chapter 3). 

Chapter 6 gives a general outlook on 
multiplex FM links with an analysis of 
various phenomena producing distortions: 
nonlinearities in modulators, demodulators 
and limiters, or variable delays in filters and 
amplifiers, multiple reflections in transmis¬ 
sion lines, or multipath transmissions in 
radio links. A comparison of various FM 
multiplex systems and conventional ampli¬ 
tude modulation is given for AM-PM, FM-
AM, FM-PM, etc. 

Chapter 7 presents some examples of 
industrial realizations. It gives the detailed 
computations for an FM telemetering proj¬ 
ect together with the characteristics of an 
industrial realization. The characteristics of 
a radio relay at 400 Me are also given as an 
example of an FM multiplex system. 

This book is very commendable for its 
clear treatment of the subject. Throughout 
the text are numerous references to papers 
and books for the reader interested in 
greater details in any particular subject. The 
book will be of value to the technicians who 
need the basic elements to analyze and 
formulate various frequency-modulated sys¬ 
tems. 

M. Arditi 
ITT Federal Labs. 

Nutlev. N. .1. 
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An Introduction to Statistical Communica¬ 
tion Theory, by David Middleton 

Published (I960) by McGraw Hill Book Co.. Inc., 
330 \V. 42 St., N. V. 36. N. V. 1070 pages 4-20 index 
pages 4-xix pages 4-7 bibliography pages 4-32 appendix 
pages 4-9 glossary pages. Illus. 6J X9J. $25.00. 

Some years back, an English statesman 
on a tour of the United States visited, 
among other places. Mount Rushmore Na¬ 
tional Monument. He is said to have stared 
at the four presidential faces carved out of 
the mountains for some time. Finally, he 
turned to his companions and exclaimed, 
“Marvelous but is it art?" I feel that we 
are in somewhat the same sort of predica¬ 
ment in trying to categorize Middleton’s 
mountainous treatise. There have been tech¬ 
nical books with more pages than this one 
(though not many). There have certainly 
been technical books covering a wider range 
of topics (though few have been at such an 
advanced level). Few technical books, how¬ 
ever, can claim to be packed with such a 
weight of material as this one. 

Middleton’s work, like Mount Rushmore, 
is divided into four parts. The first “An In¬ 
troduction to Statistical Communication 
Theory”—is certainly the weakest. This 
part consists of a good deal of introductory 
material of an expository nature. The basic 
concepts involved in random variables, 
random processes, expectations, linear and 
nonlinear systems, spectra, correlation, 
sampling and signa 1-to-noise ratio are 
treated. In addition, the last chapter of 
Part I includes a superficial introduction to 
information measure and channel capar ity. 
Middleton is not at his best w hen explaining 
fundamental ideas, and most of Part I is 
treated in a more illuminating fashion in 
other books. Part I is valuable primarily for 
the wealth of problems and examples 
treated. 

Part II—“Random Noise Processes"— 
starts with a discussion of the normal ran¬ 
dom process and processes derived from the 
normal. After this, the Langevin, Fokker-
Planck and Boltzmann equations arc exam¬ 
ined. Finally, models of thermal, shot and 
even impulse noise are formulated, and 
various properties of these models are ob¬ 
tained. 

Part III “Applications to Special Sys¬ 
tems”—is devoted to modulation, demodu¬ 
lation and Wiener theory. Middleton pro¬ 
vides an extensive treatment of the second 
order statistics of amplitude modulated 
and frequency modulated signals. He also 
discusses in astounding detail the detection 
of such signals in the presence of noise. A 
large number of interesting results dealing 
with the spectra of various modulated sig¬ 
nals and the detection of such signals are 
presented. Part 111 concludes w ith a chapter 
on \\ iener filtering and a chapter devoted to 
some distribution problems. 

Part IV—“A Statistical Theory of Re¬ 
ception" is concerned with the application 
of statistical decision theory to communica¬ 
tion problems. After an unnecessarily in¬ 
volved chapter on the elements of statistical 
decision theory, Middleton devotes two 
chapters to binary detection sy stems and one 
chapter to estimation theory . A good deal of 
the material in these three chapters deals 
with the block diagram structure of the vari¬ 
ous sy stems obtained. A brief and unsatis¬ 

factory chapter deals with information 
measures in reception and a final chapter 
mentioning some “Generalizations and Ex¬ 
tensions” concludes the main body of the 
book. But that’s not all! 

After the 23 chapters outlined above, 
Middleton has provided 70 pages consisting 
of 1) an appendix on “Special Functions 
and Integrals," 2) an appendix on “Solutions 
ol Selected Integral Equations,” 3) “Supple¬ 
mentary References and Bibliography," 
4) an eight page “Glossary of Principal Sym¬ 
bols," 5) a “Name Index," and 6) a remark¬ 
ably complete and well-organized “Subject 
Index.” 

'There is a lot to criticize in this book. 
'There is, I think, even more to be learned 
from it. The book is of little use as an intro¬ 
duction to statistical communication theory; 
it is hopeless as a text. As a source book of 
problems, and solutions, and of methods of 
solving problems, it has no peers. 

Normax Abramson 
Stanford University 

Stanford, Calif. 

The Control of Multivariable Systems, by 
Mihajlo D. Mesarovic 

Published (I960) by The Technology Press, Mass. 
Inst. Tech., Cambridge, and John Wiley and Sons, 
Inc., 440 Fourth Ave., N. V. 16. N. V. 106 pages 4-2 
index pages -f-xi pages 4-2 bibliographe pages. Ulus. 
6 X9. $3.50. 

A first book on any topic a I way s leaves 
the reviewer with mixed feelings. Because 
this is the first book (at least, in English) on 
multivariable systems, it isa welcome addi¬ 
tion to the control engineer’s library . Since 
there is no other like book to compare it 
with (and it is not fair to compare a book 
with periodical literature), it must be re¬ 
viewed in its own context. 

Professor Mesarovic has written here a 
remarkable book. In the space of a hundred¬ 
odd pages he defines, analyzes and sy nt lie-
sizes multivariable control systems. In the 
definition of such systems the author used 
three canonical structures to classify the 
systems. (Only one has appeared in most of 
the other published work in this subject.) 
Using matrix methods, the author then ana¬ 
lyzes these three structures. 

The first part of this book is devoted to a 
study of the interrelations which exist in 
multivariable systems. An interesting fea¬ 
ture here is the determination of what the 
author calls “the strength of the interrela¬ 
tions," which serves to categorize the vari¬ 
ous interrelations on the basis of their ulti¬ 
mate effect on the outputs of the system. 

The second part is concerned with the 
problems of synthesis. The interesting fea¬ 
ture here is the question of the existence and 
uniqueness of the synthesis. The author ob¬ 
tains the conditions for these in terms of a 
binary* representation of the system. He in¬ 
troduces the concept of “R and D numbers,” 
thus: If r is the total number of inputs to be 
synthesized, and if only a subset, rd, of these 
is needed to satisfy some optimum per¬ 
formance criterion, he defines the number of 
free inputs to be R — r—rd. If n is the* number 
of outputs, he defines a number D — rd — n. 
He then arrives at the necessary conditions 

for optimal synthesis by showing that it is 
required that D>0 and R — 0. I he R and D 
numbers are then obtained for linear and 
nonlinear deterministic systems and for 
stochastic systems. 

This book is one of a series w hose aim is 
the “systematic publication of research 
studies larger in scope than a journal article 
but less ambitious than a finished book." 
I hus, this is certainly not a book for begin¬ 
ners. It requires some knowledge of control 
system theory and of the associated mathe¬ 
matics. It could easily be used as a text for 
a one-semester course at the graduate level, 
supplemented by the teacher’s know ledge of 
the pertinent literature; the lack of problems 
or examples can easily be made up by such a 
teacher. 

The book is set up in typewritten litho¬ 
graph form. This seems to be a departure in 
format from some of the other earlier books 
in this series, and in the opinion of the re¬ 
viewer, not a happy departure. There arc a 
number of typographic errors both in the 
text and in some of the figures. 

Over-all opinion: By all means, get it. 
N. H. Choksy 

Applied Physics Lab. 
The Johns Hopkins Univ. 

Silver Spring, Md. 

Information Retrieval and Machine Trans¬ 
lation, Part I, Allen Kent, Ed.; Advances in 
Documentation and Library Science Series, 
Vol. 3, Jesse H. Shera, General Editor 

Published (I960) by tnterscience Publishers. Inc.. 
250 Fifth Ave., N. V. I. N. V. 667 pages 4-18 index 
pages 4-xv pages.Milus. 6¡ X0}. $23.00. 

This book contains twenty-one papers 
originally presented in Cleveland in Septem¬ 
ber. 1959, at the International Conference 
for Standards on a Common Language for 
Machine Searching anti Translation. An¬ 
other set of thirty-eight papers from the 
same conference is published as Part 11 in a 
second volume which is not under review. 

It must be said at the outset that this 
volume has all the faults of the usual con¬ 
ference pnx-eedings. The papers are not 
grouped in any apparent manner to bring 
together related material, and there is no 
editorial comment to guide the reader. In¬ 
stead, each paper is labeled as a separate 
“chapter” of the book, and is made to stand 
completely on its own, frequently surrounded 
by totally different material. Furthermore, 
the title of the book is somewhat misleading 
in that, with the possible exception of Chap¬ 
ter 1, the subject of machine translation is 
not covered at all. 

The specific aims of the conference, as 
stated in the preface, were in part as follows: 

to encourage an environment for work¬ 
ing toward a common machine language, 
or a series of compatible machine lan¬ 
guages .... 
to characterize equipment requirements 
for use with common language sys¬ 
tems .... 
to promote cooperative research pro¬ 
grams .... and 
to review interrelationships between 
machine literature searching and ma¬ 
chine translation. . . . 
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The contents of this volume would seem to 
indicate that nothing of the kind was ac¬ 
tually done; and the discussions at the con¬ 
ference, included as Chapter 22, bear testi¬ 
mony to the fact that the stated aims were 
far too ambitious. Some questions were, in 
fa< t, raised as to the wisdom of pursuing 
these goals, and this rex iewer tends to agree 
with Don Andrews who, in Chapter 8, states 
that “until a mature and satisfactory solu¬ 
tion (to the problem of encoding and search¬ 
ing) is discovered, we should, indeed, be 
rash to talk of. or attempt, standardization 
of machine language.’' 

I he book includes papers by American 
authors and authors from six foreign coun¬ 
tries. All papers are printed in English with 
the exception of Chapter 18, by Gerard Cor¬ 
donnier, which is in French. An introduction 
by Senator Hubert Humphrey is followed 
by a sun ’ey of work in the areas of linguistic 
analysis and machine translation by Allen 
Kent. This survey, encompassing almost a 
third of the entire book, consists largely of a 
set of tables, arranged in alphabetical order 
by organization, or by name of the principal 
investigator, and lists the several research 
actix ¡ties undertaken by various groups ac¬ 
tive in the field. While these tables are ex i-
dence of a great deal of work, the material 
is compressed into long, narrow columns, 
making perusal uncomfortable. Moreover, 
material of this kind requires continuous up¬ 
dating, and would seem to be available more 
readily, and at less expense, in other pub¬ 
lient ions. 1 2

Chapters 10, 14, and 18 by Robert I lax es, 
Otto Xacke, and Gerard Cordonnier, respec¬ 
tively, deal with the requirements and or¬ 
ganization of various types of documenta¬ 
tion systems. Mr. Cordonnier makes some 
challenging suggestions concerning the 
preparation of standardized “analytical sum¬ 
maries" for all published material; he also 
underlines the need for his own research by 
the astonishing assertion that it is neces¬ 
sary “to safeguard French achievements 
threatened by ‘European* or ‘international* 
projects. ..." 

\ arious aspects of the many-faceted clas¬ 
sification originated by S. R. Ranganathan 
are mentioned in Chapters 3 and 4. Chapter 
5 by Kinzo Tanabe describes a classification 
system based on the universal decimal clas¬ 
sification. Chapter 2 by John O’Connor 
presents a thorough discussion of the use of 
document grouping to save storage space 

• Series of reports on •Current Research in Scien¬ 
tific Documentation," National Science 1'oundation, 
Washington, D. C. Re pt. No. 7; November, I960. 

• A. G. Oettinger, “A survey of Soviet work on 
machine translation,’’ Meeh. Trans., vol. 5, no. 3; 
December, 1958. 

and search time in retrieval systems. Auto¬ 
matic abstracting techniques are mentioned 
in Chapter 11 by Leslie Clark. Various tx pes 
of encoding techniques and notational 
schemes are described in Chapters 7, 8, and 
13. Chapter 12 by S. C. Rome and B. K. 
Rome presents a notation for the representa¬ 
tion of behavioral system, and Chapter 15 by 
II. M. Senia rue makes a plea for the use of 
symbolic logic in documentation; in both 
cases, the specific applications to problems 
in information retrieval are not made clear. 
The important question of determining and 
representing relationships between index 
terms is treated in Chapter 6 by Don An¬ 
drews and in the interesting paper by \ . P. 
Choren in ef al., in Chapter 9. Finally, Chap¬ 
ters 19 to 21 deal with equipment, describing 
respect i\ ely the much neglected Magnacard 
system, the Minicard film system, and the 
G.E. 250, now defunct. 

To summarize, the book can be recom¬ 
mended only to institutional libraries, and 
to experts with substantial cash reserxes on 
hand who arc willing to spend the time to 
extract a few interesting ideas from a large 
mass of routine matter. The presentation is 
generally good, with the exception of many 
typographical errors still included, and a 
lack of editing, particularly in some of the 
articles translated from foreign languages. 

Gerard Saltón 
1 larv ird I 'Diversity 
Cambridge, Mass. 

Linear Systems Analysis, by Paul E. Pfeiffer 
Published (1961) by McGraw-Hill Book Co., Inc.. 

330 W. 42 St.. N. V. 36, N. V. 520 pages 4-8 index 
pages 4-xvii pages 4- 2 bibliography pages 4-8 apjiendix 
pages. Ulus. 6J X9». St 2.50. 

To quote from the jacket, “This book is 
intended to supply an adequate understand¬ 
ing of theory as applied to passive linear cir¬ 
cuits, linear electronic circuits, linear servo¬ 
mechanisms, and mechanical x ibrating sys¬ 
tems." Ihe arrangement of the material 
follows a logical sequence consistent with 
this objectixe. Chapter headings begin with 
“A Mathematical Miscellany," “Linearized 
Dynamic Equations,” “Steady-State Re¬ 
sponse to Periodic Driving Functions,” 
through “Some Mathematical Properties of 
the Laplace Transformation,” “ I he Trans¬ 
fer Function,” “Matrices and Linear Alge¬ 
braic Equations,” “Signal-Flow Graphs and 
Linear Algebraic Equations. " and “Some 
Theorems on Feedback." 

There is no doubt that this text is an ex¬ 
cellent one for a formal course directed to 
discrete parameter time variant linear sys¬ 
tems. It is interesting to note that the author 
frequently attempts to establish a motiva¬ 
tion for study ing a new technique before de-
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xeloping the details of theory. In this wax 
the student has an end goal to keep in view-
while immersed in learning the rides of the 
game. As an example, the application of the 
Laplace transformation is studied first; and 
subsequently, the mathematical bounds of 
the technique are discox cred. 

It is rather difficult to appraise the value 
of a formal textbook to the practicing engi¬ 
neer who wishes to sit down and “learn" 
something from it. This book seems to be 
above axerage in this respect since the au¬ 
thor relics extensively on physical examples 
which are usually close enough to the world 
of practical engineering to be meaningful. 
I’his reviewer has “learned" from this book 
about subjects in which he was either behind 
the door or behind the times at school. 
Others are sure to be similarly successful. 

R. P. Bi rr 
Circuit Research Co. 

Glen Cove, N. Y. 

Principles of Semiconductor Device Opera¬ 
tion, by A. K. Jonscher 

Published (I960) by John Wiley and Sons. Inc., 
440 Fourth Ave., N. V. 16, N. Y. 163 pages 4-4 index 
pages 4-viii pages 4-problems and bibliography by 
chapter. Ulus. 5}X8L $5.00. 

I’his book is a real bargain, and a real 
contribution to those students who want to 
know more about semiconductor dex ices 
than is usually presented in introductory 
texts. The author has prox ided a very read¬ 
able and thorough treatment of the physical 
principles of semiconductor dex ice action. To 
use his own words, “ I he specific subject of 
injection, decay, and transport of excess 
carrier densities in semiconduc tors has not 
received sufficient attention. . . . Theoreti¬ 
cal texts stop short of discussing it. the more 
applied works tend to take it for granted.” 

I he author has attempted to fill the need 
he describes. 

His method is addressed to the engineer 
xxho desires a phy sical description of what 
is going on, followed by a reasonably’ com¬ 
plete mathematical treatment that rarely, 
if ever, loses sight of the physics of the 
problem. Substantial attention is given to 
the departures of actual dex ices from the 
simple theory. 

The least successful part of the book 
deals xvith the transistor as such. The more 
successful earlier parts deal with semicon¬ 
ductor theory, non-equilibrium carrier densi¬ 
ties, transport of excess carrier densities, 
and the theory of p-n junctions and junction 
diodes. Indeed, the transistor chapter seems 
almost an afterthought. 

All in all, however, a valuable little book. 
Howard E. Tompkins 
University of New Mexico 

Albuquerque 
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Scanning the Transactions_ 
Pigeon-guided missiles is the subject of one of the most 

unusual cover photographs to appear on an IRE publication 
in recent years. Equally unusual is the fact that the picture 
was not published by one of the Professional Groups that 
deals with military or space electronics, as one might expect, 
but rather by the PG on Engineering Writing and Speech 
(January, 1961 issue). The cover photograph shows a demon¬ 
stration model of a three-pigeon guidance system for use in the 
nose cone of a missile. The pigeons used for this purpose had 
been taught to peck persistently at a given visual target on a 
ground-glass screen. The chosen target might be a submarine 
at sea or a military site on the ground. The optical image of 
the target is projected simultaneously on three glass screens 
inside the nose cone by a system of lenses and mirrors. In 
this proposed system the missile stays on course as the pigeons 
peck precisely at the image on the screens, which tilt accord¬ 
ing to the pigeons' responses. Ballistic valves at the edges of 
the three screens were designed to operate the missile steering 
system, as reported in detail by B. F. Skinner in The American 
Psychologist, vol. 15. p. 28 (January, I960). Thus, the experi¬ 
mental system is a servomechanism which actually uses the 
majority vote of three trained pigeons as its sensing element! 
Training pigeons to peck at visual targets has turned out to 
be part of the groundwork for the development of modern 
teaching machines. As Professor Skinner of Harvard points 
out, “The scrap of wisdom we imparted to each pigeon was 
indeed small, but the required changes in behavior were 
similar to those which must be brought about in vaster quan¬ 
tities in human students.” What has this to do with Engineer¬ 
ing Writing and Speech? Modern teaching machines can be 
used in a wide variety of instruction in areas from grade 
school material to college physics, as pointed out in the article 
in the issue by Dr. G. Rath. “A Xew Task for the Technical 
Writer: Programming Teaching Machines.” Dr. Rath suggests 
that the technical writer can have an important role in pre¬ 
paring programs for the teaching machines of the future. 

The rapid evolution of radio astronomy can probably best 
be seen by observing the advances that are being made in the 
instrumentalities of this blossoming field. IRE members, from 
their reading of the January, 1958 Radio Astronomy Issue of 
the Proceedings, are already acquainted with the advanced 
nature of the equipment and techniques which radio technol¬ 
ogy has provided in the recent past. That this field has con¬ 
tinued to blossom in the last three years, and at an even 
greater rate, can now be seen from a new Radio Astronomy 
Issue, published by the I RE Trans, on Antennas and Prop¬ 
agation in January, 1961. Among the many interesting de¬ 
velopments described in the issue are: Ohio State’s 360-foot 
standing parabola radio telescope with a tiltable reflector; the 
University of Illinois’ parabolic cylinder whose aperture is 400 
by 600 feet; Cornell University's ionospheric radar installa¬ 
tion in Puerto Rico with its 1000-foot-diameter spherical-bowl 
antenna; Stanford University’s interferometer employing 32 
10-foot paraboloids arranged in two arrays; and Cal Tech's 
2-element interferometer consisting of twin 90-foot steerable 
paraboloids. The variety of antenna configurations that are 
emerging in the radio astronomy field is indeed impressive. 
Impressive, too, are the substantial improvements which have 
recently been made in low-noise receivers, measurement tech¬ 
niques, and signal processing methods. These technical ad¬ 
vances are providing astronomers and astrophysicists with the 
means of obtaining new information about the composition, 
dimensions and dynamics of the universe. But these advances 
are also advancing radio technology itself, and already have 
found important applications in radar, space technology and 
communications. 

Pattern recognition problems are of widespread interest 
today. Although they arise in many different guises, they all 
have in common the fact that their solution requires the abil¬ 
ity to recognize membership in classes and, more important, 
the automatic establishment of how to measure membership 
in each class. In word recognition, for example, the “class” is 
a specific word and “members” of the class are different utter¬ 
ances of the word by different speakers. If membership in a 
class could be recognized, then the word could be identified 
regardless of who uttered it. The same requirement applies to 
many other recognition problems, such as recognition of a 
speaker regardless of what he speaks, medical diagnosis, 
threat evaluation, and recognizing a person from his hand 
writing. A geometrical approach to the problem of class recog¬ 
nition was recently published which has yielded some interest¬ 
ing results. The point of view taken was that events can be 
described by points or vectors in ,V-dimensional space and 
that by formulating and applying the proper measuring meth 
ods, those events belonging to the same class will be found to 
lie close to each other. An experimental program, consisting 
of machine recognition of spoken numerals, was devised to 
verify the technique. The numerals “zero” through “nine” 
were spoken a number of times by ten persons. Each utterance 
was converted into a vector by means of an 18-channel vo¬ 
coder. The machine was first gi\ en 3 examples of each of the 
ten classes of digits and then asked to identify the spoken 
numerals. The number of examples was later increased for 
succeeding experiments. The machine’s error rate proved to 
be 45 per cent with only 3 examples per class, but improved to 
30 per cent for 4 examples. 10 per cent for 7 examples, and 
reached 0 per cent for 9 examples. (G. S. Sebestyen, “ Recogni¬ 
tion of membership in classes,” IRE Trans, on Information 
Theory, January, 1961.) 

Packaging techniques have recently become a subject of 
first-order importance, especially in the semiconductor device 
field. In pushing the operating frequencies of transistors and 
other semiconductor devices into the microwave region, a 
point has been reached where in many cases the high-frequency 
performance is no longer limited by the internal character¬ 
istics of the device itself but rather by its external connections 
to the circuit. Packaging has therefore become an intimately 
related and vitally important consideration in the perform¬ 
ance of microwave devices. In this connection, a micro-alloy 
diffused-base transistor has been developed with a power gain 
of 11 db at 1000 Me and a maximum frequency of oscillation 
of 3000 Me. While the excellent high-frequency performance 
was due in part to fabrication improvements, it is interesting 
to note that the use of a new coaxial packaging technique also 
played an important role in the success of this development. 
(J. D. McCotter, et al., “A coaxially packaged MADT for 
microwave applications,” IRE Trans, on Electron De¬ 
vices. January, 1961.) 

A novel radiation tracking device has been developed 
which utilizes a lesser-known effect of illuminating a semicon¬ 
ductor. As is well known, exposing a semiconductor junction 
to light will produce a photovoltage across the junction. In 
addition, however, a voltage will also appear parallel to the 
junction if the illumination is localized or nonuniform. This 
lateral photoeffect has been embodied in a device which is 
capable of detecting the angular position of a light- or radia¬ 
tion-emitting target, and to do it without the need for a 
scanning device. It appears that there will be many applica¬ 
tions for this development, especially in the realms of tracking 
and guidance, computers, system instrumentation and control 
automation. (D. Allen, et al., “Radiation tracking transducer,” 
IRE Trans, on Instrumentation, December. 1960.) 
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Abstracts of IRE Transactions_ 

The following issues of TRANSACTIONS have recently been published, and 
are now available from The Institute of Radio Engineers, Inc., 1 East 79th 
Street, New York 21, N. Y. at the following prices. The contents of each issue 
and, where available, abstracts of technical papers are given below. 

O n K1- • IRE Libra"es Non Sponsoring Group Pubhcation Members and Members
Colleges 

Antennas and Propagation AP-9, No. 1 $2.25 $ 3.25 $ 4.50 
Bio-Medical Electronics BME-8, No. 1 2.25 3.25 4.50 
Circuit Theory CT-7, No. 4 5.00 11.25 15.00 
Electron Devices ED-8, No. 1 2.25 3.25 4.50 
Engineering Management EM-7, No. 4 2.25 3.25 4.50 
Engineering Writing and 

Speech EWS-4, No. 1 2.25 3.25 4.50 
Information Theory IT-7, No. 1 2.25 3.25 4.50 
Instrumentation 1-9, No. 3 2.25 3.25 4.50 
Military Electronics MIL-5, No. 1 2.25 3.25 4.50 
Space Electronics and 
Telemetry SET-6, No. 3-4 2.25 3.25 4.50 

Antennas and Propagation 

Vol. AP-9, \o. 1, Jani ary, 1961 

Radio Astronomy and Radio Science— 
Lloyd V. Berkner (p. 2) 

Some Characteristics of The Ohio State 
University 360-Foot Radio Telescope—J. 1). 
Kraus, R. T. Nash, and IL C. Ko (p. 4) 

Design considerations and performance 
characteristics of The Ohio State University 
360-foot radio telescoiæ are discussed. The tele¬ 
scope is well suited for precision position and 
intensity measurements at frequencies from 30 
to 2000 Me. The beamwidths expected at 2000 
Me are about 11 by 30 minutes of arc. Factors 
involved in determining the antenna tempera-
ture are considered, and an estimate is made of 
the expected temperature. 

The University of Illinois Radio Telescope 
—G. W. Swenson, Jr., and Y. T. Lo (p. 9) 

The University of Illinois radio telescope is 
a reflector in the shape of a parabolic cylinder 
whose aperture is 400 feet X 600 feet. A 425-
foot-long phase-adjustable array of receiving 
antennas lies along the focal line and produces 
a pencil beam one-third degree in width, steer¬ 
able in the meridian plane up to 30 degrees in 
either direction from the zenith. The array was 
designed by means of a novel procedure using 
both variable spacing and variable excitât on 
to produce a prescribed beamwidth. The re¬ 
flector is built of earth, utilizing a natural 
ravine. The purpose of the instrument is to 
compile a catalog of faint extragalactic radio 
sources. 

The Design and Capabilities of an Iono¬ 
spheric Radar Probe W. E. Gordon and 
L. M. LaLonde (p. 17) 

Staff members of the Cornell University 
('enter for Radiophysics and Space Research 
have designed an ionospheric radar probe to be 
located near Arecibo, Puerto Rico. The radar 
will have the following general specifications: 

1) Antenna reflector, 1000-foot-diameter 
spherical bowl, illuminated by a 430-Me 
dual-polarized feed. 

2) Transmitter of 2.5 Mw peak, 150 kw 
average power, or 100 kw CW power. 

3) Dual-channel receiver, capable of meas¬ 
uring total power, polarization and re¬ 
ceived sj>ectrum. 

The radar will initially be used to measure 
the variation of electron density with height, 
the fluctuations of electron density at fixed 
heights and electron temperatures and mag¬ 
netic field strengths at various heights. Iono¬ 
spheric drifts may also be measured. 

The radar will also be able to obtain echoes 
from planets, information of the moon’s surface 
and possibly echoes from the sun. Hydromag¬ 
netic shocks may also be detected and a study 
of cislunar ionization can be made. 

The passive system with the large antenna 
may be used as an instrument in radio astron¬ 
omy to observe radio emission from planets and 
from true stars, and to make a survey of radio 
sources. With addditional facilities, many radio 
astronomy measurements can be made taking 
ad vantage of the large antenna aperture and 
resulting high resolving power. 

The Stanford Microwave Spectroheliograph 
Antenna, a Microsteradian Pencil Beam Inter¬ 
ferometer R. N. Bracewell and G. Swarup 
(p. 22) 

A pencil beam interferometer has been con¬ 
structed at Stanford, Calif., with multiple 
beams of 3.1 minutes of arc width to half power 
(0.8 microsteradian). It is composed of two 
equatorially-mounted, 16-element, Christian¬ 
sen arrays of 3-m paraboloids, each 375 feet 
long (1255 wavelengths at a wavelength of 
9.1 cm). The half power beamwidth of the fan 
beam of a single array is 2.3 minutes of arc. To 
form the ¡xmcil beam, the two arrays are 
switched together as in a Mills cross. Frequency 
range is from 2700 to 3350 Me. Phase adjust¬ 
ment and monitoring are handl'd by a new 
technique of modulated, weakly reflecting gas¬ 
discharges maintained at the focus of the parab¬ 
oloids. Television-type scanning yields maps of 
the sun (spectroheliograms) revealing fine de¬ 
tails of the microwave source regions in the 
chromosphere and corona. All the transient 
bursts and a large fraction of the steady solar 
emission at 9.1 cm prove to originate in a small 

number of highly compact centers, whose 
brightness temperatures may exceed 5X 10 ,o K. 
The sensitivity of the instrument also allows 
the thermal emission from the moon (25OfK) 
and a number of galactic and extragalactic 
sources to be studied with high angular resolu¬ 
tion. Illumination of the moon by terrestrial 
radar can Im? detected. The pencil beam inter¬ 
ferometer furnishes the finest beams currently 
available from pencil beam antennas of any 
type. Examination of the fundamentals of ex¬ 
tracting high resolution details of a source from 
its radiation field indicates the fitness of pencil 
beam interferometers, incorporating steerable 
multielement arrays for future development to 
higher resolving power. Adequate technique of 
phase preservation over wide spacings is 
available. 

Two-Element Interferometer for Accurate 
Position Determinations at 960 Me—Richard 
B. Read (p. 31) 

A 960-Me two-element interferometer 
using the twin 90-foot steerable paraboloids of 
the California Institute of Technology Radio 
Observatory is described. The response of the 
associated receiving equipment as it applies to 
interferometric position measurements is ana¬ 
lyzed in some detail, and an advantage of not 
rejecting the image response of the receiver is 
mentioned. Finally, a brief account is given of 
the various ways the interferometer may be 
used to measure right ascensions and declina¬ 
tions with both an east-west and a north-south 
baseline. 

A 2-4 kMc Sweep-Frequency Receiver— 
D. W. Casey, II, and J. W. Kuiper (p. 36) 

To study another octave of the solar radio¬ 
frequency spectrum, a new superheterodyne 
receiver using a video-frequency IF was de¬ 
veloped. This receiver scans the 2000- or 4000-
Mc octave in 0.1 sec by using a backward-wave 
oscillator as the local oscillator. A careful de¬ 
signed balance mixer converts the incoming 
signal directly into the video signal, where it is 
amplified and displayed as an intensity-
modulated trace on a high-resolution cathode¬ 
ray tube. The receiver has an average noise 
figure of 13.0 db, and a total gain variation of 
±2 db over this octave. The receiver features 
power output stabilization of the local oscillator, 
a 2000- to 4000- Me noise source, and highly 
stable video amplifiers. 

Recent Developments and Observations 
with a Ruby Maser Radiometer -M. E. Bair, 
J. J. Cook, I.. G. Cross, and C. B. Arnold (p. 43) 

An .Y-band ruby maser radiometer is dis¬ 
cussed. In particular, recent developments in 
the equipment design are detailed. ( )bservations 
of radio sources are discussed, and response 
curves with and without the maser preamplifier 
are given. The detection of 3.45 cm radiation 
from the planet Saturn is reported, and the 
equivalent blackbody disk temperature cal¬ 
culated. The future of the maser amplifier in 
radio astronomy is considered. 

Tolerance Theory of Large Antennas — 
R. N. Bracewell (p. 49) 

The design of an antenna calls for definite 
amplitudes and phases of the currents, but 
when the antenna has been constructed and 
adjusted, there will be departures from the de¬ 
sign currents because of several factors. The 
customary procedure of taking radiation pat¬ 
terns and making the final adjustments semi-
empirically has usually been satisfactory, but 
two difficulties have been setting in with the 
trend towards large* antennas of high gain. 
First, it is impossible to measure the radiation 
pattern of the largest existing antennas; even 
the determination of single sections through the 
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pattern or the gain in one direction presents 
difficulty. Second, the adjustments themselves 
are more laborious on larger antennas. It is 
therefore very desirable that the theory of an¬ 
tenna tolerances should be pursued so that the 
effect of departures can be taken into account, 
statistically or otherwise, during the design. 

This paper considers the effects of systematic 
and random errors on the radiation pattern of 
antennas representable by a field distribution 
over an aperture, such as paraboloidal leflectors 
and large arrays of small elements. In the case 
of paraboloids, the détériorât ion in directivity 
is found to depend on the mean square de¬ 
parture of the surface from the paraboloid of 
best weighted least -squares fit and on the two-
dimensional autocorrelation function of the de¬ 
parture. The variation of directivity with 
wavelength of a particular paraboloid is de¬ 
duced by leaving out of account those two-
dimensional Fourier components of the de¬ 
parture with spatial periods less than a wave¬ 
length. 

Practical steps are considered for unifying 
testing, adjusting, and design so as to lead to 
the greatest relaxation of the mechanical toler¬ 
ances imposed on construction. 

Interferometry and the Spectral Sensitivity 
Island Diagram R. X. Bracewell (p. 59) 

Basic principles of radio interferometry are 
expounded and a special diagram is established 
which helps with problems on interferometers, 
especially those with phase switching or other 
complications. 

The information on a record, or inter¬ 
ferogram, made by scanning a compact source 
or target with an interferometer comprising an 
antenna with two well-spaced parts, is all in one 
complex number, the complex visibility of the 
interference fringes. Under appropriate condi¬ 
tions, the complex visibility observed is equal 
to the complex coherence of the field produced 
by the source between the points occupied by 
the two elements of the interferometer. (If the 
elements are not infinitesimal in extent, the 
complex visibility is equal, instead, to a 
weighted mean of the values of complex co¬ 
herence between the pairs of points embraced 
by the elements.) Furthermore, this quality 
gives the strength of one spatial Fourier com¬ 
ponent of the source distribution in amplitude 
and phase. To know all Fourier components 
would require the use of all spacings two 
dimensions, this means all vector spacings. 

Measurementsat a finite number of spacings 
yield the principal solution: if the source is 
finite in extent, only certain discrete spacings 
need be used. Spectral sensitivity of antennas 
dejiends on the complex autocorrelation function 
of the antenna aperture distribution. For inter¬ 
ferometers, the spectral sensitivity is confined 
to islands in the spatial frequency’ plane whose 
shorelines may be delineated by a simple 
graphical procedure. The spectral sensitivity 
island diagram offers an alternative approach 
to interferometer problems. In an application 
of the diagram, it is explained how the resolving 
power of a Mills cross is not impaired by de¬ 
leting half of one arm. 

Stepped Cylindrical Antennas for Radio 
Astronomy L. Ronchi, V. Russo, and G. 
Toraldo di Francia (p. 68) 

In this pa fier a stepped cylindrical mirror is 
described which satisfies the following require¬ 
ments: 1 ) it is free from spherical aberration for 
a point source at infinity’ on the axis, 2) both 
off-axis spherical aberration and coma vanish 
for fixed values of the field angle, i>. and the 
aperture, ã. 

The analysis has been carried out, in the 
approximation of para geometrical optics, by' 
considering a diffraction grating of the general¬ 
ized type, equivalent to the stepped mirror. 

Three interesting results are obtained, and 
precisely: I) independently of the values of <2 

and ã, the equivalent diffraction grating has a 
quasi-parabolic cross section, 2) the off-axis 
spherical aberration turns out to be negligible 
over the whole aperture 0—5, for fields angles 
up to at least 20 degrees, 3) the residual coma 
turns out to be well corrected, too. 

Phase Adjustment of Large Antennas— 
G. Swarup and K. S. Yang (p. 75) 

A technique is described for adjustment of 
phase paths within large antenna array’s or 
paraboloidal surfaces which are now in use*, or 
are planned, for radio astronomy. After large 
paraboloids have been constructed, they’ suffer 
distortions which are very difficult to investi¬ 
gate and for which photogrammetry, milli¬ 
meterwave radar and optical survey have been 
suggested. A new suggestion, based on experi¬ 
ment at Stanford with phase measurement of 
long paths, is to place modulated gas discharge 
tubes, acting as scatterers, at various points on 
the paraboloidal surface and to monitor (he 
phase path from a signal generator through (he 
feed at the focus to each discharge tube in turn, 
and back. By means of a second probe, say a 
dipole situated at the vertex of the paraboloid, 
it is possible to triangulate on deflections. The 
feasibility of this scheme has been established 
in connection with the large Stanford cross 
antenna which has an ajjerture of 1339 wave¬ 
lengths at 9.1 cm. The phase of the modulated 
reflected wave produced by the discharge tube 
is determined by adding it to a reference con¬ 
tinuous wave of large amplitude and applying 
the resultant to a receiver sensitive to the 
modulating frequency. A null is obtained when 
the two waves are in quadrature. The coherent 
detection system allows measurement of the 
phase of the modulated reflection even when its 
amplitude is below 130 dbm. Using a 10-mw 
.S-band signal generator, no difficulty was found 
in detecting the reflection from a small dis¬ 
charge tube placed 100 feet away from a 3 by' 
4 inch horn, which is sufficient range for apply¬ 
ing the method to large paraboloids. 

Centimeter-Wave Solar Bursts and Asso¬ 
ciated Effects M. R. Kundu and F T. 
Haddock (p. 82) 

Most of our knowledge of solar bursts in the 
meter-wave region has been derived from 
dynamic spectral observations. Sys’ emat ic 
spectral observations have led to the classifica¬ 
tion of meter-wave bursts into distinct s| wet ral 
types. Xo such classification exists for cm-wave 
bursts because spectral observations are only 
just beginning. However, recent interferometric 
measurements have enabled the cm-wave burst 
to lx* classified into a number of distinct types. 
The properties of such different types of cm-
wave bursts are discussed in relation to their 
associated effects. 

Dynamic spectral observations of cm-wave 
bursts obtained at the University of Michigan 
show that cm-wave burst emission is a broad¬ 
band continuum, similar in nature to meter¬ 
wave type-IV and type-V emission. 

Radio Star Scintillation and Multiple 
Scattering in the Ionosphere Dimitri S. 
Bugnolo (p. 89) 

Recent exjwrimenta! evidence of radio star 
scintillation indicates that multiple scattering 
effects are of importance in the ionosphere. It 
is therefore of interest to apply the transport 
equation for the expectation of the photon 
density’ function to this problem. The solution 
of the transport equation is used to predict the 
mean-squared scattering angle and correspond¬ 
ing size of the ionospheric irregularities as meas¬ 
ured on the earth. The particular example dis¬ 
cussed in detail is based on a Gallet model for 
turbulence in the underside of the F layer under 
night-time conditions. However, it should be 
noted that the general theoretical results can 
be applied to any other model as well. 

Communications (p. 97) 
Contributors ( p. 120) 

Bio-Medical Electronics 

Vol. BME-8, Xo. 1, January, 1961 

Papers from the 12th Southwestern IRE and 
National PGBME Conference: 

An Active Low-Pass Filter for Biological 
Potential Amplifiers Gifford White (p. 2) 

An active RC filter with an m-derived low-
pass response is described. With a cutoff of 45 
cps and a sharp attenuation peak at 60 cps, it 
is particularly suitable for eliminating power¬ 
frequency interference from EKG, EEG, oi 
other biological potential amplifiers. It is small 
in size anil requires only one 12AX7 or its tran¬ 
sistor equivalent for the active elements. Typi¬ 
cal design data and performance curves are 
given. 

A Three-Channel Electromyograph with 
Synchronized Slow-Motion Photography 
R. W. Vreeland, D. II. Sutherland, M.D.. 
J. J. Dorsa, L. A. Williams, C. C. Collins, and 
E. R. Schottsteadt, M.D. (p. 4) 

Muscle transplants are performed to 
strengthen knee extension in polio patients. 
The time of contraction of muscles in relation¬ 
ship to gait is under investigation. 

Relative activity’ is evaluated by elect ro-
myographic recording of muscle action poten¬ 
tials. Voltages arc recorded from three pairs of 
flexible win* electrodes implainted in the work¬ 
ing muscles. 

The electromyograph incorporates three 
commercial preamplifiers, a three-channel elec¬ 
tronic switch, a de amplifier, and a long per¬ 
sistent cathode-ray’ tube with 3-second sweep. 

An image of the cathode ray’ screen is pro¬ 
jected optically via a half-silvered mirror into 
the lens of a 16-mm movie camera. The camera 
shoots through the mirror to photograph the 
walking patient on the same frame with the 
three muscle traces. Recording speed is 64 
frames per second. Frame-by-frame analysis is 
accomplished by means of a hand-crank pro¬ 
jector. Tics system of recording thus provides 
simultaneous visualization of muscle electrical 
activity’ and the mechanical aspects of gait. 

Signal Theory Applied to the Analysis of 
Electroencephalograms E. C. Löwenberg 
(p. 7) 

Considered as a special problem in signal 
analysis, the representation of elect roenceph-
a logra ms (EEG’s) involves the problem of de¬ 
termining a unique number for each degree of 
freedom. A method of representation is usually’ 
chosen because of the convenience of making 
the empirical measurements. One particular 
method of representation is discussed with 
emphasis on the problem of making the desired 
measurements using electronic equipment. 

The statistical characteristics of EEG sig¬ 
nals do not necessarily’ include all the significant 
information. This suggests that the goal of 
EEG signal analysis should be to represent as 
uniquely as possible the intervals of interest so 
that the significant information is not discarded 
in an averaging process. 

A Rational Framework for Interpreting the 
Behavioral Effects of Atmospheric Ions 
Allan II. Frey (p. 12) 

Air ionization is a normal phenomenon in 
the vicinity of electrical equipment. These at¬ 
mospheric ions apparently have a significant 
effect upon man’s performance. In general, the 
behavioral observations of past studies indicate 
that negative ions normalize subjects under 
some stress and positive ions have debilitating 
effects. 

The experimental studies done to date, how¬ 
ever, have been deficient in instrumentation 
and control of interacting variables, and lacked 
a rational framework. A first approximation of 
a rational framework for interpreting previous 
experiments is offered, and it is hoped it will 
generate a systematic series of experiments. 



858 PROCEEDINGS OF THE IRE .1 pril 

The hypothesis offered is concerned with 
ion effects on adrenocortical secretion and a 
number of pertinent studies are considered 
from this standpoint. 

A Rapidly Responding Narrow-Band Infra¬ 
red Gaseous CO? Analyzer for Physiological 
Studies Lee E. Baker (p. 16) 

The rapid determination of CO2 in expired 
air is one of the more important measurements 
in respiratory physiology. Of the CO* trans¬ 
ducers currently employed, the condensei mi¬ 
crophone and thermal conductivity types have 
several disadvantages. The former is sensitive 
to mechanical and acoustical vibrations. The 
latter is sensitive to other gases and lacks re¬ 
sponse time. In most cases the over-all reli¬ 
ability leaves something to be desired. 

The CO.» transducer developed to alleviate 
these difficulties employs a Fabry-Perot type 
interference filter and a lead selenide photo-
conductive infrared detector. The resulting de¬ 
vice has rapid response time, is stable mechan¬ 
ically, and is simple electronically. 

Digital Printout System for Whole Body 
Scanner -J. W. Beattie and G . Bradt (p. 24) 

A scintillation scanner has been developed 
for large-area mapping of high-energy gamma 
emitting radioisotope distributions in a patient 
undergoing metabolic studies. An unusual 
method of operation uses a solenoid-operated 
electric typewriter as a digital plotter. A three-
figure entry of the count observed at each 
position of the stepwise scan pattern is tyjied 
with a decimal point locator to allow five-figure 
dynamic range. Three numeric type alphabets 
are incorporated to print each entry without 
carriage advance. The platen and carriage are 
synchro motor driven by the scanner. Scan in¬ 
dex spacing down to 3/16 inch are possible over 
21-inch maximum scan widths. The complete 
scan is a full-scale quantitative planar map in 
the form of a matrix through which isocount 
contours may be located by inspection. The 
electronic system necessary to accomplish this 
is described in detail. 

An Analog Computer Model for the Study 
of Water and Electrolyte Flows in the Extra¬ 
cellular and Intracellular Fluids Walter II. 
Pace, Jr. (p. 29) 

A model has been designed that considers 
water How as well as electrolyte flow in the two-
compartment system consisting of the extra¬ 
cellular and intracellular fluids. The electrolyte 
flows are assumed to depend only on the electro¬ 
lyte concentrations, and the flow water is as¬ 
sumed to depend on the electrolyte concentra¬ 
tions as welt as the relative and absolute quan¬ 
tities of water. The intake rates are arbitrary 
and the coefficients can be varied to simulate 
diseased conditions. So far. however, there is 
not sufficient information available to be sure 
of the normal values. The model does not claim 
to explain any of the mechanics of the various 
flows, but only to give the same effects. 

The Center for Vital Studies A New Lab¬ 
oratory for the Study of Bodily Functions in 
Man L. A. Geddes, H. E. Hoff, and W. A. 
Spencer (p. 33) 

A clinical laboratory for monitoring a 
variety of physiological variables has been de¬ 
veloped and is described in the following paper. 
The faculty was designed around a system of 
modular interchangeable functional units. 
From past experience, the flexibility provided 
by such a system is essential for efficient opera¬ 
tion, because frequently it is necessary to 
change the physiological event being recorded 
on short notice during a routine diagnostic run. 
A detailed description of the various trans¬ 
ducers, amplifiers and reproducers is presented. 
Contributions: 

The Average Response Computer (ARC) : a 
Digital Device for Computing Averages and 
Amplitude and Time Histograms of Electro¬ 
physiological Response W. A. Clark, R. M. 

Brown, M. H. Goldstein, Jr., C. E. Molnars, 
D. F. O’Brien, and H. E. Zieman (p. 46) 

The Average Response Com j inter has 
proved a valuable tool for measuring statistics 
of neuroelectric activity, particularly of evoked 
responses. One of the most important aspects 
of the instrument is its ability to operate “on 
line,” thus enabling the ex|>erimenter to ob¬ 
serve and modify on the basis of the calculated 
results while the experiment is in progress. 
Although the ARC was designed to operate in 
fixed modes, it has demonstrated a gratifying 
flexibility in the face of new experimental re¬ 
quirements. With resjiect to future develop¬ 
ments, we feel that greater speed of operation 
and extension to multiple channels would fur¬ 
ther extend the range of applications and in¬ 
crease the versatility of the device. 

An Electronic Coordinate Transformer for 
Electrocardiography R. McFee, A. Parungao, 
and W. Mueller (p. 52) 

A considerable variation exists in the orien¬ 
tation of the hearts of different subjects. These 
variations make the interpretations of electro¬ 
cardiograms substantially more difficult. They 
can be eliminated by a transformation of the 
“coordinates” of the three components of the 
heart’s dipole moment to a new frame of refer¬ 
ence which is rotated with resjiect to the origi¬ 
nal one. An electronic instrument for accom¬ 
plishing this end is described in this article. 

A Preamplifier for an Electrocardiograph 
Monitoring System—James B. Tommerdahl 
(p. 55) 

An approach to a simple, dependable ECG 
preamplifier designed primarily for use in the 
operating room is presented. The 60-cps inter¬ 
ference is analyzed and a method of reducing 
this intereference by utilizing the isolation 
offered by transformer coupling is described. A 
prototype unit is constructed and testefl, and 
operational characteristics of this unit are pre¬ 
sented. 

Pulse Modulation in Physiological Systems, 
Phenomenological Aspects R. W. Jones, C. C. 
Li, A. U. Meyer, and R. B. Pinter (p. 59) 

In the development of a quantitative under¬ 
standing of physiological reflex arcs it becomes 
apjiarent that the concept of pulse-frequency 
modulation is bound to play an imjiortant part. 
Xot only does the discrete nature of these sig¬ 
nals introduce some effects of itself, but possibly 
more significant in the total picture are the 
dynamical factors introduced by the modulator 
and demodulator. There is good reason for feel¬ 
ing that in the iris reflex, for instance, a large 
share of the dynamic behavior is intimately 
related to the photoreceptors themselves, and 
possibly a minor role is taken by the synaptic 
delays. 

Isolated Flying Spot Detection of Radio¬ 
density Discontinuities— Displaying the Inter¬ 
nal Structural Pattern of a Complex Object— 
W. H. Oldendorf. M.D. (p. 68) 

A system is described which, monitors a 
point in space and displays discontinuities of 
radiodensity as the point is moved in a scanning 
fashion through a plane. A high degree of iso¬ 
lation of this point from other jioints in the 
plane is achieved by putting these changes in 
radiodensity of the moving point into an elec¬ 
trical form which allows them to be separated 
from all other discontinuities within the plane. 

Physics and Physicians Paul L. McLain, 
M.D. (p. 73) 

The physician of tomorrow will almost cer¬ 
tainly have to Ix' a more sojihisticated physicist 
than his predecessors of today or of yesterday. 
The physician is, perhajis unconsciously and 
perhaps reluctantly, a physicist to a very sig¬ 
nificant degree. Students anticijiating a career 
in medicine need to be told and sold this idea 
since it affects their interest in physics courses 
during premedical training. 

Abstracts of Current Bio-Medical Elec¬ 
tronic Research Projects (p. 76) 

Announcements (p. 78) 
PGBME Affiliates (p. 79) 

Circuit Theory 

Vol. CT-7, No. 4, December, I960 
Special Issue in Memory of Dr. Balth. van 
der Pol 

In Memoriam (p. 361) 
A Tribute—N. DeClaris and L. A. Zadeh 

(p. 362) 
Abstracts (p. 363) 
Balth. van der Pol’s Work on Nonlinear 

Circuits F. L. H. M. Stumjiers (p. 366) 
Theoretical Aspects of Nonlinear Oscilla¬ 

tions X. Minorsky (p. 368) 
This review gives an outline of the modern 

theory of nonlinear oscillations. This field, 
originated about four decades ago by the late 
Prof. B. van der Pol, acquired a considerable 
momentum in recent years with a gradually 
increasing number of ramifications, some of 
which are still in a state of develojmient. 

For this reason the selection of topics for 
this review is narrowed down to matters which 
have reached a state of a reasonable codifica¬ 
tion. 

It has been assumed that a certain amount 
of familiarity with these topics is available on 
the part of the reader so that only essential 
points are emphasized. Tojiological methods 
and analytical methods are written in a con¬ 
densed manner, while sjiecial attention is given 
to the stroboscopic method, which is probably 
less known, and which is used extensively later. 

A survey of the jirincipal nonlinear phe-
nomena investigated under the assumjition of 
near linearity is given. Phenomena of para¬ 
metric excitation, subharmonic resonance and 
synchronization are outlined with some detail, 
but those of the so-called asynchronous actions 
are treated less completely as their detailed 
presentation would lengthen the paj>er unduly. 

The final section of this review deals with 
the so-called “piece-wise linear jihenomena;” it 
transcends already jiurely analytic methods 
and belongs to recent developments concerning 
nonlinear and nonanalytic oscillations often 
encountered in the theory of automatic regula¬ 
tion and control. 

Periodic Solutions of van der Pol’s Equa¬ 
tion with Damping Coefficient X = 0^10-
Minoru Urabe (p. 382) 

A method of comjmting a periodic solution 
of van der Pol’s equation is devised reducing 
the problem to the solution of a certain equa¬ 
tion by means of Newton’s method. For com-
jiuting the value of the derivative necessary to 
apply Xewton’s method, the jiroperties of 
variation of the orbit in the phase jilane are 
used and, for step-by-step numerical integra¬ 
tion of differential equations, a somewhat new 
method based on Stirling’s interj>olation for¬ 
mula combined with an ordinary Adams’ ex¬ 
trapolating integration formula is used. The 
periodic solutions are actually commuted for 
X = 0^10 and the minute but important change 
of the amplitude described by ran der Pol's equa¬ 
tion is found. 

Two-Stroke Oscillators —P. LeCorbeiller 
• i •. 387 1 

A four-stroke oscillator, whether sym¬ 
metrical or moderately dissymmetrical, is one 
in which the linear, conservative elements re¬ 
ceive energy from the source two times jier 
period; such are typically a ('lass A vacuum 
tube oscillator, a ('lass (' push-pull oscillator, 
or a clock with anchor escapement. This pajier 
presents a number of nonlinear, second-order 
differential equations which correspond to two-
stroke oscillators in which the source is active 
or strongly active only once jxt period; such as 
a Class (' oscillator. It is hoped that this second 
type will lead to a better understanding of a 
number of oscillations which it has not beim 
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possible to interpret so far by means of the four-
stroke model. 

A Method of Analysis in the Theory of 
Sinusoidal Self-Oscillations R. V. Khokhlov 
(p. 398) 

The article is devoted to the theory of weak 
resonance action on self-oscillating systems. 
The theory is based on the method of second¬ 
ary-simplification of “shortened" equations 
for amplitudes and phases of the self-oscillating 
process. A series of new results is obtained. 
These results are taken as a basis for the cre¬ 
ation of new radiotechnical devices. 

Frequency Entrainment in a Self-Oscilla¬ 
tory System with External Force—C. Hayashi, 
H. Shibayama, and Y. Nishikawa (p. 413) 

This paper deals with forced oscillations in 
a self-oscillatory system of the negative-resist¬ 
ance type. When no external force is applied, 
the system produces a self-excited oscillation. 
Under the impression of a periodic force, the 
frequency of the self-excited oscillation falls in 
synchronism with the driving frequency within 
a certain band of frequencies. This phenomenon 
of frequency entrainment also occurs when the 
ratio of the two frequencies is in the neighbor¬ 
hood of an integer (different from unity) or a 
fraction. Under this condition, the natural fre¬ 
quency of the system is entrained by a fre¬ 
quency which is an integral multiple or sub¬ 
multiple of the driving frequency. In this paper, 
special attention is directed toward the study 
of periodic oscillations as caused by frequency 
entrainment. The amplitude characteristics of 
the entrained oscillations are obtained by the 
method of harmonic balance, and the stability 
of these' oscillations is investigated by making 
use of Hill’s equation as a stability’ criterion. 
The regions in which different types of en¬ 
trained oscillation, as well as beat oscillation, 
occur are sought by’ varying the amplitude ami 
frequency of the external force. The theoretical 
results are compared with the solutions ob¬ 
tained by analog-computer analysis and found 
to be in satisfactory agreement with them. 

Periodic Solutions of Forced Systems 
Having Hysteresis H. I). Block (p. 423) 

In Section I, the motion of a mass on a 
material rod is discussed. The stress-strain law 
exhibits a hysteresis effect, so that the stress at 
any’ time is a function of the whole strain his¬ 
tory. A “rupture restriction” which limits the 
magnit mies of the admissible displacements, 
velocities, and accelerations is also discussed. 
It is shown that the appropriate formulation of 
the phenomenon is in terms of function spaces 
and mappings of function spaces. The system 
is forced with a periodic forcing function of 
period U and the problem we set ourselves is 
to find solutions of period St 

In Section II, there is presented first a brief 
elementary introduction to “Banach Space for 
Engineers." Then, a purely’ mathematical 
theorem is proved concerning the convergence 
and the speed of convergence of an iterative 
method for solving a problem in mappings of a 
Banach Space, and the existence and unique¬ 
ness of solutions to that problem. 

In Section HI. the problem posed in Sec¬ 
tion I is identified with the various concepts 
introduced in Section II, thus furnishing rigor¬ 
ous proof of the existence and uniqueness of the 
periodic solution sought in Section I. a compu¬ 
tational method for numerically’ evaluating the 
solution, and bounds on the errors of approxi¬ 
mation. The problem dealt with is quite general, 
including, in addition to the hysteresis effects, 
as special cases, the equations of Hill. Mathieu, 
Duffing, van fier Pol (with a forcing term), and 
a quite general class of nonlinear ordinary’ dif¬ 
ferential equations. The method is also applica¬ 
ble to partial differential equations. 

Multistable Circuits Using Nonlinear React¬ 
ances S. Kumagai and S. Kawamoto (p. 432) 

This paper presents some results in the 
asymmetric resonant circuit, which is con¬ 
structed by applying a de voltage En and a 

sinusoidal voltage Ei sin w/ to a series resonant 
circuit containing a nonlinear capacitance. The 
circuit is analyzed using the Ritz-Galer kin 
method. Assuming that the first approxima¬ 
tion for the charge ç takes on the form Qo+Ot 
sin (wt+O), the curves œ —(>i, Ei— (h and 
Eq — are obtained. It is shown that the asym¬ 
metric circuit is a tristable circuit with resjiect 
to these parameters, while the usual ferroreso 
nant circuit is a bistable circuit. The influence 
of the de voltage Eo upon the circuit is studied 
in particular, and an interesting phenomenon, 
called “residual jump phenomenon,” may’ occur 
in the circuit only’ when Eo is changed and 
others fixed. 

Furthermore, the study’ shows how to con¬ 
struct a multistable circuit using nonlinear 
reactances. Combining some nonlinear re¬ 
actances with suitable bias voltages, circuits 
having two, three, four or five stable solutions 
are obtained. 

Amplification in Nonlinear Reactance Net¬ 
works W. R. Bennett (p. 440) 

Sufficient conditions for validity of the 
Manley-Rowe (‘filiations in a classical non¬ 
linear reactive network are shown to be conser¬ 
vation of energy and proportionality of average 
power with frequency. It is shown by counter 
example that conservât ion of energy alone is 
insufficient. A sufficient condition for a quan¬ 
tum mechanical maser model is found to be 
equilibrium of state populations. In this case 
conservation of energy follows as a consequence 
from the equilibrium condition, but propor¬ 
tionality’ of power with frequency’ is not re¬ 
quired. 

The Transient Behavior of Nonlinear Sys¬ 
tems -Francis H. Clauser (p. 446) 

It is shown that the classical perturbation 
procedure for treating nonlinear systems leads 
to solutions ex presset 1 as Fourier-like series 
with slowly varying coefficients. These slowly’ 
varying coefficients contain the information 
about the long term behavior of the sy’stom. 
Inconsistently, the classical perturbation pro¬ 
cedure expresses these coefficients as power 
series, a mode of expression which has notori¬ 
ously’ poor long term validity. 

An operational procedure is presentefl for 
treating oscillations having slowly variable 
amplitudes ami frequencies. An extension of the 
usual impedance concepts is presentefl for ex¬ 
pressing the frequency characteristics of both 
linear and nonlinear elements when oscillations 
with many’ frequencies are present simul¬ 
taneously and when these oscillations vary in 
both frequency’ and amplitude. From these 
methods, a perturbation procedure is devised 
which permits the behavior of systems to be 
computed with any tinier of accuracy, using 
only’ the algebraic processes which are charac¬ 
teristics of operational procedures. This pro¬ 
cedure avoids expressing its results in terms of 
the local time. Instead, it expresses them in 
terms of the fundamental characteristics of the 
oscillations which are present. As a conse¬ 
quence, the final solutions have the much de-
sired long term validity anti they’ may be used 
to obtain asymptotic estimates of the behavior 
of the system. The method is able to treat 
systems containing nonlinear perturbing ele¬ 
ments and elements which we have described 
as moderately nonlinear. 

By means of examoles it is shown that it is 
a straightforward process to treat systems to 
second order accuracy. This level of accuracy 
covers a large number of the intercoupling 
effects that characterize the more sophisticated 
nonlinear phenomena. 

Analysis and Synthesis of Nonlinear Sys¬ 
tems —Henri B. Smets (p. 459) 

The input-output relation of linear systems 
(convolution integral) is generalized to a class 
of nonlinear systems. This class is represented 
by analytic functionals as studied by Volterra 
and Fréchet. 

The analysis can be performed by measur¬ 

ing the response of nonlinear systems to series 
of impulse functions. The synthesis involves 
linear systems, zero-memory nonlinear systems 
and multiple multipliers in the general case, 
noninteracting linear and zero-memory non-
linear systems in many’ practical cases. 

Physically’, the class of analytical func¬ 
tionals describes systems obtained by cascading 
noninteracting linear and zero-memory’ non¬ 
linear systems in open or closed loop configura¬ 
tion. 

Orthogonal representations of nonlinear 
systems are considered; for bounded signals 
and in particular for sinusoidal signals, the 
Tchebycheff polynomials representation is 
shown to be especially convenient. 

The Problem of Quality for Nonlinear Self¬ 
Regulating Systems with Quadratic Metric — 
A. M. Letov (p. 469) 

The systems considered in this paper are 
characterized by differential equations of the 
form 

Ä = 52 + , Vn,/) 
a 

(k = 1, . . - , W), 

which are defined over a region .V of Euclidean 
space E„ with metric R?=52< an^ 
with t ranging over some interval T. The 
fk(k+l, n) are assumed to lx* such that 
l)/(0, • • • , 0, /)=0 and 2) there exist positive 
constants /.* such that 

IACn, I <h.R 

for all points in .V and all / in T 
The problem of quality means the problem 

of determining the values of nt adjustable pa¬ 
rameters p„ - - • , pm in the 6/. and fk in such 
a way’ as to result in a rapid return to equilib¬ 
rium of the representative point in phase-space 
subject to a limitation on the amount of over¬ 
shoot. This problem is formulated in precise 
terms, and a method of solution for it is indi¬ 
cated. As an illustration, the method is applied 
to a problem in regulation which was formu¬ 
lated by Bulgakov. 

On Automatic Controls Solomon Lef sehet z 
(p. 474) 

The problem of automatic controls has been 
treated more or less linearly by a number of 
Soviet authors (Lurye, Letov, Yacubovich). 
Here a treat ment is presented taking into ac¬ 
count the nonlinearity of the regulated system. 
Certain consequences of this nonlinearity are 
also made clear. 

Some Remarks on Oscillators Driven by a 
Random Force Mark Kac (p. 476) 

A brief and partly heuristic discussion of 
the problem of spacing of zeros of the displace¬ 
ment of an oscillator driven by a random force 
is given. Although no explicit results have been 
obtained, the problem is reduced to a study of 
a certain integral equation and equivalent ly, 
of a partial differential equation with a peculiar 
boundary condition. The boundary condition 
has previously been conjectured by Uhlenbeck 
and Wang. 

On Nonlinear Networks with Random In¬ 
puts Y. II. Ku (p. 479) 

The paper attempts to combine the Wiener-
Bose method for characterizing and synthesiz¬ 
ing nonlinear systems with the Ku-Wolf 
method for analyzing nonlinear systems with 
random inputs. 

A simple partition theory' is first presented. 
It is shown that a general nonlinear system can 
be partitioned into two portions: one linear 
portion with memory or storage, and one non¬ 
linear portion which may’ also include linear 
elements. The partition method, the Taylor-
Cauchy transform method, and the transform¬ 
ensemble method are developed, and illustrated 
by an example. It is shown that the output of 
a nonlinear system to a random input can be 
expressed as the summation of u„7M(/), for 
n=0. 1, 2, and so on, where depends upon 
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the form of the functional representation of the 
modified forcing function or the actuating sig¬ 
nal, and an denotes a set of random variables 
which are related to the statistics of the random 
input. 

W iener's theory of nonlinear systems is then 
reviewed. The Wiener- Bose method is outlined 
as follows. Let the output of a shot-noise gener¬ 
ator be the standard probe for the study of non¬ 
linear systems. The standard random input is 
fed to a Laguerre network giving Laguere co¬ 
efficients «i, i<>, • • • . The output of the over¬ 
all system is then expressed as Hermite function 
expansions of the Laguerre coefficients. By the 
ergodic hypothesis it is then possible to express 
the output as the summation of A a Ir(a) 

2. By taking the time average of c(t) U(a), 
where c(t) represents either the actual output 
or the desired output, we get the coefficients 
-4 O, which characterize the actual system or 
the system to be designed. Knowing 4O, the 
synthesis procedure is obtained from the sum¬ 
mation of .4 O K(a). 

By combining the output obtained 
from the Ku-Wolf analysis, with the output 
V from the Laguerre network, and Hermite 
function generator, we can get the characteriz¬ 
ing coefficients Act. It is suggested that the 
correlation of aH, a set of random variables re¬ 
lated to the random input, and .4 a, the charac¬ 
terizing coefficients, may shed light on a unified 
approach for the analysis and synthesis of non¬ 
linear systems with random inputs. 

The Method of Determining Optimum Sys¬ 
tems Using General Bayes Criterion —V. S. 
Pugachev (p. 491) 

A method for obtaining an optimum system 
using general Bayes criterion is developed. This 
method is applicable to the cases in which a 
signal to lx* estimated depends on certain finite-
dimensional vector U, and where the input is 
the sum of a function depending on the vector 
U and a normally distributed noise which is in¬ 
dependent of the vector, or may be reduced to 
this form by some nonlinear transform. The 
method is also applicable to some problems in 
which L is a vector with countably infinite 
number of components. As a special case the 
method yields the solution previously given in 
which the input is a linear function of U. The 
method affords effective determination of opti¬ 
mum systems designed for the detection and 
estimation of signals in the presence of noise 
using various practically adequate criteria 
under rather general conditions. The optimum 
system given by the method is in general non¬ 
linear, but in some sjx*cial cases it may be 
linear. In particular, the optimum system is 
linear if the signal and the input are linear 
functions of components of the vector U. which 
is also normally distributed or is an unknown 
nonrandom vector which may assume any 
value, and the loss function is any function or 
functional of the difference between the signal 
and its estimate (i.e., of the system error). The 
application of the method to the problem of 
signal detection and to certain problems of sig¬ 
nal estimation are given. 

Statistical Theory of Systems Reducible to 
Linear V. S. Pugachev (p. 506) 

A statistical theory for nonlinear systems, 
whose operators are reducible to linear, is 
given. The analysis as well as the synthesis 
problems of such systems are considered. 

On Coding Theorems for Simultaneous 
Channels -J. Wolfowitz (p. 513) 

This paper deals with the lengths of codes 
for several simultaneous channels in a general 
formulation. The paper is almost self-contained, 
and requires for its reading no prior knowledge 
of information theory. 

On the Method of Averaging -Jack K. 
Hale (p. 517) 

The method of averaging of van der Pol was 
devised to obtain færiodic and almost periodic 
solutions of quasi-linear systems of differential 
equations. A theorem is stated for a particular 
case where this method has been justified 

mathematically and an example is given to 
illustrate the results. 

Some Extensions of Liapunov’s Second 
Method —J. P. LaSalle (p. 520) 

In the study of the stability of a system, it 
is never completely satisfactory to know only 
that an equilibrium state is asymptotically 
stable. As a practical matter, it is necessary to 
have some idea of the size of the perturbations 
the system can undergo and still return to the 
equilibrium state. It is never possible to do this 
by examining only the linear approximation. 
The effect of the nonlinearities must be taken 
into account. Liapunov's second method pro¬ 
vides a means of doing this. Mathematical 
theorems underlying methods for determining 
the region ot asymptotic stability are given, 
and the methods are illustrated by a number of 
examples. 

Differentia! Equations with a Small Pa¬ 
rameter Attached to the Higher Derivatives 
and Some Problems in the Theory of Oscilla¬ 
tion E. F. Mischenko and L. S. Pontryagin 
(p. 527) 

This pajier presents a brief review, for the 
most part, ol the author’s results concerning 
systems of differential equations of the form 

t±x =f,(x\ • • • , x*, y1, • • • ,/) 

i = 1,2, • • - tk 

y‘ = K^ v1, • • • , .Va, y1, • • • , /) 

J- 1,2, 

where c is a small positive parameter. The em¬ 
phasis is on periodic solutions of such systems 
which are close to discontinuous solutions. Such 
periodic solut ons are mathematical representa¬ 
tions ot relaxation oscillations which are en¬ 
countered in various mechanical, electrical and 
radio systems. 

On the Number of Stable Periods of a Dif¬ 
ferential Equation of the van der Pol Type— 
J. E. Littlewood (p. 535) 

Van der Pol’s differential equation with 
forcing term can, for some values of the pa¬ 
rameter b, have stable periodic solutions of two 
distinct periods. The paper examines whether, 
with a generalization of the equation not too 
unlike the original, there can lx* more than two 
distinct periods. The answer is affirmative. The 
example (with three periods—in principle, 
there can lx* many), while within the per¬ 
missible limits, is very sophisticated of its kind. 
But if the phenomenon can happen at all. it 
may lx* presumed to happen in much simpler 
cases. 

Directions of Mathematical Research in 
Nonlinear Circuit Theory Richard Bellman 
(p. 542) 

In this paper we wish to present a potpourri 
of problems of some interest and difficulty 
arising in the field of nonlinear circuit theory. 
Perhaps the only sensible way to catalog 
scientific problems is in terms of “solved or 
unsolved.’’ Yet this classification is itself a very 
subjective one, dependent upon the times and 
the fashions. Recall the dictum of Poincaré 
that the solutions of one generation are the 
problems of the next. 

In this paper, we have attempted, for the 
sake of convenience, to group categories of 
problems under the headings of “descriptive,” 
“control.’’ “stochastic,” and so forth. Con¬ 
venient as some of this nomenclature is, it 
should be regarded with a certain amount of 
suspicion. Most significant problems blithely 
cut across these artificial boundaries within 
fields of specialization, and within science 
itself. 

In these days of rapidly and dramatically 
changing technology it would be rather brash 
to attempt to predict the type of mathematics 
that will be most urgently required even ten 
years from now. It is, however, fairly safe to 
look about and note the requirements of the 
present and of five years back. The difficulties 
that abound render a certain time lag inevita¬ 

ble. and it may well be that new scientific de¬ 
velopments may render fields obsolete and 
mat hematical solutions for problems within 
those fields unnecessary before they are even 
obtained. 

Reviews of Current Literature (p. 554) 
Annual Index (follows p. 555) 

Electron Devices 

Vol. ED-8, No. 1, January, 1961 
Hollow-Beam Focusing with Electrostatic 

and Periodic Magnetic Fields V. Hiramatsu. 
G. Wade, and C. B. Crumly (p. I) 

A new method of focusing a hollow cylindri¬ 
cal electron beam is presented. The focusing 
system consists of a cylindrical center conduc¬ 
tor inside the beam, a cylindrical outer con¬ 
ductor enclosing the beam, and a series of 
periodic magnets outside the tube. A radial 
electrostatic field between the conductors pro¬ 
vides an outward force on the electrons. The 
periodic magnetic field produces an inward 
force on the electrons. The inward and outward 
forces can lx* adjusted to provide a balance of 
all the forces acting on the electrons at both 
boundaries of the beam by choosing the elec¬ 
tric and magnetic fields properly. 

An approximate analysis has been made and 
is presented which gives necessary design in¬ 
formation. A number of curves are presented 
which are useful in designing focusing systems 
of this tyi>e. 

Experimental results on a beam tester show 
that current transmission of over 90 per cent 
for perveance up to 11 micropervs can lx* ob¬ 
tained readily. The adjustments are not critical 
and the performance is very stable. 

A Coaxially Packaged MADT for Micro¬ 
wave Applications —J. D. McCotter, M. J. 
Walker, and M. M. Fortini (p. 8) 

A coaxially packaged transistor capable of 
delivering greater than 11 db of power gain at 
1000 Me, with a resultant maximum frequency 
of oscillation of 3500 Me, has been developed. 
This device is a p-n-p micro-alloy diff used-
base transistor (MADT). The principal differ¬ 
ence between this device and a standard high-
frequency MADT amplifier is the reduction of 
elect rode size and use of a coaxial construction. 
The parasitic elements, nf, and emitter and 
collector transition capacities, have very strik¬ 
ing effects. Also, the excess phase of alpha at 
alpha cutoff, as described by Thomas and Moll, 
can be very large (150° on this device); for this 
reason, fr rather than /,a should lx* used as the 
figure of merit for graded-base transistors. 
Because ot this excess phase, the value of 
K (0.85 tor homogeneous-base transistors), 
which is used to relate fr to can be as low 
as 0.43 in graded-base transistors of this type. 

Correction to “A Small-Signal Field Theory 
Analysis of Crossed-Field Amplifiers Applicable 
to Thick Beams -Bernard Hershenov (p. 12) 

Theoretic Curves of Drift Transistor Cur¬ 
rent Gain - George E. Terner (p. 13) 

Intrinsic common-base, short-circuit cur¬ 
rent gain analysis of drift transistors may be 
aided by means of a simplified approximation 
equation. The accuracy of the equation may 
be controlled by the investigator. A graphic so¬ 
lution for determining this parameter of mod¬ 
erate drift field transistors may be obtained by 
using the arcs of circles. The interrelation Ix'-
tween the graphic analysis and the theoretic 
approximation provides a flexible yet accurate 
method of analyzing this parameter. 

Determination of Physical Parameters of 
Diffusion and Drift Transistors M. B. Das 
and A. R. Boothroyd (p. 15) 

The dynamic properties of drift and diffu¬ 
sion transistors are studied under both low-
and high-level injection conditions in terms of 
the excess carrier charge in the base region. 
Subject to the assumptions of effectively one-
dimensional device geometry with exponential 
impurity grading and collector conductivity 
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much greater than that of the base, methods 
of determination of the main physical and 
high-frequency equivalent-circuit parameters 
of transistors are presented, utilizing the bias 
dependence of excess carrier charge in the base 
and space charge in the collector-depletion 
region. It is shown that measurement of the 
base transit time and the junction capacitances 
under low-level injection conditions enables the 
following physical parameters to be deter¬ 
mined: base field parameter m — SV/(kT/qV 
base width, base impurity distribution, emitter 
area, collector-depletion layer width. All the 
measurements are carried out at relatively low 
freq uencies. 

Solutions for the base charge distribution, 
and hence charge-defined transit time, have 
been derived for the cases of exponential and 
erfc impurity grading under high-level injection 
conditions, assuming one-dimensional device 
geometry, constant base cross-sectional area, 
and D and/x independent of injection level. Ex¬ 
perimental results have been found to differ 
greatly from the theoretical exi>ectations based 
on these assumptions, the drift transistor show¬ 
ing greater and the diffusion transistor less than 
the predicted dependence on injection level. 
Explanations for the observed effects have lx*en 
put forward in terms of reduction of emitter 
area and of I) and/x at high injection levels. 

Start-Oscillation Conditions in Modulated 
and Unmodulated O-Type Oscillators J. E. 
Rowe and II . Sobol (p. 30) 

The starting conditions for the O-type 
backward-wave oscillator are computed for 
large values of C, QC and d, using both digital 
and analog methods. A general method of 
solving complex polynomials called the ‘‘down¬ 
hill method is applied both to the secular equa¬ 
tion and then to the RE voltage equation to ob¬ 
tain starting conditions. The analog computer 
is used to solve simultaneously, by trial ami 
error method, the linear circuit and ballistic 
differential equations. The analog method is 
applied to the modulated BWO in order to de¬ 
termine the effects of modulations on the start¬ 
ing conditions. Extensive calculations of BWO 
starting conditions have been made for a wide 
range of C, ()( and d. 

Electrostatic Electron Beam Couplers— 
R. H. Pantell (p. 39) 

Electrostatic electron beam couplers can lx* 
used in conjunction with a parametric ampli¬ 
fier to produce low-noise electron beam amplifi¬ 
cation. The characteristics and design of both 
traveling-wave and resonant couplers are con¬ 
sidered. The latter are broader-band and 
shorter than the traveling-wave version; how¬ 
ever. the traveling-wave coupler does not re¬ 
quire critical load adjustment and is electrically 
tunable. 

An important advantage of the electrostatic 
fast-wave coupler over the magnetic version 
considered by Cuccia is the elimination of the 
magnetic field. 

A High-Efficiency Klystron with Distributed 
Interaction M. Chodorow and T. Wessel-
Berg (p. 44) 

This paper describes a theoretical and ex¬ 
perimental investigation of a special form of a 
three-cavity klystron amplifier having shorted 
sections of a slow-wave structure as resonators. 
Although the behavior basically is similar to 
that of a narrow-gap klystron, improved per¬ 
formance is obtained due to distributed inter¬ 
action and higher cavity characteristic im-
pedance. Higher efficiency and larger gain¬ 
bandwidth product, as predicted by theory, 
were observed experimentally with a pulsed S-
band distributed klystron operated at a maxi¬ 
mum beam voltage of 22 kv and a beam cur¬ 
rent of 3.5 amperes. Saturation efficiencies of 
approximately 50 per cent at 18 db gain and 2 
per cent half-power bandwidth, and small¬ 
signal gain of 40 db at 0.5 jx’r cent bandwidth, 
were measured. 

Small-signal behavior is in good agreement 
with the space-charge-wave theory. At large-

signal levels, experimental results and simpli¬ 
fied kinematic theories agree qualitatively. 

The Thermal Emissivity of Some Materials 
Used in Thermionic Valve Manufacture — 
C. M. Cade (p. 56) 

The laws governing thermal radiation are 
briefly reviewed and methods of measuring 
emissivity are described. The apparatus used 
by the author is described and an account 
of possible sources of error is given. Results of 
other workers are quoted wherever available, 
and the thermal emissivity over the useful 
working temperature range is given for the 
following materials. 

Metals 
Iron 
Molybdenum 
Nickel 
Tantalum 
Tungsten 
('.old 
Silver 
Platinum 

Alloys 
Nichrome 
Nimonic 
Moly Tungsten 

Other Surface* 
BaO-SrO on Nickel 
Carbonized Nickel 
Titania on Nickel 
Titania on Iron 
Aluminized Iron 
Titanium Hydride on 
Molybdenum 

Zirconium Prepara¬ 
tions on Ni. Mo and 
Fc 

Alumina 
Carbon 

Magnetic-Field Pickup for Low-Frequency 
Radio-Interference Measuring Sets M. Ep¬ 
stein and R. B. Schulz (p. 70) 

A magnetic-field pickup has been develojx^d 
utilizing the Hall effect in intermetallic semi¬ 
conductors. Unlike a loop pickup, the sensor 
responds to magnetic flux density and thus is 
independent of frequency. Due to its extremely 
small size, it makes possible the measurement 
of magnetic fields in constricted regions. When 
used in conjunction with ferrite flux collectors, 
its sensitivity is 10~7 gauss in the range of 30 
cps to 15 kc. Details of design and construction 
are given. 

Transformation of Fluctuations Along Ac¬ 
celerating Crossed-Field Beams T. Van 
Duzer (p. 78) 

Equations are derived to express the ac 
potential difference and the transformation of 
fluctuations of velocity and current between 
two arbitrary planes along an accelerating 
crossed-field electron stream. The system of 
equations, after being simplified by the as¬ 
sumption of zero total ac current, is applied to 
the special cases of the temperature-limited 
diode, the space-charge-limited diode, and a 
diode in which the beam enters with appreci¬ 
able average velocity. Finally, the open-circuit 
equations are applied to an approximate model 
of a beam in a crossed-field electron gun. 

A new mechanism of growth, peculiar to the 
crossed-field beam, is discussed as a possible 
explanation of the observed large sole current 
in beam-type magnetron amplifiers and related 
devices. 

An Analysis and Representation of Junction 
Transistors in the Saturation State Z. Wien-
cek (p. 87) 

Three diffusion processes are used to analyze 
the transistor behavior in Region III. This leads 
toa new equivalent circuit representation which 
is a superposition of the active-state and 
saturation-state models. Saturation state of the 
transistor is understood here as a state in which 
both emitter and collector junctions are so 
biased to obtain a uniform distribution of the 
minority carriers in the base. Saturation can 
be treated separately and be represented by a 
new independent model. Transient analysis 
made on these models, representing saturation 
and active states, leads us to the storage and 
decay phenomena, and storage and decay times 
agree with those calculated by others. 

Contributors (p. 96) 

Engineering Management 

Vol. EM-7, No. 4, December, I960 
About This Issue The Editor (p. 123) 
Engineering Program Planning and Control 

Through the Use of PERT—Jerome Pearlman 
(p. 125) 

An application of the recently-developed 
PERT system is described. Techniques for use 
in planning technical objectives for a project 
are discussed. The concept of design review is 
related to the setting of objectives. Time and 
cost estimating for program planning and con¬ 
trol are discussed. The exjærience of one or¬ 
ganization with the initiation and development 
oi the PERT system is described. The need for 
gaining acceptance by the working engineer is 
stressed. 

Product Assurance — E. S. Winlund (p. 
134) 

Pnxhict assurance is concerned with 
economy, performance, and reliability. It pro¬ 
vides the tools and techniques with which the 
project engineer may design economically 
optimal systems and equipment, and with 
which he may allocate his own efforts economi¬ 
cally. Product assurance puts “reliability” into 
a realistic economic persjx*ctive. This report 
outlines the problems of growing product 
complexity, earlier obsolescence, and design 
immaturity, and recommends specific feedback 
loops to maximize maturity at each design 
phase. A centralized Assurance group digests 
and organizes data from all sources and de¬ 
velops design “tools,” providing a broad service 
to design engineers. Management is provided a 
Product Assurance Report showing progressive 
cost reduction and reliability improvement, 
both in terms ot annual savings to the product 
user. 

The Management of Research Services 
Jerome Kurshan (p. 141) 

The organization and function of a Research 
Services Laboratory are described. This labora¬ 
tory groups together service functions that re¬ 
quire research caliber personnel and centralizes 
major items of capital research equipment . Ad¬ 
vantages to both the Research Services Labora¬ 
tory and to the rest of the research function are 
obtained by having this activity report to the 
Director of Research. By means of a project 
order numbering system, accounting for these 
services can be handled very simply from the 
user’s point of view while adequate accounta¬ 
bility and control are maintained. Service 
groups do well to avoid a primary responsibilit y 
for administering government contracts since 
this would limit the availability of services to 
the research staff. Good administration in a 
research service group calls for striking the 
projær balance between overload and idleness, 
between short- and long-range jobs and be¬ 
tween requested and self-generated research. 
Personnel relations differ from those in non¬ 
service groups and the recruiting problem is 
greater. At the same time. Research Services 
is an excellent assignement for developing 
management talent. It is important that a Re¬ 
search Services Laboratory grow with the ac¬ 
tivities it supports, and there are a number of 
ways in which expansion into new service roles 
might occur with profit. 

Studies of Education for Science and En¬ 
gineering: Student Values and Curriculum 
Choice -G. K. Krulee and E. B. Nadler (p. 
146) 

The findings discussed in this report are 
drawn from a study of student backgrounds 
and values at a school of science and engineer¬ 
ing. The results indicate many similarities in 
background for students in either science or 
engineering and some interesting differences 
when comparisons are made to certain liberal 
arts colleges. Aspirations and expectations that 
lie behind an initial commitment to a career in 
science and engineering are discussed, and con¬ 
trasts among the values held by students in the 
various curricula are emphasized. 

Role Adaptation of Scientists in Industrial 
Research -Simon Marcson (p. 159) 

An interview study was made in the central 
research laboratory of a large electronics com¬ 
pany on problems in recruiting and integrating 
scientists into the laboratory. The recruiting 
procedure is described. The mutual expecta-
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tions of recruit and organization are discussed. 
Several patterns of career development are 
traced, including: dedication to scientific re¬ 
search; initial orientation toward administra¬ 
tion within the company; later interest in ad¬ 
ministration after a successful scientific career 
due to 1) financial and prestige attractions, or 
2) competitive pressure in research. 

Research on a Research Department: An 
Analysis of Economic Decisions on Projects 
Carl R. Gloskey (p. 166) 

A case study was made of the way in which 
economic analyses were carried out on research 
and development projects in a medium-sized 
company. The flow diagram for a typical re¬ 
search project is presented. Interviews with key 
executives in the company and the analysis of 
a number of discontinued or unsuccessful proj¬ 
ects provided data on who made what eco¬ 
nomic decisions during the life of a project. 
Several gaps were found in the decision-making 
procedure and recommendations were made 
for improvement. A number of new manage¬ 
ment control forms were develo|x*d and 
adopted by the company. 

About the Authors (p. 173) 
PGEM Affiliates (p. 175) 
Annual Index (follows p. 175) 

Engineering Writing and Speech 

Vol. EWS-4, No. 1, January, 1961 
A New Task for the Technical Writer— 

Programming Teaching Machines Gustave J. 
Rath (p. 3) 

Teaching machines are described and basic 
psychological principles behind them are dis¬ 
cussed. The implications of programming teach¬ 
ing machines to the technical writer are out¬ 
lined. 

Human Responses—A Vital Link in Com¬ 
munications Progress. Part I Beverly Dudley 
(p. 5) 

An interpretation of the communications 
process is given in terms of stimulus and re-
sponse. Part I deals with communications in the 
physical and behavioral sciences and with the 
nature of stimulus/sensation under various 
sensory conditions. Part II, to Im* published in 
the next issue of the Transactions, will deal 
further with the basic processes of communica¬ 
tion and will cite an example of underwater 
communication between submarines. 

The Rightful Role of Management in Tech¬ 
nical Communications Irving J. Fong (p. 14) 

How long conference audiences will tolerate 
poor oral communication will probably depend 
on how much management is willing to partici¬ 
pate. Today, technical competence alone is not 
enough in a conference presentation. This paper 
describes the inception of a PGEWS program 
that provides for a direct approach to this prob¬ 
lem in which management plays a major role. 
It is a program that enlists the cooperation of 
various departments, provides suggestions for 
in-plant training sessions, offers pointers for 
initiating dry-runs of papers, and describes aids 
for the pre-evaluat ion of speakers and how to 
prepare potential authors for paper presenta¬ 
tions. 

The Role and Duty of the Engineer-Writer 
--E. R. Hagemann (p. 17) 

For efficient written communication, an 
engineer or scientist must avoid gobbledygook, 
argot, useless repetition and Chinese-box con¬ 
structions. Another common but basic fault is 
lack of transitional devices. 

Proposed System of Periodic Reports to 
Government Agencies -('liarles Süsskind (p. 
19) 

A new scheme is proposed for simplifying 
the preparation, submission, and distribution 
of quarterly and other periodic reports required 
under most technical and scientific government 
contracts. Each organization would submit a 
single report each quarter covering work under 
all contracts in a given field, with suitable ac¬ 

knowledgments of the support of each sponsor, 
standardized distribution, and time-saving 
elimination of contradictory reporting prac¬ 
tices. 

Information Theory!—Gilbert Kelton (p. 
21) 

A theoretical and experimental study was 
conducted to determine the factors affecting 
internal communications in fifty large organi¬ 
zations. The interrelationships between the 
various factors were also determined, and cor¬ 
relations between echelon and dissemination 
time and between echelon and reliability were 
established. Experimental results confirm the 
standard equations for data dissemination. 

A Comment on “Information Theory!" — 
B. Dudley (p. 25) 

Comment on Dudley’s Comment—G. 
Kelton (p. 26) 

Book Reviews (p. 27) 
Index, Volumes 1 to 3 (p. 28) 
The Authors (p. 30) 

Information Theory 

Voi.. IT-7, No. 1, Jani ary, 1961 
Single Error-Correcting Codes for Non¬ 

binary Balanced Channels -C. W. Helstrom 
(p. 2) 

Close-packed, single error-correcting codes 
are studied, the letters of which are 2V-t tiples of 
Af-ary digits, where A/ is the power of a prime. 
The length N of the letters must be given 
by .V = (Mk — 1)/(A/ — 1), where k is an integer. 
A balanced communication channel, for which 
all errors in a transmitted digit are equally 
likely, is defined and a physical model given. 
The probability of correct reception of the code 
letters and the rate with which they transmit 
information in a balanced channel are calcu¬ 
lated. This involves deriving formulas for the 
numbers of code letters having various num¬ 
bers of O’s. Numerical results are given for a 
quaternary code and are extended to the case 
where tin* quaternary channel has a null zone, 
so that erasures as well as errors may occur. 
For the type of signals and noise assumed, the 
balanced channel without a null zone is found 
to yield the better performance. 

Linear-Recurrent Binary Error-Correcting 
Codes for Memoryless Channels —William L. 
Kilmer (p. 7) 

This paper concerns the analysis of recur¬ 
rent-type, parity-check, error-correcting corles 
for memoryless, binary symmetric channels. 
These codes are defined to consist of message 
seq uences augmented by insertions of r succes¬ 
sive parity digits every b successive message 
digits. An analysis framework is established for 
the codes which consists mainly of a parity 
check matrix |M| and a message difference 
vector (N). Within this framework, a decoding 
scheme is developed which renders the codes 
capable of correcting any set of <c errors in 
m/b successive (6+r)-digit blocks of coded 
message sequence, where e is maximized over all 
parity-check codes having the same redundancy 
ratios and maximal lengths of dependence 
among their digits. An example is given of a 
linear-recurrent code which has a lower prob¬ 
ability of error than the best comparable block 
code, and several outstanding problems are dis¬ 
cussed. 

Probability Density Functions for Correla¬ 
tors with Noisy Reference Signals G. M. 
Roe and G. M. White (p. 13) 

Recently, correlation functions have had to 
be considered where both the reference wave¬ 
form, which is usually the desired signal, and 
the input waveform are masked by different 
samples of additive noise. In this article we 
derive the probability density function for the 
random variable 3 where 

3 - È (--Is.’.« + + .V,„). 
i-l 

The s¡,x and Si.u are the signal components, 

and N¿,«and .V.^are samples of Gaussian noise. 
Exact expressions involving Bessel and 

Whittaker functions are given for several cases. 
Asymptotic expressions allow IF(3) to lx* 
plotted when these exact expressions cannot lx* 
obtained or conveniently evaluated. 

Demodulation of a Phase-Modulated Noise 
Carrier Phillip Bello (p. 19) 

In this paper, an analysis is made of a com¬ 
munication system in which the information¬ 
bearing signal phase modulates a Gaussian 
noise carrier. The effect of additive Gaussian 
noise and linear filtering on the first-order sta¬ 
tistics of the receiver output noise and on the 
character of the output signal are determined. 
It is shown that with regard to determining the 
distortion of the output signal, the system may 
be replaced by a single linear filter whose input 
is the modulated signal impressed on a sinus¬ 
oidal rather than noise carrier. In this way, 
conventional FM techniques may be used for 
the determination of signal distortion. 

Minimum-Redundancy Coding for the Dis¬ 
crete Noiseless Channel Richard M. Karp 
(p. 27) 

This paper gives a method for constructing 
minimum-redundancy prefix codes for the 
general discrete noiseless channel without con¬ 
straints. The costs of code letters need not lx* 
equal, and the symbols encoded are not as¬ 
sumed to lx* equally probable. A solution had 
previously been given by Huffman in 1952 
for the special case in which all code letters are 
of equal cost. The present development is alge¬ 
braic. First, structure functions are defined, 
in terms of which necessary and sufficient con¬ 
ditions for the existence of prefix codes may 
be stated. From these conditions, linear in¬ 
equalities are derived which may be used to 
characterize prefix codes. Gomory’s integer 
programming algorithm is then used to con¬ 
struct optimum codes subject to these inequali¬ 
ties; computational experience is presented to 
demonstrate the practicability of the method. 
Finally, some additional coding problems are 
discussed and a problem of classification is 
treated. 

A Note on Signal-to-Noise Ratio in Band-
Pass Limiters —Charles R. Cahn (p. 39) 

A simplified analysis is presented to explain 
physically the change of signal-to-interference 
ratio which occurs in a band-pass limiter. The 
analysis utilizes the concept of sideband resolu¬ 
tion into symmetric and anti-symmetric parts 
and considers only the asymptotic case where 
the signal-to-interference ratio is amall in com¬ 
parison with unity. Wide-band correlation¬ 
detection systems are discussed, as well as 
ordinary band-pass systems. 

The important conclusion is reached that 
the degradation is highly dependent on the sta¬ 
tistics of the interference amplitude fluctua¬ 
tions. However, when the signal is weak com¬ 
pared to the interference, the maximum pos¬ 
sible degradation is 6 db and occurs for con¬ 
stant-amplitude interference. 

Degradation with noise interference in a 
wide-band correlation-detection system has 
been obtained for arbitrary signal and noise 
bandwidths. It is found that the degradation 
ranges between 0.6 db and 1.0 db, the latter 
figure being for the case where the signal band¬ 
width is greater than approximately three 
times the noise bandwidth. 

Recognition of Membership in Classes 
George S. Sebestyen (p. 44) 

This paper presents an approach to the 
general problem of recognition of membership 
in classes which are known only from a set of 
their examples. A geometrical approach is 
taken where membership in classes is regarded 
measurable by metrics with which a set of 
points, representing different members of the 
same class, may be brought “close’’ to one 
another. For the case where classes are Gauss¬ 
ian processes, the method de^ribed herein and 
that of decision theory are found to agree. A 
practical application of the method to the 
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automatically “learned" recognition of spoken 
numerals is described. 

Correction to “Correlation Detection of 
Signals Perturbed by a Random Channel" 
Thomas Kailath (p. 50) 

Correspondence (p. 51) 
Contributors (p. 55) 
Abstracts (p. 56) 
Book Reviews (p. 57) 

Instrumentation 

Vol. 1-9, Xo. 3, December, I960 
Abstracts (p. 308) 
Switching Levels in Transistor Schmitt 

Circuits T. J. Galvin, R. A. Greiner, and 
W. B. Swift (p. 309) 

The operation of a Schmitt trigger circuit 
using transistors is briefly reviewed. A graphical 
method of calculating switching levels is pre¬ 
sented which converges rapidly. Sensitivity of 
switching levels to changes in «‘lenient values 
is analyzed by an approximate analytical 
method and by experiment. 

A Simple Comparator for the Intercom-
parison of Unsaturated Standard Cells — 
Richard C. Bean (p. 313) 

A solution to one of the contemporary prob¬ 
lems of standards laboratories in industry is 
presented in the form of a simple standard « ell 
comparator that can be constructed from easily 
obtained components. The details of the con¬ 
struction and the method of calibration as well 
as some information on the recommended ac¬ 
cessories are described. The major limitations 
and some possible methods of overcoming them 
are also given. 

Sferics Monitoring System -E. G. Goddard 
(p. 315) 

A sferics monitoring system was developed 
for use at three arctic sites to study sferic popu¬ 
lation; the diurnal, seasonal, and auroral 
effects on VLF propagation; and the locations 
of sferic sources. 

The system is an integrated assembly of 
electronic, photographic, and electromechanical 
equipment capable of being operated in several 
different modes to gather the following data: 

1) number of sferics occurring in four 20-
db-intensity levels in four 6-hour time blocks, 

2) bearing of individual sferics, 
3) waveform of individual sferics, 
4) time-integrated bearing patterns, 
5) noise level and signals in the 12- to 30-kc 

range. 
A secondary frequency standard at each 

site is checked against WWV or WWVH daily, 
and provides a common time reference for the 
records from all sites. A modified Watson-Watt 
direction-finder system with a crossed-loop 
antenna provides instantaneous bearing. In¬ 
stantaneous sense is achieved by combining the 
crossed-loop signals with the signal from an 
omnidirectional antenna, hi addition to the 
sense function, the latter antenna also provides 
signal energy to a scanning receiver, a multi-
threshold-time-block events counter, and a sig¬ 
nal waveform channel. 

A Simple Method of Measuring Fractional 
Millimicrosecond Pulse Characteristics Oscar 
L. Gaddy (p. 326) 

A method of measuring fractional millimi¬ 
crosecond pulse characteristics is described 
which is in some respects similar to the sam¬ 
pling osciHoscojie. The pulse that is being meas¬ 
ured is split into two transmission paths and 
applied to the two inputs of a wide-band coinci¬ 
dence circuit. One of the applied pulses is de¬ 
layed in time and the output voltage of the 
coincidence circuit is measured with a low 
bandwidth oscilloscope and plotted vs delay. 
From this curve, the pulse characteristics can 
be determined, even though the pulse shape is 
not explicitly shown. The operation of the sys¬ 
tem is analyzed for a trapezoidal input pulse, 
and it is shown that all of the pulse character¬ 
istics can be determined if a diode with a non-
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linear forward characteristic is used in the coin¬ 
cidence circuit. Results of experimental meas¬ 
urements of approximately trapezoidal pulses 
generated by a mercury switch ¡miser are 
shown which indicate that the system measures 
the pulse characteristics to a fairly high degree 
of accuracy. The bandwidth of the system is 
estimated to be in the neighborhood of 4000 or 
5000 Me, and pulses with rise times of the order 
of 0.1 m/xsec have been measured. 

A 1500-Volt, Center-Tapped Regulated 
Power Supply -X. W. Bell (p. 334) 

Many ion-optical devices—mass spectrome¬ 
ters, linear accelerators, etc.—employ a radial 
electric field for deflection and/or focusing of 
a stream of charged particles. In a high-resolu¬ 
tion double focusing spectrograph, precisely 
regulated deflecting voltages which are sym¬ 
metrical with respect to ground are needed. 
This paper describes a 1500-volt supply with 
stability better than 50 ppm and ripple less 
than 10 ppm. This is accomplished with six 
tubes and no choppers. 

Radiation Tracking Transducer I). Allen, 
I. Weiman, and J. Winslow (p. 336) 

The photovoltages which result when a 
semiconductor junction is illuminated by a 
spot of radiation are used to produce a radi¬ 
ation tracking transducer capable of detecting 
the angular position of a light- or radiation¬ 
emitting target. The theory is presented, to¬ 
gether with results on ex¡>erimental models, 
and suggestions for possible uses are given. 

Measurement and Elimination of Flutter 
Associated with Periodic Pulses I*. A liar-
ding (p. 342) 

A new method of characterizing wow or 
flutter has been proposed. This method is based 
upon measurement of time separation between 
consecutive pulses of a ¡mise train rather than 
measurement of frequency variations of a sine 
wave. As an extension of these characteristics, 
a system for flutter elimination has been inves¬ 
tigated theoretically. Preliminary experimental 
tests indicate that the system is feasible. Cir¬ 
cuits, for measurement and elimination of Hut¬ 
ter, are described in detail. 

Phase-Sensitive Detection with Multiple 
Frequencies—B. O. Pedersen (p. 349) 

The multiple-frequency type of phase¬ 
sensitive detector differs from the conventional 
detector in that the signal frequency is a mul¬ 
tiple of the reference frequency. Conventional 
phase-sensitive detectors may be readily 
adapted for multiple-frequency operation. Two 
detector circuits employing diodes are analyzed 
and discussed in detail. The circuit configura¬ 
tion required for even harmonic signals differs 
slightly from that required for odd harmonic 
signals. The multiple-frequency ¡»base-sensitive 
detector may be designed to discriminate 
against higher-order harmonics contained in 
the signal. As a practical application, the use of 
a second harmonic phase-sensitive detector in 
a flux-gate magnetometer, which leads toa sim¬ 
plification of the magnetometer circuit, is de¬ 
scribed. 

The Livermore Multibeam Cathode-Ray 
Tube—Lloyd Mancebo (p. 355) 

The Livermore multibeam cathode-ray tube 
displays a raster of thirty-nine traces; each 
trace originates from a different electron in¬ 
jector. These grid-controlled injectors are only 
0.110 inch in diameter and | inch in length. 
Focusing is done with a spherical lens common 
to all of the beams. In this system a unipoten¬ 
tial, spherical field is reconstructed within a 
cylindrical envelope by a cascade of three field¬ 
shaping electrodes between the cathode dish 
and the concentric anode. The lens has an 
extremely good depth of focus and produces 
an image with small aberrations. A single pair 
of deflection plates located at the lens crossover 
provides horizontal sweep for all of the beams. 
The tube has a time resolution of one ¡»art in 
a thousand and excels in one-shot, fast¬ 
transient, diagnostic work such as analysis of 
explosive or shock wave fronts. 
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An Improved Sing-Around System for 
Ultrasonic Velocity Measurements Robert 
L. Forgacs (p. 359) 

A sing-around system was developed for 
making measurements of very small changes 
(few parts in 107), in the velocity of ultrasound 
in samples. Fast precision-gating circuitry is 
employed to select a particular cycle of a ¡»ar¬ 
ticular echo to trigger the transmitter. The 
time required for precisely 103, 104. 105 or IO*' 
sing-around cycles is measured by a unique 
electronic counting and timing system, with a 
few parts in 108. Short-term stability of the 
average cycling time of one ¡»art in 107 has 
been observed. The primary limitation to de¬ 
tecting minute velocity changes is expected to 
be the accuracy with which compensation may 
be effected for environmentally induced vari¬ 
ation in indicated transit time, other than that 
due to sample velocity changes. For instance, 
a sample temperature change of a few ten-
thousandths degree K produces detectable 
velocity changes under some conditions. 

PGI News (p. 368) 
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Military Electronics 

Vol. MIL-5, Xo. 1. Jani ary, 1961 
Editorial Donald R. Rhodes (p. 1) 
The Breakthrough of the “Scharnhorst"— 

Some Radio-Technical Details (apt. Hel¬ 
muth Giessler (p. 2) 

This is a sequel to the paper by Sir Robert 
Watson-Watt that appeared in tlíese Trans¬ 
actions in March, 1957. In response to an in¬ 
vitation from the Editor. Captain Giessler 
describes the historic escape of the German 
battleships Scharnhorst, Gneisenau, and Prinz 
Eugen through the British radar fence along the 
English Channel in World War II. 

Jamming of Communication Systems Using 
FM, AM, and SSB Modulation Henry Mag-
nuski (p. 8) 

Jamming of voice communication systems 
is a very ungrateful task and “brute force” 
jammers have to be used, while other systems, 
such as radar, can be jammed effectively using 
low power but sophisticated jammers. Geo¬ 
graphical situation is very much against the 
jammer, particularly in ground-based mobile 
communications systems. The propagation of 
ground wave is such that a rapid increase of 
jamming power is required, as the ratio of dis¬ 
tances of the jammer to the desired transmitter 
increases. The jammer is never certain whether 
or not the communication network is jammed 
and is never actually able to jam the communi¬ 
cations completely. It can only limit the oper¬ 
ating range of the system. 

Different modulation systems are consid¬ 
ered and the necessary power density for 
jamming of each system is discussed. It is con¬ 
cluded that effective jamming of FM systems 
and other systems with threshold systems is 
easier than that of AM, and particularly, the 
SSB systems. However, for nuisance jamming, 
the opposite is true. Finally, the jamming of 
the SSB systems is considered in more detail 
and it is proven that the so-called reduced-
carrier SSB systems are not easier to jam than 
systems with a completely suppressed carrier. 

Improving Electronic Reliability Morris 
Halio (p. 11) 

Each piece of military electronic equipment 
passes through various phases in its normal life 
cycle. These are: ¡»tanning, design and develop¬ 
ment, pilot production, manufacture, transpor¬ 
tation, storage, operation, and maintenance. 
Each of these stages is replete with opport uni¬ 
ties for the introduction of unreliabilities. This 
paper points out the pitfalls which may be en¬ 
countered and makes specific recommendations 
to avoid them, so that total potential reliability 
may Im* realized in the final equipment. 
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Re-Entry Radiation from an IRBM—W. N. 
Arnquist and D. D. Woodbridge (p. 19) 

The radiation emitted when a high-speed 
body reenters the atmosphere is an important 
source of information concerning the physical 
processes taking place. Missile firings may lx? 
utilized to obtain some of this information. For 
about two years the Army Ballistic Missile 
Agency has conducted a measurement program 
known as Project Gaslight which has utilized 
Jupiter firings and, to a limited extent, both 
Thor and Polaris firings also. An account is 
given of the instrumentation employed and of 
some of the results that have been obtained. 
These include radiometric data in several 
wavelength bands from the ultraviolet to the 
infrared, and spectra in the visible. Motion pic¬ 
tures provide a record of the spatial relation¬ 
ships of the re-entry bodies, and these results 
are interpreted in terms of the impulse causing 
the initial separation. In the case of the Jupiter 
missile, there are two separations resulting in 
three bodies, the thrust unit, the nose cone, 
and an intermediate section or instrument com¬ 
partment. Selected frames of the motion picture 
records show these bodies and give a qualitative 
understanding of the relative radiation from 
each source, of the disintegration and burning 
up of the thrust unit and the instrument com¬ 
partment, and of the markedly lower drag-to-
wcight ratio of the nose cone. Forward scatter¬ 
ing, presumably by high cirrus clouds, is shown 
to increase considerably the size of the very 
bright images. Most of the measurements have 
been made from ships, although some instru¬ 
mentation has been airborne and photographs 
have been made from a distant island. Some of 
the difficulties in operations and in interpreta¬ 
tions are mentioned. A more extensive evalu¬ 
ation of the data is in progress and plans are 
being made for future tests. 

Contributors (p. 26) 

Space Electronics and Telemetry 

Vol. SET-6, Xo. 3-4, 
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Considerations on Synchronization for PCM 
Telemetry Lawrence L. Rauch (p. 95) 

This is a tutorial presentation of various 
considerations involved in the synchronization 
problem for PCM time-division multiplex tel¬ 
emetry. Information rates required for estab¬ 
lishing and maintaining synchronization are 
noted. The great difference between real-time 
synchronization and synchronization in post¬ 
time data reduction is emphasized. Several 
synchronization schemes arc discussed. 

Re-entry Guidance and Flight Path Control 
- James E. Vaeth (p. 99) 

The capabilities And limitations of a specific 
flight path control law for range maneuvering 
during the atmospheric phase of re-entry from 
orbit, as determined by a digital computer 
study, are presented. Results of this study 
demonstrate that a relatively simple guidance 
and flight path control loop, utilizing a prepro¬ 
grammed normalized trajectory plus vehicle 
velocity and range-to-go measurements, is very 
effective; range dispersions of more than ± 100 
nautical miles, caused by initial conditions or 
to uncertainties in lift-todrag ratio, arc re-
duccd to less than one nautical mile. Variations 
in terminal accuracy’ are evolved as functions 
of control law gain, velocity measurement errors 
(via inertial guidance or ground radar tracking) 
and severe head winds. 

A Secure Digital Command Link —Richard 
Lowrie (p. 103) 

The command link described was developed 
for use with a radar tracked, surface-to-surface 
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guided missile. However, it has features which 
are applicable to a variety of other uses, 
wherever communications must be disguised 
and coded to prevent undesired interference, 
and to insure secrecy. 

The command link is of the time division 
variety, utilizing a pseudorandom command 
code, which code pulses are interspersed among 
a completely’ random set of pulses. A large 
variation is possible in the time between suc¬ 
cessive command pulses, in the time between 
complete commands, in the time of a complete 
command, in the time between random pulses 
(maximum and minimum values), and in the 
nature of the pseudorandomness. 

Automatic and continuous synchronism be¬ 
tween transmitter ami receiver is maintained 
by transmitting at intervals (not necessarily 
periodic) a single synchronizing pulse which is 
a ¡»art of the pseudorandom code. The synchro¬ 
nizing action can also be obtained from any or 
all of the other commands without the need for 
a separate synchronizing pulse, if desired. Note 
that the synchronizing ¡mises are nonperiodic, 
and are fully encoded. 

The synchronizing process in the receiver is 
unique in that a single pulse received does the 
job. The circuit utilizes 3-stage counter, oper-
ated continually in a counting mode from an 
internal oscillator, with the received synchro¬ 
nizing pulse resetting the counter to a fixed 
count. This reset serves to introduce a fixed 
time delay between the received pulse and the 
output of the third stage. This fixed delay’ is 
equivalent to an adjust ment in phase in the 
conventional analog synchronizing circuit. No 
attempt is made to adjust the oscillator output 
frequency in the receiver, other than by the 
introduction, at random intervals, of a delay’ 
time which is automatically’ determined by the 
counter circuit to be necessary’ to insure ade¬ 
quate synchronism. The circuit will, with a 3-
stage counter, correct for a drift in ¡»hase of ±4 
microseconds. The ground and missile oscil¬ 
lators are crystal controlled, both at 1 me, and 
have a nominal stability of 1 ¡»art in 10*. De¬ 
pending on the missile s¡»eed, synchronizing 
pulses must lx* sent from once every 3 seconds 
to once every 0.X second. 

The method of generating the pseudoran¬ 
dom code utilizes a binary* counter with vari¬ 
able feedback Ix'tween stages. The feedback 
¡mises serve to reset that stage to a state that 
it would not otherwise be in. The stages to 
which the reset ¡mises are applied are varied 
during Hight by* means of a diode matrix oper¬ 
ating from the highest order counters. The 
wiring of the matrix is variable, manually, over 
a wide range. Herein lies the security’ of the 
system. Over 1000 different codes are possible 
in the system shown; many more are potentially 
available with one or two more counter stages. 

Each command has an assigned time slot 
which corres) »onds to a certain count of the 
binary’ counter. A diode matrix recognizes a 
received pulse occurring during one of these 
time slots and passes it on to an integrator cir¬ 
cuit and from there, to the actuators. The sync 
pulse also has an assigned time slot, although 
any one, or a combination of the other com¬ 
mand ¡mises, could also be used for synchro 
nizing. 

A reacquisition method is described which 
enables synchronization to be re-established 
once lost, or enables a remote control station to 
acquire and control the missile, if desired. The 
inherent ECM immunity of the system is fully’ 
utilized in the reacquisition mode. 

The Pioneer I, Explorer VI and Pioneer V 
High-Sensitivity Transistorized Search Coil 
Magnetometer —D. L. Judge. M. G. McLeod, 
and A. R. Sims ( p. 114) 

The magnetometer described in this paper 
was designed for the purpose of measuring the 

distant geomagnetic and interplanetary mag¬ 
netic fields. The sensing element is a coil fixed 
in the frame of a spinning vehicle. The asso¬ 
ciated nonlinear amplifier has a dynamic range 
of approximately three decades and an equiv¬ 
alent noise threshold of 6.0 microgauss. This 
system has been flown in the Pioneer I. Ex¬ 
plorer VI and Pioneer V payloads to detect 
both absolute magnitude ami directional 
changes in the magnetic field intensity at great 
distances. The complete unit enclosed in an RF 
shielded container weighs one pound. 

The Data Systems for Explorer VI and 
Pioneer V Eugene W. Greenstadt (p. 122) 

The systems for acquisition and reduction 
of telemetry data for 1959 Delta (Explorer VI) 
and 1960 Alpha (Pioneer V) are described. 
These include an analog and a digital system in 
Explorer VI and a digital system in Pioneer 
V. The discussion covers digitization of data 
in the payloads, methods of handling and re¬ 
cording data on the ground, reduction tech¬ 
niques, and the procedures used to disengage 
signal from noise during periods when the SNR 
was low 

PCM FM Telemetry Signal Analysis and 
Bandwidth Effects —-Joseph F. A. Ormsby 
(p. 130) 

The spectra of FM signals corresponding to 
various pulse sha¡»es (or relevance in PCM 
work) are determined. The corresponding de¬ 
modulated output pulse shapes in a limiter¬ 
discriminator receiving system have also been 
obtained. Both analytical and graphical results 
are given. 

Widely Separated Clocks with Micro¬ 
second Synchronization and Independent Dis¬ 
tribution Systems -T. L. Davis and R. H. 
Doherty (p. 13X) 

In a majority of timing applications, a 
problem exists in setting two or more clocks to 
agree with one another. Present techniques 
using WWV or other HF broadcasts allow 
clocks to be synchronized within 1 msec. This 
paper describes a method which offers an im¬ 
provement in synchronization of three orders of 
magnitude. 

Microsecond synchronization is obtained by 
use of the Loran-C navigation system as the 
link between a master clock at Boulder, Colo¬ 
rado and any slaved clock anywhere in the 
Loran-C service area. 

The time system also includes a unique 
method for distribution of several time code 
formats on a single UHF channel. 

Geometric Aspects of Satellite Communica¬ 
tion—F. W. Sinden and W. L. Mammel (p. 146) 

If a system of communications satellites is 
uncontrolled after launching, service interrup¬ 
tions are inevitable. The amount of interrup¬ 
tion depends on the number of satellites, their 
altitude, the orbit inclinations, the distance be¬ 
tween ground stations, the acceptable signal-to-
noise ratio, and other parameters. Various rela¬ 
tions between these quantities are ¡»resented in 
tables and graphs, and are illustrated by 
examples. 

True RMS Voltage Discriminator —F. A. 
Galindo (p. 157) 

This paper discusses the circuitry, the elec¬ 
trical specifications, the environmental speci¬ 
fications, and the method of calibration of a 
completely transistorized true root-mean¬ 
square voltage discriminator. 

The circuitry is broken into four separate 
operational circuits, each of which is discussed 
in relation to what it dot’s and what its relation¬ 
ship to the other configurations is. 

The specifications of the discriminator are 
discussed along with a detailed explanation of 
the method employed in calibration of the 
module with nonsinusoidal waveforms. 

Contributors (p. 160) 
Annual Index (follows p. 161) 
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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, Xetherlands, or from The 
British Standards Institution, 2 Park Street, 
London, W.l, England. 

ACOUSTICS AND AUDIO FREQUENCIES 
534.22-14:546.211 766 

Determination of the Velocity of Sound in 
Distilled Water R. Brooks. (J. A const. Soc. 
Am., vol. 32, pp. 1422 1425; November, I960.) 
The velocity of sound has beeq determined to 
an accuracy of ±1 foot per second from meas¬ 
urements in range 22 25°C of the time of 
transit along two sound paths of different 
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lengths between the crystal faces of two BaTiO.i 
transducers. Results are in close agreement 
with those of Greenspan and Tschiegg (1296 of 
1958). 

534.26-8 767 
Empirical Study of the Effect of Diffraction 

on Velocity of Propagation of High-Frequency 
Ultrasonic Waves—H. J. McSkimin. (J. 
Acoust. Soc. Am., vol. 32, pp. 1401 1404; 
Xovember, 1960.) The effect of diffraction in 
increasing the velocity of propagation over the 
plane-wave value is determined experimentally 
by phase comparison of reflected longitudinal 
waves in fused silica blocks. 

534.283-8:538.6 768 
Ultrasonic Absorption in Metals in a Mag¬ 

netic Field : Part 2 -V. L. Gurevich. (Zh. Eksp. 
Teor. Fiz., vol. 37, pp. 1680 1691; December, 
1959.) The absorption coefficient is calculated 
by solving simultaneously the kinetic and Max¬ 
well’s equations. Two types of absorption 
mechanism arc identified: 1) deformation, 
and 2) induction. (Part 1: 1843 of I960.) 

534.41-8:537.32 769 
Thermoelectric Microphone for Modulated 

Ultrasonic Waves R. A. Hanel. (J. Acoust. 
Soc. Am., vol. 32, pp. 1436 1442; Xovember, 
1960.) A description is given of a small omni¬ 
directional drift-free microphone for measuring 
the periodic change of temperature generated 
by an AM sound wave. Temperature changes 
of the order of 3X10 °C have been detected 
by a constantan-manganin couple and recorded 
by means of a narrow-band amplifier tuned to 
the modulation frequency. 

534.614 770 
The Effect of Attenuation on the Acoustic 

Resonant Frequencies of Gases in Tubes 
II. J. Wintie. {Proc. Phys. Soc., vol. 76, pp. 772 
775; Xovember 1, 1960.) “The change in the 
resonant frequencies of a sound tube due to the 
dejrendence of attenuation on frequency is 
worked out for two eases of practical interest. 
The effect on measured values of the velocity 
of sound is shown to be significant in accurate 
work.’’ 

534.614-8:621.3.018.75 771 
Precision Ultrasonic Velocity Measure¬ 

ments R. L. Forgacs. (Electronics, vol. 33, 
pp. 98 100; Xovember 18. I960.) Circuit de¬ 
tails are given of an impioved “sing-around’’ 
system incorporating modifications suggested 
by Myers, et al. (249 of 1959). 

ANTENNAS AND TRANSMISSION LINES 

621.315.212:621.391.822 772 
Noise Generation by Coaxial Cables when 

Subjected to Vibration R. 1). Hole. (Elec¬ 
tronic Engrg., vol. 32, pp. 770 771; December, 
1960.) A brief summary of factors governing 
noise generation is given, and two techniques 
are suggested for minimizing it. 

621.315.212.018.75 773 
The High-Frequency Properties of a Co¬ 

axial Cable and the Distortion of Fast Pulses -
G. Fidecaro. (Nuovo ( im., vol. 15, Suppl. Xo. 
2, pp. 254 263; I960. In English.) The high-
frequency properties of a coaxial cable are dis¬ 
cussed theoretically, and an accurate method 
is described for determining the delay. 

621.372.2:621.372.51 774 
Two-Path Transmission-Line Network — 

C. S. Gledhill. (Electronic Tech., vol. 38, pp. 
22 26; January, 1961.) An analysis is given in 
terms of the normalized terminating imped¬ 
ance, and is applied to the design of a two-path 
network for imptvlance transformat ion and for 
a rejection filter. 

621.372.821:621.396.677.7 775 
Printed-Circuit Waveguides and their Ap¬ 

plication to Microwave Antennas J. C. Parr. 
(Prit. Commun. Electronics, vol. 8, pp. 20 24; 
January, 1961.) The principles of construction 
of open-line and closed-line systems are given. 
A comparison analysis illustrates the superior 
performance of high-() closed lines. 

621.372.824:537.56 776 
On Microwave Propagation in a Plasma-

Filled Coaxial Line B. Enander. (Ericsson 
Tech., vol. 16, no. 1, pp. 59 75; 1960.) Experi¬ 
mental results show that a signal passing 
through a glow-discharge is attenuated if the 
signal frequency lies within a certain band, 
the lower limit of which is the gyromagnetic 
frequency. The attenuation is caused by ab¬ 
sorption of the signal in the discharge. 

621.372.852.2:621.317.77.088 777 
Error Analysis of a Standard Microwave 

Phase Shifter —G. E. Schafer and R. W. 
Beatty. (J. Res. NBS, vol. 64C, pj>. 261 265; 
October December, 1960.) The standard phase 
shifter proposed by Magid (IRE Trans, on 
Information Theory, vol. I 7, pp. 321 331 ; 
December, 1958) isa tunable three-arm wave¬ 
guide junction with an adjustable short-circuit. 
Graphs are given for use in estimating the 
limits of tuning error from observations of am¬ 
plitude changes during tuning. 
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621.372.852.323 778 
Applications for Ferrite Resonance Isolators 

—E. F. Schelisch. (Point to Point Telecommun., 
vol. 4, pp. 4 10; June, 1960.) Applications at 
frequencies above 2 Gc and with isolation fac¬ 
tors of the order of 20 db, with 10 per cent 
bandwidth, arc briefly described. 

62 1.396.67.08 :62 1.3 17.7 :621.373.42.029.5 779 
A Portable H.F. Spectrum Generator for 

Antenna Calibration—Burtnyk. (See 1002 ) 

621.396.67.095 780 
Transient Electromagnetic Waves around a 

Cylindrical Transmitting Antenna P. (). 
BrundelL (Ericsson Tech., vol. 16. pp. 137 162; 
I960.) The EM field generated by a cylindrical 
radiator fed by an arbitrary nonsinusoidal 
voltage is determined theoretically. The repre¬ 
sentation of the field in terms of an infinite set 
of elementary travelling waves reflected from 
the ends of the radiator is discussed with refer¬ 
ence to Hallén's theory. 

621.396.677.089.6:621.396.96:523.164.32 781 
Aerial Calibration by Solar Noise using 

Polar Display M. II. Cufllin. (Marconi Rev., 
vol. 23, pp. 33 44; 1st Quarter, 1960.) Experi¬ 
mental equipment for the measurement of an¬ 
tenna polar diagrams using solar noise is de-
scribed, and some records are given. (See also 
897 and 898.) 

621.396.670.4:621.397.62 782 
Television Downleads: a Survey R J. 

Slaughter. (J. Télev. Soc.. vol. 9, pp. 288 293; 
July -September, 1960.) 

621.396.677.4 783 
Nonresonant End-Fed Antennas —V I 

Talekar. (Electronic Technol., vol. 38, pp. 13 
15; January. 1961.) The direct ions of maximum 
radiation for antennas of different length are 
obtained by a graphical method. 

621.396.677.833.2 784 
Screened Wide-Band Helical Antenna as 

Primary Antenna for Paraboloidal Reflectors 
in the 800-Mc/s Range W. Krank. (Tele-
funken Ztg., vol. 33. pp. 47 57; March, 1960. 
English summary, p. 74.) The design is de¬ 
scribed of a screened helical antenna for opera¬ 
tion in the frequency range 635 960 Me and 
particularly suitable for large-aperture reflec¬ 
tors. Performance data are given for reflectors 
of 1.75 and 3 in diameter; results are better 
than those achieved with ordinary helical an¬ 
tennas. 

AUTOMATIC COMPUTERS 
681.142 785 

Development of Japanese Digital Com¬ 
puters S. Takahashi. (Computer J., vol. 2, pp. 
122 129; October, 1959.) Parametron and 
transistor circuit techniques widely used in 
Japanese computers are described, and the 
general characteristics of 20 types of computer 
are tabulated. 

681.142:621-526 786 
A V.L.F. Function Generator—L. Whitlow. 

(Electronic Engrg., vol. 32, pp. 750 752; De¬ 
cember, 1960.) An electromechanical device 
producing a readily variable function is de¬ 
scribed. 

CIRCUITS AND CIRCUIT ELEMENTS 
621.3.049.7 787 

Microminiaturization -M M. Perugini and 
N. Lindgren. (Electronics, vol. 33, pp. 77 108; 
November 25, 1960.) An illustrated review of 
current achievements is given. 

621.372.5 788 
Calculation of the Parameters of a Quad¬ 

ripole by means of Signal Flow Graphs E. 

Cassignol and Y. Chow. (Onde Elect., vol. 40, 
pp. 617-623; September, 1960.) 

621.372.5 789 
A Modified Synthesis Procedure for Two-

Terminal-Pair Networks S. S. Forte. (Mar¬ 
coni Rev., vol. 23, pp. 59 64; 2nd Quarter, 
1960.) A general theorem given previously 
(2146 of 1959) is extended for a particular case 
of a network with one pair of terminals open-
circuited. 

621.372.54 790 
Design of Optimum Filters N K. Sinha. 

(J. Inst. Telecommun. Engrs., India, vol. 6, pp. 
217 222; August, 1960.) The design of low-
pass filters using easily computed rational 
functions instead of elliptic functions permits 
more accurate location of the poles of the trans¬ 
fer function when the number of poles exceeds 
four, and computation is less laborious. 

621.373.4 791 
General Principles of Polyphase Vacuum-

Tube Oscillator T Takagi and K. Mano. 
(Sei. Rep. Inst. Tohoku Univ.. Ser. ß, vol. 11, 
Nos. 3/4, pi). 179 190; 1960.) 

621.373.4:621.376.32:621-526 792 
Synchronization of Frequency-Modulated 

Free-Running Oscillators investigated by 
Servomechanism Methods IL IL Erynei. 
(Onde Elect., vol. 40, pp. 602 616; September, 
I960.) Application of a servo system to the 
control of a free-running oscillator. A method 
is described for determining the frequency re¬ 
sponse of the closed loop from measurements 
of o|>en-loop characteristics. Quadripole cor¬ 
rectors for improving the response will also 
widen the frequency’ range over which control 
may be exercised. [See also 3029 of 1960 (Free¬ 
man).] 

621.373.421.11 793 
Pass-Band and Selective A.F. Amplifica¬ 

tion of a H.F. Oscillator II. Hasen jäger. 
(Onde Elect., vol. 38, pp. 838 841 ; December, 
1958.) The bandwidth of a high-frequency 
oscillator has been investigated theoretically 
and experimentally by studying the behavior 
of the oscillator as a selective AF amplifier. 

621.373.431.1:621.382.3 794 
Analysis of a Semiconductor Multivibrator 

with Emitter Capacitance E. F. Doron kin. 
(Izv. Vyssh. Uch. Zav., Radiotekhnika, vol. 3, 
pp. 106 111; January/February, I960.) An 
analysis of an emitter-coupled transistor multi¬ 
vibrator showing the effect of emitter capaci¬ 
tance in increasing the thermal stability of the 
pulse-duration parameters. 

621.374.3:621.387.4 795 
Fast Transistorized Time-to-Pulse-Height 

Converter —G. Culligan and N. II. Lipman. 
(Rev. Sei. Instr., vol. 31, pp. 1209 1214; No¬ 
vember, 1960.) A converter of simple design 
is described having a 0 15 nsec timebase and 
giving a resolution of 10 ys using conventional 
scintillation counters. It was used to analyze 
particle beams by time-of-flight measurements. 

621.374.32:621.387 796 
A Reversible Dekatron Circuit—A J. 

Oxley. (Electronic Engrg., vol. 32, pp. 746 749; 
December, 1960.) A description is given of the 
unit, with a discussion of its limitations. 

621.374.43 797 
Regenerative Fractional Frequency Gen¬ 

erators -S. Plotkin and O. Lumpkin. (Proc. 
IRE, vol. 48, pp. 1988 1997; December, 1960.) 
A self-starting regenerative frequency divider 
circuit is described which has the advantages 
of simplicity’ and of “lock-in” stability’ over a 
wide range of frequencies. An approximate 

analysis is given which shows the dependence 
of performance on diode characteristics and 
transistor input impedance. 

621.375.2.024 798 
Simple Logarithmic D.C. Amplifier L. \ 

East and W. E. Parker. (Rev. Sei. Instr., vol. 
31, pp. 1222 1225; November, 1960.) A simple 
double-triode amplifier is described. It has an 
accuracy within 2 per cent for input voltages 
from 5 to 500 v and is easily ad justed for differ¬ 
ing tu lx* characteristics. 

621.375.23 799 
The Bootstrap Amplifier W Tusting. 

(Electronic Tech., vol. 38. pp. 27 31; January, 
1961.) An analysis of a RC-coupled pentode 
amplifier with the anode decoupling capacitor 
returned to the cathode of a cathode follower. 
The effects of the coupling and decoupling ca¬ 
pacitors on the low-frequency response charac¬ 
teristics arc calculated. 

621.375.3 800 
Analysis of Half-Wave Magnetic Amplifier 

Circuits with A.C. Bias Voltage T. Kikuchi. 
(Sei. Rep. Res. Inst. Tohoku Univ., Ser. ß, 
vol. 11. nos. 3/4. pp. 133 154; 1960.) Detailed 
analysis with special reference to the elimina¬ 
tion of the rectifier from the control circuit of 
Ramey’s half-wave magnetic amplifier. (See 
3507 of 1953.) 

621.375.432 801 
A Nonlinear Effect in Transistor Amplifiers 

with Feedback I Gumowsk- (('.R. Acad. 
Sei., Paris, vol. 250, pp. 822 824; February 1, 
1960.) The nonlinear effect described in an 
earlier paper (4150 of 1960) is analyzed. It is 
attributed to varia: ions of carrier transit-time 
with transistor collector voltage. 

621.375.9:538.569.4 802 
Use of Slow Molecules in Molecular Gen¬ 

erators N. G. Basov and A. N. OraevskiL 
(Zh. Eksp. Teor. Fiz., vol. 37, pp. 1068 1071; 
October, 1959.) Methods of improving the 
absolute frequency stability of a beam-type 
maser are considered, based on the use of 
molecular beams with mean velocities much 
less than the thermal velocity at room tempera¬ 
ture. Three techniques are described: 1) re¬ 
moval of high-velocity molecules from the 
beam; 2) retardation of the molecules by an 
external field; 3) reduction of the temperature 
of the molecular beam. 

621.375.9:538.569.4 803 
Systems Applications of Solid-State Masers 

—J. W. Meyer. (Electronics, vol. 33, pp. 58-63; 
November 4, I960.) Progress in solid-state 
maser technique is surveyed. Operating princi¬ 
ples and circuit design are outlined. 

621.375.9:538.569.4 804 
The Optimum Line Width for a Reflection 

Cavity Maser—G. J. Troup. (Aust. J. Phys., 
vol. 13, pp. 615 616; September, I960.) An 
extension is given of previous work (2665 of 
1960) to show that the maximum gain Xband¬ 
width product is achieved. 

621.375.9:538.569.4 805 
Electronically Tunable Travelling-Wave 

Masers at L and S Bands —S. Okwit, F. R. 
Arams, and J. G. Smith. (Proc. IRE, vol. 48, 
pp. 2025 2026; December, I960.) Tuning 
ranges of 250 Me and greater have been ob¬ 
tained by’ varying only the applied magnetic 
field and the pump frequency. Test data are 
given. 

621.375.9:621.372.44 806 
Coupled-Cavity Travelling-Wave Para¬ 

metric Amplifiers: Part 1—Analysis M. R. 
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Currie and R. W. Gould. (Proc. IRE, vol. 48, 
pp. I960 1973; December, 1960.) Detailed in¬ 
formation is given on operating characteristics 
of a travelling-wave circuit consisting of a chain 
of inductively coupled cavities loaded by 
diodes in the capacitive region. Calculations 
show that unilateral gains of 12 15 db over 
relatively wide bandwidths an* attainable with 
4 6 diodes. 

621.375.9:621.372.44 807 
Coupled-Cavity Travelling-Wave Para¬ 

metric Amplifiers: Part 2—Experiments — 
K. P. Grabowski and R. I). Weglein. (Proc. 
IRE, vol. 48, pp. 1973 1987; December, 1950.) 
Gain-bandwidth products of 2 Gc with a 350-
Mc bandwidth have been obtained at S-band 
frequencies using commercially available di¬ 
odes. Xoise temperatures of I3O°K have been 
measured. Methods for achieving short-circuit 
stability are investigated. These include the 
use of ferrite-loaded coupling irises and of 
upper-frequency passbands. 

621.375.9:621.372.44 808 
Gain of a Travelling-Wave Parametric 

Amplifier using Nonlinear Lossy Capacitors— 
W. Jasinski. (Proc. IRE, vol. 48. pp. 2018-
2019; December, 1960.) An analysis of a 
traveling-wave parametric amplifier, consider¬ 
ing reverse-biased diodes as lossy capacitors. 

621.375.9:621.372.44 809 
Aspects on Wide-Band Parametric Travel¬ 

ling-Wave Amplifiers B. T. Henoch. (Ericsson 
Tech., vol. 16, po. 1, pp. 77 135; 1960.) Meth¬ 
ods are described for calculating amplification, 
bandwidth, phase condition*, and noise figure. 

621.375.9:621.372.44:621.372.632 810 
Gain Optimization in Low-Frequency Para¬ 

metric Up-Converters by Multidiode Opera¬ 
tion A. K. Kamal and M. Subramanian. 
(Proc. IRE, vol. 48, pp. 2020 2021; Decem¬ 
ber, I960.) A method is proposed for optimizing 
the gain of an up-converter using more than 
one variable-capacitance diode at the same 
point. Results of a first -order analysis made 
with two diodes are given. 

621.375.9:621.372.44:621.391.822 811 
Idler Noise in Parametric Amplifiers G. 

Herrmann. (Proc. IRE, vol. 48. pp. 2021 
2022; December, 1960.) 

621.382.23:621.375.9 812 
Esaki-Diode Amplifiers at 7, 11 and 26 

kMc/s R. F. Trambarulo. (Proc. IRE, vol. 
48, pp. 2022 2023; Decemlxr, 1960.) Stable 
gains of up to 38 db at 7 and 11 Gc and 36 db 
at 26 Gc have been obtained with the GaAs 
diode in a cylindrical reflection cavity which 
has been described earlier. |359 of January, 
1961 (Trambarulo and Burrus).) 

GENERAL PHYSICS 
535.13 813 

Criterion of Uniqueness for the Solutions 
of Maxwell’s Equations P. Poincelot. (Ann. 
Têlêcommun., vol. 15, pp. 77 83; March/April, 
1960.) (See 3628 of 1959.) 

537.122 814 
The Dirac Electron in Rectilinear Fields— 

D. V. A. S. Amarasekcra. (C eylon J. Sei., Phys. 
Sei., vol. 1, pp. 37 10; June, 1958.) Dirac’s 
equations for an electron in a rectilinear field 
are first reduced to a single equation of simple 
form, suitable* for the solution of problems. An 
explicit solution is then obtained for an electron 
in a constant electric field. 

537.311.1 815 
Variational Treatment of Warm Electrons 

in Nonpolar Crystals —I. Adawi. (Phys. Rev., 
vol. 120, pp. 118 127; October 1. 1960.1 Devia¬ 

tions from Ohm’s law in nonpolar crystals are 
treated by the variational method for the case 
of weak fields. The second-order term in the 
electrical conductivity is calculated. 

537.311.3 816 
Effect of Random Inhomogeneities on Elec¬ 

trical and Galvanomagnetic Measurements — 
C. Ileiiing. i./. Appl. Phys., vol. 31, pp. 1939 
1953; Xovember, 1960.) A theoretical treat¬ 
ment is given in which the scale of inhomo¬ 
geneities is supposed small compared with the 
specimen size but large compared with the 
mean free path and Debye length. Comparison 
with exactly soluble cases shows the derived 
formulas to be valid for sizable fluctuations. 

537.331.32 817 
The Validity of the Concept of Specific Sur¬ 

face Resistance and its Measurement R. 
Lacoste and P. Paillèi e. (C. R. Acad. Sei., 
Paris, vol. 250, pp. 816 818; February 1. I960.) 
Earlier work by Lacoste is extended (3252 of 
1959) to show that the critetion for surface 
conduction is independent of the electrode¬ 
system configuration. The influence of the con¬ 
figuration on accuracy of measurement is con¬ 
sidered. 

537.311.33:535.215 818 
Steady-State Distribution Function in Dilute 

Electron Gases I). C Mattis /’■ A'.. . 
vol. 120, pp. 52 57; October 1, 1960.) The ef¬ 
fects determining the distribution function of 
optically liberated carriers are investigated. 
For a simple model semiconductor, significant 
deviations »rom the Boltzmann distribution 
are possible at temperatures below a few de¬ 
grees K. 

537.311.62:535.137 819 
On the Possible Influence of Electron Inter¬ 

action on the Reflectivity of Metals C. W. 
Benthem. (Appl. Sei. Res., vol. B7, Xo. 4, pp. 
275 292; 1958.) A continuation is given of the 
work by Benthem and Kronig (3523 of 1954) 
on the influence of electron viscosity on the 
absorption factor of metals in the infrared 
region. 

537.525 820 
Sustained, Localized, Pulsed-Microwave 

Discharge in Air —C. W. Hamilton. (Nature, 
Land., vol. 188. pp. 1098 1099; December 24, 
1960.) Details arc given of a small localized dis¬ 
charge obtained in low-pressure air, using a 
pulsed A’-band radar transmitter as the micro¬ 
wave source. 

537.533.7:539.23 821 
Transmission of Slow Electrons through 

Thin Films -O. Klemperer and A. Thetford: 
F. Lenz. (Proc. Phys. Soc., vol. 76, pp. 705-
720; Xovember 1, 1960.) 

537.56 822 
Investigation of a Plasma Column Contin¬ 

uously Fed and Subjected to a Magnetic Field : 
First-Order Approximations for the Diffusion 
Velocities; Manifestation of a Frontier Zone — 
I M. Dolique and M Y Bern; rd C A' 1 ad 
Sei., Paris, vol. 250, pp. 1458 1459; February 
22, 1960.) (See 496 of February (Dolique). 

537.56 823 
Free-Path Formulas for the Coefficient of 

Diffusion D and Velocity of Drift W of Ions and 
Electrons in Gases L. G. H. Huxley. (Aust. 
J. Phys., vol. 13. pp. 578 583; September, 
1960.) (See also 94 of 1958.) 

537.56 824 
Ion Resonance in a Multicomponent 

Plasma -S. J. Buchsbaum. (Phys. Rev. Lett., 
vol. 5. pp. 495 497; December 1. 1960.) Inter¬ 
actions between different types of ion produce 
additional resonances. 

537.56:538.56 825 
Oscillations of an Electron-Ion Plasma 

L. M. Kovrizhnykh. (Zh. Eksp. Teor. Fiz., vol. 
37, pp. 1692 1696; December, 1959.) Investi¬ 
gation of the sjiectrum of longitudinal oscilla¬ 
tions for the case of low temperature (Fermi 
distribution) and high temperature (Maxwell 
distribution). For low values of the wave vec¬ 
tor, the dispersion equation has two branches, 
corresponding to optical and acoustic mcxles. 

538.114 826 
Direct Exchange in Ferromagnets R. Stu¬ 

art and \V. Marshall. (Phys. Rev., vol. 120, pp. 
353 357; October 15, I960.) Evaluation for all 
internuclear spacings of the direct-exchange 
integral occurring in the He senberg theory of 
ferromagnetism leads to the conclusion that 
direct exchange is not responsible for ferromag¬ 
netism in ferromagnetic metals. 

538.114 827 
Collective Excitations of Electrons in De¬ 

generate Bands: Part 1—Spin Waves in 
Stoner’s Model of Ferromagnetism T. Izu-
yama. (Progr. Theor. Phys., vol. 23, pp. 969 
983; June, I960.) Spin waves in the collective 
electron model of ferromagnetism are derived. 

538.114 828 
Anisotropic Superexchange Interaction and 

Weak Ferromagnetism T. Moriya. (Phys. 
Rev., vol. 120, pp. 91-98; October 1, 1960.) A 
theory is develop! by extending the Anderson 
theory of super-exchange (Phys. Rev., vol. 115, 
pp. 2 13; July 1, 1959) to include spin-orbit 
coupling. 

538.3 829 
Determining the Dielectric Permittivity and 

Magnetic Permeability Tensors of a Medium 
—G. S. Krinchik and M. V. ('hetkin. (Zh. 
Eksp. Teor. Fiz., vol. 36, pp. 1924 1925; June, 
1959.) An analytical note is given on the sepa¬ 
ration of gyroelectric and gyromagnet ic effects. 

538.561:537.533.7 830 
Transition Radiation n a Waveguide— 

K. A. Barsukov. (Zh. Eksp. Teor. Fiz., vol. 37. 
pp. 1106 1109; October, 1959.) Investigation 
is made of the radiation which arises in a wave¬ 
guide by the passage of a charged particle 
through the boundary between two media. At 
ultrarelativistic charge velocities the radiation 
is mainly in the forward direction and its mag¬ 
nitude is proportional to the particle energy. 
Formulas for the total energy of the radiation 
and its spectral distribution are derived. 

538.566 831 
Some Absorbent Materials at U.H.F. 

H. G. Stubbs and J. Peyssou. (Onde Elect., vol. 
38, pp. 809 818; December, 1958.) The charac¬ 
teristics of two types of absorbent material are 
described: 1) a plastic or rubber sheet impreg¬ 
nated with carbon powder, applicable over a 
wide band of frequencies, and 2) a similar ma¬ 
terial À/4 thick, impregnated with carbonyl¬ 
iron or carbon powder and backed with a thin 
metallic sheet, applicable over a narrow band. 

538.566:535.42 832 
Contribution to the Study of Diffraction of 

Electromagnetic Waves by Spheres J. Móvel. 
(.4wm. Phys., Paris, vol. 5, pp. 265 320; March/ 
April, 1960.) A thesis is given, describing theo¬ 
retical and experimental methods of obtaining 
the diffraction field of both a single sphere and 
a pair of spheres. (For a report of experimental 
apparatus, see 1393 of 1958.) 

538.566:535.42 833 
Diffraction of a Plane Electromagnetic 

Wave by Cylinders with Anisotropic Conduc¬ 
tivity—R. E. Kelly and A. Russek. (Xuovo 
Cim., vol. 16, pp. 593-610; May 16, I960. In 
English.) 
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538.566:535.43 834 
A Study of Surface Roughness and its Ef¬ 

fect on the Back-Scattering Cross-Section of 
Spheres R. E. Hiatt, T. B. A. Senior, and 
V. II. Weston. (Proc. IRE, vol. 48, pp. 2008 
2016; December, I960.) Experimental data 
obtained by measuring the back-scattering 
cross section of a large rough sphere at three 
frequencies in the 5, .V, and K bands, are pre¬ 
sented. Even for a sphere whose depth of 
roughness is as large as 10-2 X, the measured 
change in cross section is no more than 0.1 db; 
this is in good agreement with the theoretical 
prediction. 

538.569.4 835 
Line Breadths in the Ammonia Spectrum 

J. A. Fulford. (Nature, Lond., vol. 188. pp. 
1097 1098; December 24. I960.) Measure¬ 
ments have been made of the NFh inversion 
spectrum (J = K, 1 to 6). From the results a 
value of 25.7 ±0.2 Me per mm Mg at 27°C has 
been obtained. 

538.569.4:535.853 836 
Line Structure in Paramagnetic Resonance 

and Direct Measurement of the Moments J. 
Herve. (Ann. Phys., Paris, vol. 5, pp. 321 364; 
March/April, I960.) 

538.569.4:535.853 837 
The Influence of Modulation on the Re¬ 

cording of Resonance Phenomena—F. Bruin 
and D. van Ladesteyn. (Appl. Sei. Res., vol. 
B7. No. 4, pp. 270-274; 1958.) Curves based on 
the standard resonance curve, y = 1/(1 +X2), of 
a simple harmonic oscillator are given as an 
aid to the construction of spectrographs and 
the analysis of recorded spectra. 

538.569.4:538.221:621.318.134 838 
Nonlinear Effects of Crystalline Anisotropy 

on Ferrimagnetic Resonance P. Gottlieb. (J. 
Appl. Phys., vol. 31, pp. 2059 2062; Novem¬ 
ber, 1960.) Analysis shows that the magnetic 
resonance frequency depends quadratically 
upon the precession amplitude, to lowest order; 
this can cause a fold-over of the resonance line. 

538.569.4:538.222 839 
Cross-Relaxation in Dilute Paramagnetic 

Systems \ Kid. (PAys Rev., vol. 120. pp. 
137-140; October 1. 1960.) 

538.652:548.0 840 
The Direction Dependence of Magneto¬ 

striction—W. Döring and G. Simon. (Ann. 
Phys., Lpz., vol. 5, pp. 373 387; March 29, 
1960.) Tensor methods are used to describe the 
lattice distortion caused by magnetostriction. 
For similar calculations of the direction depend¬ 
ence of crystal energy sec Ann. Phys., Lpz., 
vol. 1. pp. 102 109; December 12, 1957 
(Döring). 

539.2 841 
Proceedings of the International Congress 

on Many-Particle Problems —(Physica, vol. 
26, Suppl., pp. SI -S217; December, 1960.) The 
texts are given of invited papers read at a con¬ 
ference held in Utrecht, June 13 18, 1960. 

541.135:621.319.4 842 
Ion Size Effect and Mechanism of Electro¬ 

lytic Rectification P. F. Schmidt, F. Huber, 
and R. F. Schwarz. (J. Phys. Chem. Solids, vol. 
15, pp. 270 290; October, 1960.) Previous 
theories of electrolytic rectification are shown 
to be inadequate. Extensive experimental work 
is presented which shows the importance of the 
size of the cation in solution, and the existence 
of an extremely thin (~25OA) surface barrier 
of height about 1 v. 

GEOPHYSICAL AND EXTRATERRES¬ 
TRIAL PHENOMENA 

523.14:538.69 843 
Note on the Transference of Angular Mo¬ 

mentum within the Galaxy through the Agency 
of a Magnetic Field F. Hoyle and J. G. Ire¬ 
land. (Monthly Notices Roy. Astron. Soc., vol. 
121, no. 3, pj). 253 259; I960.) (Extension of 
2322 of 1960.) 

523.164:523.45 844 
Magnetic Field of Jupiter —C. II . Barrow. 

(Nature, Lond., vol. 188, pp. 924 925; Decem¬ 
ber 10, 1960.) A review is presented of theoreti¬ 
cal and experimental evidence in support of 
the hypothesis of an ionosphere and magnetic 
field associated with Jupiter. 

523.164:551.594.5 845 
The Correlation of Radio Source Scintilla¬ 

tion in the Southern and Northern Hemi¬ 
spheres —P. M. Brena n. (J . Almos. Terre st. 
Phys., vol. 19, pp. 287 289; December, 1960.) 
Observations of radio source scintillation made 
simultaneously at Halley Bay and Jodrell Bank 
show a significant correlation. This is relevant 
to theories which associate high-latitude scin¬ 
tillation with auroral activity. 

523.164:551.594.5 846 
The Magnetic Storm-Time Variation of 

Radio Star Scintillations and Auroral Radio 
Echoes ('. D. Watkins. (J. Almos. Terresl. 
Phys., vol. 19, pp. 289 292; December, I960.) 
The variations of scintillation rate and auroral 
echo incidence, during periods following mag¬ 
netic sudden commencements, resemble the 
variation of magnetic K index. 

523.164.3 847 
A 21-cm Determination of the Principal 

Plane of the Galaxy -C. S. Gum, F. J. Kerr, 
and G. Westerhout. (.Monthly Notices Roy. 
Astron. Soc., vol. 121. no. 2. pp. 132 149; 
1960.) Data from the Leiden and Sydney sur¬ 
veys of the Milky Way have been used to de¬ 
termine the position of the plane of the neutral 
hydrogen layer which is found to be exceedingly 
flat over the galaxy within 7 kiloparsecs 
from the center. 

523.164.3 848 
Radio Data Relevant to the Choice of a 

Galactic Coordinate System—C. S. Gum and 
J. L. Pawsey. (Monthly Notices Roy. Astron. 
Soc., vol. 121, no. 2, pp. 150-163; 1960.) Be¬ 
cause of the large-scale association found be¬ 
tween sources of the radio continuum and the 
distribution of the 21-cm-X hydrogen-line radi¬ 
ation, the coordinate system may be defined 
by the HI principal plane and by a center sit¬ 
uated in Sagittarius A. 

523.164.32:523.745 849 
Some Statistics of Solar Radio Bursts at 

Sunspot Maximum —A. Maxwell, W. E. How¬ 
ard HI, and G. Garmire. (J. Geophys. Res., vol. 
65, pp. 3581 3588; November, I960.) Bursts at 
125 and 200 Me are mainly of spectral type I 
and occur more frequently than bursts at 425 
and 500 Me, which are of a greater intensity 
and of spectral type IV. 

523.164.4 850 
On the Identification of Extragalactic Radio 

Sources B. Y. Mills. (Aus/. J Phys., vol. 13, 
pp. 550-557; September, 1960.) Radio data 
from Sydney and Cambridge have been com¬ 
pared with a catalog of galaxies in a limited 
region of the sky. Forty-six possible identifica¬ 
tions of RF sources with galaxies have been 
made, and fifty-five with clusters of galaxies. 

523.165 851 
Solar Modulation of Primary Cosmic Rays 

—V. Terashima. (Progr. Theor. Pliys.. vol. 23. 

pp. 1138 1150; June, 1960.) The observed solar 
modulation of cosmic rays may be explained, 
assuming the existence of two solar magnetic 
fields, one uniform and the other irregular, and 
two solar streams, one continuously ejected 
and the other produced by solar eruptions. 

523.5 852 
Southern-Hemisphere Meteor Shower Ac¬ 

tivity in July and August A. A. Weiss. (Aust. 
J. Phys., vol. 13, pp. 522 531; September, 
1960.) Observations for 1957-1959 are de¬ 
scribed, and measurements of the radiant co¬ 
ordinates and echo rates for the 5 Aquarids and 
three other minor showers are summarized. 

523.5 853 
Meteor Height Distributions and the Frag¬ 

mentation Hypothesis A. A. Weiss. (Aust. J. 
Phys., vol. 13. pp. 532-549; September, 1960.) 
A comparative study is made of fragmentation 
amongst bright and faint meteors. 

523.5 854 
The Variation of Meteor Heights with Ve¬ 

locity and Magnitude J. S. Greenhow and 
J. E. Hall. (Monthly Notices Roy. Astron. Soc., 
vol. 121. no. 2, pp. 174 182; 1960.) Radio echo 
observations of meteors of +6 magnitude show 
marked departures from the theoretically pre¬ 
dicted heights. Possible explanations for these 
departures are considered. (See 856.) 

523.5:621.391.812.5 855 
Volume Density of Radio Echoes from 

Meteor Trails —Carrara, Checcacci, and Ron-
chi. (See 1016.) 

523.5:621.396.96 856 
The Importance of Initial Trail Radius on 

the Apparent Height and Number Distribu¬ 
tions of Meteor Echoes J. S. Greenhow and 
J. E. Hall. (Monthly Notices Roy. Astron. Soc., 
vol. 121, pp. 183 196; 1960.) Fewer echoes 
from faint meteors of 4-6 magnitude are ob¬ 
served at 8 mX than at 17 mX. This effect is at¬ 
tributed to an attenuation in echo amplitude 
due to the large initial radii of the ionized 
trails. 

523.5:621.396.96 857 
The Determination of the Incident Flux of 

Radio-Meteors T. R Kaiser. (Monthly No¬ 
tices Roy. Astron. Soc., vol. 121, no. 3, pp. 284 
298; 1960.) Simple formulas are derived 
which allow the incident flux of shower meteors 
to be deduced from the observed rate after al¬ 
lowing for the antenna characteristics and the 
geometry of reflection. The limitations of the 
method are discussed. 

550.38:523.75 858 
The Interaction of the Terrestrial Magnetic 

Field with the Solar Corpuscular Radiation 
I). B. Beard. (J. Geophys. Res., vol. 65, pp 
3559 3568; November, 1960.) The shape of the 
cavity between the earth and a neutral solar 
stream differs by only 7-11 per cent from a 
hemisphere of radius 7 earth radii on the inci¬ 
dent side, but is elongated on the other side to 
a distance of the order of 100 earth radii. The 
cavity is indented at the polar latitudes where 
the current layer reverses. 

550.385.4 859 
The Cause of Magnetic Storms and Bays 

R. A. Duncan. (J. Geophys. Res., vol. 65, pp. 
3589 3592; November, 1960.) Circulating cur¬ 
rents set up around regions of proton and elec¬ 
tron precipitation by the Hall effect are sug¬ 
gested as the cause of magnetic bays and 
storms. 

550.385.4 860 
Daytime Enhancement of the Amplitude of 

Geomagnetic Sudden Impulses in the Equa-
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torial Region— II. Maeda and M. Yamamoto. 
(J. Atmos. Terresl. Phys., vol. 19. pp. 284 287; 
December, 1960.) 1GY data from equatorial 
stations provide some evidence that sudden im¬ 
pulses and sudden commencements are caused 
by similar mechanisms. 

550.385.4:539.16 861 
Evidence of Quasi-perpendicular Propaga¬ 

tion of Hydromagnetic Waves caused by Nu¬ 
clear Explosions over Johnston Island II. 
Maeda and T. Ondoh. (Nature, Lond., vol. 188, 
pp. 1018 1019; Decern ber 17, 1960.) 

551.507.362.2 862 
VerificatiLn of Earth’s “Pear Shape” Gravi¬ 

tational Harmonic —C J. Cohen and R. J. 
Anderle. (Science, vol. 132. pp 807 808: Sep¬ 
tember 23. 1960.) Errors in the predictions of 
the orbit of the Transit IB satellite (1960?) 
are accounted for by a third-order gravitational 
harmonic previously evaluated by O'Keefe, el 
al. (2236 of 1959). 

551.507.362.2 :523. 165:621 .391.812.6 863 
The Relation of the Satellite Ionization 

Phenomenon to the Radiation Belts J D. 
Kraus and R. C. Iliggy. (Proc. IRE, vol. 48, 
pp. 2027 2028; December, 1960.) During 
March and April, 1960, when telemetry trans¬ 
missions from Explorer VI I were monitored, 
the strongest enhancements of WWV signals 
received at Columbus, Ohio, occurred at times 
of peak counting rate aboard the satellite. 
Many of these events were accompanied by a 
partial or complete fade-out of the satellite 
signal. |See also 1603 of 1960 (Kraus, el <//.).] 

551.507.362.2:621.391.812.63 864 
Some Characteristics of the Signal Re¬ 

ceived from 1958 Ô2 F. de Mendonca, O. G, 
Villard, Jr., and ( ). K. Garriot. (Proc. IRE. 
vol. 48, pp. 2028 2030; December. 1960.) The 
correlation between scintillation effectsand the 
occurrence of spread E is noted, and skip¬ 
distance phenomena observed in ordinary- and 
extraordinary-wave propagation are discussed. 

551.507.362.2:621.396.96 865 
Electromagnetic Waves and Satellites; 

Echoes from Ionized Trails of Satellites at 
High Frequency \. Flambard and M. R« ys-
sat. (( Inde Élet /., vol 38, pp. 830 837; Decem-
ber, 1958.) Ionized trails from 19570 and 1958e 
were detected at 25 Me. using a pulsed 75-kw 
transmitter and a receiver with 20-kc band¬ 
width. The results are discussed and the most 
favorable conditions for detecting echoes are 
examined. 

551.510.535 866 
On the Lunar Semidiurnal Variation of the 

D and F Layers M. Bossolasco and A. Elena. 
(Geofis. Pura AppL, vol. 46, pp. 167 172; 
May August. I960. In English.) The varia¬ 
tions at Freiburg, Genoa, and Léopold ville are 
compared with those obtained by other au¬ 
thors. Magnetic dip rather than geomagnetic 
latitude controls the variation in the F> layer. 
1’he amplitude of the /nF» variation is plotted 
against magnetic dip. 

551.510.535 867 
On Some Disturbances in the E Region 

B. J. Robinson. (J. Almos. Terrest. Phys., vol. 
19, pp. 160 171; December, I960.) E-layer 
stratifications and complex phenomena ob¬ 
served on ionograms are discussed in relation to 
computed electron N(h) distributions. The pas¬ 
sage of transient cusps on h'(f) curves is found 
to be due to redistribution of E-layer ionization. 
Eactors influencing the identification of E-
layer penetration frequencies are discussed. 

551.510.535 868 
Investigation of the Transparency of the 

Ionospheric E. Layer K. Rawer. (C. R. Acad. 
Sei., Paris, vol. 250, pp. 1517 1519; February 
22, 1960.) A report is presented of an analysis 
of world-wide observations of diurnal changes 
in Et. Results are discussed and tabulated in the 
form of an index called the “degree of occulta¬ 
tion” which is defined as the ratio fb/ft, where fb 
is the blanketing frequency for reflections from 
the F layer and ft the highest frequency at which 
reflections from the E« layer are detected. 

551.510.535 869 
Mechanism of Ionization of the Sporadic-E 

Layer K. Bibi. (Ann. Géophys., vol. 16, pp. 
148 151; January March, 1960.) Observations 
made using a technique based on that intro¬ 
duced by Nakata, et al. (see 3297 of 1953, and 
2937 of 1954) have shown that the height of 
E, varies in a systematic way during the life¬ 
time of an Es event; if the intensity of ioniza¬ 
tion increases, the layer height decreases. 

551.510.535 870 
Horizontal Drift in the Ionosphere over 

Delhi S. N. Mitra, K. K. Vij, and P. Das¬ 
gupta. (J. Atmos. Terrest. Phys., vol. 19, pp. 
172 183; December, 1960.) The drift was 
measured using spaced-receiver techniques and 
both E- and E-layer reflections analyzed for 
the period April, 1958 to March, 1959. Veloc-
ity histograms of the north-south and east¬ 
west components and plots of the seasonal vari¬ 
ations in velocity and drift direction are given. 

551.510.535 871 
On the Observational Results of A„,„ at 

Yamagawa—S. Ishikawa and K. Muramatsu. 
(J. Radio Res. Labs., Japan, vol. 7, pp. 405 
408; July, 1960.) Measurements of /m¡„E and 
/minE made between August, 1959. and Febru¬ 
ary, 1960, showed tin* presence of the winter 
anomaly in absorption at night. 

551.510.535 872 
On the Electron and Ion Density Distribu¬ 

tions from the Lower up to the Uppermost 
Part of the F Region T. Yonezawa and II. 
Takahashi. (J. Radio Res. Labs., Japan, vol. 7, 
pp. 335 378; July, 1960.) The thesis that the 
main ionizing radiations in the E region are 
the helium resonance lines at 304 and 584 A 
and the Lyman continuum leads to the follow¬ 
ing results: 1) the calculated electron density’ 
distribution in the lower F region is in good 
agreement with experimental electron density 
profiles, 2) the observed and calculated relative 
abundances of the ions O+, Q»+ and NO+ are 
not in good agreement unless their charge ex¬ 
change reactions are assumed to lie a few orders 
of magnitude slower than expected on simple 
theory, and 3) if a scale height gradient of 0.2 
is assumed, then the calculated and experi¬ 
mental electron densities are in agreement up 
to 100 km above the E region maximum. ISee 
also 4222 of 1960 (Yonezawa).] 

551.510.535 873 
On the F: Region of the Ionosphere S. 

Datta. (Indian J. Phys., vol. 34. pp. 66 75; 
February, 1960.) A continuation of earlier work 
(800 of 1959) to include calculations of diurnal 
variations of production rate for March. 1950, 
using the attachment-coefficient model sug¬ 
gested by’ Ratcliffe, el al. (2724 of 1956). Re¬ 
sults are compared with those for January, 
1950, given in the earlier paper, and are found 
to be consistent with Bradbury’s hypothesis 
for the formation of the F* layer. 

551.510.535 874 
World-Wide Daily Variations in the Height 

of the Maximum Electron Density in the Iono¬ 
spheric F Layer J. W. Wright and R. E. 

McDuffie: T. Shimazaki. (J. Radio Res. Labs, 
Japan, vol. 7, pp. 409 420; July, I960.) The 
heights given by the method of Shimazaki (419 
of 1956), which related (A/3000)E?and the height 
of a parabolic E layer, have lM*en compared 
with the more correct values derived from cor¬ 
responding N(h) profiles. The agreement be¬ 
tween the two methods is quite good during 
the night in middle and low latitudes, but dur¬ 
ing the day in these latitudes and for all hours 
at high latitudes Shimazaki's relation over¬ 
estimates the height by about 20 km. 

551.510.535 875 
Investigation of the Formation of the Iono¬ 

spheric F^ Layer at Léopoldville-Binza P. 
Herrinck. (Ann. Géophys., vol. 16, pp. 77 87; 
January March, 1960.) Data for the læriod 
1952 1958 are analyzed. Photoionization and 
drift are insufficient to explain the variations 
of maximum electron density; additional ioni¬ 
zation due to corpuscles accelerated in a region 
near the earth is suggested. 

551.510.535 876 
Bifurcation and other Irregularities of the 

Ionospheric F Layer -E. Woyk (Chvojková). 
(Nature, Lond., vol. 188, pp. 906 907; Decem¬ 
ber 10, 1960.) Splitting is considered to <x'cur 
when the excess ot energy’ of each ionizing pho¬ 
ton over the ionizing potential is transformed 
into heat. On account of the quasi-neutrality, 
the rarefaction of the gas at the maximum of 
ionization can create a small secondary’ mini¬ 
mum of electron density which separates the F 
layer into F| and F*. This secondary minimum 
of electron density’ apjx*ars just at the maxi¬ 
mum of electron production. 

551.510.535 877 
Effects of Diffusion of Electrons near the 

Magnetic Equator V. C. A. Ferraro, J. E. C. 
Gliddon, and P. C. Kendall. (Nature, Lond., 
vol. 188, pp. 1017 1018; December 17, 1960.) 
If it is assumed that ionization in the Fj layer 
ispnxluced according to Chapman’s law, then, 
as the magnetic equator is approached, the rate 
of increase in ionization will exceed any de¬ 
crease due to the effects of vertical diffusion 
described by Schmerling (4224 of 1960). The 
hypothesis of vertical diffusion docs not there¬ 
fore account for the “geomagnetic anomaly.” 

551.510.535 878 
The Geomorphology of Spread-F D. G. 

Singleton. (J. Geophys. Res., vol. 65, pp. 3615-
3624; November, 1960.) The occurrence of 
spread F is roughly symmetrical about the geo¬ 
magnetic equator, and is greatest in the equa¬ 
torial and auroral regions. It occurs mainly dur¬ 
ing the night, and is greatest in winter in the 
auroral region, and at equinox in the equatorial 
region. 

551.510.535 879 
The Belt of Equatorial Spread-E A. J. 

Lyon, N. J. Skinner, and R. W. H. Wright. (J. 
Atmos. Terrest. Phys., vol. 19, pp. 145 159; 
December, I960.) IGY data are used to discuss 
the morphology of nocturnal spread-F inci¬ 
dence in the equatorial belt, and this is com¬ 
pared with the morphology of the post -sunset 
increase of F-layer virtual height. Between 
magnetic latitudes ±30°, the incidence of 
spread F is high, but decreases during periods 
of magnetic disturbance. Existing theories are 
inadequate to explain the observations. 

551.510.535:523.745 880 
M.U.F. Factor and Solar Activity—C. S. R. 

Rao and J. C. Bhargava. (Indian J. Phys., vol. 
34, pp. 85 91; February, I960.) An analysis of 
ionospheric data for Delhi and Ahmedabad in¬ 
dicates that a linear relation exists between 
(.V3000)F» and the sunspot number for both 
places. 
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551.510.535:550385.4 881 
Hydromagnetic Waves in the Ionosphere 

W. E. Francis and R. Karplus. (J. Geophys. 
Res., vol. 65, pp. 3593 3600; November, I960.) 
The results of numerical integration of the hy¬ 
dromagnetic wave equations in the ionosphere 
are presented. Earlier estimates of ionospheric 
heating by hydromagnetic waves are confirmed. 

551.510.535:550.507.362.1 882 
Electron Densities in the F Region of the 

Ionosphere from Rocket Measurements: 
Parts 1 & 2—J. S. Nisbet and S. A. Bowhill. 
(J. Geophys. Res., vol. 65, pp. 3601 3614; No¬ 
vember, 1960.) The recording and analysis of 
Faraday-rotation and range-error measure¬ 
ments on radio waves from long-range military 
and satellite-launching rockets are described. 
Corrections for horizontal gradients and re¬ 
fraction are included. The results from seven 
launchings show that the vertical electron¬ 
density gradient is greatest near sunrise and 
lowest after sunset, suggesting a time lag before 
diffusive equilibrium is reached. 

551.510.535:621.391.812.63 883 
The Di, Do Layers and the Absorption of 

Radio Waves—G. C. Rumi. (J. Geophys. Res., 
vol. 65, pp. 3625-3630; November, 1960.) The 
possibility of separating absorption at different 
levels in the lower ionosphere is discussed theo¬ 
retically with experimental examples. 

551.510.535:621.391.812.63.029.45 884 
The Sunrise in the Ionosphere and its 

Repercussions on Long-Wave Propagation -J. 
Rieker. {Geofis. Pura Appl., vol. 46, pp. 241 
328; May August, 1960. In French.) The basic 
data are the records made at Zurich of the vari¬ 
ations in number and direction of arrival of at¬ 
mospherics at a frequency of 27 kc. The sudden 
fall in number of received atmospherics near 
dawn is attributed to the sunrise at a height of 
75 km at a point on the wave trajectory. The 
height of the ozone layer is found to be 28 km. 
The transitory “nose effect" in recordings of 
atmospherics is attributed to the transition 
from D-layer to E-layer propagation. 

551.510.536 885 
Physical Parameters of the Atmospheric 

Escape Layer—J. J. Gilvarry. (Nature, Lond., 
vol. 188, pp. 804-805; December 3, I960.) The 
height of the atmospheric escape layer is ap¬ 
proximately 670 km in the daytime, dropping 
to 480 km at night. The temperature of the 
layer is too low to cause the dissipation of 
helium-4 from the atmosphere and it is sug¬ 
gested that this process occurs during solar 
disturbances. 

551.510.62:551.508.8 886 
Adaptation of the Radiosonde for Direct 

Measurement of Radio Refractive Index— 
A. II. Clinger and A. W. Straiton. {Bull. Am. 
Met. Soc., vol. 41, pp. 250-252; May, I960.) 
The system described is based on standard 
meteorological sensing devices and provides an 
accuracy sufficient for many radio-propagation 
applications. 

551.594.5 887 
On the Magnetic Time Dependence of the 

Auroral Zone Currents — B. Hultqvist and G. 
Gustafsson. (J. Atmos. Terrest. Phys., vol. 19, 
pp. 246 259; December, 1960.) The geomag¬ 
netic time for the evening passage of the geo¬ 
magnetic component H through the zero¬ 
disturbance level was measured at Kiruna and 
College on 386 days. A time difference of 42 
min was found, only part of which can be ex¬ 
plained by means of higher spherical harmonic 
terms of the geomagnetic field. 

551.594.5:550.385.4 
A Dynamo Theory of the Aurora and Mag¬ 

netic Disturbance K. D. Cole (Aust. J. 
Phys., vol. 13, pp. 484 497; September, 1960.) 
A model of the aurora is examined in which a 
slab of ionized air exists parallel to the geo¬ 
magnetic field. A wind of neutral molecules 
causes movement of the aurora and certain fea¬ 
tures of auroral and magnetic disturbances are 
explained. 

551.594.6 889 
Radiation from Protons of Auroral Energy 

in the Vicinity of the Earth—W. B. Murcray 
and J. II. Pope. (J. Geophys. Res., vol. 65. pp. 
3569 3574; November, 1960.) Cyclotron radia¬ 
tion of protons in the earth’s magnetic field 
could be one source of dawn chorus. 

551.594.6 890 
Choice of a Parameter Characterizing Radio 

Whistlers—Y. Corcuff. (Amm. Geophys., vol. 
16, pp. 128 139; January-March, I960.) The 
dispersion I) is proposed as a character-figure 
for whistlers. It is also proposed that, as long as 
whistlers have a dispersion which is dependent 
on frequency, the frequency should be stated; 
zero frequency is considered optimum for this 
purpose. 

551.594.6 891 
Travelling-Wave Amplification of Whis¬ 

tlers -N. M. Brice. {J. Geophys. Res., vol. 65, 
pp. 3840 3842; November, 1960.) Theory of 
the travelling-wave tube is applied to AF 
waves in the ionosphere to explain the genera¬ 
tion of whistlers. 

551.594.6:551.594.5 892 
Auroral Noise at H.F.— R. D. Egan and 

A. M. Peterson. (J. Geophys. Res., vol. 65, pp. 
3830 3832; November, 1960.) Observations 
made with fixed-frequency back-scatter equip¬ 
ment and riometers are discussed. 

551.594.6:621.391.821 893 
On the Theory of Amplitude Distribution of 

Impulsive Random Noise and its Application 
to the Atmospheric Noise -K. Furutsu and T. 
Ishida. (J . Radio Res. Labs., Japan, vol. 7, pp. 
279-307; July-, 1960. Charts.) Atmospheric 
noise is considered to be a superposition of 
sources of independent randomly’ occurring 
Poisson noise wave packets. Theoretical ampli¬ 
tude distributions from both discrete and con¬ 
tinuous spatial distributions of sources arc 
compared with actual noise measurements with 
considerable agreement. 

551.510.535 894 
Physics of the Upper Atmosphere. [Book 

Review]—J. A. Ratcliffe, Ed. Publishers: Aca¬ 
demic Press, New York, N. Y., 586 pp., 1960. 
{J. Atmos. Terresl. Phys., vol. 19, p. 295; De¬ 
cember, 1960.) 

LOCATION AND AIDS TO NAVIGATION 

621.396.933 895 
Doppler Navigation and Tracking -B. R. 

Gardner. (Proc. IRE. vol. 48, pp. 2016-2017; 
December, I960.) An airborne Doppler CW 
mapping system operating on 9.25 Gc is 
briefly’ described and some results are given. 

621.396.96:621.396.677.089.6 :523.164.32 896 
Aerial Calibration by Solar Noise using 

Polar Display—Cufflin. (See 781.) 

621.396.96.089.6:523.164.32 897 
Aerial Investigations using Natural Noise 

Sources —E. East wood. (Marconi Rev., vol. 
23, pp. 2 20; 1st Quarter, 1960.) Experiments 
are described using radiation from the quiet 
sun as a means of measuring the polar dia 
grams of 1.5-m-X and microwave radar sys¬ 
tems. A moon-reflected solar noise signal is also 
reported. 

621.396.96.089.6: 523.264.32 898 
Some Measurements on Radar Aerials, 

using Stellar Noise M. J. B. Scanlan. (Mar¬ 
coni Rev., vol. 23, pp. 21 32; 1st Quarter, 1960.) 
Some measurements of the vertical polar dia¬ 
grams of radar antennas, using the sun as the 
source of radiation, are presented. Other 
celestial objects are considered as possible 
radiators for the calibration of antennas. 

621.396.969.36 899 
Far-Field Scattering from Bodies of Revo¬ 

lution— K. M. Siegel. (Appl. Sei. Res., vol. 
B7, no. 4. pp. 293 328; 1958.) By the use of 
approximations based on physical reasoning, 
radar cross sections for bodies of revolution 
are determined. [See also 4073 of 1959 (Brysk, 
et al A and Appl. Sei. Res., vol. B8, no. 1, pp. 
8 12; 1959 (Siegel, et al.). J 

621.396.969.36 900 
Effects of the Dielectric Coatings with Non-

uniform Thickness on the Radar Cross-Section 
of the Perfectly Conducting Sphere A. Ko¬ 
mata and Y. Mushiake. (Sei. Rep. Res. Inst. 
Tohoku Univ., Ser. B, vol. 11, nos. 3/4, pp. 
191 201; 1960.) 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

535.215:539.23 901 
On High-Voltage Photoelectromotive 

Forces in Thin Semiconductor Layers V. M. 
Lyubin and G. A. Fedorova. (Dokl. Akad. 
Nauk SSSR, vol. 135, pp. 833-836, December 
1, 1960.) Measurements have been made of the 
photo-EMF in CdTe, SbjSea, and SbsS»* BiSs 
films. Results are shown graphically. In some 
samples phot ovoltages of 150 180 v/cm were 
obtained at room temperature. 

535.215:546.47’221:539.23 902 
Hole Mobility and Crystal Size in Lead 

Sulphide Photoconductive Films II. E. Spen¬ 
cer and J. V. Morgan. (J. Appl. Phys., vol. 31, 
pp. 2024 2027; November, 1960.) 

535.2154-535.371:546.48’221 903 
The Temperature Dependence of the Ab¬ 

sorption Edge in CdS Crystals —II. Radelt. (Z. 
Naturforsch., vol. 15a, pp. 269 270; March, 
1960.) A preliminary’ report is presented on 
measurements of the spectral distribution of 
transmission in the range from 5500 A to the 
absorption edge at temperatures down to 21 °K. 
This is an extension of earlier measurements, 
and results agree with those of other authors. 
[E.£.. 1208 of 1959 (Dutton).] 

535.215:546.48’221 904 
Further Experimental Evidence on Ma¬ 

jority-Carrier Injection in CdS Single Crystals 
— I. T. Steinberger. (J . Phys. Chern. Solids, vol. 
15, pp. 354 355; October, 1960.) The work of 
Smith and Rose (2666 of 1955) and of Brier and 
Kümmel (2749 of 1958) is discussed; further 
experiments are described which show that the 
results of Smith and Rose can be explained 
only on the assumption of majority-carrier in¬ 
jection, and cannot be accounted for by’ bulk 
liberation of carriers. 

535.215:546.48’221 905 
Direct Observation of Exciton Motion in 

CdS —D. G. Thomas and J. J. Hopfield. (Phys. 
Rev. Lett., vol. 5, pp. 505-507; December 1, 
1960.) 

535.37 906 
Excitation Spectra of Vanadium-Activated 

Zinc and Cadmium Sulphide and Selenide 
Phosphors—G. Meijer and M. Avinor. (Phil¬ 
ips Res. Rept., vol. 15, pp. 225 237; June, 1960.1 
The emission in the 2-^t fluorescence band is 
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excited by absorption in two composite bands 
due to vanadium at 1.1 and 1.6 ev, by absorp¬ 
tion in an auxiliary impurity center, such as 
copper or silver, if present, and by fundamental 
excitation. |See also 3121 of 1960 (Avinor and 
Meijer).] 

535.37: (546.47’221 + 546.48’221 907 
Polarization of Fluorescence in CdS and 

ZnS Single Crystals -J. L. Birman. (J. Elec-
trochem. Soc., vol. 107, pp. 409 417; May, 
I960.) A number of models are proposed in 
which the energy-level structure of centers is 
consistent with observations of polarization. 
The Lambe-Klick model is preferred for its 
simplicity, but conclusive data are at present 
lacking. 

535.37: [546.47’221 + 546.48’221 008 
Polarization of Luminescence in ZnS and 

CdS Single Crystals A. Lempicki. (J. Elec-
trochem. Soc., vol. 107, pp. 404 409; May, 
1960.) The fluorescent emission from hexagonal 
ZnS and CdS single crystals is found to be 
polarized preferentially perpendicular to the c 
axis for both polarized and unpolarized excita¬ 
tion. Cubic ZnS crystals emit unpolarized radi¬ 
ation. 

535.37:546.47’221 909 
Fluorescence of some Activated ZnS Phos¬ 

phors—W. van Gool, A. P. Cleiren, and 
H. J. M. Heijligers. (Philips Res. Rept., vol. 
15, pp. 254-274; June, 1960.) The effects of dif¬ 
ferent activators (Ag, Cu, Au) and co-acti-
vators (Al, Sc, Ga, In) are studied, in all com¬ 
binations and at room temperature and 
- 196°C. 

535.37:546.47’221 910 
Self-Activated and Cu-Activated Fluores¬ 

cence of ZnS W. van Gool and A. P. Cleiren. 
(Philips Res. Rept., vol. 15, pp. 238 253; 
June, 1960.) Krgöer’s theory of these emissions 
[see 2228 of 1950 (Kröger and Dikhoff)] is re¬ 
viewed, and further experimental data are pre¬ 
sented, esiæcially regarding the temperature 
dependence of the fluorescence bands. 

535.37:546.47’48’221 911 
Effect of CdS Addition in ZnS:Cu,In and 

ZnS:Ag,In Phosphors E. F. Apple. (J. Elec-
trochem. Soc., vol. 107, pp. 418 422; May, 
1960.) “ZnS:Cu,In and ZnS:Ag,In phosphors 
each can show two emission bands under 
3650 A excitation, namely, in the green (short) 
and orange (long) with Cu and in the blue and 
yellow with Ag activator. Addition of CdS 
causes the ratio of intensities of the short to 
long wavelength emission to increase. This ob¬ 
servation is interpreted using the donor-accep¬ 
tor associated pair model proposed recently for 
the long wavelength emission process |187 of 
I960 (Apple and Williams)].” 

535.376 912 
A Note on Electroluminescence due to Car¬ 

rier Accumulation— H. K. Henisch and B. R. 
Marathe. (Proc. Phys. Soc., vol. 76, pp. 782 
783; November 1, 1960.) Some observations of 
electroluminescence, at present attributed to 
injection, could lx* due to recombination of ac¬ 
cumulated carriers. 

535.376 913 
Apparatus for the Study of Luminescent 

Substances under the Action of Cathodic 
Bombardment -F. Gans. (C.R. Acad. Sei., 
Paris, vol. 250, pp. 1821 1823; March 7, I960.) 
In the apparatus described, the screen is mag¬ 
netically coupled to a motor rotating at a speed 
of 2800 rpm. Results obtained with screens of 
CdS are briefly reported. 

535.376 914 
The Light Waveforms Emitted from Elec¬ 

troluminescent Cells Energized by Square 
Waves and Pulses of Voltage—G. R. Hoffman 
and D. H. Smith. (J. Electronics Control, vol. 9, 
pp. 161-216; September, I960.) Light pulses 
which rise to a maximum in less than 0.2 ̂ s can 
be obtained from electroluminescent cells under 
square-wave excitation. The pulses decay 
more slowly, taking from 2 to 3 jus to decay to 
one-third of their maximum amplitude at a 
repetition frequency of 50 kc, and about 100 jus 
at 200 cps. A proposed model of a phosphor 
crystal is discussed and the predicted effects on 
the light waveforms of variations in frequency, 
pulsewidth, and temperature are correlated 
with observations. 

535.376:546.41’221 915 
CaS:Cu, Eu Electroluminescent Phosphors 

—A. Wachtel. (J. Electrochem. Soc., vol. 107, 
pp. 199 206; March, 1960.) 

535.376 + 535.215]: 546.081’18 916 
P-N Luminescence and Photovoltaic Ef¬ 

fects in GaP II. G. Grimmeiss and H. Koel-
mans. (Philips Res. Rept., vol. 15, pp. 290 304; 
June, 1960.) Depending on the method of 
preparation, GaP crystals show either p- or n-
type conductivity. Nondo|>ed crystals show 
electroluminescence, point-contact rectifica¬ 
tion, and photovoltaic effects. A level scheme 
for GaP is proposed. The wavelength de¡x*nd-
ence of the photovoltage has been found, and 
an explanation in terms of optical and thermal 
effects is given. 

537.227 917 
Some Properties of Ferroelectrics at a Fre¬ 

quency of 3000 Mc/s -V. M. Petrov. (Fiz. 
Tverdogo Tela. vol. 2. pp. 997 1001; May, 
I960.) The small-signal UHF permittivity e 
and loss tangent tan Ô of single-crystal and 
ceramic BaTiOs and of VK1 materials have 
been measured as a function of an applied de 
field in the range 0 22 kv/cm. Both e and tan 
6 decrease on application of the de field. Hys¬ 
teresis and aging effects are observed. 

537.227 918 
Ferroelectric Domain Delineation in Tri¬ 

glycine Sulphate and Domain Arrays Produced 
by Thermal Shocks—A. G. Chynoweth and 
W. L. Feldmann. (J . Phys. Chern. Solids, vol. 
15, pp. 225 233; October, I960.) 

537.227 919 
Kinematic Theory of Ferroelectric Domain 

Growth —T. Nakamura. (J. Phys. Soc. Japan, 
vol. 15, pp. 1379 1386; August, 1960.) 

537.227 920 
Switching Properties of Tetramethyl-

ammonium-trichloromercurate -E. Fatuzzo. 
(Proc. Phys. Soc., vol. 76, pp. 797-799; Novem¬ 
ber 1, 1960.) 

537.227:546.431’824’28-31 921 
The Problem of Replacement of a Titanium 

Ion by a Silicon Ion in Polycrystalline Barium 
Titanate—L. N. Kamysheva. (Fiz. Tverdogo 
Tela, vol. 2, pp. 1002-1003; May, 1960.) A note 
is made of measurements on Ba(Ti, SÜO3 sam¬ 
ples in weak 1-kc fields showing the variation 
of permittivity with temperature in the range 
80°-160°C. 

537.227:546.431’824-31 922 
An Investigation of the Cubic-Hexagonal 

Transition in Barium Titanate— R. M. Glaister 
and H. F. Kay. (Proc. Phys. Soc., vol. 76, pp. 
763-771; November 1, 1960.) 

537.311.33 923 
Resonance Transfer of Ionization Energy in 

Semiconductors—S. Koshino and T. Ando. 
(J. Phys. Soc. Japan., vol. 15, p. 1538; August, 
1960.) An interpretation of anomalous thermal 

conductivity is given which involves depend¬ 
ence on the impurity concentration. 

537.311.33 924 
Integral Equations for Determining the 

Mobility in Semiconductors W. Franz. (Z. 
Naturforsch., vol. 15a, pp. 366 368; April, 
1960.) Equations are given for use in the itera¬ 
tion method of calculating the mobility tensor 
for strong-field conditions. 

537.311.33 925 
Free-Carrier Absorption due to Polar 

Modes in the III-V Compound Semiconductors 
—S. Visvanathan. (Phys. Rev., vol. 120, pp. 
376 378; October 15, 1960.) A quantum¬ 
mechanical calculation gives an absorption 
varying as X2 5 and such behavior is observed 
experimentally in InP and GaP. The calcu¬ 
lated value of the absorption coefficient in InP 
agrees with experiment. 

537.311.33 926 
Free-Carrier Absorption arising from Im¬ 

purities in Semiconductors—S. Visvanathan. 
(Phys. Rev., vol. 120, pp. 379-380; October 15, 
1960.) Available data for bremsstrahlung have 
been used tocalculate the absorption coefficient 
Results agree with calculations by other 
methods. The inadequacy of the Born approxi¬ 
mation is brought out. 

537.311.33 927 
Phenomenology of Impurity Conduction in 

Semiconductors -E. C. Mclrvine. (J. Phys. 
Chern. Solids, vol. 15, pp. 356 358; October, 
I960.) A simple empirical relation is deduced 
between the critical impurity concentration 
above which temperat ure-independent im¬ 
purity conduction is observed, and the static 
dielectric constant, using data on Ge, Si, 
InSb, SiC, CdS, and Mg¿Sn. 

537.311.33 928 
Measurement of Decay Times of Excess 

Carriers in Semiconductors, Excited by X-Ray 
Pulses J. A. W. van der Does de Bye. 
(Philips Res. Rept., vol. 15, pp. 275 289; June, 
1960.) The experimental method is described. 
The decay times found are of the order of 3 jus. 
and are similar to those for excess carriers ex¬ 
cited by pulses of light. 

537.311.33:535.215:538.63 929 
The Photomagnetic Effect in Isotropic 

Semiconductors and its Use in Measuring the 
Lifetime of Minority Current Carriers \. \ 
Grinberg. (Fiz. Tverdogo Tela, vol. 2, pp. 836 
847; May, 1960.) A convenient form of the 
kinetic equation is derived for current in the 
case of two types of carrier with the same sign. 
This is used to determine the photocurrent and 
photomagnetic emf in an arbitrary magnetic 
field. The photomagnetic method of measuring 
carrier lifetime is discussed and formulas are 
derived for determining the lifetime in strong 
fields. 

537.311.33:537.32 930 
Thermal Conductivity of Semiconductor 

Solid Solutions A. \ Ioffe and \. F. Ioffe 
(Fiz. Tverdogo Tela, vol. 2, pp. 781 792; May, 
I960.) The mechanism of thermal conduction 
is discussed with special reference to the scat¬ 
tering of phonons by impurities. Results of an 
experimental investigation of a wide range of 
semiconductors are tabulated and shown 
graphically. 

537.311.33:538.569.4 931 
Magneto-Plasma Resonance in Semi¬ 

conductors: Part 1 M. Date. (J. Phys. Soc. 
Japan, vol. 15, pp. 1488 1492; August I960.) 
Theory develojied for the general case where 
several kinds of free carriers are moving under 
a static magnetic field shows that, under certain 
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conditions, the résultant plasma frequency can 
be determined as though there were only one 
kind of carrier with the reduced mass of all the 
carriers concerned. 

537.311.33:538.63 932 
Theory of the Ettingshausen Effect in Semi¬ 

conductors B. V. Paranjape and J. S. Levin-
ger. (Phys. Rev. , vol 120. pp. 437 441 ; October 
15. I960.) The Ettingshausen coefficient P is 
calculated and discussed for intrinsic /»-type 
and «-type semiconductors. Results agree 
reasonably well with experimental data tor P 
as a function of temperature for different 
samples of Ge and Si. 

537.311.33:538.63 933 
Theory ot the Absorption Edge in Semi¬ 

conductors in a High Magnetic Field R. J. 
Elliott and R. Loudon. (J. Phys. Client. Solids, 
vol. 15, pp. 196 207; October, I960.) An ex¬ 
tension of previous theory [see 501 of 1959 
(Elliott, el a/.)] to include the effect of the 
Coulomb interaction of the hole-electron pair. 

537.311.33:538.63 934 
Magneto-electrical Field-Effect Measure¬ 

ments E. Aerts. (J. Electronics Control, vol. 9. 
pp. 217 228; September, 1960.) Further experi¬ 
mental results are given on the influence of 
combined orthogonal transverse electric and 
magnetic fields on the mobility of the carriers 
in the space-charge layer at the surface ot a 
semiconductor. In particular, it is shown that 
the Hall field could change the type of surface 
layer. [See 3154 of 1960 (Aerts, et al.). 1 

537.311.33 :546.23 :537.226.2/.3 935 
Dielectric Investigations on Polycrystalline 

Selenium—W. Ludwig. (Z. Naturforsch., vol. 
15a, pp. 2X5-286; March, 1960.) Report on 
measurements of the dispersion characteristics 
of dielectric constant and loss angle of high-
purity Se in the frequency range 0.5 1000 kc 
between 4-40° and - 160°C. 

537.311.33:546.28 936 
Optical Constants of Silicon in the Region 

1 to 10 eV IL R. Philipp and E. A. Taft. 
(Phys. Rev., vol. 120, pp. 37-38; October 1, 
1960.) 

537.311.33:546.28 937 
Scattering Anisotropies in n-Type Silicon— 

D. Long and J. Myers. (Phys. Rev., vol. 120, 
pp. 39 44; October 1, 1960.) Magnetoresistance 
measurements show that the main features of 
the scattering anisotropies can be represented 
by the relaxation time ratio for 
acoustic lattice scattering, and for 
ionized-impurity scattering, where n and r* 
are the relaxation times parallel and perpen¬ 
dicular to the constant-energy spheroid axes. 

537.311.33:546.28 938 
A Note on the Method of Determining 

Ionization Coefficients for Electrons and Holes 
in Silicon R. J. McIntyre. (J. Electronics Con¬ 
trol, vol. 9, pp. 229 231 ; September, 1960.) This 
is an analytical note showing that ionization co¬ 
efficients need not be equal for symmetrical 
pairs to have equal breakdown voltages, con¬ 
trary to the analysis of Shields (2625 of 1959). 

537.311.33:546.28 939 
On the Determination of Diffusion Co¬ 

efficient of Boron in Silicon J. Yamaguchi, 
S. Horiuchi, K. Matsumura, and V. Ogino* 
(J. Phys. Soc. Japan, vol. 15, pp. 1541 1542; 
August, I960.) This is a note of measurements 
made in terms of the conductivity of the dif¬ 
fused layer. 

537.311.33:546.28 940 
Long-Term Variations of the Field Effect in 

Silicon —V. G. Litovchenko and O. Y. Snitko. 

(Fiz. Tverdogo Tela, vol. 2, pp. 815 822; May, 
I960.) The main cause of long-term variations 
is the presence of water vapor in the atmos¬ 
phere. Measurements in air and in vacuum are 
reported and a critical field is defined, above 
which an additional surface conductivity is 
observed. This conductivity persists for long 
periods after the field is removed. 

537.311.33:546.289 941 
Impurity Conductivity of Germanium at 

Low Temperature B. M. Vul, E. I. Zavarit-
skaya, and L. V Keldysh. (Dokl. Akad. Nauk 
SSSR, vol. 135. pp. 1361 1363; December 21. 
1960.) Graphs show the variation ot the current 
density and the drift velocity of holes with 
field strength at temperatures of 4. 2°. 14° 
and 20.4° K. 

537.311.33:546.289 942 
Concerning the Properties of Germanium 

in a Strong Electric Field -G. M. Avak’yants. 
(Fiz. Tverdogo Tela, vol. 2, pp. 810 814; May, 
1960.) A brief analysis is presented showing that 
Paran jape’s theory (3513 of 1957) does not ex¬ 
plain the hole mobility in /»-type Ge. An inter¬ 
pretation is suggested which is based on inter¬ 
action of holes with acoustic- and optical-mode 
lattice vibrations. 

537.311.33:546.289 943 
Scattering of Hot Carriers in Germanium 

E. M Conwell and A. L. Brown J Phys. 
Chern. Solids, vol. 15, pp. 208 217; October, 
1960.) A theoretical study is presented of the 
dependence of lattice mobility of hot carriers 
on their “temperature,” for lattice temperatures 
of 300°, 78°, and 2O.4°K. The effects of impurity 
scattering are briefly considered. 

537.311.33:546.289 944 
Orientation-Dependent Dissolution of Ger¬ 

manium -F. C. Frank and M. B. Ives. (J. 
A ppi. Phys., vol. 31, pp 1996 1999. Xovember. 
1960.) The dissolution of single crystals of un¬ 
doped Ge is shown to be almost completely 
dependent on orientation. 

537.311.33:546.289 945 
Exciton and Magneto-optical Effect in 

Strained and Unstrained Germanium I). F. 
Edwards and V. J. Lazazzera. (Phys. Rev., vol. 
120, pp. 420 426; October 15, I960). Measure¬ 
ments indicate that the absorption peaks cor¬ 
respond to transitions to exciton levels associ¬ 
ated with each Landau level in qualitative 
agreement with calculations of others. A defini¬ 
tive experiment is suggested to test this theory. 

537.311.33:546.289 946 
Surface States on High-Purity Germanium 

— K. Schuegraf and K. Seiler. (Z. Naturforsch., 
vol. 15a, pp. 368 369; April. 1960.) Results are 
discussed of measurements on Ge with impurity 
concentration < 10"’/cm2, and an interpretation 
is given of the surface states resulting from ex¬ 
posure to various gases. 

537.311.33:546.289 947 
A Controlled Diffusion Process for Indium 

in n-Type Germanium F. Barson, M J. 
Dyett, C. Karan, and W. E. Mutter. (J. FAec-
trochem. Soc., vol. 107, pp. 459-461; May, 
1960.) Experimental results are given to show 
that molten In in contact with Ge can be used 
both as a getter to prevent thermal conversion 
and simultaneously as a source of In vapor for 
diffusion into Ge. The surface concentration of 
In can be reduced by dilution with Sn. 

537.311.33:546.289:538.24 948 
Magnetic Susceptibility of /»-Type Ge — 

R. Bowersand Y. Yafet. (Phys. Rev., vol. 120, 
pp. 62 66; October 1, I960.) Measured carrier 
susceptibility is compared with theoretical ex¬ 
pectations to obtain information concerning 
the band structure. 

537.311.33:546.289:538.569.4 949 
Additional Spin Resonance Spectrum in 

Antimony-Doped Germanium R. W. Keyes 
and P. J. Price. (Phys. Rev. Lett., vol. 5. pp 
473 474; November 15, 1960.) 

537.311.33:546.289:538.639 950 
The Phonon Component of the Transverse 

Thermo-magnetic Nernst Effect in /»-Type 
Germanium -Yu. X. Obraztsov, LV. Mocham, 
and T. Y. Smirnova. (Fiz. Tverdogo Tela, vol. 2. 
pp. 830 835; May, 1960.) Results of calcula¬ 
tions are compared with experimental data for 
the temperature range 96° 143°K and magnetic 
fields up to 5500 G. 

537.311.33 *. 546.289 :62 1.382 .23 95 1 
Solvent Evaporation Technique for the 

Growth of Arsenic-Doped Germanium Single 
Crystals for Esaki Diodes. F. A. Trumbore 
and E. M. Porbansky. (J. A ppi. Phys., vol. 31, 
p 2068; November . 1960. ) 

537.311.33:546.47-31 952 
Reactions of Lithium as a Donor and an 

Acceptor in ZnO. J. J. Lander. (J. Phys. 
Citent. Solids, vol. 15, pp. 324 334; October. 
I960.) The conditions for production of donors 
and acceptors by Li in ZnO are described. Solu¬ 
bilities and diffusion coefficients are given as 
well as some results for the kinetics and equili¬ 
bria of the displacement reaction. 

537.311.33:546.47’221:537.32 953 
Thermoelectricity and Thermal Conductiv¬ 

ity in the Lead Sulphide Group of Semiconduc¬ 
tors I). Greig. Phys Re .. vol. 120, pp. 358 
365; October 15, I960.) Results of measure¬ 
ments from 4° to 100°K are given and discussed. 

537.31 1.33 : [546.49’241 + 546.49’241 J 954 
Band Structures and Scattering Mecha¬ 

nisms in Single-Crystal Mercury Telluride and 
Selenide M. Rodot and H Rodot. (C.R 
Acad. Set'., Paris, vol. 250, pp. 1447 1449; 
February 22. 1960.) Measurements show that 
the conduction band is probably isotropic in 
HgTeand formed of ellipsoids in HgSe. In both 
materials scattering by acoustic phonons is 
predominant. For thermomagnetic properties 
of HgTe see 3779 of 1959 (Fumeron-Rodot and 
Rodot). 

537.311.33:546.57’86’241 955 
A Structural Study of the Compound 

AgSbTe- R. \\ Armstrong. J. W. baust. Jr., 
ami W. A. Tiller. (J. Appl. Phys., vol. 31. 
pp. 1954 1959; Xovember, I960.) 

537.311.33:546.57’86’241 956 
Anomalous Hall Effect in AgSbTe R 

Wolfe, J. II. Wernick, and S. E. Haszko 
(J. Appl. Phys., vol. 31, pp. 1959 1964; Xo-
vember, I960.) The measurement of both posi¬ 
tive and negative Hall coefficients in different 
samples is attributed to the presence of a 
second phase of Ag-Te. [See also 3146 of I960 
(Rodot). [ 

537.311.33:546.623’682’86 957 
Some Electrical Properties of the AlSb-InSb 

System Ya. Agaev and D. X. Xasledov. (Fiz 
Tverdogo Tela. vol. 2. pp. 826 829; May, 1960.) 
Investigation of the Hall effect and conduc¬ 
tivity over a wide range of temperatures. 

537.311.33:546.681’18 958 
Carrier Concentration and Hole Mobility in 

/»-Type Gallium Phosphide —G. F. Alfrey and 
C. S. Wiggins. (Z. Naturforsch., vol. 15a, pp. 
267 268; March, 1960. In English.) Results of 
measurements on polycrystalline material in 
the temperature range 100 500°K are given and 
compared with values predicted by other 
authors. 
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537.311.33:546.681’19 959 
Influence of Arsenic Pressure on the Dop¬ 

ing of Gallium Arsenide with Germanium— 
J. O. McCaldin and R. Harada. (J. A ppi. 
Phys., vol. 31, pp. 2065 2066; November, 
1960.) 

537.311.33:546.681.19 960 
Diffusion of Cadmium into Gallium Arse¬ 

nide —F. A. Cunnell and C. H. Gooch. {Nature, 
Land., vol. 188, p. 1906; December 24, 1960.) 
|See also 3945 of 1960 (Goldstein).] 

537.311.33:546.682’86 961 
Influence of the Electric Field on the Elec¬ 

trical Conductivity, Hall Coefficient, and Mag¬ 
netoresistance of n-Type InSb at Low Temper¬ 
ature Lyan Chzi-chao and D. N. Nasledov. 
(Fiz. Tverdogo Tela. vol. 2, pp. 793 798; May, 
1960.) Observed deviations from Ohm’s law 
may be be explained by assuming that electrons 
in the impurity band are excited into the con¬ 
duction band under the influence of the applied 
electric field. 

537.311.33:546.682’86 962 
Calculation of Transport Effects for a Re¬ 

laxation Time almost Independent of the 
Energy. Case of Indium Antimonide M. 
Rodot. (C.R. Acad. Sei., Paris, vol. 250, pp. 
1621 1623; February 29, 1960.) 

537.3 11.33: 546.682’86:535.2 15 963 
Impurity Photoconductivity in n-Type InSb 

E. 11. Put ley. (Proc. Phys. Soc., vol. 76, pp. 
802 805; November 1, 1960.) Photoconduc¬ 
tivity is reported in InSb containing about 10** 
impurities/cm3 when irradiated at mmX in 
magnetic fields of 4 9 kG, at temperatures of 
the order of 1.5°K. 

537.311.33:546.812’221 964 
The Preparation and the Electrical and 

Optical Properties of SnS Crystals W. Albers, 
C. Haas, and F. van der Maesen. (J. Phys. 
Chem. Solids, vol. 15, pp. 306-310; OctolM*r, 
1960.) Single crystals were prepared by heating 
the components to 900°C, and zone refining. 
The crystals were of p type with a hole density 
of 10 l7 — 10’8 cm-3 and mobility of 65 cm2/volt-
second at room temperature. 

537.311.33:546.817’231 965 
Hall Coefficient and Electrical Conductivity 

Measurements on Lead Selenide Single 
Crystals Grown from the Vapour R. II. Jones. 
(Proc. Phys. Soc., vol. 76, pp. 783 787; Novem¬ 
ber 1, 1960.) 

537.311.33:547.491 966 
Electronic Conduction and Exchange Inter¬ 

action in a New Class of Conductive Organic 
Solids R. G. Kepler, P. E. Bierstedt, and 
R. E. Merrifield. (Phys. Rev. Lett., vol. 5, pp. 
503 504; December 1, 1960.) The salts of a 
radical-anion formed by the addition of an 
electron to tetracyanoguinodimethane show a 
high electrical conductivity. The electric and 
magnetic properties of two such salts are de¬ 
scribed briefly. 

537.312.62 967 
Direct Measurement of the Superconduct¬ 

ing Energy Gap J. Nicol. S. Shapiro, and 
P. H. Smith. (Phys. Rev. Lett., vol. 5, pp. 461-
464; November 15, 1960.) The tunnelling l/V 
characteristic of an Al-AhCh-Pb sandwich 
shows a negative-resistance region when both 
metals are superconducting. From this char¬ 
acteristic the energy gap for each metal is 
derived. 

537.312.62 968 
Electron Tunnelling between Two Super¬ 

conductors I. Giaever. (Phys. Rev. Lett., vol. 
5, pp. 464-466; November 15, 1960.) The 

energy gaps of Pb, In, and Al are found from 
the tunnelling l/V characteristics of sand¬ 
wiches of these metals with Al and AI2O3. 

537.312.62:538.63 
Critical Fields of 

Indium and Tantalum 
Mapother, and D. C. 

969 
Superconducting Tin, 
—R. W. Show, D. E. 
Hopkins. {Phys. Rev., 

vol. 120, pp. 88 91; October 1, 1960.) 

538.22 970 
Model of Exchange Inversion Magnetiza¬ 

tion —C. Kittel. (Phys. Rev., vol. 120, pp. 335-
342; October 15, I960.) A thermodynamic 
theory is given of a class of magnetic crystals 
which transform from ferromagnetic to anti¬ 
ferromagnetic states as the temperature is 
varied. Applications are suggested. 

538.221 971 
Thermally Activated Ferromagnetic Do¬ 

main Wall Motion —F. D. Stacey. (Aust. J. 
Phys., vol. 13, pp. 599-601, September, 1960.) 
An elementary theory is presented which is in 
close agreement with the results of Olmen and 
Mitchell (J. Appl. Phys., vol. 30, Suppl., pp. 
258S-259S; April, 1959.) 

538.221 972 
Theory of Stability of the Magnetic States 

of Ferromagnetic Substances during Magneti¬ 
zation—E. I. Kondorskií. (Zh. Eksp. Teor. Fiz., 
vol. 37, pp. 1110-1115; October, 1959.) An 
examination is made of the factors affecting 
stability of the magnetic states of a ferro¬ 
magnetic single crystal with respect to external 
magnetic fields and elastic strains. An expres¬ 
sion is derived giving the minimum value of the 
magnetic field and stress for which irreversible 
changes of the magnetization are observed. 

538.221 973 
Contribution of the Fermi Contact Term to 

the Magnetic Field at the Nucleus in Ferro-
magnets—A. J. Freeman and R. E. Watson. 
{Phys. Rev. Lett., vol. 5, pp. 498-500; December 
1, 1960.) 

538.221 974 
Contribution to the Theory of the Tempera¬ 

ture Dependence of Ferromagnetic Anisotropy 
—E. A. Turov and A. I. Mitsek. (Zh. Eksp. 
Teor. Fiz., vol. 37, pp. 1127 1132; October, 
1959.) Mathematical analysis based on the 
phenomenological theory of spin waves is given. 

538.221 975 
Domain Patterns on “Cube-Textured" 

Silicon-Iron Sheet—L. F. Bates and R. Carey. 
(Proc. Phys. Soc., vol. 76, pp. 754 758; 
November, 1, 1960.) 

538.221 976 
On the Effect of Heat Treatment in a Mag¬ 

netic Field on Magnetic Properties of Iron-
Aluminum Alloys— M. Sugihara. (J. Phys. Soc. 
Japan, vol. 15, pp. 1456-1460; August, 1960.) 

538.221:537.312:62 977 
On the Intermediate State in Ferromag¬ 

netic Superconductors—-G. F. Zharkov. (Zh. 
Eksp. Teor. Fiz., vol. 37, pp. 1784 1788; 
December, 1959.) A calculation is given of the 
range of external magnetic field values for which 
a single-domain ferromagnetic ellipsoid can 
exist in the intermediate state. (See 1556 of I960 
(Matthias and Suhl).] 

538.221:538.569.4 978 
Ferromagnetic Resonance and the Theory 

of Phases A. Connies. (C.R. Acad. Sei., 
Paris, vol. 250, pp. 819 821 ; February 1, 1960.) 
The two maximums in the absorption curve for 
a single-crystal disk of Fe-Si measured at a 
frequency of 9375 Me are explained in terms of 
the “theory of phases” of Néel {J. Phys. 
Radium, vol. 5, nos. 11, 12, pp. 241-251, 265-
276; November/December, 1944.) 

538.221:538.65 979 
Anomalies in Internal Friction and the 

Elasticity Modulus in Ferromagnetic Sub¬ 
stances near the Curie Point K. P. Belov, 
G. I. Kataev, and R. Z. Levitin. (Zh. F.ksp. 
Teor. Fiz., vol. 37, pp. 938 943; October, 1959.) 

538.221:539.12.04 980 
Effect of Neutron Bombardment on the 

Magnetic Properties of Very-High Permeabil¬ 
ity Iron—G. Biorci, A. Ferro, and G. Monla-
lenti. (J. Appl. Phys., vol. 31, pp. 2046-2047; 
November, 1960.) Samples show lower perme¬ 
ability and higher coercive force. 

538.221:539.23 981 
Magnetic Properties of Epitaxially Grown 

Films —O. S. Heavens. {Research, Lond., vol. 
13, pp. 404 410; October, 1960.) A review is 
given of methods used and results achieved in 
the measurement of magnetic properties of epi¬ 
taxially grown ferromagnetic films. 

538.221:621.318.124 982 
Origin ov the Magnetic Anisotropy Energy 

of Cobalt Ferrite—M. Tachiki. (Progr. Theor. 
Phys., vol. 23, pp. 1055-1072; June, 1960.) The 
magnetic anisotropy of Co ferrite is considered 
to arise from the Co2+ ions in the crystalline 
field of low symmetry. 

538.221:621.318.124 983 
Magnetic Anisotropy of Iron-Cobalt Ferrite 

Measured by Ferromagnetic Resonance V. 
Sugiura. (J. Phys. Soc. Japan, vol. 15, pp. 
1461 1468; August, 1960.) The cubic magnetic 
anisotropy and the uniaxial magnetic aniso¬ 
tropy induced by heat treatment in a magnetic 
field are measured in the temperature range 
7O-25O°C. 

538.221:621.318.124:538.65 984 
Origin of Magnetoelastic Effects in Cobalt-

Iron Ferrite—J. C. Slonczewski. (J. Phys. 
Chem. Solids, vol. 15, pp. 335 353; October, 
1960.) The influence of orbitally degenerate ions 
on the magnetostrictive strain and elastic 
energy of a ferrimagnetic crystal are calculated 
for a trigonal crystal field and cubic structure. 
Some comparisons are made with experimental 
data for Co-Fe ferrite. 

538.221:621.318.134 985 
Kinetics of Magnetic Annealing in Cobalt-

Substituted Magnetite W. Palmer. (Phys. 
Rev., vol. 120, pp. 342 352; October 15, 1960.) 

538.221:621.318.134 986 
Ferrite Materials with Very Low Tempera¬ 

ture Coefficient for High Frequencies R. 
Sibille. (Onde Elect., vol. 40, pp. 586 589; 
September, I960.) Characteristic curves arc 
given for a range of Ni-Zn ferrites with varia¬ 
tions of permeability >0.02 per cent per °C 
over the range — 60°C to 4-25O°C. 

538.221:621.318.134 987 
On the Magnetic Properties of Gadolinium 

Oxides -K. P. Belov, M. A. Zaitseva, and 
A. V. Ped'ko. (Zh. Eksp. Teor. Fiz., vol. 36, pp. 
1672 1679; June, 1959.) Report and discussion 
of measurements of the variation of magnetiza¬ 
tion, coercive force and magnetostriction with 
temperative in Gd oxides of garnet and perov¬ 
skite structure. 

538.221:62 1.3 18. 134 :538.569.4 988 
Influence of the Porosity on the Width of 

the Absorption Curve of Pure and Cr- and Al-
Substituted Yttrium Garnet R. Vautier and 
A. J. Berteaud. (C. R. Acad. Sei., Paris, vol. 
250, pp. 1812-1814; March 7, 1960.) 

538.221:621.318.134:538.569.4 989 
Ferrimagnetic Resonance in Rare-Earth-

Doped Yttrium Iron Garnet: Part 1—Field for 
Resonance—J. F. Dillon Jr.., and J. W. Nielsen 
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(Phys. Rev., vol. 120, pp. 105 113; October 1. 
1960.) A description is given of experiments on 
single-crystal spheres of doped Y-Fe garnet in 
the temperature range 1.5 25°K to determine 
the field required for ferrimagnetic resonance 
as a function of crystal direction. 

538.221:621.318.134:548.0 990 
Dislocations, Stacking Faults and Twins in 

the Spinel Structure J. Hornstra. (J. Phys. 
Chem. Solids, vol. 15, pp. 311-323; October, 
1960.) 

538.222 991 
Etching Patterns on (100) Planes of the 

Single Crystal K;Co(CN) t H. Iwasaki. (J. 
Radio Res. Labs., Japan, vol. 7, pp. 3X9 403; 
July, I960.) Two types of pattern are observed: 
1) a “pyramidal" form predominating on the 
(100)+ plane and attributed to dislocation lines. 
2) a “hill-like” form predominating on the 
(100)“ plane and attributed to point defects. 
Both pat terns are attributed to impurities. 

538.222:528.569.4 992 
Spin Lattice Relaxation Times in Ruby at 

34.6 Gc/s J H. Pace, D. F. Sampson, and 
J. S. Thorp. (Proc. Phys. Soc., vol. 76, pp. 
697 704; November 1. I960.) The measured 
relaxation times show dependence on tempera¬ 
ture, transition order, and Cr concentration. 
Maser action should be possible at relatively 
high temperatures. Preliminary results were 
noted earlier (2107 to 1960). 

538.222:538.569.4 993 
Rotational Properties of Paramegnetic 

Resonance Spectra of Noncubic Crystals M. 
Sachs. (J. Phys. Chem. Solids, vol. 15, pp. 291 -
305, October, 1960.) 

MATHEMATICS 
517.918 994 

Laurent-Cauchy Transforms for Analysis of 
Linear Systems Described by Differential-
Difference and Sum Equations —E. I. Jury: 
Y. H. Ku and A. A. Wolf. (Proc. IRE, vol. 48, 
pp. 2026 2027; December, I960.) Comment on 
2854 of 1960 and the author’s reply are given. 

519.271 995 
Generalized Padé Approximation J. L. 

Stewart. (Proc. IRE, vol. 48, pp. 2003 2008; 
December, 1960.) Approximation by minimiz¬ 
ing the magnitude of the complex error vector 
in the steady state is considered, and its relation 
to conventional approximations for magnitude 
alone and phase alone is discussed. 

MEASUREMENTS AND TEST GEAR 

621.018.41(083.74) : 62 1.373.42 1.13 996 
Atomic-Clock Accuracy for Crystal Oscilla-

tors—K. Nygaard. (Electronics, vol. 33, pp. 
82 83; November, 1960.) A servo-system for 
locking crystal oscillators to a standard¬ 
frequency signal such as WWV is described. 

621.317.3:537.311.33 997 
An Analysis of the Circuit of Dauphinee and 

Mooser for Measuring Resistivity and Hall 
Constant L. J. v. d. Pauw. (Rev. Sei. Instr., 
vol. 31, pp. 1189 1192; November, I960.) 
Switch capacitance is shown to introduce sys¬ 
tematic errors whose magnitude is estimated; 
they can be eliminated by suitably placed 
trimming capacitors and a definite switching 
sequence. [See 201 of 1956 (Dauphinee and 
Mooser).] 

621.317.35.029.4 998 
Using Digital Techniques in L.F. Spectrum 

Analysis B. Grand, L. Packer, and J. L. West. 
(Electronics, vol. 33, pp. 78-81; November, 
1960 ) Spectrum analysis over the range 0.0025 
cps to 1 kc is made using a change-of-time-

scale principle. Components of transient as 
well as harmonic content are measured. 

621.317.412:537.311.33 999 
A Sensitive Magnetic Balance for Deter¬ 

mining Small Differences in Susceptibility 
D. Geist. (Z. Phys., vol. 158, pp. 359 366; 
March 14, 1960.) A torsion pendulum is de¬ 
scribed for measuring the susceptibility dif¬ 
ference between semiconductor specimens with 
differing doping. For measurements carried out 
with this balance see 618 of February and back 
references. 

621.317.444:550.380.8 1000 
Terrestrial-Field Magnetometer using Nu¬ 

clear Paramagnetic Resonance with Dynamic 
Polarization ot Nuclei -(Onde Elect., vol. 40. 
pp. 590 601, September, 1960.) 

Part 1. Theoretical Considerations J. 
Freycenon and I. Solomon (pp. 590 595). 

Part 2. Design and Construction -J. Frey¬ 
cenon (pp. 596-601). 

621.317.444:621.385.832.032.26 1001 
Investigation of Focusing Magnets M. 

Arnaud and O. Callen. (Rev. Tech. Comp, 
franç. Thomson-Houston, pp. 41 58; February, 
1960.) Descript on of a turbine magnetometer 
for recording fields of 1 104 oersteds. The 
measuring ¡»robes have a diameter of 6 or 9 mm 
and consist of a compressed-air-driven copper 
vane in which a current is induced under the 
influence of the magnetic field and which in 
turn induces current in a fixed coil connected 
to the recording amplifier. The magnetometer 
is used in conjunction with an electrolyte tank 
to design focusing systems for O-type tubes. 

62 1.3 17.7 :62 1.373.42.029.5 :62 1.396.67.08 
1002 

A Portable H.F. Spectrum Generator for 
Antenna Calibration N. Burtnyk. (Electronics 
Engrg., vol. 32, pp. 767 -769; December, 1960.) 
Description of a pulsed harmonic generator pro¬ 
viding signals at 200-kc intervals from 200 kc 
to 30 Me with a high order of stability, which 
is attained by use of a crystal. 

621.317.725 1003 
An Electronic Digital Voltmeter—J. L. J. 

van Vroonhoven and A. M. Muhlbaum. (In¬ 
str. Practice, vo . 14, pj>. 1317-1319; December, 
1960.) The experimental voltmeter is described 
with a range of Q-1V and operating at a rate of 
100 measurements per second; it incorporates 
secondary-emission distributor tubes as step-
ping switches. [See Instr. Practice, vol. 14, pp. 
1313 1316; December, 1960. (van Vroon¬ 
hoven).! 

621.317.733 1004 
A Method of Controlling the Effect of Re¬ 

sistance in the Link Circuit of the Thomson or 
Kelvin Double Bridge I). Ramaley. (J. Res. 
NBS, vol. 64C, pp. 267 270; October-Decem¬ 
ber, 1960.) Simple modifications to minimize 
the potential difference in the link circuit in¬ 
clude a supplementary power source and an 
auxiliary galvanometer. A step-by-step pro¬ 
cedure is outlined for making measurements 
with bridges incorporating these modifications. 

621.317.737.029.65 1005 
High-Q Wavemeter Design -E. F. Good¬ 

enough. (Marconi Rev., vol. 23, pp. 85-98; 2nd 
Quarter, 1960.) The principles and compre¬ 
hensive design details are given for a cavity¬ 
resonator type of wavemeter. For a particular 
wavemeter covering the frequency range 33 36 
Gc, a Q of over 70,000 is claimed. 

621.3 17.77.088 :62 1.372.852.2 1006 
Error Analysis of a Standard Microwave 

Phase Shifter - Schaf ter and Beatty. (See 
777.) 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

531.7:538.682 1007 
Mechanical Measurement -M. Nalçcz. 

Electronic Technol., vol. 38, pp. 15 1 7 ; January, 
1961.) A method of measuring small displace¬ 
ments utilizing the Hall effect in semiconduc¬ 
tors is described. 

531.719.33:621.3.087.4 1008 
Water-Level Surge Recorder E. G.Sandels. 

(Electronic Technol.. vol. 38, pp. 2 10; January, 
1961.) The circuits, including a two-stage active 
RC-network low-pass filter with a cutoff fre¬ 
quency of 0.07 cps, are fully described. 

621.362:621.387 1009 
Effect of Magnetic Fields on Thermionic 

Power Generators A. Schock. (J. Appt. 
Phys., vol. 31, ¡»i». 1978 1987; November, 
1960.) The high currents present in large ther¬ 
mionic power generators produce magnetic 
fields which reduce efficiency. An applied mag¬ 
netic field parallel to the current flow will cor¬ 
rect this. The possibility of generating alter¬ 
nating current by using a modulated field coil 
current is noted. [See also 4353 of 1960 
(Garvin, et al A [ 

621.362:621.387 1010 
Effect of Interelectrode Spacing on Cesium 

Thermionic Converter Performance R. L. 
Hirsch. (J. Appl. Phys., vol. 31. pp. 2064 2065; 
November, I960.) The graphs presented show 
that efficiency is very dependent upon electrode 
spacing for medium-temperature devices, 
where Cs is used to modify emitter work func¬ 
tion and space charge. 

621.383:535.24 1011 
Double-Modulation Photometer —I I. P. 

Kalmus. (Rev. Sei. Instr., vol. 31, i>i>. 828 832; 
August, 1960.) Details are given of a bridge in¬ 
strument in which the photocurrent is modu¬ 
lated by an RF signal of 1 Me chopped at 75 
cps. A signal/noise* ratio of 100 may be ob¬ 
tained at a bandwidth of 1 c/s; the maximum 
sensitivity is 4X 10 9 lu. 

621.383:681.6 1012 
Nonscanning Character Reader uses Coded 

Wafer L. R. Brown. (Electronics, vol. 33, pp. 
115 117; November 25, 1960.) A description is 
given of a lenticular-array/photocell system for 
recognizing characters or patterns. 

621.385.833 1013 
Fifth-Order Spherical Aberration of Mag¬ 

netic Lenses —G. D. Archard. (Bril. J. Appl. 
Phys., vol. 11. pp. 521 522; November, 1960.) 
For moderat e- strength lenses of the bell-
shaped-field type, third- and fifth-order co¬ 
efficients are numerically very similar. 

621.387.464 1014 
Performance of Large-Area Scintillation 

Counters -C. F. Barnaby and J. Barton. 
(Proc. Phys. Soc., vol. 76, pp. 745 753 . Novem¬ 
ber, 1960.) The light collection efficiency is 
shown to be greater if the photomultiplier is in 
optical contact with the phosphor. Counters 
with and without this advantage are compared 
with an experimental design described. 

621.398.621.387.4 1015 
Telemetering Radiation Data by Frequency 

Variation H. K. Richards. (Electronics, vol. 
33, pp. 84 87; November 11. 1960.) The rela¬ 
tive advantages of three types of radiation 
monitor are discussed. 

PROPAGATION OF WAVES 

621.391.812.5:523.5 1016 
Volume Density of Radio Echoes from 

Meteor Trails N. Carrara, P. F. Checcacci, 
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and L. Ronchi. (Proc . IRE, vol. 48, pp. 2031 
2032; December, 1960.) A method is descrilx'd 
for determining the number of echoes received 
per unit time as a function of the region of 
the sky where the receiver beam crosses the 
transmitter beam. 

621.391.812.5:523.5 1017 
The Fading of Radio Waves Reflected 

Obliquely from Meteor Trails -G. S. Kent. 
(J. Almos. Terre st. Phys., vol. 19. pp. 272 283; 
December, 1960.) Bursts of signal received over 
a distance of 500 km on a frequency of 53 Me 
in England have been studied. Spaced antennas 
allowed the structure of the diffraction pattern 
to be estimated. The reasons for the observed 
fading of the signals have been deduced. 

621.391.812.62 1018 
Some Thoughts on the Propagation of Radio 

Waves Through the Troposphere J. A. Sax¬ 
ton. (.Onde Elect., vol. 40, pp. 505-514; July/ 
August, 1960.) A survey of developments in 
the field of tropospheric propagation and a 
review of current theories advance to explain 
propagation beyond the horizon are given; the 
most satisfactory model is considered to be one 
based on a layered troposphere. 58 references. 

621.391.812.62 1019 
Radio Wave Propagation and Attenuation 

in the Troposphere E. M. Hickin. (Research, 
Lond., vol. 13, pp. 503 506; December, 1960.) 
The attenuation of microwaves due to meteoro¬ 
logical phenomena is discussed. C ontours are 
given of constant path length for equal “out-of-
service” time for 11-Gc radio links in Europe; 
these contours are based on published rain¬ 
fall data. 

621.391.812.621 1020 
The Equivalent Gradient: Direct Measure¬ 

ment and Theoretical Calculation P. Misme. 
(Ann. Télécommun., vol. 15, pp. 92 99; 
March/April, 1960.) If variations in the gradi¬ 
ent of the refractive index as a function of 
height are ignored, the path between trans¬ 
mitter and receiver may be drawn as an arc of 
a circle, defined by the positions of both ends 
of the link and the transmission angle. This cor¬ 
responds to a constant refractive-index gradient 
called the “equivalent gradient.’’ Experi¬ 
mental values of this gradient have been ob¬ 
tained from radar measuiements between 
Corsica and Southern France, and theoretical 
values are calculated for Niamey in West 
Africa. ¡See also IRE Trans, on Antennas 
and Propagation, vol. A P-6, pp. 289 292; 
July, 1958.) 

621.391.812.63 1021 
Scattering of Electromagnetic Waves from 

a Nondegenerate Ionized Gas J. Renau. (J. 
Geophys. Res., vol. 65, pp. 3631 3640; Novem¬ 
ber, I960.) The scattering cross section for an 
ionized gas in thermal equilibrium is derived 
and compared with ionospheric experimental 
observations. The cross section of turbulent ir¬ 
regularities is also discussed, and the relative 
importance of the two kinds of scattering at 
different wavelengths is considered. 

621.391.812.63 1022 
Flutter Fading of Short-Wave Radio Signals 

in Equatorial Regions and its Connection with 
Spread Echoes, Magnetic Storms and the 
Radiation Belt —C. Lal. (J. Inst. Telecomm un. 
Engrs., India, vol. 6, pp. 223-230; August, 
1960.) The effect of the flutter fading on the 
broadcasting services of all India Radio broad¬ 
casting services is summarized. The cause is 
assumed to be the turbulence created by inter¬ 
action between high-energy particles of the 
inner Van Allen belt and the upper edge of the 
F region when it rises soon after local sunset. 

621.391.812.63:551.510.535 1023 
The Di, D_> Layers and the Absorption of 

Radio Waves Ruini. (See 883.) 

RECEPTION 

621.391.822:551.578.1 1024 
The Effect of Rain on the Noise Level of a 

Microwave Receiving System D. C. Hogg 
and R. A. Semplak. (Proc. IRE, vol. 48, pp. 
2024 2025; December. 1960.) A note is given 
on the noise levels observed using a low-noise 
receiving system [1379 of 1960 (DeGrasse, et 
a/.)), which are much higher when rain occurs 
or is imminent at the receiver location. 

621.396.62.001.4 1025 
The Monitoring of Receiver Performance 

under Operational Conditions O. E. Kealle. 
(Marconi Rev., vol. 23, pp. 53 58; 2nd Quarter, 
1960.) Techniques for checking receiver per¬ 
formance using a gas-discharge noise source to 
provide a constant signal are discussed. Block 
schematic diagrams are given for suggested 
daily and semi-automatic checks and for con¬ 
tinuous monitoring. 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.396.215 1026 
A Comparison between Alternative H.F. 

Telegraph Systems J. V. Beard and A. J. 
Wheeldon. (Point to Point Telecommun., vol. 4, 
pp. 20 48; June, 1960.) The comparison is in 
terms of an ideal detector. In high-frequency 
propagation, a two-tone system gives sub¬ 
stantially the best performance for multi¬ 
channel telegraphy, ami is slightly superior to 
FSK for simple-channel telegraphy. 

621.396.215 1027 
An Improved Decision Technique for Fre¬ 

quency-Shift Communications Systems E. 
Thomas. (Proc. IRE, vol. 48, pp. 1998 2003; 
December, 1960.) A description is given of a 
variable-decision-threshold device which en¬ 
ables a frequency-shift signaling system to use 
information in mark and space channels inde¬ 
pendently, resulting in an improvement in cir¬ 
cuit quality where fading exists between mark 
and space frequencies. Results of tests over 
several ionospheric scatter circuits show im¬ 
provements in signal detectability of 10 16 db. 

621.396.4 1028 
Interstitial Channels for Doubling TD-2 

Radio System Capacity H. E. Curtis, T. R. D. 
Collins, and B. C. Jamison. (Bell Sys. Tech. J., 
vol. 39, pp. 1505 1527; November, 1960.) 
Laboratory and field measurements show that 
by using cross-polarization antenna systems 
and IF filters, the interstitial channels can be 
operated without detriment to the existing 
channels. 

621.396.43:551.507.362.2 1029 
A Possible Long-Range Communications 

Link between Ground and Low-Orbiting Satel¬ 
lites—M. S. Macrakis. (J. itmos. Terrest. 
Phys., vol. 19, pp. 260 271; December, 1960.) 
Under certain restrictive conditions, a ray 
properly injected into the ionosphere can travel 
long distances without entering the upper at¬ 
mosphere. A possible method of injection is 
discussed. 

621.396.97:534.76 1030 
Engineering Performance of Six Proposed 

Stereo Systems -A. P. Walker. (Electronics. 
vol. 33, pp. 85 89; November 18, 1960.) Field 
information is presented i elevant to the evalua¬ 
tion undertaken by Panel 5 of the NSRC. The 
methods used to obtain the data are briefly 
described. 

SUBSIDIARY APPARATUS 

621.3.087.4:621.395.625.3 1031 
Instrumentation Wide-Band Magnetic Tape 

Recording J. P. Pritchard. (Electronic Engrg., 
vol. 32, pp. 762 766; December, 1960.) The 
development of a recorder with a bandwidth 
from de to 4 Me is described. 

621.3.087.4:621.395.625.3 1032 
The Mechanical Considerations of Mag¬ 

netic Recording Heads M. B. Martin. (J. 
Bril. IRF, vol. 20, pp. 877 883; November, 
I960.) Manufacturing problems associated 
with mult it rack heads are discussed in relation 
to the effects of mechanical variations on head 
performance. Performance criteria are listed. 

621.3.087.4 :62 1.395.625.3 :681.142 1033 
Some Engineering Aspects of Magnetic 

Tape System Design—D. W. Willis and P. 
Skinner. (J. Bril. IRE, vol. 20, pp. 867-876; 
November, 1960.) A system is described for the 
evaluation of random and transient effects in 
terms of specific measurements on waveforms 
generated by standard tapes rather than in 
terms of dimensional tolerances. 

62 1.3.087.4 :62 1.395.3:681.142 1034 
A Fast Start/Stop Machine for Handling 

Magnetic Tape W. C. R. Withers. (J. Bril. 
IRE, vol. 20, pp. 857-866; November, I960. 
Discussion, pp. 884 885.) The J-inch-wide tape 
is handled at a speed of 100 inches per second 
with start/stoj) times of 3 msec (referred to 90 
per cent of the final speed). The tape loop 
length is controlled by phototransistors driving 
an error-correcting servomechanism. 

621.3.087.4 :621.395.625.3 :681.142 1035 
The Development of a High-Performance 

Tape Handler IL M. Harrison. (J. Bril. 
IRE, vol. 20. pp. 841 856; November, 1960. 
Discussion, pp. 884 885.) Magnetic tape 1 inch 
wide is handled completely “out of contact’’ at 
200 inches per second by means of vacuum 
techniques. Start, stop, and reverse times are 
better than 5 msec. 

621.314.5:621.382.3 1036 
Stabilized Voltage Supplies using Transis¬ 

tors J. S. Bell and P. G. Wright. (Electronic 
Engrg., vol. 32, pp. 758 731; December, 1960.) 
Two completely transistorized circuits are de¬ 
scribefl which produce ±300 v de from a 28 v 
de supply. 

621.314.63 1037 
Reverse Characteristics with Surface Break¬ 

down of Silicon p-Sp-n Rectifiers O. Jäntsch. 
(Z. Naturforsch., vol. 15a, pp. 302 307; April, 
1960.) The influence of surface recombination 
on the reverse and breakdown characteristics is 
investigated. Measurements were made on Si 
rectifiers with weakly doped diffusion region, 
which had been exposed to dry nitrogen and 
oxygen with or without ozone for different 
lengths of time, with or without heat treat¬ 
ment. For measurements in moist gases see 
J. Naturforsch., vol. 15a, pp. 141 149, Febru¬ 
ary, 1960.) 

621.316.721.078.3:621.318.381 1038 
Stabilization of a Magnetic Field by means 

of a Galvanometer Photocell Assembly R. 
Stefant. (C. R. Acad. Sei , Paris, vol. 250, 
pp. 1453 1455; February 22, 1960.) A note is 
given on the application of a galvanometer/ 
amplifier system |3571 of 1958 (Sauzade)) for 
magnet ic-field stabilization. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.13(43) 1039 
Television in Germany—R. Möller. (J. 

Tela*. Soc., vol. 9. pp. pp. 247 259; July-
September. 1960. Discussion, pp. 259 262.) 
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A survey is presented of the history and present 
state of the German television network, the 
studios used, and their technical equipment. 

621.397.132.001.4 1040 
Equipment for the Generation of Colour 

Bars for the N.T.S.C. Standard—G. Bolle. 
(Elektron. Rundschau, vol. 14, pp. 85 86; 
March. 1960.) (See 345 of January, 1961.) 

621.397.331.24 1041 
Electron-Optical Properties of a Flat Tele¬ 

vision Picture Tube E. G. Ramberg. (Proc. 
IRE, vol. 48, pp. 1952 1960; December, 1960.) 
Ray paths and cocusing properties are calcu¬ 
lated for the deflection and ecceleration fields 
of a flat picture tube with lateral injection 
similar to that described by Aiken (977 of 
1958). 

621.397.331.24 1042 
High-Slope Television Picture Tubes for 

Low Modulation Voltages E. Gundert and 
II. Lotsch. (Telefunken Zig., vol. 33, pp. 58 65; 
March, 1960. English summary, pp. 74 75.) 
The design principles of high-transconductance 
tubes are reviewed. 39 references. 

621.397.331.24:621.385.832.032.269.1 1043 
Focus Reflex Modulation of Electron Guns 

Schlesinger. (See 1052.) 

621.397.334:621.397.621 1044 
Beam Indexing Tubes I. Macwhirter. 

(Wireless World, vol. 67, pp. 2 7, 92 98; 
January/February, 1961.) The single-gun pic¬ 
ture tube described has none of the deficiencies 
of the shadow-mask type of tube. The neces¬ 
sary modification of the NTSC signal is dis¬ 
cussed, and details are given of a suitable tele¬ 
vision display unit providing the requisite in¬ 
dexing and synchronization facilities. 

621.397.6(204) 1045 
Equipment for Underwater Television K. 

Schultz. ( V DI Z . vol. 102, pp. 339 346; March 
21, 1960.) A review is given of international de¬ 
velopments in this field with a description of an 
underwater trailing unit capable of carrying up 
to three television cameras and lighting equip¬ 
ment. The depth of submersion is remotely con¬ 
trolled from the ship which tows the equipment. 

621.397.62:621.396.679.4 1046 
Television Downleads: a Survey— R. J. 

Slaughter. (J. Tclev. Soc., vol. 9, pp. 288 293; 
July-September, 1960.) 

TRANSMISSION 

621.396.61.026 :621.391.812.44 1047 
The Influence of Sunspot Number on 

Transmitter Power Requirements for H.F. 
Ionospheric Circuits F. T. Koide. (Proc. 
IRE, vol. 48, pj). 2033 2035; December, 1960.) 
Formulas are derived for calculating the change 
in radiated power, as a function of sunspot 
number, necessary to maintain a constant field 
strength at a receiver. 

TUBES AND THERMIONICS 

621.382.23 1048 
Avalanche Breakdown in a Diode with a 

Limited Space-Charge Layer Z. S. Gribnikov. 
(Fiz. Tverdogo Tela, vol. 2, pp. 854 856; May, 
1960.) An estimation is given of the lowering of 
the breakdown voltage in a diode with closely 
spaced rectifying and ohmic contacts, assuming 
that the ionization coefficients of carriers de¬ 
pend strongly on the field. 

621.382.23:621.373.029.65 1049 
Millimetre-Wave Esaki-Diode Oscillators 

—C. A. Burrus. (Proc. IRE, vol. 48, p. 2024; 
December, 1960.) Performance data are given 

for Esaki diodes made by electrically “forming" 
a point contact between Zn and heavily doped 
n-type GaAs. Maximum power obtained was 
25 at 50 Gc, falling to 2 /*W at 90 Gc. 
[See also 359 of January, 1961 (Trambarulo and 
Burrus). I 

62 1.382 .23 :62 1.375.9:621.372 .44 1050 
Noise-Figure Measurements Relating the 

Static and Dynamic Cut-Off Frequencies of 
Parametric Diodes —C. R. Boyd. (Proc. IRE, 
vol. 48, pp. 2019 2020; December, 1960.) 
Measurements have been made at about 8.2 
Gc with a number of Ge and Si diffused-
junction mesa-type diodes. A quantitative cor¬ 
respondence between experimental and ana¬ 
lytical behavior is evident and a static-to-
dynamic cutoff frequency ratio of 10 is indi¬ 
cated. 

62 1.385.832.032.26 :62 1.3 17.444 
Investigation of Focusing 

Arnaud and Cahen. (See 1001.) 

1051 
Magnets— 

621.385.832.032.269.1:621.397.331.24 1052 
Focus Reflex Modulation of Electron Guns 

—K. Schlesinger. (J. Telev. Soc., vol. 9, pp. 
263 271 ; July September, 1960.) Source focus¬ 
ing by electron lens, and modulation from low 
drive signals by electron reflection, are in¬ 
corporated in an advanced CR-tube gun de¬ 
sign. [See also 3128 of 1959. J 

621.387:621.362 1053 
Effect of Magnetic Fields on Thermionic 

Power Generators Schock. (See 1009 

621.387:621.362 1054 
Effect of Interelectrode Spacing on Cesium 

Thermionic Converter Performance -Hirsch. 
(See 1010.) 
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Calculation of the Gain-Frequency Characteristic of an Audio Am¬ 
plifier Using a Digital Computer, D. E. Brinkerhoff. 132 

Photo-Sensitive Resistor in an Overload-Preventing Arrangement, 
J. R. de Miranda . 137 

Contributors 

Vol. AU-8, No. 5, September-October, 1960 
The Editor’s Corner, Ai. Camras. 141 
PGA News. 142 
Perception of Stereophonic Effect as a Function of Frequency, 
W. H. Beaubien and H. B. Moore. 144 

Listener Ratings of Stereophonic Systems, H. B. Moore. 153 
A 1» IPS Magnetic Recording System for Stereophonic Music, 

P. C. Goldmark, C. D. Mee, J. I). Goodell, and IF. P. Guckenberg. . 161 
Signal Mutuality in Stereo Systems, P. W. Klipsch. 168 
Stereophonic Localization: An Analysis of Listener Reactions to 

Current Techniques, J. M. Eargle. 174 
Compatible Cartridges for Magnetic Tapes, M. Camras. 178 
Correspondence 
Recorded Tapes, A. Watson III. 185 
Terminology for Stereo with Two Signals and a Derived Center 

Output, P. IF. Klipsch. 185 
Contributors. 186 

Vol. AU-8, No. 6, November-December, 1960 
The Editor’s Corner, M. Camras. 189 
PGA News. 190 
Transistor Power Amplifiers With Negative Output Impedance, 

IF. Steiger ......................... 195 
A Transistor Push-Pull Amplifier Without Transformers, J. II. 

Caldwell. 202 
Automatic Spectral Compensation of an Audio System Operating 

with a Random Noise* Input, C. E. Alaki .  206 
A New Cardioid-Line Microphone, R. C. Ramsey. 219 
Choice of Base Signals in Speech Signal Analysis, L. Dolansky 221 
The Use of Pole-Zero Concepts in Loudspeaker Feedback Compen¬ 

sation, W. H. Pierce.  229 
Correspondence 
Amplitude Limitations in Nonlinear Distortion Correction, G. W. 

Holbrook and E. P. Todosiev. 235 
Contributors. 236 
Annual Index, 1960, D. W. Martin . Follows page 236 

Automatic Control 
Vol. AC-5, No. 1, January, 1960 

Foundations of Control, The Editor. 1 
The Issue in Brief . ..   2 
The International Federation of Automatic Control, H. Chestnut 3 
Dynamic Programming and Adaptive Processes: Mathematical 
Foundation, R. Bellman and R. K alaba. 5 

The Properties and Methods for Computation of Exponentially-
Mapped-Past Statistical Variables, J. Otterman ............... 11 

Generalized Weighting Function and Restricted Stability of a 
Linear Pulse-Modulated Error Feedback, W. A. Janos 18 

Optimization Based on a Square-Error Criterion with an Arbitrary 
Weighting Function, G. J. Murphy and N. T. Bold. 24 

Multiple-Rate Sampled-Data System, L. A. Gimpelson. . 30 
Automatic Control of Three-Dimensional Vector Quantities—Part 

2, A. S. Lange. 38 
Root Locus Properties and Sensitivity in Control Systems, H. Ur . . 57 
Time Lag Systems—A Bibliography, N. H. Choksy. 66 
Correspondence 
Properties of Root Locus Asymptotes, C. S. Lorens and R. C. 
T itsworlh. 71 

Contributors. 73 
PGAC News. 75 

Vol. AC-5, No. 2, June, 1960 
Originality and Importance of Technical Papers, The Editor 77 
The Issue in Brief. 78 
Accuracy Requirements of Nonlinear Compensation for Backlash, 

D. Schulkind 79 
Specification of the Linear Feedback System Sensitivity Function, 

IF. AI. Alazer. 85 
Synthesis of Linear, M ultivariable Feedback Control Systems, I. M. 

Horowitz. (,4 
.Automatic Control of Three-Dimensional Vector Quantities—Part 

3, A. S. Lange. 106 
Statistical Evaluation of Digital-Analog Systems for Finite Operat¬ 

ing Time, R. B. Northrop and G. W. Johnson 118 
A Mathematical Representation of Hydraulic Servomechanisms, 

J. J. Rodden 129 
A General Method for Deriving the Describing Functions for a 

Certain Class of Nonlinearities, R. Sridhar. 135 
Soviet Literature on Control Systems, P. L. Simmons and H. A. 
Pappo . 142 

Correspondence 
Adaptive and Optimalizing Control Systems, P. Eykhoff 148 
A Note on Third-Order Linear Systems, P. R. Clement. 151 
Improved Transient Response in Servo Systems with Input Modifi¬ 

cations, B. Chatterjee. 152 
Contributors. 154 

Vol. AC-5, Xo. 3, August, 1960 
The Incremental Phase Plane for Nonlinear Sampled Data Systems, 

J. A. Aseltine and R. A. Nesbit. 159 

On the Existence and Uniqueness of the Optimal M ultivariable Sys¬ 
tem Synthesis, M. D. Mesarovic. 166 

On Optimal and Suboptimal Policies in the Choice of Control Forces 
for Final-Value Systems, M. Aoki. 171 

A Study of Asynchronously Excited Oscillations in Nonlinear Con-
trol Systems, < I. Edgerd. 179 

On the Optimum Synthesis of Sampled Data Multipole Filters with 
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Latorre, V. R.: EC Jun 252 
Lavrencb, W.: AP Nov 548 
Lawler, E. L. : EC Sep 342 
Lawson, T. C.: BTR Jul 10, Nov 

42 
Learner. D. B.: HFE Sep 69 
LeCorbeiller, P. : CT Dec 387 
Ledley, R. S.: ME Jan 31, Oct 274 
Lee. E. B. : AC Sep 283 
Leeds, S. E.: ME Apr 105 
Lefschetz, S.: CT Dec 474 
Lehman, M.: EC Dec 510 
Leichter, M.: AP May 268; MTT 
Nov 667 

Leipnik, R.: IT Sep 502 
Leistner, K.: MIL Oct 591 
Leith, E. N.: IT Jun 386 
Leon, B. J.: CT Sep 321 
Leondes, C. T.: AC Aug 193 
Leopard, G. W.: AP Mar 158 

Lerner, D. S. : MTT Mav 343, Nov 
651 

Lerner, R. M.: IT Jun 373 
Letov, A. M.: CT Dec 469 
Levin, B. R.: RQC Apr 14 
Levin, M. J.: CT Mar 50; IT Dec 

545 
Levis, C. A.: AP Mar 218, Sett 461 
Levy, R.: MTT Sep 573 
Lewandowski, S. J. : MTT Mar 249 
Lewellyn-Thomas, E.: ME Jul 196 
Lewis, W. D.: VC May 43 
Licht, J.: MIL Apr-Jul 245 
Lichtenberger, W. W.: CT Mar 78 
Licklider, J. C. R.: HFE Mar 4 
Lieb, D. P.: ED Oct 257 
Lim, M.: CT Jun 158 
Lin, H. C.: ED Jul 174 
Lincoln, R. S. : RQC Apr 97 
Lindaman, R.: EC Sep 338 
Lindberg. B.: ME Oct 334 
Linden, B. R. : NS Jun Sep 61 
Linden, D.: MIL Apr Jul 313, 

Oct 497 
Lindorff, D. P.: AC Sep 296 
Lindsay, J. E., Jr.: AP Jul 439 
Linnes. K. W : SET Mar 45 
Lipinski, W. C.: NS Dec 25 
Lipkin, M.: ME Oct 243 
Lipp, J. P.: IT Dec 557 
Lipton, M. A.: MIL Oct 514 
Lisbin, D. M.: CP Jun 44 
Littlewood, J. E. L.: CT Dec 535 
Lo, V. T.: AP Mav 347 
Lob, W.: EM Sep 96 
Loeffel, R.: ME Jul 228 
Loeser, C. N.: ME Jul 138 
Loewe, R. T.: RQC Sep 6 
Lomer, P. D. : MTT Nov 652 
Loomis, R. IL: AC Aug 209 
Long, A. L.: MIL Oct 419 
Longo, C. V.: E Feb 25 
Lorens, C. S. : AC Jan 71 
Louis, H. P. : ED Apr 95 
Lowrie, R. W.: SET Jun 67, Sep-
Dec 102 

Lucky, R. W.: CS Dec 232 
Luddy, E. N.: BC Mar 22 
Lundquist, C. A.: MIL Apr-Jul 

355 
Lunt. B. L.: NS Jun Sep 35 
Lusted, L. B.: ME Jan 31, Jul 200, 
Oct 255, 293 

Lutsch, A.: UE Jun 85 
Lynch, J. T.: EC Dec 418 
Lynn, D. K.: CT Aug 92 

M 
Ma, M. T.: AP Mav 255 
MacDonald, J. K.: BC Sep 12 
MacDonald, J. R.: AU May-Jun 

104 
Mack, D. A.: NS Jun-Sep 89 
Mackay, R. S.: ME Apr 61, 67, 

74, 77, 80, 87, 94. 98, 104, 111, 
114, Oct 349 

Mackey, R. C.: AP May 235 
Mackintosh, I. M. : NS Jun-Sep 185 
Mackworth, N. IL: ME Jul 196 
MacLean, T. S. : MTT Mar 251 
Maizell, R. E.: EM Jun 69 
Maki, C. E.: AU Nov Dec 206 
Malinofsky, W. W.: MIL Oct 448 
Maisky, S. J.: ME Jul 193 
Mammel, W. L. : SET Sep-Dec 

145 
Manamon, L. H.: MIL Apr-Jul 

327 
Manasse, R.: AP Jan 50 
Mancebo, L. : I Dec 355 
Manheimer, B. H.: HFE Sep 75 
Manley, J. M : CT Aug 69 
Mann, A. K.: NS Jun-Sep 121 
Manning, J. J.: NS Jun- Sep 80 
Marcson, S.: EM Mar 30, Dec 159 
Marcum, J. L: IT Apr 59 
Marg, E.: ME Apr 61 
Marill, T.: EC Dec 472 
Marini, J.: RQC Apr 40 
Markowitz, W.: I Sep 155 
Marks, M.: BTR Jul 35 
Marmo, F. F.: MIL Apr-Jul 270 
Martin, B. D.: SET Mar 25 
Martin, E. J.. Jr.: AP Jan 105, 
Sep 515; ED Apr 99 

Martin, H. W. : EM Sep 83 
Martin, R. J.: EC Dec 430 
Marx, D. H.: MIL Apr-Jul 195 
Masher, D. P.: EC Mar 15 
Mason, W. P.: UE Jun 59 
Masnari, N. A.: EC Dec 490 
Massman, A,: BTR Jul 40 
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Masters, J. I. : MTT Sep 565, 569 
Matheson, R. M.: NS Jun Sep 52 
Mathis, 11. F.: AP May 542 
Mathis, V. P. : EC Jun 175 
Matsuoka, V.: EC Mar 25 
Matsushita, S. : CS Jun XI 
Matthaei, G. L. : MTT Nov 578 
Mattingly, L.: BTR Jul 40 
Mattson, R. H.: E Dec 113 
Max, J.: IT Mar 7 
Mav, C. D„ Jr.: MIL Apr- Jul 176 
May, J. E., Jr.: UE Jun 44, Feb 7 
Mayeda, W.: CT Mar 40, 79, Sep 

261 
Mayer, A.: AP Jan 77 
Mayer, H. F. : BC Sep 41 
Mayer, J. W.: NS Jun-Sep 178, 
181 

Maver, R. P.: EC Jun 266 
Maxum, B. J.: AP Jul 3X4 
Mazer, W. M.: AC Jun 85 
McCormick, J. A.: VC Dec 94 
McCoy, D.: AP Sep 461 
McDonald, D. F. : NS Jun Sep 17 
McFarland. R. IL: ANE Jun 32, 
Dec 130 

McGee, J. D.: MTT Sep 569 
McGuigan, W. D.: RQC Apr XI 
McIlwain, C. E.: NS Jun-Sep 159 
McKenzie, J. M : NS Jun-Sep 195 
McKnight, J. G.: AU Mar Apr 39 
McLardie, M.: MIL Apr Jul 234 
McLeod, M. G : SET Sep Dec 113 
McNaughton, R. A.: RQC Sep 16 
McNaughton, R. F.: EC Mar 39 
McNaul, J. P.: MIL Apr Jul 308 
McNish, A. G.: I Sep 101 
McNown, J. S.: E Feb 2 
McVittie, G. C.: MIL Jan 14 
McWhorter, A. L.: E Dec 139 
Mead, W IL: BTR Mav 50 
Mee, C. D.: AU Sep Oct 161 
Meeker, T. R.: UE Jun 53 
Meindl, J.: MTT Sep 553 
Meitzler, A. IL: UE Jun 35 
Memelink, O. W.: MTT Mav 325 
Meneely, G. R.: ME Oct 3Ó9 
Merrick, W. D.. MIL Apr Jul 

158; SET Mar 45 
Merrill, F. G.: 1 Sep 117, 136 
Merrill, J.: E Feb 3 
Merrill. R. G. : CS Mar 14 
Mesarovic, M. D.: .AC Aug 166 
Meserve, W. E.: AC Sep 298 
Mester, J. C.: MIL Apr Jul 222 
Metzner, J. J.: CS Jun 101 
Meyer, A.: NS Jun-Sep 22 
Mever, IL J. G.: MTT Mav 325 
Meyers, R.: VC Aug 70 
Middleton, D.: IT Jun 349, Sep 

501 
Mikuteit, V. D.: UE Feb 12 
Milano, U.: MTT Mav 346 
Milewski, J.: ME Jul 225 
Millard, R. J.: CP Sep X8 
Miller, G. L.: NS Jun Sep 185 
Milnes, A. G.: ED Oct 242; EC Jun 

199 
Minorsky, N.: CT Dec 368 
Mishchenko, E. F.: CT Dec 527 
Mitchell, E. N.: EC Sep 308 
Mitchell, J. F.: VC Dec 48 
Miya, K.: CS Jun 81 
Mockler, R. C.: I Sep 120, 149 
Mohr, R. J.: MTT Nov 620 
Moll, J. L.: E Dec 143 
Monaghan. R.: NS Dec 32 
Montgomery, P. OB.: ME Jul 

135, Oct 366 
Moor, J. C.: NS Jun Sep 136 
Moore, A. C.: CP Mar 3 
Moore, H. B.: AU Sep-Oct 144, 

153 
Moore, J. B.: CS Mar 72 
Moore, R. K. : AP May 246, Nov 

603; E Feb 15 
Morgan, IL K.: ANE Mar 12 
Morgan, K. C.: CS Jun 101 
Morgan, L. P. : EC Sep 302 
Morgan, M. G.: AP Sep 528 
Morgan, M. L.: 1 Sep 237 
Morganstern, K.: IE Jul 36 
Morita, K.: MTT Jul 395 
Moseley. F. L.: ANE Mar 3 
Mosner, P. : I Jun 48 
Moto-oka. T.: EC Mar 25 
Mott. T. H„ Jr.: EC Jun 245 
Mottley, T. P. : MIL Apr Jul 195 
Mount, E.: MTT Mar 222 
Muchmore, R. B.: AP Mar 201 
Mudd. J G.: ME Jul 228 
Mudgett, W. L.: IT Sep 504 

Mukaihata, T.: 1 Sep 196 
Mullin, A. A.: EC Jun 266 
M mata, K. : EC Mar 25 
Murphy, G. J.: AC Sep 329, Jan 

24 
Murray, R. B.: NS Jun-Sep 22. 80 
Myers, B. R. : E Sep 66 
Myers, J. J.: AP Jan 78 
Myers, R. T.: VC Aug 70 

N 
Nadler, E. B.: EM Dec 146 
Nadler, M.: CT Sep 345 
Nagy, J.: I Sep 226 
Nahman, N. S. : ED Apr 99 
Nair. K. K.: CT Mar 71 
Nakagawa, K.: EC Mar 25 
Nakatsukasa, IL: BTR May 48 
Nanavati, R. P.: ED Jan 9 
Narud, J. A.: EC Dec 439 
Nash, F. A.: ME Oct 240 
Neff, G. W. : EC Dec 423 
Nelson, R.: IE Mar 6 
Nesbit. R. A.: AC Aug 159 
Neumann, M. J.: NS Jun-Sep 142 
Newhall, E. E.: EC Mar 30 
Newman, D. B. : AC Sep 314 
Newman, N.: CP Sep 71 
Newsome, R.: NS Jun-Sep 145 
Newton, R. R.: SET Mar 1 
Nichols, B. E.: CS Mar 26 
Nichols, M. IL: SET Jun 85 
Niklas, W. F.: BTR Jul 20 
Nishida, S.: AP May 323, Jul 354 
Nishikawa, V. : CT Jun 102, Dec 

413 
Nisson, C. J.: EC Mar 121 
Nordberg, W. : MIL Apr Jul 245 
Norden, P. V.: EM Mar 34 
Northrop, R. B.: AC Jun 118 
Norton, R. L. : MIL Oct 587 
Nowlin. C. IL: CT Sep 351 
Nvborg, W. L.: ME Jul 163 
Nve, 11. A.: M IL Oct 551 
Nylund. H. W. : VC May 69 

O 
Obenchain, I. R., Jr. : M IL Oct 402 
Ochs, S. A.: ED Jul 147 
Oguchi, B. : MTT Nov 658 
Oishi, K.: RFI Mav 2 
Okada, R. IL: ME Jul 188 
Okwit. S. : MTT Nov 620 
Oldendorf, W. IL: ME Jul 184 
Oliner, A. A.: MTT Jan 72, May 

328; AP May 286, Jul 360 
Ollom. J. I’’.: I Sep 187 
Olson, II. F.: AU Mav Jun 87 
O'Meara. T. R.: CT Jun 121. Sep 

239 
Onodera, R.: CT Jun 112 
Orchard, H. J.: CT Jun 180, 182 
Ormsbv, J.F. A.:SETSep Dec 129 
Ortner. J.: AP Nov 621 
Osborne, E. F. A.: CS Mar 48 
Otten, K.: CS Jun 113 
Otterman, J.: AC Jan 11 
Owvang, G. IL: AP Mar 136; 
MTT Mar 172 

Ozaki, II. 1..: CT Sep 251 

P 
Packard, R. F.: AP Jul 380 
Paige, A.: CT Mar 32 
Palermo, C. J.: IT Jun 386 
Palmer. II. L.: NS Jun Sep 136 
Paludan, C. T.: ME Oct 318 
Pankove, J.: ED Jul 137 
Pantell, R. IL: ED Jan 22 
Pappo, H. A.: AC Jun 142 
Parezanovic, N.: EC Dec 503 
Pargas, P. : IE Dec 1 
Park, D.: CP Dec 117 
Park, J. H.: I Sep 74 
Parkes. D. A.: MTT Mar 212 
Parry, C. A.: CS Sep 187 
Paskusz, G. F. : E Sep 79; EWS 

Jul 59 
Passera. A. L. : ANE Dec 110 
Patton, P. C.: AP Jul 418 
Patton, R. B„ Jr.: MIL Apr-Jul 

336 
Pawsey, D. C.: CT Mar 19 
Paycha, F. : ME Oct 288 
Pearlman, J.: EM Dec 125 
Peatman, J.: CT Jun 177 
Pederson, B, O. : I Dec 349 
Pederson, D. O.: CT Aug 92 
Peebles. E. F. : I Sep 114 
Penfield. P., Jr.: CT Jun 166 
Perl, M. L.: NS Jun-Sep 145 
Perlman, S.: MIL Apt Jul 184 

Peterson. D. W. : BC Mar 12 
Peterson, G. R : EC Jun 252 
Peterson, R. E.: BC Sep 5 
Peterson, W. W.: IT Sep 459 
Pettit, J. M.: E Jun 49 
Pfeilier, T. A.: MIL Oct 519 
Phillips, R. M.: ED Oct 231 
Pierce, J. R.: ED Apr 73; MIL 
Jan 3 

Pierce, W. IL: AU Nov-Dec 229 
Pierstorff, B. C.: HFE Sep 55 
Pietrolewicz, J. P. : BTR Jul 15 
Pike, B. W. . SET Mar 61 
Pike, D. B.: CT Mar 67 
Pilnick, C.: I Jun 35 
Plotkin, M.: IT Sep 445 
Pohm, A, V.: EC Sep 308, 315 
Polk, C.: CT Jun 151 
Polyzou, J.: CS Mar 9 
Pontryagin, L. S. : CT Dec 527 
Porcello, L. J.: IT Jun 386 
Ports, D. C.: CS Dec 203 
Potter, R. J.: NS Jun-Sep 150 
Powell, IL R.: RQC Apr 108 
Powell, R. C.: I Sep 179 
Prager, R. IL: IT Jun 342 
Pratt, H. J : CS Dec 214 
Price, H. W.: RQC Apr 35 
Price, O. R.: AP Nov 567; MTT 
Nov 667 

Pringle, R. W.: NS Jun Sep 35 
Provencher, J. A.: AP May 331 
Pugachev, V. S. : CT Dec 491. 506; 

IT Mar 4 
Pulfer, J. K.: MTT Jul 463 
Pullen, K. A.: CT Jun 175 

Q 
Quinlan, E. J.: BTR Jul 15 

R 
Raburn, L. E.: AP Jan 43 
Raff, S. J : I Sep Dec 284 
Raillard, IL: EC Jun 175 
Rainev, R. J.: AP Sep 456 
Raisbéck, G.: IT Sep 503 
Ramachandran, V. : CT Mar 71 
Ramberg. E. G : B TR Jul 30 
Ramsev. R. C.: AU Nov Dec 219 
Rand. A.: MIL Oct 469 
Rankv. B.: AU Jul Aug 124 
Rao. G. V.: BC Mar 60 
Rao. P. V. : AC Sep 333 
Rasmussen. A. L. : I Sep 179 
Rauch. L. L. : SET Jun 81, Sep-
Dec 94 

Read. A. A.: EC Sep 315 
Rechtin, E.: MIL Apr—Jul 158 
Redding. J. H.: EM Jun 45 
Reder, F. H.: M IL Apr-Jul 366 
Reed. I. S. : IT Sep 502 
Reed, M. D.: ANE Jun 40. Sep 106 
Reed, O. W B., Jr.: BC Sep 2 
Rees. J. R.: MTT Nov 595 
Reibel, K.: NS Jun Sep 121 
Reich, B.: MIL"Oct 455 
Reid, C.: ME Jul 193 
Reiger, S. IL: IT Mar 16 
Reine, J.: IE Jul 14 
Reine, J. A„ Jr.: IE Jul 14 
Reingold, L: MIL Oct 481 
Reinhart, E. E.: CS Dec 203 
Reitwiesner, G. W. : EC Mar 35, 
Jun 261 

Reynolds, G. T.: NS Jun Sep 115 
Riblet, II. J.: MTT Mar 169 
Richardson, H. L., Jr.: BTR Nov 

47 
Richmond, J. IL: MTT Sep 572 
Richter. H. 1..: MIL Apr Jul 78 
Rickoff. M. L.: ME Oct 250 
Riley, J.: 1 Sep 237 
Rittenbach, O.E.: MIL Apr-Jul 

268 
Roberts, C. A.: AP Jan 102 
Roberts, L. A.: MTT Mar 143 
Roberts, W. K.: RFI May 6 
Robinette, S. L.: I Jun 40 
Robinson, K. W, : MTT Nov 591 
Robinson, N. O.: MTT Mar 218 
Robinson, S. J. : M TT Nov 669 
Robinson, T. A.: MIL Apr Jul 263 
Rockwell, R. J.: AU Jul \ug 109 
Rodden, J. J.: AC Jun 129 
Roloff, IL A.: I Jun 43 
Ronco. P. G.: HFE Sep 76 
Root, C. D.: ED Oct 257 
Rorex, J. E.: MIL Apr Jul 169 
Rosado, J. A.: MTT Jan 104, 108 
Roscoe, S. N.: HFE Sep 62 
Rosenblatt, J. R.: RQC Dec 23 
Roth, S. J.: NS Jun-Sep 57 

Rowe, I. I . ED Jan 16, Apr 84; 
El Dec 4M) 

Rowlands, R. < >. : CT Jun 180 
Rov, O. Z.: ME Oct 326 
Rubaii, L: IE Jul 24 
Rubinoff, M.: EC Mar 72 
Rudkin, G. T.: ME Jul 122 
Runge, W. A.: CS Mar 40 
Ruppe. II. O.: MIL Apr Jul 163 
Russell. W. J.: MIL Apr Jul 184 
Rutz. E. M.: AP Jul 435 
Ryan, L. J.: ME Jul 221 

S 
Sahih, D.: AP Mar 225 
Sager, R. L.: BTR Jul 3 
Saito, S.: I Sep 132 
Salter, F.: EC Dec 461 
Sandler, S. S. : AP Jul 368, Sep 496 
Sarda, R, L.: MTT Jan 66 
Sassler, M.: CS Mar 9 
Saunders. J.: MTT Jan 96, May 

346 
Schafer, G. E.: I Sep 217; MTT 
Nov 615 

Schafer, R. E.: RQC Apr 77 
Schauer, R. F.: EC Sep 315 
Schenkel, F. W„ Jr.: NS Jun Sep 

61 
Schimpf, L. G.. VC May 33 
Schlaeppi, II. P.: EC Jun 192 
Schlesinger, S. P.: AP Sep 521; 
MTT Mar 252 

Schlomann, E.: MTT Jan 96, 100, 
Mar 199 

Schmidt, A. R.: CS Mar 44 
Schmidt, C. T.: NS Jun Sep 25 
Schmidt, II. R.: NS Mar 6, Jun 
Sep 203, Dec 45 

Schneiderman, D.: MIL Apr-Jul 
123 

Schoenberg, M. D.: ME Jul 138 
Schrader, C. D. : NS Jun-Sep 170 
Schulkind, D.: AC Jun 79 
Schulte, H. J., Jr.: VC May 49 
Schulz, D.: CP Jun 49 
Schuster, W. D.: BTR Nov 13 
Schwan. 11. P. . ME Jul 188 
Scott, D. C.: MTT Sep 4X9 
Seaton, N. T.: ME Apr 87 
Secord, A. IL: VC Aug 36 
Seidenstein. S. : HFE Mar 30 
Seifert, J. R.: I Sep 175 
Sember, W. J.: BTR Jul 45 
Sengupta, 1). L.: AP Jan 11 
Senn, G. F. : MIL Oct 407 
Sensiper, S. : ED Oct 2X9 
Seshadri, S. R.: AP Jan 27, 37 
Seshu, S. : E Sep 100 
Shanks, IL E : AP Sep 485 
Shapiro, A.: MIL Jan 11 
Sharp, C. E.: VC Aug 11 
Shat|>, E. I).: AP Jul 436 
Sharp«-, C. B : MTT Mar 155 
Sharpe, G. E.: CT Sep 230 
Sharpe, J.: NS Jun Sep 44 
Shelton, R. D.: MIL Apr-Jul 112 
Shepherd, N. IL: VC Aug 47, Dec 

32 
Sherrill. W. M.: AP Sep 520 
Shibayama, IL: CT Dec 413 
Shields, J. Q.: I Sep 243 
Shimizu, J K : AP Jul 401 
Shipley, I). W.: ED Oct 195 
Shipman. W. A.: VC Mav 91 
Shive. J. N.: E Dec 108 
Shizume, P. K.: CP Mar 26 
Shoemaker, IL A.: E Jun 52 
Shorr, W.: MH. Apr Jul 313 
Short. B. H.: VC Mav 91 
Shw. J.: MIL Oct 455 
Siglin, P. W.: MIL Oct 407 
Silver, S.: MH. Jan 46 
Silverman, R. A.: IT Sep 485, Dec 

548 
Silvey. W.: MTT Mar 218 
Simmons, A. J.: AP Jul 389 
Simmons, C. D.: BTR May 25, 

Jul 67 
Simmons. P. L.: AC Jun 142 
Simmons. S. I : SET Mar 17 
Simon, J. C.: MTT Jan 18 
Sims, A. R : SET Sep Dec 113 
Sinden, F. W.: SET Sep Dec 145 
Singer, J. R.: ME Jan 23; MTT 
Mar 249 

Sinitsa, M. A.: RQC Apr 1, 6 
Sioles, G. W.: AU Jan Feb 13 
Sirkis, M I). MTT Mar 251 
Sirvetz, M.: MTT Jan 96 
Sisco, 'V. B.: AP Jan 102, Mav 338 
Sklanskv, J.: EC Jun 213, 226 
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Skolnik, XI. I.: AXE Dec 123 
Slaymaker, F. IL: AU Jan Feb 20 
Slepian, P. : CT Jun 88 
Sloan, S. C.: MTT Sep 489 
Smets, H. B.: CT Dec 459 
Smiley, R. W.: RQC Apr 84 
Smith, E. C., Jr.: ME Oct 359 
Smith, E. XL: EWS Apr 28 
Smith, G. F.: ED Oct 189 
Smith, G. W.: AC Aug 229 
Smith, J. XL: MTT Mar 253 
Smith, V. L.: NS Mar 13 
Smith, W. B., Jr.: VC Dec 87 
Smith, W. L. : I Sep 141 
Smitherman, W. E.: MIL Apr-

lul 323 
Smullin, L. D.: ED Jul 172; MTT 

Jul 454 
Snell, P. A.: NS Jun Sep 61 
Snider, C. S. : I Sep 120 
Snow, W. B. : Al Jan Feb 5 
Snyder, J. W.: BTR Jul 15 
Sobol, IL: ED Apr 84 
Sodha, M.S.: ANE Dec 119 
Soltoff, B. M : BTR Nov 38 
Solymar, L. : MTT Jan 61, May 

284 
Somo, T.: EC Mar 25 
Sondo, P. 1.: MTT Jul 463 
Soorsoorian, S. : MTT May 372 
Sorensen, F. A.: IE Mar 12 
Sorger, G. U.: I Sei) 284 
Spain, B.: CT Sep 230 
Specialnv, J.: BTR Jul 67 
Speer, F.: MIL Apr Jul 129 
Spence, A. N.: EWS Apr 16 
Spencer, N.: VC Aug 2 
Spencer, R. C.: SET Mar 34 
Spencer, W. A.: ME Oct 296 
Spergel, J.: CP Jun 54 
Spetner, L. M.: AP May 242 
Spiegel. J.: RQC Dec 1 
Spilker, J. J.. Jr:. CT Sep 335 
Spooner, C. S., Jr.: MIL Apr-Jul 

256 
Sprague, J. K.: RQC Sep 3 
Sprague, L. T. : HEE Sep 55 
Sridhar, R.: AC Jun 135 
Stacy. R. W. : ME Oct 269, 351 
Stambach, G. L.: ED Jul 143 
Stampfl, R. A.: MIL Apr -Jul 245 
Staniforth, A.: MTT Jan 111, Jul 

464 
Stanley, C. B.: SET Mar 19 
Stanley, J. XL: XI IL Oct 438 
Stansbury, A. P. : CP Sep 71 
Staras, IL: ANE XIar 15 
Starkey, B. J.: AP Sep 516 
Stearns, S. I).: EC XIar 48 
Steere, E. A.: VC May 54 
Steiger, W. : AU Nov-Dec 195 
Stein, F. S. : ED Jan 39 
Steiner, F. : ANE Sep 98 
Stern, E.: XI TT Sep 565 
Stern, J. L.: BC Aug 25 
Stern, T. E.: IT Sep 435 
Sternberg, S. : XI IL Apr Jul 248 
Stevens, R.: XI IL Apr Jul 158; 
SET XIar 45 

Stevenson, D. D.: SET XIar 41 
Stewart, I. L.: IT Jun 342 
Stewart, J. R.: \’C Dec 77 
Stewart, R. XL, Jr.: EC Sep 315 
Stiber, S.: XI IL Oct 527 
Stirrat, W. A.: RFI Mav 12 
Stitch, XL L.: MTT XIar 218 
Stock. D. J. R.: XI TT Nov 666 
Stockman, II. E.: E Sep 89 
Stoll, A. XL: XIE Oct 355 
Stolle, R. : I Sep 81 
Stolze, W. J.: EXI Jun 62 
Stone. R. O. : I Sep 132 

Stone, R. R., Jr. : I Sep 155 
Stone, S. A.: AP Jul 414 
Storch, L.: CT XIar 67, Jun 137 
Stoudenheimer, R. G. : NS Jun 
Sep 136 

St racha now, G.: BTR Jul 3 
Straiton, A. W.: XI TT XIar 151 
Strem, S. E.: EWS Jul 36 
Stroud, W. G.: XI IL Apr-Jul 245 
Stuhlinger, E.: XI IL Apr Jul 64 
Stumpers, F. L. II. XL: CT Dec 

366; IT Mai 25 
Stutt, C. A.: IT Dec 516 
Sugarman, R. XL: NS XIar 23 
Sullivan, 1). J.: MTT XIar 212 
Suran, J. J.: CT Jun 175 
Süsskind, C.: ANE Sep 92; ED 

Oct 282; XI TT XIar 143 
Sussman, S. XL: IT Jun 367 
Sutherland, A. D.: ED Oct 268 
Swerling, P.: IT Apr 269 
Swift, W. B.: E Jun 58; I Dec 309 

Tai, C. T.: AP Nov 634 
Tanasescu, T.: NS Jun -Sep 39 
Tang, R.: AP Jan 97 
Tanimoto, T.: XIE Oct 280 
Taplin, R. IL: XIE Oct 273 
Tappen, P. W.: BTR Jul 31 
Taylor, R.: XIE Oct 253 
Taylor, T. C.: ED Apr 94 
Taylor, T. T.: AP Jan 17 
Teetsel W. P.: XI IL Apr-Jul 195 
Tennent, B.: CS Dec 258 
Texter, E. C.: ME Jul 225 
Thames, W. XL: XI IL Oct 548 
Thomae, XI. A.: EC Dec 507 
Thomas, J. B.: IT Sep 420 
Thomas, R.: XI IL Apr-Jul 234 
Thomas, R. K.: AP Jul 380, Nov 

635 
Thompson, A. W.: XI IL Apr-Jul 

93, 112 
Thompson, F. C.: CT Aug 8 
Thompson, IL C.: ED Jul 147 
Thompson, O. : VC Aug 17 
Thomson. R. J.: EXI Sep 83 
Thorell, B.: XIE Jul 119 
Thurston, XL O. : E Dec 130 
Thurston, R. N.: UE Feb 16, Jun 

59 
Tillman, R. XL: EC Sep 323 
Tilston, W.: VC Aug 36 
Tippett, J. T.: I Jun 32 
Tischer, F. J.: I Sep 167 
Titsworth, R. C.: AC Jan 71; 

IT Jun 410 
Todosiev, E. P. : AU Nov Dec 235 
Tomiyasu, K.: XITT XIar 253 
Tomovic, R.: EC Dec 503 
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With Specified Minimum Distance, Bi¬ 
nary: IT Sep 445 

Coding Electronic Equipment to Facilitate 
Maintenance: II FE Sep 66 

Coding Theorems for General Simultaneous 
Channels: CT Dec 513 

College Enrollment, Engineering, An Alarmist 
View of: E Jun 58 

Collision-Avoidance Systems for Aircraft: 
ANE Jun 40; Correction: Sep 106 

Color Slide and TV Experiments Using the 
Land Technique: BC Mar 29 
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('olor Television, Effect oí Land's Color Ex¬ 
periments: BTR Nov 5 

(Olor Television Signals, Transmission of: BC 
Sep 31 

Comb Filters, LC, Packaged for Reliability: 
CP Jun 44 

Communications: 
Address Systems, System Concepts for: 

\ (' Dec 72 
Art of Science: EWS Jul 59 
Artificial Ionospheres for: MIL Apr Jun 

270 
Coded Binary Decision-Feedback Sys¬ 

tems: CS Jun 101 
Combined Amplitude and Phase Modula¬ 

tion Systems, Performance: CS Dec 232 
Combined Digital Phase and Amplitude 

Modulation Systems: CS Sep 150 
Courier Satellite: MIL Oct 407 
Deep Space: MIL Apr- Jul 158 
Delaved- Repeater Satellite: MIL Apr-

Jui 195 
Digital Systems, Comparison of: ('S Sep 

141 
Equipment, Minified, New Trend in: VC 
May 25 

Matched Filter, for Multipath Channels: 
I I Jun 367 

Military Equipment Cost-Design Rela¬ 
tionships: CS Dec 203 

Multichannel, Within the Army: MIL Oct 
505 

Multipath Problems, Solution of an In¬ 
tegral Equation Occurring in: IT Jun 
412 

Net, Terminal and Branch Capacity 
Matrices of: CT Sep 261 

Networks for Digital Information: CS Dec 
207 

Optimum Frequencies for Space Vehicle: 
MIL Apr Jul 184 

by Orbiting Relay Equipment, Project 
SCORE: MIL Apr Jul 193 

Personal Two-Way Radio System Fea¬ 
turing Modular Construction: VC Dec 
44 

Polar-Orbit Satellit. Relay: CS Dec 250 
Phase-Modulation System, Analysis of: 

( S Dec 221 
Pulse-Code Modulation Systems, New 
Transmission Method for: CS Sep 155 

Satellite Systems Design: MIL Apr Jul 
208 

Satellites, Significance of Military: MIL 
Apr Jul 176 

Scientific, Background to: EWS Apr 3 
Space, Systems Considerations in: CS 

Dec 232 
Space System, Ground Antenna for: SET 
Mar 45 

1 sing Satellites: M IL Jan 51 
Commutation of Antenna Rotations: AP Jan 

104 
Commutator, Diode Matrix, with Transistor 

Flip-Flop Switching: I Jun 40 
Comparator for the 1 ntercomparison of Un¬ 

saturated Standard ('ells: I Dec 313 
Component Reliability, Improved, Through 

Environmental Testing: RQC Sep 45 
Components and Materials, Nuclear Radiation 

Effects on: M IL Oct 419 
Components for Space Instrumentation: MIL 
Apr Jul 308 

Computers: 
Analog. Diagnosis ol Arterial Disease with: 
ME Oct 269 

Analog, Representation of Inelastic Stops: 
EC Mar 121 

Analysis of Intestinal Motility Records: 
ME Oct 259 

and Clinical Psychiatry: ME Oct 248 
Control, Mathematical Model Approach 

to: IE Mar 15 
Control Systems, Problems in Starting 
Up: IE Dec 10 

Design of Transistor Audio Amplifier by: 
AC Jul Aug 132 

Diagnosis, Analog Approach to: ME Oct 
247 

Diagnosis of Hematological Diseases: ME 
Oct 243 

Diagnosis, Therapeutics, Prognosis, and: 
M I- €> t 288 

Diagnostic Applications in Medical Re¬ 
search: ME Oct 250 

Digital, and Medical Logic: ME Oct 283 
Digital, High-Speed Transistorized Adder 

for: EC Dec 461 
Digital System for Commercial Data 

Processing: IE Jul 2 
Frequency-to-Period-to-Analog, for Flow¬ 

rate Measurement : EC Mar 62 

IBM 650, Scintilla* :on Counter Gamma¬ 
Spectra Cod loi: NS Jun Sep 111 

IBM 704, Medical Diagnosis Program: 
ME 222 

in Medical Data Processing: ME Jan 31 
in Medical Diagnosis: ME Oct 274 
in Medicine, Major Problems: M E Oct 253 
Microprogram-Controlled: EC Jun 208 
Modulator-Switches for: EC Mar 123 
Nyquist Plotter. Analog: CT Aug 130 
in Physiologic Diagnosis: ME Oct 269 
Programming of Diagnostic Tests: ME 

< )< t 255 
and Psychophysiology in Medical Diag¬ 

nosis: ME Oct 263 
Pulse Position Modulation Analog: EC 
Jun 256 

Solution for Determination of Thermal 
Tissue Damage Integrals: ME Oct 355 

Technology, Soviet- 1959: EC Mar 72 
Condenser Discharges. Physiological Effects of: 
M I Apr 104 

Conducting \\'edges. Boundary Conditionsand 
Losses in: MTT Mar 189 

Contract Networks Subject to Reliability 
Specifications. Minimization of: EC Mar 122 

Contracting, Another Look at Team: EM Jun 
67 

Contractor Management Looks at Reliability 
Program Activities: RQC Apr 90 

Contractors, Design Information Interchange 
Among: RQC Apr 93 

Contracts, Model for Planning Study Type: 
EM Sep 117 

Control, Computer, Mathematical Model Ap¬ 
proach to: IE Mar 15 

Control Systems: 
Adaptive and Optimalizing: AC Jun 148 
Computer, Problems in Starting Up: IE 
Dec 10 

Digital. Statistical Design of: AC Sep 290 
Final-Value, Dynamic Programming Ap¬ 

proach to: AC Sep 270 
Multiloop, Decoupling Techniques in: AC 
Aug 209 

Nonlinear, Asynchronously Excited Oscil¬ 
lations in: AC .Aug 179 

Root Locus Properties in: AC Jan 57 
Solid-State Analog, Factors Influencing 

Design of: IE Mar 6 
Soviet Literature on: AC Jun 142 

Controllers, Linear Minimum Response-Time, 
Synthesis of: AC Sep 283 

Converter, Resistance-to-Reactance: CT Sep 
355 

Corneal Opacities, Penetration by Infrared 
Electronics: ME Jul 182 

Corner-Reflector Antennas, Radiation Pat¬ 
terns of: .AP Mar 144 

Correlation Detection of Signals Perturbed by 
a Random Channel: IT Jun 361 

Cosmic-Ray Experiments, Applications of 
Scintillation Detectors to: NS Jun Sep 164 

Cost-Design Relationships, Military Com¬ 
munications Equipment: CS Dec 2Ó3 

Countermeasures Simulator, Dynamic Target 
and: MIL Oct 587 

Counters, Constant -Weight, and Decoding 
Trees: EC Jun 231 

Coupled Waves, Properties of Three: MTT 
May 284 

Coupler, Circular Electric Mode Directional: 
MTT Nov 658 

Coupler, Rapid Broad-Band Directional, Di¬ 
rectivity Measurements I Sep 196 

Courier Satellite Communication System: MIL 
Oct 407 

Course for Electrical Engineers, Laboratory-
Problem ('entered: E Sep 78 

('ourse in Electrical Engineering: E Feb 19 
Course in Traveling Waves: E Feb 15 
Covariance Matrices, Inversion of: IT Sep 477 
Creativity, Organizational Factors Affecting: 
EM Mar 24 

Cross Correlation Between Two Noisy Chan¬ 
nels: IT Mar 54 

Crossed-Field Amplifiers, Small-Signal Field 
Theory: ED Jul 163 

Crossed-Field Collector for Beam-Type Tubes: 
ED Oct 262 

Crossed-Field Electron Guns, Design Method 
for. ED Jul 179 

Cryogenics, Survey of: CP Mar 26 
Cryptographic Signaling Applied to Radio 

Communication: VC Aug 17 
Crystal Filter Design Viewed from Perspective 

of Literature: CT Mar 67 
Crystal Mixers, Optimum Source Conductance 

ot : MTT Nov 620 
Crystal Mount 10.5 KMC to 20 KMC, Broad-

Band: MTT Jul 464 

Crystals, Operation from 2 to 11 kMc: MTT 
Jan 111 

Current Transformer and Comparison Method: 
1 Sep 231 

Curricula, Engineering Survey of Reliability 
in the; RQC Sep 42 

Curriculum Choice, Student Values and: EM 
Dec 146 

Cylinders, Higher-Order Hybrid Modes of Di¬ 
electric: MTT Mar 252 

D 
Dagger Functions, Minimal Stroke and, S\ n-

thesizing: CT Aug 144 
Damping, Optimum, in a Missile by Root-

Locus Techniques: AC Aug 237 
Data Processing: 

Commercial, Digital Computer System 
for: IE Jul 2 

Diagnostic, Introduction to Conference 
on: ME Oct 239 

Diagnostic, Recapitulation of Conference 
on: ME Oct 232 

Diagnostic. Resolution Adopted by Con¬ 
ference on: ME Oct 316 

Diagnostic, Video: ME Oct 293 
Equipment for the Army: MIL Oct 514 
Medical, Computers in: ME Jan 31 
Medical Data, Considerations in Handling 

of: ME Oct 359 
Medical Diagnosis by; ME Oct 309 
Medical Practice, Application to: ME Oct 

314 
Medical Practice, Usefulness of: ME Oct 
316 

Medical, Statistical Considerations: ME 
Oct 362 

Mobile ('»eneral Purpose System : I Jun 35 
National Vital Statistics: M E Oct 295 
Optical Systems: IT Jun 386 

Data System, Sebit 25, Performance ()v< r Wire 
Line at 2500 Bits per Second: ('S Jun 134 

Data Systems for Explorer VI and Pioneer V: 
SET Sep Dec 121 

Data Transmission Tests on Tropospheric Be-
yond-t he- Horizon System: CS Mar 40 

DC Machine Test for Sophomores: E Feb 25 
Decision Feedback, Coded Binary Communi¬ 

cation Systems: CS Jun 101 
Decoding Trees, Constant-Weight Counters 
and: EC Jun 231 

Decommutation Station, Versatile PAM 
/PDM: SET Mar 38 

Deflection: 
Circuits, Transistorized, for 110° TV 

Picture Tubes: BTR Jul 3 
Circuits, Transistorized Horizontal, Op-

erat ion of BTR Nov 57 
Focusing of Electron Microscopes: ME 
Apr 87 

Magnetic, Transistorized Vertical Scan 
for: BTR May 33 

Transistorized, Linearization of: BTR 
May 39 

Wide .Angle: BTR Jul 15 
Delay, Doppler, and Doppler Rate, Joint Esti¬ 
mation of: IT Jun 330 

Delay, Envelope, Measuring: BC Mar 22 
Delay Lines: 

Magnetorest rictive, Correction: UE Feb 
32 

Magnetostrictive Ultrasonic, for a PCM 
System: EC Sep 329 

Ultrasonic, Thickness-Shear Mode Ba TIO» 
Ceramic Transducers for: UE Feb 7 

Ultrasonic, Using First Longitudinal Mode 
in a Strip: UE Jun 53 

Ultrasonic, Using Shear Modes in Strips: 
UE Jun 35 

Ultrasonic, Wire-Type Dispersive: UE 
Jun 44 

Demodulation, Statistical Theory of Optimum: 
IT Sep 420 

Demodulator Lead Networks: CT Mar 56 
Demodulator, Maximum Bandwidth Utiliza¬ 

tion: CS Jun 83 
Describing Functions for a Class of Non¬ 

linearities: AC Jun 135 
Design Information Interchange Among Con¬ 

tractors: RQC Apr 93 
Design, Work Measurement and Productivity 

in Engineering: EM Sep 83 
Detection: 

Coherent, by Quasi-Orthogonal Square-
Wave Pulse Functions: IT Jun 410 

Correlation, of Signals Perturbed by a 
Random Channel: IT Jun 361 

Matched Filter, for Doppler Shifted Sig¬ 
nals: IT Jun 373 

Phase-Sensitive, with Multiple Frequen¬ 
cies: I Dec 349 
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for Radar Targets, Probability of: IT Apr 
269 

Sequence, Using All- Magnetic Circuits: 
EC Jun 155 

Target, by Pulsed Radar, Statistical 
Theory of: IT Apr 59 

Velocity Sorting, in Backward Wave 
Autodyne Reception: MTT Jul 463 

Detector: 
Encapsulated Silicon Junction Alpha¬ 

Particle: XS Jun-Sep 199 
Junction, Development of the: NS Jun 

Sep 178 
Phosphor, Dual : NS Dec 32 
Scintillation, Transistor Counting Systems 

for: NS Jun Sep 89 
Silicon P-.V Junction Radiation: NS Jun-
Sep 185 

Square-Law Approximation to an Opti¬ 
mum: IT Sep 504 

DEWLine Problems in Standards and Elec¬ 
tronic Measurements: I Sep 89 

Development Projects, Anatomy of: EM Mar 
34 

Diagnosis by Computer: 
Analog Approach to: ME Oct 247 
Applications in Medical Research: ME 

Oct 250 
Arterial Disease: ME Oct 269 
Hematological Diseases, Correlation of 

Data: ME Oct 243 
IBM 704 Program: ME Oct 280 
Medical: ME Oct 274 
Physiologic: ME Oct 269 
Programming of Tests: ME Oct 255 
Psychophysiology in: ME Oct 263 
Therapeutics and Prognosis: ME Oct 288 

Diagnostic Data Processing: 
Introduction to Conference on: ME Oct 

239 
Medical: ME Oct 309 
Recapitulation of Conference on: ME Oct 

232 
Resolution Adopted bv Conference on: 
ME Oct 316 

Video: ME Oct 293 
Diagnostic Decisions by Machine: ME Jul 216 
Diagnostic Model. Program for: ME Jul 220 
Diagnostic Procedures, Optimal: RQC Dec 13 
Dial, Push-Button Mobile Radio-Telephone: 
VC Dec 77 

Dielectrics: 
Constants at Microwave Frequencies, 

Measuring: MTT Mar 155 
Cylinders, Higher-Order Hybrid Modes of: 
'MTT Mar 252 

Loaded Trough Line, TE Modes: MTT Jul 
449 

Measurement Errors Duc to Insertion 
Hole in Cavity: MTT Nov 648 

Resonator Method of Measuring Induc¬ 
tive Capacities in the Millimeter Range: 
MTT Jul 402 

Differential Analyzer, Repetitive. Solving In¬ 
tegral Equations on: EC Dec 503 

Differential Equation of the van der Pol Type, 
Number of Stable Periods: CT Dec 535 

Differential Equations and Some Problems in 
the Theory of Oscillations: CT Dec 527 

Differentiation, Analog Integration and, New 
Technique for: EC Dec 507 

Diffraction: 
by a Circular Aperture: AP Jan 27 
bv an Infinite Slit for Grazing Incidence: 
AP Jan 37 

of a Narrow Beam of Light by Ultrasonic 
Waves: UE Jun 71 

Problems, Two and Three-Dimensional: 
AP Jul 407 

ReHector, Experimental Study of: AP 
May 331 

of Scalar Waves bv a Circular Aperture: 
AP Nov 633 

Digital-Analog Systems for Finite Operating 
Time: AC Jun 118 

Digital Circuitry, Tunnel Diode: EC Sep 295 
Digital Command Link, Secure: SET Sep-Dec 

102 
Digital Communication Systems, Combined 

Phase and Amplitude Modulation: CS Sep 
150 

Digital Communication Systems, Comparison 
of : ('S Sep 141 

Digital Control Systems Statistical Design of: 
AC Sep 290 

Digital Information, Communication Networks 
for: CS Dec 207 

Digital Methods for Infrared Spectroanalvsis: 
ME Oct 273 

Digital Phase Control Techniques: CS Dec 237 
Digital Recording on Magnetic Tube, Three-

Dimensional Analyzer Using: NS Jun Sep 87 

Digital Storage of Statistical Data: NS Mar 43 
Digitation of Clinical and Research Data in 

Evaluation of Disease Processes: ME Oct 296 
Diodes: 

Di used, Avalanche Breakdown Voltages 
of: ED Oct 257 

Diodes: E Dec 128 
Germanium, Microwave Switch: MTT 
Jan 108 

Junction, Inertial Impedance in: ED Oct 
303 

Microwave, Cartridge Impedance: MTT 
Jan 104 

Transistor NOR Circuits: EC Mar 15 
Vacuum, Thermionic Engines, Predicted 

Performance: ED Jul 117 
Variable Capacitance, Transient Response 

of: CP Jun 49 
Dipole: 

Antenna Impedance, Measurements of: 
AP May 343 

Arrays, Log Periodic: AP May 260 
Moments of a Small Circular Disk: MTT 
Sep 573 

Radial, on an Infinite Circular Cylinder: 
AP Mar 218 

Direction Finder, Recording Type: CS Jun 81 
Direction Finder, Wide- Base Doppler VHF : 
\NE Sep 98 

Direction Finding in a Two-Component Field: 
AP Sep 520 

Directional Coupler, Circular Electric Mode: 
MTT Nov 658 

Discriminator, True RMS Voltage: SET Sep-
Dec 156 

Disease and Health, Unified Concept of: ME 
Jan 48 

Disease Processes, Digitation of Clinical and 
Research Data in Evaluation of : M E Oct 296 

Disk, Vibrating Free, Analytic Study of: UE 
Jun 76 

Displays: 
Aircraft Steering: HFE Sep 55, 62 
Artificial Electronic, Generation of: ANE 
Sep 92 

Characteristics, Pattern Recognition and: 
HFE Mar 11 

Gain, Relation of Electronic and Optical: 
HFE Mar 30 

Oscilloscope. Improving Brightness in: 
UE Jun 85 

Distance Measuring Equipment in Surveying: 
MIL Apr Jul 263 

Distortion: 
of Angle-Modulated Signals in Misaligned 

Linear Filters: CS Dec 228 
from Center-Tapped Transformers in 

Class B Power Amplifier: AU )ul Aug 
114 

Correction. Nonlinear. Amplitude Limita¬ 
tions in: AU Nov Dec 235 

Factor. Insertion: AU Mar Apr 68 
Intermodulation, of Multicarrier Repeat¬ 

ers: CS Mar 68 
Reduction, Nonlinear, by Complementary 

Distortion: AU Jan Feb 34. Mar-Apr 
67, May-Jun 103, 104 

Distributed Amplifiers. Broad-Band UHF, 
Using Band-Pass Filter Techniques: CT 
Aug 8 

Diversity, Simplified Baseband Combiner: CS 
Dec 247 

Diversity Systems, Fading Loss in: CS Sep 173 
Divider: 

Junction, Scattering Matrix for an A’-Port 
Power: MTT Nov 667 

Kelvin-Varley Standard, Calibration of: I 
Sep 237 

AL Way Hybrid Power: MTT Jan 116 
Parametric Diodes in a Maser Phase-
Locked Frequency: MTT Mar 218 

Doctor-Machine Symbiosis: ME Oct 290 
DOPLOC, Tracking in Space bv: MIL Apr-

Jul 332 
Doppler: 

Doppler Rate, and Delay, Joint Estima¬ 
tion of: IT Jun 330 

Effect, Double, in Sterophonic Recording: 
AU May-J un 105 

Navigation System for Army Aircraft: 
MIL Oct 565 

Orbit Determination from Single Pass: 
MIL Apr Jul 336 

Shifted Signals, Matched Filter Detection 
for: IT Jun 373 

VHF Direction Finder: ANE Sep 98 
Dosimeter, Miniature Versatile: ME Jul 193 
Duplexing Systems at Microwave Frequencies: 
MTT Jul 415 

Duplexing, TR Tube for High Mean Power: 
MTT Nov 652 

E 
Economic Decision of Research Projects. 

Analysis of: EM Dec 166 
Economics ot Test Packages: I Jun 19 
Eddy Current Loss in Small Spheres, Measure¬ 
ment of Microwave Resistivity by: 1 Sep 184 

Eddy, Temperature Distribution in Materials 
Heated by: CP Jun 60 

Editorial Function in Scientific Organizations: 
EWS Jul 48 

Education in the Space Age: E Sep 66 
Educational Aids in Electronics, Use of: E Sep 

89 
Educational FM Network, Engineering As-

pects of an: BC Sep 5 
Eigenvectors for Volumes of Revolution: MTT 
May 309 

Electrical Engineering, ('ourse in: E Feb 19 
Electrical Engineering Laboratory Program at 
The Hopkins: E Jun 36 

Electrocardiogram, Phonocradiogram, or Pres¬ 
sure Tracing on the Cineanigogram. Re¬ 
cording the: ME Jul 228 

Electromagnetic and Acoustic Waves, Grad-
ual-Transition Absorbers for: AP Nov 608 

Electromagnetic Environmental Testing: MIL 
Oct 540 

Electromagnetic Fields. Reciprocity Theorems 
for: AP Jan 68 

Electromagnetic Media, Continuous, Energy 
Density in: AP Jul 448 

Electromagnetic Transients in Conducting 
Media: AP Mar 229 

Electromechanical Band- Pass Filter Below 20 
KC : L’E Jun 59 

Electron Accelerator, High-Power: IE Jul 36 
Electron Accelerator, RF System of Cam¬ 

bridge: MTT Nov 591 
Electron Beams, Excess Noise in: ED Apr 95 
Electron Beams, Noise Reduction in: ED Jul 

172 
Electron Beams. Relaxation Instabilities in 

High-Perveance: ED Oct 268 
Electron Densities Behind Hypersonic Shock 
Waves: AP Jan 102 

Electron Devices in the 4.3-MM Frequency 
Range: MIL Oct 481 

Electron Guns, Convergent Pierce, Grid Lens 
Effect in: ED Oct 195 

Electron (»uns, Crossed-Field Design Method: 
Jul 179 

Electron Injection Systems for Hollow Beams, 
Triode: ED Jan 46 

Electron Microscopes, Deflection Focusing of: 
Apr 87 

Electron Multiplier Tube, High-Current Grid-
Controlled: ED Jul 143 

Electron Tubes, Atmospheric Corrosion in 
Kovar-Envelope: ED Jul 185 

Electrons in Solids, Characteristics of: E Dec 
106 

Electrophotography, Signal Corps Role in Con¬ 
tinuous-Tone: MIL Oct 591 

Enculturation in Industrial Research: EM 
Ma! 2<> 

Endoradiosonde Techniques, FM Receiving 
System for: ME Oct 334 

Endoradiosondes: ME Apr 67 
Energy Conversion Devices, Solid-State: E 

Dec’ 134 
Energy Density in Continuous Electromag¬ 

netic Media: AP Jul 428 
Energy Spectra of Frequency Modulation 
System: SET Mar 17 

Envelope Delay, Measuring: BC Mar 22 
Envelope of Signal and Gaussian Noise. 

Probability Distribution: IT Mar 54 
Envelope Processes. Second Order Properties 

of: IT Dec 556 
Environment Testing, Complex Signal, Instru¬ 

mentation for: I Jun 13 
Environmental Testing, Electromagnetic: MIL 

Oct 540 
Environmental Testing, Improved Component 

Reliability Through: RQC Sep 45 
Equalizer, Automatic, Resonant Coaxial Stub 

as an: BC Mar 1 
Equivalent Circuits for Small Apertures and 

Obstacles: MTT Jan 72 
Errors: 

Accumulated, in a Hierarchy of Calibra¬ 
tions: Sep 105 

in a Chain of Standards, Propagation of : 
I Sep 101 

Detecting and Correcting Binary Codes fot 
Arithmetic Operations: EC Sep 333 

Square, Criterion, Optimization Based on 
a: AC Sep 321 

Statistics in Fading Radioteletype Cir¬ 
cuits: IT Dec 557 

Esaki Diodes: See Tunnel Diodes 
Esophagela Motility in Patients with Acha-
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la sia, Fliiorocineinatographic and Mano¬ 
metric Studies of: ME Jul 225 

Euler Angle Transformation Equations, Solu¬ 
tion to: EC Sep 362 

Experience, Mechanical Conservation of, in 
Medicine: Oct 240 

Explorer Satellites: 
Electronics: MIL Apr-Jul 78 
Explorer VI and Pioneer V, Data Systems 

for: SET Sep Dec 121 
Explorer VII: MIL Apr-Jul 86 
Explorer VII, Scientific Objectives: MIL 
Apr J id 93 

Orbits of: MIL Apr Jul 435 
Thermal Design of: MIL Apr-Jul 98 

Eye, Lens Opacities Induced by Microwave 
Radiation: ME Jul 152 

Eye Marker, Television, as a Recording and 
Control Mechanism: ME Jul 196 

F 
Fading Loss in Diversity Systems: CS Sep 173 
Fading Radioteletype Circuits, Error Statistics 

in: IT 1 )ec 557 
Failure Diagnosis, Information Theory Ap¬ 

proach to: RQC I )ec 29 
Failures, Equipment, Diagnosis of : RQC Apr 

23 
Failure-to-Failure Time of Equipment, Aver¬ 

age, Calculation of: RQC Apr 1 
Failure Rate Reduction. Breaking Even on: 
ROC Dec 9 

Faraday- Rotation Devices, Designing: MTT 
Mar ’249 

FCC, FM Broadcast Standards of: BC Sep 2 
Feedback : 

Control Systems, Cross-Coupling Effects 
on the Stability of: AC Sep 314 

Control Systems, Linear Multivariable, 
Synthesis of: AC Jun 94 

Control Systems, Stabilization of: AC Sep 
321 

Decision, Coded Binary, Communication 
Systems: < S J un 101 

Linear Pulse- Modulated Error. General¬ 
ized Weighting Function of: AC Jan 18 

Method for Obtaining a Synchro Output 
Proportional to Input Angle: EC Sep 359 

Nonlinear, in Servo Systems: AC Sep 329 
System, Linear. Sensitivity Function: AC 

Jun 85 
Ferrites: 

Cores, Fluxlox Memory Using Standard: 
EC Sep 323 

Devices, Broad-Band Ridge Waveguide: 
M TT Sep 489 

Loaded Rectangular Waveguide, Modes 
of: MTT Jan 81 

Nonreciprocal Attenuation in Single Ridge 
Waveguide: MTT Mar 247 

Phase Shifters, Reciprocal: MTT Mar 254 
Reflective Switch : MTT Jul 466 
Resonance Isolator, Theory of: MTT Mar 

199 
Shape Considerations for IT IF High-

Power Isolators: MTT Sep 565 
Cylinder, Scattering of a Plane Wave on 

a: MTT Jul 440 
High-Power Ferromagnetic Resonance in 
Garnetsand: MTT Jan 100 

Microwave, Measurement at High Signal 
Levels: I Sep 187 

Signal Corps Program on: MIL Oct 448 
Ferroelectric Ceramics, Determination of Non¬ 

linear Characteristics of : I Sep Dec 161 
Ferroelectric, Parametric Amplifier Utilizing: 
M TT Jul 465 

Ferroelectric Transducer Elements Loaded by 
Masses and Acoustic Radiation, Vibrations 
of: UE Feb 12 

Ferromagnetic: 
Core, Loaded, Reversal of: CP Dec 117 
Films, Thin: CP Mar 3 
Parametric Amplifier Performance. Limi¬ 

tations to: MTT Jan 4 
Resonance Experiments at High-Power 

Levels: MTT Jan 96 
Resonance in Garnets and Ferrites. High-

Power: MTT Jan 100 
Ferromagnets, Measurement Technique for 

Narrow Line Width: MTT Sep 565 
Field Distributions, Measurements by Modu¬ 

lated Scattering Methods: MTT May 295 
Field Emission, A Newly Practical Electron 

Source: M IL Jan 38 
Field Pattern, Bioelectric, in the Salamander 
and its Simulation : ME Jul 202 

Field Strength Meters, Noise and, VI I F-l I IF, 
Improvement of: REI May 6 

Fields in a Radical Line. Derivation of: MTT 
Sep 571 

Fields, Nonperiodic. Reciprocity Theorem for: 
AP May 339 

Films: 
Memories, Magnetic, A Survey: EC Sep 
308 

Parametrons, Magnetic, as Logical De¬ 
vices: EC Sep 315 

Room Mechanization, Future Possibilities 
for: BC Aug 8 

Thin, Circuit Techniques: CP Jun 37 
Thin Ferromagnetic: CP Mar 3 
Thin Magnetic, Shift Register: EC Sep 321 

Filters: 
Butterworth and Tchebycheff, Phase and 
Envelope Delay of: CT Jun 180 

Design, Crystal, Viewed from Perspective 
of Literature: CT Mar 67 

Electromechanical Band- Pass, Below 20 
KC: UE Jun 59 

Insertion Loss. Design of Band-Pass Mi¬ 
crowave: MTT Nov 578 

LC Comb, Packaged for Reliability: CP 
Jun 44 

Matched, Communication System for 
Multipath Channels: IT Jun 367 

Matched, Detection for Doppler Shifted 
Signals: IT Jun 373 

Matched, Introduction to: IT Jun 311 
Matched. New Classes of: IT Jun 349 
Matched. New Classes of. Correction: IT 
Sep 501 

Matched, Optimum Approximation to 
Response of : IT Jun 409 

Matched. Processing Gains Against ('lut¬ 
ter: IT Jun 342 

Noise Power for Correlated Noise: IT Sep 
426 

Peak Internal Fields in Direct-Coupled 
Cavity: MTT Nov 610 

Sampleci Data Multipole, Optimum Syn¬ 
thesis of: AC Aug 193 

Symmetrical Two-Section, I laving Tcheby¬ 
cheff Resjionsc: CT Mar 19 

Systems. Optical Data Processing and: 
I'I' Jun 386 

Techniques, Band-Pass. Broad-Band UHF 
Distributed Amplifiers Using: CT Aug 8 

Transistor RC Band-Pass, Exact Design 
of: CT Sep 313 

Video, Effect of, on PDM-FM and PCM-
FM Telemetry: SET Jun 85 

Wide-Band Lattice ('restai, Synthesis of: 
CT Jun 121 

Final-Value Systems, Choice of Control 
Forces for: AC Aug 171 

Finite-State Models, Comparison of: CT Jun 
178 

Fire Department, Police and, Communication 
('enters: VC Dec 58 

Flight Control, Automatic Radio. \NE Mar 3 
Flip-Flop Switching, Transistor, Diode Matrix 
Commutator with: I Jun 40 

Flowmeter, Blood, for Heart Disease Research: 
ME Jul 211 

Flowrate Measurement, Frequency-to-Period-
to-Analog Computer for: EC Mar 62 

Flow Tracing, Biological, Using Paramagnetic 
Resonance: ME Jan 23 

Fluorescence, Biological. Television Spectros¬ 
copy of: ME Jul 138 

Fhiorocinematographic and Manometric Stud¬ 
ies of Esophageal Motility in Patients with 
Achalasia: ME Jul 225 

Flutter Associated with Periodic Pulses, Meas¬ 
urement and Elimination of: I Dec 342 

Fluxlox Memory Using Standard Ferrite 
('ores: EC Sep 323 

Flywheel Control of Space Vehicles: AC Aug 
’247 

Fock Approximation for Conducting Cylinders: 
AP Nov 599 

Focusing, Deflection, of Electron Microscopes: 
ME Apr 87 

Forced Systems Having Hysteresis, Periodic 
Solutions of: CT Dec 423 

Fourier Coefficients, Relation Between Zero-
Crossings and: IT Mar 51 

Fourier Series Time Domain Approximation: 
CT Aug 18 

Frequency: 
Control for Military Applications, Pre¬ 

cisions: MIL Oct 424 
('out rol, Precision Carrier, of Base Trans¬ 

mitters in a Mobile System: VC May 54 
Divider, Maser Phase-Locked, Parametric 
Diodes in: MTT Mar 218 
Domain Theory for Parametric Networks: 
CT Sep 321 

Entrainment in a Self-Oscillatory System 
with External Force: CT Dec 413 

Measurements, Precise, Power Spectrum 
Importance in: I Sep 149 

Modulation Subcarrier System, Threshold 
Improvement in: SET Mar 25 

Modulation System, Energy Spectra of: 
SET Mar 17 

Regulation System, Automatic: MTT Mar 
249 

Shift Key Circuits, Frequency Stepping for 
Overcoming Multipath Distortion of: 
CS Mar 44 

Shift Key vs PSK Binary Coded Transmis¬ 
sion Systems: CS Inn 87; Correction: 
Dec 272 

for Space Vehicle Communication, Opti¬ 
mum: MIL Apr Jul 184 

Spectrum of a Two-Sided Signal, Compu¬ 
tation of: EC Jun 263 

Standard, Gas Cell Atomic ('lock as a 
High-Stability: MIL Jan 25 

Standard, Prototype Rubidium Vapor: I 
Sep 132 

Standards, Atomic Beam: 1 Sep 120 
Standards, Crystal-Controlled Primary, 

Latest Advances: I Sep 136 
Stepping for Overcoming Midi ¡path Dis¬ 

tortion on FSK Circuits: CS Mar 44 
Synchronization, Time and, of Navy VLF 

Transmissions: 1 Sep 155 
and l ime Standards, Stat us Report : I Sep 

117
Transformation and Resistance Compen¬ 

sation: CT Jun 180 
Fresnel Field of Circular Aperture Antennas: 
AP May 344 

Functional Circuits Through Acoustic De¬ 
vices: MIL Oct 469 

Functional Context Method of Instruction: E 
Jun 52 

Fusion Research, Design Problems in: NS Mar 
13 

G 
Gamma- Ray : 

Precision Absorption Meter: IE Dec 21 
Spectrometer, ('esium Iodide as a: NS 

Jun Sep 25 
Spectrometer, Portable: NS Jun Sep 96 
Spectrometer Using the Phoswitch Tech¬ 

nique: NS Jun-Sep 175 
Gamma-Spectra ('ode, Scintillation Counter, 

for 1 BM 650 Computer: NS Jun Sep 1 11 
Garnets and Ferrites, High-Power Ferromag¬ 

netic Resonance in: MTT Jan 100 
Gas ('ell Atomic Clock asa High-Stability Fre¬ 
quency Standard: MIL Jan 25 

Gas Switching Elements, Microwave: ED Jan 
54 

Gas- Hemoglobin Diffusion Photometer : ME 
Jul 207 

Generation of Sampled Gaussian 'l ime Series: 
IT Dec 545 

General ion- Recombination Noise in Semicon¬ 
ductors: ED Jan 29 

Generator, Parametric Harmonic, Large Signal 
Analysis of, MTT Sep 525 

Geneva, 1959, World Radio Conference: BC 
Aug 3 

Geodesy. Radio Interferometry Applied to: 
M IL Apr Jul 259 

Geometrical Optics Method of Radiation Pat¬ 
tern Synthesis: AP Sep 490 

Glide-Path System, Flush-Mounted Antenna 
for FA A: AN E Jun 32 

Government Laboratory, Roh- of the: EM Sep 
114 

Graduate Program in San Francisco Bay Area, 
Part-Time: E Jun 49 

Graph Theory and Electric Networks: CT Aug 
49 

Graph Theory, Linear: E Jun 42 
('»rapine Arts, How Help Engineering Com¬ 

munication: EWS Apr 16 
Great Britain, Advances in Microwave Theory. 

1959: MTT Jul 382 
Grid Lens Effect in Convergent Pierce Elec¬ 

tron ('»uns: ED Oct 195 
('»round Constant Measurements: AP May 307 
Guarded Tone Signaling: VC Dec 87 
Guidance, Conditional Switching Terminal, for 

Satellite Rendezvous: ANE Dec 110 
Guidance, Re-Entry, and Flight Path Control: 
SET Dec 98 

Guided Wave, Action of a Progressive Disturb¬ 
ance on: MTT Jan 18 

Guiding Structures at Microwave Frequencies, 
Periodic and: MTT Jan 30 

Guys, Tower and. Effects on Performance of 
Side-Mounted Vertical Antennas: VC Dec 24 

Gyro Data, Rate, Cross- ('ou pling Errors in: 
I Jun 48 

Gyro Drift Analysis, Application of Random 
Process Theory to: ANE Sep 84 

Gvromagnetic Ratio, Line Width and: MTT 
May 376 

Transactions Index— 27 



H 
Harmonie Generation by Traveling-Wave 
Tubes: MIL Oct 493 

Harmonic Generator, Parametric, Large Signal 
Analysis of: MTT Sep 525 

Health and Disease, Unified Concept of: ME 
Jan 48 

Heart Disease Research, Blood Flowmeter lor: 
ME Jul 211 

Heart Rate, Respiratory Control of, Correc¬ 
tion: ME Apr 114 

Helical Antenna Operation, Space Harmonics 
in: MTT Mar 251 

Helices, Coupled, Higher Order Modes in: 
MTT Jan 119 

Helitron Oscillator, Small-Signal Analysis ot : 
ED Jan 22 

Helix-Support Method for Traveling-Wave 
Tubes: ED Jul 142 

Helix Tubes, Power Dissipation in: ED Apr /4 
Hematocrits, Electrical Method to Determine: 
ME Jul 188 

Hematological Diseases, Correlation of Data 
with Computer in Diagnosis of: ME Oct 243 

High School Program in Physics, New York 
City: E Jun 31 

High wav Alert Radio: VC Aug 25 
Horn Antennas for HF Long-Range Communi¬ 

cations: AP Sep 523 
Horowitz Optimization Procedure: CT Sep 352 
Human Factors in Circuitry Design, Panel Dis¬ 

cussion: ME Oct 345 
Human Factors in the Attainment of Reh¬ 

abilite: RQC Apr 97 
Human Operator Functions in a Manned Space 

Vehicle, Determination of: HFE Sep 45 
Humidity, Aircraft Measurements of : AP Mar 

186 
Huygens Principle for the Electromagnetic 

Field: AP Nov 634 
Hydromagnetic-Wave Research, Impact ot the 
Argus Experiment on: MIL Apr-Jul 120 

Hypersonic Vehicles, Radio Frequency Noise 
from Environment of: ANE Dec 119 

I 
Ice as a Bending Medium for Waveguide: 
MTT Mar 252 

Ideology of Academic Scientists: EM Jun 54 
Image Intensifiers: 

Channeled, Present Status ot : NS Jun-
Sep 12 

for Nuclear Track Imaging: NS Jun-Sep 
136 

Photomultiplier Tubes, Scintillation In¬ 
struments and Progress in: NS Jun Sep 
44 

Systems, Present Status of: NS Jun-Sep 
121Transmission Secondary Emission: NS 
Jun Sep 133 

Work at Imperial College on: NS Jun Sep 
126 

Tube, Optical Coupling of Scintillation 
Chamber to: NS Jun Sep 150 

Image Orthicons Under Low Temperatures, 
Reactivation of: BC Mar 27 

Impedance Meter, Microwave: MTT Jul 461 
Impedances, Measurement of Self and Mutual: 
AP Sep 526 

Impedances with Negative Resistive Compo¬ 
nents, Plotting: MTT May 377 

Impulse Excitation of a Conducting Medium: 
AP Mar 227 

Impulse Response in the Presence ot Noise: CT 
Mar 50 

Inductors and Capacitors, Ratio Transformer 
Bridge for Standardization of: I Sep 251 

Information Rate in a Continous Channel for 
Regular-Simplex Codes: IT Dec 516 

Information Theorv Approach to Diagnosis: 
RQC Apr 35 

Information Theorv Approach to Failure 
Diagnosis RQC Dec 29 

Information Theorv, Bibliography of: IT Mar 
25 

Infrared and Microwave Effects of Skin Heat¬ 
ing and Temperature Sensation: ME Jul 143 

Infrared Electronics, Penetration of Corneal 
Opacities: ME Jul 182 

Insertion Loss Design of Band-Pass Microwave 
Filters: MTT Nov 578 

Instruction, Functional Context Method of: E 
Jun 52 

Instrumentation: 
for Complex Signal Environment Testing: 

I Jun 13 
Components for Space: MIL Apr-Jul 308 
Meteorological, at USASRDL: MIL Oct 

572 

Millimicrosecond Pulse, tor Microwaves: 
I Tun 32 

Radar Ballistics, at White Sands: MIL 
Oct 583 

Insulation Resistance Measurements with 
Electrometer up to 10 16 Ohms: I Jun 28 

Integrated Circuits and Microminiaturization: 
E Dec 141 

Integrated Circuits, Silicon: MIL Oct 459 
Integration and Differentation, Analog, New 
Technique for: EC Dec 507 

Interference Filtering, General Technique for: 
RFI May 12 

Interference Measurements up to 100 Me, Line 
Impedance Stabilization for: RFI May 2 

Interference Symposium, Mobile: VC May 91 
Interferometer, Millimeter Wave Fabry-Perot: 
MTT Mar 182 

Intermodulation Distortion of Multicarrier Re¬ 
peaters: CS Mar 68 

Intermodulation Distortion, Plotter of: AL 
Jul-Aug 124 

International Federation of Automatic Con¬ 
trol: AC Jan 3 

Inter-Range Instrumentation Group: SET 
Mar 59 

Inter- Range Instrumentation Group, Telem¬ 
etry Working Group of: SET Mar 61 

Intestinal Motilitv Records, Computer Analy¬ 
sis of: ME Oct 259 

Intracompany, Systems Management: EM 
Mar 14 

Ionization Chamber, Solid-State: NS Jun-
Sep 181 

Ionized Gases, Propagation in: AP May 337 
Ionosphere, Inverse: CS Mar 3 
Ionospheres, Artificial, for Communications: 
MIL Apr Jul 270 

Ionospheric Soundings I sing Normal Com¬ 
munications Transmissions: CS Sep 160 

Island as a Natural VLF Transmitting An¬ 
tenna: AP Sep 528 

Isolation Improvement in Multi-Channel 
Waveguide: MTT Jul 460 

Isolators, Ferrite Resonance, Theory of: MTT 
Mar 199 

Isolators, Ferrite Shape Considerations tor 
UHF High-Power: MTT Sep 565 

Isolators, Field Displacement, Operation of: 
MTT Nov 603 

Isopectral Family of Random Processes: IT 
Sep 485 

J 
Janet Circuit. Edmonton-Yellowknife, Per¬ 

formance of: CS Mar 33 
Japan, Advances in Microwave Theory, 1959: 
MTT Jul 395 

Journalism, Technical, and the Business Press: 
EWS Apr 20 

Junctions: 
Broad-Band Hybrid: MTT Nov 669 
Diffused P-N, Photoeffect on: ED Oct 242 
Diffused, Voltages and Electric Fields of: 
ED Oct 279 

Tetrahedral, as a Waveguide Switch: 
MTT Jan 120 

Juno I and Juno II, Launching \ ehides: MIL 
Apr-Jul 70 

Juno I and Juno II, Trajectories for: MIL 
Apr-Jul 145 

Juno Space Vehicle, Orbit Determination 
Scheme for: MIL Apr Jul 129 

Jupiter Ballistic Flights. Primate Bio-Instru¬ 
mentation for: ME Oct 318 

Jupiter Missiles. Bio-Telemet rv in Nose Cones 
of: MIL Apr Jul 288 

K 
Kelvin-Varley Standard Divider, Calibration 

of: I Sep 237 
Kidney Stone Localizer: ME Api 74 
Klystrons: 

Amplifiers, Cascaded Reflex, Phase_ Ad¬ 
justments Effects on: MTT Jul 445 

Amplifiers, Reflex, Noise Figures on: 
MTT May 291 

Internal Cavity Reflex. Equivalent Cir¬ 
cuit of: MTT Nov 665 

Magneticallv Tuned, for Wide-Band FM : 
ED Oct 206 

Two-Cavity CW, Noise Studies on: MTT 
Sep 474 

Kovar-Envelope Electron Tubes. Atmospheric 
Corrosion: ED Jul 185 

Kyhl, Comments on the Method of: MTT Nov 
*666 

L 
Laboratory: 

Electrical and Radiations Hazards in: ME 
Apr 111 

Transactions Index— 28 

Electronics Course: E Feb 22 
Problem Centered First Course for Elec¬ 

trical Engineers: E Sep 78 
Program at The Hopkins, Electrical Engi¬ 

neering: E Jun 36 
Role of the Government : EM Sep 114 

Laguerre Polynomials for Treating Envelope 
and Phase Components of Gaussian Noise: 
IT Sep 502 

Lamps, Automatically Positioning, in Optical 
Systems: IE Mar 2 

Land Technique, Color Slide and Color Tele¬ 
vision Experiments Using the: BC Mar 29 

Land’s Color Experiments, Effect on Color T\ 
of: BTR Nov 5 

Language asan Engineering Tool: EWS Apr 24 
Launching Procedures for Space Vehicles: M IL 
Apr Jun 317 

Launching Vehicles, Juno I and Juno II: MIL 
Apr-Jul 70 

Lead Titanate Zirconate Ceramics, Transducer 
Properties of: UE Feb 1 

Lens : 
Dielectric Microwave of Large Aperture 

Ratio, Correction: AP Jan 77 
Luneberg, Modified for Defocused Source: 
AP Jan 110 

Luneberg, Stepped, Checking Design of: 
AP May 342 

Luneberg, Surface-Wave Antennas: AP 
Sep 508 

Liapunov’s Second Method, Extensions of: 
Dec 520 

Library Performance, Measuring the Effective¬ 
ness of Technical: EM Jun 69 

Life Test Data. Estimation from: RQC Apr 104 
Light Pulsers. High-Speed, Transistors as: NS 
Jun-Sep 202 

Limiter, Effect upon Signals in Noise: IT Mar 
52 

Limiter, Television, Transistorized FM and: 
BTR Jul 10 

Line Width and Gyromagnetic Ratio: MTT 
May 376 

Linear Differential Systems, Realizibility of: 
CT Sep 347 

Linear Graph Theory: E Jun 42 
Linear Processes, Identification of: CT Mar 78 
Linear Statistical Theorv of Systems Reducible 

to: CT Dec 506 
Linear Systems, Third-Order: AC Jun 151 
Linear System with Variations of Parameters. 

Sensitivity of: CT Sep 348 
Livermore Multibeam Cathode-Ray Tube: I 

Dec 355 
Log Periodic Dipole Arrays: AP May 260 
Logarithmic Transmission Line Chart: MH 

Jul 463 
Logarithmically Periodic Antenna, Near-Field 

Measurements on: AP Nov 559 
Logic: 

Circuitry, Hybrid, System Application ot : 
EC Dec 4Í8 

Circuits, Tunnel Diode: EC Dec 423, 430 
Conditional-Sum Addition: EC Jun 226 
Magnetic Analogs of Relay Contract Net¬ 
works for: EC Mar 30 

Medical, Digital Computers and: ME Oct 
283 

Networks, Transistor- Resistor, Statistical 
Analysis of: CT Aug 100 

Pattern Recognition, Design ot : EC Mar 
48 

Logical Circuits, Tunnel Diode High-Speed: 
EC Mar 25 

Logical Devices, Magnetic Film Parametrons 
as: EC Sep 315 

Loran-C System, Multiple Pulse and Phase 
Code Modulation in the: ANE Jun 55 

Loudspeaker with Bass Back-Loading: AI 
Jul Aug 120 

Loudspeaker Feedback Compensation, I se ot 
Pole-Zero Concepts in: AU Nov Dec 229 

Low-Temperature Devices: E Dec 137 
Luminescent Chamber, Homogenous, Beva-

tron Experience with: NS Jun Sep 145 
Lunar Circumnavigation: MIL Apr Jul 163 
Luneberg Lens Antennas, Surface-Wave: AP 

Sep 508 
Luneberg Lens, Modified for Defocused Source: 
AP Jan 110 

Luneberg Lens, Stepped. Checking Design ot : 
AP May 342 

M 
Magic-T, Wide-Band Strip-Line: MTT Mar 

160 
Magnetic Analogs of Relay Contact Networks 

for Logic: EC Mar 30 
Magnetic Circuits, All. Sequence Detection 

Using: EC Jun 155 



Magnetic Clutch Actuator, Position Servo 
with: AC Aug 220 

Magnetic Filin Memories, A Survey: EC Sep 
308 

Magnetic Film Parametrons as Logical De¬ 
vices: EC Sep 315 

Magnetic Matrix Stores, Core Switch for: EC 
Jun 176 

Magnetic Recorders, Audio, Measuring Noise 
in: AU Mar-Apr 39 

Magnetic Recording: 
High-Density: AU Mar Apr 58 
High-Density Digital: EC Mar 2 
ami Reproduction of Pulses: AU Mar Apr 

42 
System, 1J-IPS, for Stereophonic Music: 
AU Sep-Oct 161 

Tape, Environment Effects on: SET Mar 
19 

Magnetic Shift Registers: EC Jun 262 
Magnetic Tape Cartridges, Compatible: AU 

Sep Oct 178 
Magnetic Thin Film Shift Register: EC Sep 321 
Magnetic Tube, Three-Dimensional Analyzer 

Using Digital Recording on: XS Jun Sep 87 
Magneto-Ionic Theorv for Drifting Plasma: 
AP Sep 517 

Magnetometer, Transistorized Search Coil: 
SET Sep Dec 113 

Magnetometer, Vibrating Sample: I Sep 194 
Magnetorest riet ive Delay Lines, Correction: 
UE Feb 32 

Magnetostrictive Ultrasonic Delay Lines for a 
PCM System: EC Sep 329 

Maintenance, Coding Electronic Equipment to 
Facilitate: HFE Sep 66 

Majority-Logic Networks with Augmented 
Boolean Algebra, Deriving: EC' Sep 338 

Management, Contractor, Looks at Reliability 
Program Activities: RQC Apr 90 

Management, Intracompany Systems: EM 
Mar 14 

Management of Research Services: EM Dec 
141 

Managers, Role Concept of Engineering: EM 
Mar 30 

Man-Computer Symbiosis: HFE Mar 4 
Manley-Rowe's Energy Relations, Extended 
Theory of: XITT Jul 459 

Man- Machine Coupling, Coordinal ity, A 
XI easure of : 11F E Sep 7 2 

Manometric and Fluorocinematographic 
Studies of Esophageal Motility in Patients 
with Achalasia: ME Jul 225 

Manpower Shortage and the Technician: E 
Feb 3 

Mapping from Space, Surveying and: MIL 
Apr Jul 256 

Marketing Effort in Military Electronics, 
Measuring the Effectiveness of Technical 
Proposalsand: EM Jun 62 

Markov Step Input, Probability Density of 
Output for: IT Dec 539 

Maser Phase-Locked Frequency Divider, Par¬ 
ametric Diodes in: M i l Mar 218 

Masers, Bibliographe on Parametric Devices 
and: MTT Mar 222 

Masers, Recovery Technique for Saturated: 
ED Oct 297 

Matched Filters: 
Communication System for Multipath 

Channels: IT Jun 367 
Dectection for Doppler Shifted Signals: 

IT Jun 373 
Introduction to: IT Jun 311 
New Classes of: IT Jun 349; Correction: 

IT Sep 501 
Processing Gains Against ('lutter Using: 

I T Jun 342 
Response, Optimum Approximation to: 

IT Jun 409 
Material, Nuclear Radiation Effect on: MIL 
Oct 419 

Mathematical Research in Nonlinear Circuit 
Theory. Directions of: CT Dec 542 

Mat rices: 
Analysis of Oscillators: CT Sep 356 
Analysis of Oscillators: CT Mar 69 
Circuit, Maximum Number of Columns 

in: CT Sep 349 
Covariance, Inversion of: IT Sep 477 
Cut-Set, Realizability of: CT Mar 79 
Equicofactor, Solution of Networks by: 
CT Sep 230 

Factorization: CT Mar 70 
Terminal and Branch Capacity, of a Com¬ 

munication Net: CT Sep 261 
Transfer-Admittance, Topological Synthe¬ 

sis of : CT Jun 112 
Measurements: 

Absolute, of Temperatures of Microwave 
Nois • Sources: I Sep 209 

Admittance Standardization and, in Co¬ 
axial Systems: I Sep 258 

DC C urrent, Semiconductor Diode Modu¬ 
lator for: NS Dec 1 

Directivity. Rapid Broad-Band Direc¬ 
tional Coupler: I Sep 196 

Eelectronic, DEWLine Problems in Stand¬ 
ards and: I Sep 89 

Electronic, and Standards: I Sep 75 
Microwave Phase Shifts, Modulated Sub¬ 

carrier Technique for: I Sep 217 
of Microwave Ferrites at High Signal 

Levels: I Sep 187 
of Microwave Resistivity by Eddy Cur¬ 

rent Loss in Small Spheres: I Sep 184 
of Propagation Properties of Plasma in the 

Microwave Region: I Sep 167 
of Reflections and Losses of Waveguide 

Joints and Connectors Using Reflectom¬ 
eter: I Sep 219 

Precise Frequency, Power Spectrum Im-
|M>rtance in: I Sep 149 

Precision, of Transformer Ratios: I Sep 
243 

Resistivity, of Semiconductors at 9000 
MC: 1 Sep 175 

Standards and. of Microwave Surface Im¬ 
pedance, Skin Depth, Conductivity and 
Q: I Sep 171 

Subtle Error in RF Power: I Sep 284 
Mechanical Conservation of Experience in 

Medicine: ME Oct 240 
Medical Data Processing, Computers in: ME 
Jan 31 

Medicine, Computers in, Major Problems: ME 
Oct 253 

Medicine, Mechanical Conservation of Experi¬ 
ence in: ME Oct 240 

Memories: 
Binary Automata, Finite, Characterizing 
Experiments lor: EC Dec 469 

Criterion, Switching and, in Transistor 
Flip-Flops: CT Aug 92 

Fluxlox, Using Standard Ferrite Cores: 
EC Sep 323 

Magnetic Film, A Survey: EC Sep 308 
Optimal Organization of Serial Transfers: 
EC Mar 12 

Submicrosecond Core, Using Multiple Co¬ 
incidence: EC Jun 192 

Twistor, Electrically Alterable Nonde¬ 
structive: EC Dec 451 

Meteor Echoes at 200 MC: AP Jan 57 
Meteoric Air-to-Ground Scatter Communica¬ 

tion System: CS Jun 113 
Meteorological Data Collecting System, Auto¬ 

matic: MIL Apr Jul 234 
Meteorological Inst rumentation at USASRDL: 
MIL Oct 572 

Meter, Microwave Impedance: MTT Jul 461 
Meter, Power, Temperature-Compensated Mi¬ 

crowatt : I Sep’291 
Meters, XI icrowave Power, Intercomparison of: 

1 Sep 202 
Micromanipulator Techniques: ME Oct 340 
Microminiaturization, Integrated Circuits and: 
E Dec 141 

Microphone, New Cardioid-Line: AU Nov-
Dec 219 

Microphones, Calibration and Rating of: AU 
Jan Feb 5 

Microphony in Waveguide: MTT May 372 
Microscopes, Electron, Deflection Focusing of: 
ME Api 87 

Microwaves: 
and Infrared Effects on Skin Heating and 

Temperature Sensation: ME Jul 143 
Radiation, Opacities in Eve Lens Induced 

by: ME Jul 152 
in the Space Age: MIL Jan 5 
Theorv, Advances in Great Britain, 1959: 
MTT Jul 382 

Theorv, Advances in Japan. 1959: MTT 
Jul ’395 

Theorv, Advances in Western Europe, 
1959; MTT Jul 387 

Military: 
Communications Equipment Cost-Design 

Relationships: CS Dec 203 
Electronics, Measuring the Effectiveness 

of Technical Proposals and Marketing 
Effort in: EM Jun 62 

Equipment, Complex, High Reliability of : 
RQC Apr 61 

System Reliability, Department of De¬ 
fense Contributions: RQC Dec 1 

Millimeter Range, Dielectric Resonator 
Method of Measuring Inductive Capacities 
in the: MTT Jul 402 

Millimeter Waves, P-I-N Modulator Attenu¬ 
ator for: MTT May 325 

Millimicrosecond Pulse Instrumentation for 
Microwaves: I Jun 32 

Minified Communication Equipment, New 
Trend in: X’C May 25 

Minitrack Satellite Tracking System, Track¬ 
ing Accuracy of : I Sep 84 

M issiles: 
Antennas, Transmission-Line: AP Jan 88 
Automatical Tracking the Roll Position of: 
SET Jun 67 

Bio-Telemet rv in Nose Cones of Jupiter: 
XI IL Apr jul 288 

Ground Guided, Cable Reliability in: CP 
Jun 54 

Optimum Damping in. by Root-Locus 
Techniques: AC Aug 237 

Xlixer Noise Figure, Measurement of: XI TT 
Jul 410 

Mixer-Oscillator Considerations for Nuvistors 
in VHF Band: BTR May 49 

Xlixers, Optimum Source Conductance of ('res¬ 
tai: MTT Nov 620 

XIobile Communications: 
Circuits at 150 XI C, Comparison of Wide-

Band and Narrow- Band: X C XI ay 69 
High-Frequency Communications, Army, 
Two Decades of: XI IL Oct 502 

Hybrid Two-Way Radio: X ( Xlay 38 
Interference Symposium: X’C Xlay 91 
150-XK' Service, Transistorized Receiver 

for: X’C Aug 70 
Pushbutton Dial Radio-Telephone: X’C 
Dec 77 

Radio Telephone System, XI ulti-Area: X’C 
Xlay 49 

Service, Can Single Sideband Provide 
XIore Channels in: X’C Aug 47 

System Performance, Compatibility and 
Standards: X’C Dec 32 

System, Precision Carrier Frequency Con¬ 
trol of Base Transmitters in: VC Xlay 54 

Telephone System, Coordinated Broad-
Band: VC Xlay 43 

XIodes: 
Coupling in Uniform Composite Wave¬ 

guides: XI TT Jul 454 
Dielectric Cylinders, Higher-Order Hy¬ 

brid: MTT XI ar 252 
Dielectric Loaded Through Line TE: 
MTT Jul 449 

Ferrite Loaded Rectangular Waveguide: 
XI TT Jan 81 

in Linear Circuits: CT Sep 211 
Periodically Disturbed Parametric Ampli¬ 

fiers: XITT Jan 10 
TE Excitation on Dielectric Loaded 
Waveguides: XITT Sep 545 

Transducers, Design of: XITT Jan 61 
Waveguide Windows, Resonant: XITT 

XIar 147 
Modular Construction, Personal Two-Way 

Radio Communication System Featuring: 
VC Dec 44 

XI od illation: 
Combined Amplitude and Phase Com¬ 

munication Systems, Performance of: 
CS Dec 232 

Combined Digital Phas* and Amplitude 
Communication Systems: ('S Sep 150 

Xlultiple Pulse and Phas.* ('ode in the 
Loran-C System: AN E Jun 55 

Pulse-Amplitude, Stereophonic Broad¬ 
casting Using: BC Sep 41 

Pulse-Code Communication Systems, New 
Transmission XI et hod for: CS Sep 155 

Modulator : 
Attenuator for XI illimeter Waves, P-I-N'. 
XITT Xlay 325 

Semiconductor Diode, for DC Current 
XIeasurement : NS Dec 1 

Semiconductor XI icrowave: XITT Sep 553 
Switches for Computer: EC XIar 123 

XIodule Prediction, Correction: RQC Apr 112 
Xlonopulse Antenna Difference Patterns: AP 
Nov 567 

Motion Pictures in Science and Engineering: 
EWS Jul 36 

XIovies, Television X-Ray: XIE Apr 80 
Xlultidiode Switches: XI TT Sep 566 
Xlultipath Channels, Xlatched Filter Com¬ 

munication System for: IT Jun 367 
Xlultipath Communication Problems, Solution 

of an Integral Equation Occurring in: IT 
Jun 412 

Multiplex X’oice Frequency Carrier Systems 
Using New Audio Filters: CS Dec 258 

Multiplier, Decimal, Improved Arrangement 
of: EC Jun 263 

Multiplier Phototubes, Cathode Uniformity 
and Transit-Time Spread of: NS Jun Sep 57 

Xiultiplier- Phototube Development at RCA: 
NS Jun Sep 52 
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N 
Navigation System, Doppler, for Army Air¬ 

craft: MIL Oct 565 
Navigation System Utilizing Intermittent 

Fixes, Cross-Track Errors in: ANE Mar 15 
Negative-Resistance Amplifiers, Noise in: CT 
Jun 166 

Negative Resistive Components, Plotting Im-
ped anees with: MTT May 377 

Nerve, What is a: ME Apr 94 
Networks: 

Active RC, Transfer Function Synthesis 
of: CT Aug 3 

Active, Regenerative Modes of: CT Mar 
62 

Approach to Project Activity Sequencing, 
Generalized: EM Sep 103 

Brune’s Energy Function Approach to 
Study of: CT Sep 270 

Demodulator Lead: CT Mar 56 
Electric, Graph Theory and: CT Aug 49 
Functions, Coefficients of Polynomials in: 
CT Mar 40 

Ladder Transformer Coupling, for Pulse 
Amplifiers: CT Sep 239 

Linear, Synthesis of. Through Normal Co¬ 
ordinate Transformations: CT Aug 40 

Lossless Symmetrical: CT Mar 75 
Maximallv-Flat Amplitude Response Lad¬ 

der: CT Mar 45 
Narrow-Band Symmetrical. Transfer 

Functions of: CT Mar 75 
Ninety-Degree Phase-Difference: CT Jun 

128 
Nonlinear, with Random Inputs: CT Dec 
479 

Number of Trees for: CT Jun 175 
Plus and Minus RC. Conditions for the 

Existence of: CT Sep 330 
RC Ladder, Maximum Gain of: CT Mar 

32 
RC Parallel-T, Design and Use of: AU 
Jan-Feb 26 

Recirculated, Criteria for: CT Jun 176 
RLC, Degrees of Freedom in: CT Jun 173 
RLC, Degrees of Freedom in: CT Sep 357 
RLC Ladder-Type, Realization of Trans¬ 

fer Functions by: CT Mar 137 
Single-Element-Kind, Analysis and Syn¬ 

thesis of: CT Sep 303 
Single-Loaded Reactance. Predistortion 

of : CT Jun 182 
Synthesis Using Tchebycheff Polynomial 

Series: CT Sep 346 
Tchebycheff and Butterworth Ladder, 

Takahasi’s Results on: CT Jun 88 
Time Varying, Properties of: CT Aug 69 
Transistor-Resistor Logic, Statistical 

Analysis of: CT Aug 100 
Neuristor, The: EC Sep 370 
Neurosurgery Using Ultrasound: ME Jul 166 
Neutron Counting Channels, Background 

Pulse Pil-Up in: NS Mar 36 
New York City High School Program in Phys¬ 

ics: E Jun 31 
Nickel Cadmium Cells, Non vented, Design of: 

CP Dec 129 
Noise: 

in Audio Magnetic Recorders, Measuring: 
AU Mar-Apr 39 

Electron Beams, Excess: ED Apr 95 
Electron Beams, Reduction: ED Jul 172 
Figure, Parametric Amplifier ami Mixer: 
MTT Jul 410 

Figures, Reflex Klystron Amplifiers: MTT 
May 291 

Gaussian, Laguerre Polynomials for Treat¬ 
ing Envelope and Phase Components 
of: IT Sep 502 

Iligh-Frequency Effects of the Potential 
Minimum on: ED Oct 218 

Impulse, Linear Cancellation Technique 
for Suppressing: VC Dec 1 

Impulse Reduction Circuit for Receivers: 
VC May 1 

Ix)cal Structure of Shot: IT Dec 548 
in Negative-Resistance Amplifiers: CT 
Jun 166 

Performance, Limitations on Parametric 
Amplifier: MTT Sep 538 

Power of Filter for Correlated Noise: IT 
Sep 426 

Radio Frequency, From Environment of 
Hypersonic Vehicles: ANE Dec 119 

Semiconductors, Generation-Recombina¬ 
tion: ED Jan 29 

Sine Waves Plus: IT Sep 502 
Sources, Microwave, Absolute Measure¬ 
ment of Temperatures of: I Sep 209 

Studies on Two-Cavity CW Klystrons: 
MTT Sep 474 

Temperature of Coupling Networks: MTT 
Jul 463 

Temperatures in the Microwave Region, 
Thermal: AP Mar 213 

Test, Resistor, Recommended Standard: 
CP Sep 71 

VHF-UHF, and Field Strength Meters, 
Improvement of: REI May 6 

Nonlinear Circuit Theory, Directions of Math¬ 
ematical Research in: CT Dec 542 

Nonlinear Circuits, van der Pol’s Work on: CT 
Dec 366 

Nonlinear Control Systems, Asynchronously 
Excited Oscillations in: AC Aug 179 

Nonlinear Networks with Random Inputs: CT 
Dec 479 

Nonlinear Oscillations. Theoretical Aspects of: 
CT Dec 368 

Nonlinear Reactance Circuits, Four-Fre-
quency: MTT May 274 

Nonlinear Reactances, Multistable Circuits 
I sing: CT Dec 432 

Nonlinear Reactive Networks, Amplification 
in: CT Dec 440 

Nonlinear Sampled Data Systems. Incremental 
Phase Plane for: AC Aug 159 

Nonlinear Self-Regulating Systems with Quad¬ 
ratic Metric, Quality Problem for: CT 1 )ec 
469 

Nonlinear Systems, Analysis and Synthesis of: 
CT Dec 459 

Nonlinear Systems, Transient Behavior of: CT 
Dec 446 

Nonlinearities, Describing Functions for a 
Class of: AC Jun 135 

NOR Circuits, Design of Diode-Transistor: 
EC Mar 15 

Nuclear Particle Spectrometer, Silicon Surface-
Barrier: NS Jun Sep 190 

Nuclear Radiation Effects on Components and 
Materials, Signal Corps Studies of: M IL Oct 
419 

Nuclear Reactor Control, Trends in: NS Dec 25 
Nuclear Reactor Safety System Using Transis¬ 

tors and Silicon Controlled Rectifiers: NS 
Dec 14 

Nuclear Reactors, Signal Flow Graphs and 
Analysis of: NS Mar 1 

Nuclear Rocket Engine Controls: NS Mar 29 
Nuclear Rockets, Application of: NS Mar 6 
Nuclear Rockets, Application of, Correction: 
NS Jun Sep 203, Dec 45 

Numerical Control, Point-to-Point, Drive 
Time-Sharing for: IE Dec 15 

Nuvistor Low- Noise VHF Tuner: BTR Nov 52 
Nuvistor Small-Signal Tetrodes in Television 

Video IF Amplifiers, Performance of : BTR 
May 50 

Nuvistors in VHF Band, Mixer-Oscillator Con¬ 
siderations for: BTR May 49 

Nyquist Plotter, Analog Computer: CT Aug 
130 

O 
Oak Ridge Thermonuclear Program: NS Dec 

19 
Ocular Pressure Measurements: ME Apr 61 
ONR Program in Electronics Research at Uni¬ 

versity of California: MIL Jan 46 
Operational Sequence Diagrams: HFE Mar 33 
Optical Coupling of Scintillation Chamber to 

Image Intensifying Tube: NS Jun Sep 150 
Optical Data Processing and Filtering Systems: 

IT Jan 386 
Optical Frequencies, Use for Space Communi¬ 

cation: CS Sep 164 
Optical Systems, Automatically Positioning 
Lamps in: IE Mar 2 

Optical Tracking of Satellites, Precision: MIL 
Jan 28 

Optimal Mean-Square Systems: IT Sep 490 
Optimum Systems Using Bayes Criterion, De¬ 

termining: CT Dec 491 
Orbit Determination from Single Pass Doppler 

Observations: MIL Apr Jul 336 
Orbit Determination Scheme for the Juno 

Space Vehicle: MIL Apr Jul 129 
Orbiting Relay Equipment, Project SCORE: 
MIL Apr Jill 193 

Orbits of Explorer Satellites: MIL Apr Jul 345 
Orthicons, Image. Reactivation of Under Low 

Temperature: BC Mar 27 
Oscillations: 

Asynchronously Excited, in Nonlinear 
Control Systems: AC Aug 179 

Differential Equations and Some Prob¬ 
lems in the Theory of: CT Dec 527 

Nonlinear, Theoretical Aspects of: CT 
Dec 368 

Sinusoidal Self, Analysis of: CT Dec 398 
Subharmonic, of Order One Half: CT Jun 

102 

Oscillators: 
Backward-Wave, Periodically Focused: 
ED Oct 274 

Driven by a Random Force: CT Dec 476 
Helitron, Small-Signal Analysis: ED Jan 

22 
Matrix Analysis of: CT Mar 69, Sep 356 
Miniature Transistorized Crystal-Con¬ 

trolled Precision: I Sep 141 
Two-Stroke: CT Dec 387 

Oscilloscope Displays, Improving Brightness 
in: UE Jun 85 

Overload Preventing, Photo-Sensitive Resistor 
in: Al ' Jul Aug 137 

Oxvgcn Detection, Microliter, in Medical Re¬ 
search: ME Oct 330 

P 
Packages, Test, Economics of: I Jun 19 
Paging, Personal Radio, in the VHF Band 
VC Dec 48 

Papers, Scientific, Writing of: EWS Jul 43 
Parabolic ReHector, Beam Deviation Factor of: 
AP May 347 

Paraboloidal Reflector Patterns for Off-Axis 
Feed: AP Jul 368 

Paramagnetic Resonance. Biological Flow 
Tracing Using: ME Jan 23 

Parametric Amplification, Degenerate Mode 
of: CT Sep 200 

Para met ric A m। ilifiers : 
Ferroelectric: MTT Jul 465 
Ferromagnetic, Performance Limitations: 
Mil Jan 4 

Iterative Traveling-Wave: CT Mar 4 
Noise Figure Measurement : M TT Jul 410 
Noise Performance Limitations: MTT 
Sep 538 

Periodically Distributed, Mode Theory in: 
MTT Jan 10 

Parametric Devices, Bibliography on: MTT 
Mar 222 

Parametric Diodes in a Maser-Locked Fre¬ 
quency Divider: MTT Mar 218 

Parametric Harmonic Generator, Large Signal 
Analysis of: MTT Sep 525 

Parametric Networks, Frequency-Domain 
Theory for: CT Sep 321 

Parametrons, Magnetic Film, as Logical De¬ 
vices: EC Sep 315 

Path-Loss Measuring Techniques: CS Mar 9 
Pattern Recognition and Display Characteris¬ 

tics: HFE Mar 11 
Pattern Recognition Logic. Design of: EC Mar 

48 
Pattern Recognition. Statistical Recognition 

Functions and the Design of: EC Dec 472 
Pentode, Secondary-Emission, Impedance 
Transformation with: ED Apr 99 

Periodic and Guiding Structures at Microwave 
Frequencies: MTT Jan 30 

Periodic Structures, Calculation of Character¬ 
istics for: MTT Mar 251 

Periodic Structures, Variational Principles and 
Mode Coupling in: MTT Sep 500 

Permittimeter, Radio Frequency: I Sep 179 
Personal Radio Paging in the VHF Band: VC 
Dec 48 

Personal, Strictly: VC May 86 
Personal Two-Way Radio Communication 
System Featuring Modular Construction: 
VC Dec 44 

Personnel, Engineering, Phasing and Utiliza¬ 
tion of : EM Jun 45 

PERT, Program Planning and Control through 
the Use of: EM Dec 125 

Phase Adjustments Effects on Cascaded Reflex 
Klystron Amplifiers: M i r Jul 445 

Phase Angle Master Standard for 400 CPS (Ab¬ 
stract): I Sep 74 

Phase Control Digital Techniques: CS Dec 237 
Phase Equalizers to Improve Transient Re-
sponse of Television Transmitting System: 
BC Sep 12 

Phase-Locked Frequency Divider, Parametric 
Diodes in a Maser: MTT Mar 218 

Phase-Modulation ('omni unications Systems. 
Analysis of: CS Dec 221 

Phase-Sensitive Detection with Multiple Fre¬ 
quencies: I Dec 349 

Phase Shift at Microwave Frequencies, Meas¬ 
urement of: MTT Mar 143 

Phase Shift Measurements, Microwave, Mis¬ 
match Errors in: MTT Nov 617 

Phase Shift of Signal Modulation, Bandwidth 
Measurement of Microwave Resonator by: 
MTT May 343; Correction: MTT Nov 651 

Phase Shifters, Coaxial: MTT Jul 398 
Phase Shifters, Reciprocal Ferrite: MTT Mav 

254 
Phase Shifts, Microwave, Modulated Subcar¬ 

rier Technique for Measuring: I Sep 217 
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Phonocan I iogra in. Electrocardiogram, or Pres¬ 
sure Tracing on the Cine-angiogram, Record¬ 
ing: ME Jul 228 

Phonocardiographic System, New Standard¬ 
ized: ME Jan 15 

Phosphor Detectors, Dual: NC Dec 32 
Phoswitch Technique, Gamma-Ray Spectrom¬ 

eter Using: NS Jun-Sep 175 
Photoeffect on Diffused P-N Junctions: ED 
Oct 242 

Photographic Data, Transmission of: IT Sep 
503 

Photometer, Gas-Hemoglobin Diffusion: ME 
Jul 207 

Photomultipliers: 
Dark Current in: NS Jun Sep 74 
New Rugged High-Temperature: NS Jun-
Sep 66 

for Scintillation Counting, Development 
of: NS Jun Sep 61 

Tubes. End-Window, Response of: NS 
Jun Sep 80 

Tubes, Scintillation Instruments and Im¬ 
age Intensifiers, Progress in: NS Jun 
Sep 44 

Photo-Sensitive Resistor in Overload Prevent¬ 
ing: AU Jul -Aug 137 

Phototubes ('apable of High Current Output: 
NS Jun Sep 71 

Phototubes, Multiplier, Cathode Uniformity 
and Transit-Time Spread of: NS Jun Sep 57 

Physical Realizability Criteria: CT Aug 50 
Physics, New York Citv High School Program: 
E Jun 31 

Physiological Effects of Condenser Discharges: 
ME Apr 104 

Pierce Electron Guns, Convergent, ('»rid Lens 
Effects in: ED Oct 195 

Piezo Transducer, Effect of Terminating Re¬ 
sistances on: UE Feb 16 

Pioneer III and IV Space Probes: MIL Apr-
Jul 123 

Pioneer IV, Tracking Experiments with: MIL 
Apr Jul 355 

Pioneer V, Explorer VI and, Data Systems for: 
SET Sep-Dec 121 

Plasma, Drifting, Magneto-Ionic Theory for: 
AP Sep 517 

Plasma, Hypersonically Produced. Propaga¬ 
tion through: AP May 338 

Plasma in the Microwave Region, Measure¬ 
ment of Propagation Properties: I Sep 167 

Plotting Impedances with Negative Resistive 
Components: MTT May 377 

Pneumatic Ultrasonic Transmitter for Remote 
Control: BTR Jul 31 

Poisson's Equation in Two Dimensions, Analog 
Representation of: EC Dec 490 

Polarizer, Broad- Band Circular, Analysis of: 
MTT Sep 520 

Pole-Zero Concepts in Loudspeaker Feedback 
Compensation, Use of : Al’ Nov Dec 229 

Police and Fire Department Communication 
Centers: VC Dec 58 

Polynomials, Minimal Positive: MTT Mar 171 
Positive Real Functions of Several Variables: 
CT Sep 251 

Power-Divider Junction, V-Port, Scattering 
Matrix for: MTT Nov 660 

Power Divider, N-Way Hybrid: MTT Jan 116 
Power Measurements, RF, Subtle Error in: I 
Sep 284 

Power Meter, Temperature-Compensated Mi¬ 
crowatt: I Sep 291 

Power Meters, Microwave, Intercomparison of : 
I Sep 202 

Power Sources, Advanced: MIL Oct 497 
Power Sources Designed for Space: MIL Apr-

Jul 313 
Power Sources for Low Heater Power Tubes in 

Transistorized Receivers: BTR Nov 38 
Power Spectrum Importance in Precise Fre¬ 
quency Measurements: I Sep 149 

Power Supplies, Solar, for Transistorized Re¬ 
ceivers: BTR May 21 

Power Supply, 1500-Volt, Center-Tapped Reg-
ulated: I Dec 334 

Power Transfer Standard, Precision RF : I Sep 
280 

Press, Business, Technical Journalism and: 
EWS Apr 20 

Pressure Tracing, Recording on the Cine-angio¬ 
gram: ME Jul 228 

Printed Circuit Balun for Spiral Antennas: 
MTT May 319 

Prizes for Progress: AN E Jun 31 
Probability Density of Output for Markow 
Step Input: IT Dec 539 

Probability Distribution, Envelope of Signal 
and Gaussian Noise: IT Mar 54 

Probability of Detection for Radar Targets: 
IT Apr 269 

Process Improvement through Evolutionary 
Operation: IE Mar 12 

Product Assurance: EM Dec 134 
Production-Line Testing Programmed by 
Punched Cards: IE Jul 20 

Productivity in Engineering Design, Work 
Measurement and: EM Sep 83 

Prognosis, Diagnosis, Therapeutics, and Com¬ 
puters: ME Oct 288 

Program Planning and Control through the 
Use of PERT: EM 125 

Programming, Digital, for the Inversion of Z 
Transforms: EC Sep 373 

Progress, Prizes for: ANE Jun 31 
Project Activity Sequencing, Generalized Net¬ 
work Approach: EM Sep 103 

Project Planning, Closed-Loop Techniques in 
Engineering: EM Sep 96 

Propagation: 
at 36,000 Me in the Los Angeles Basin: 
AP May 235 

Constant of Lossy Transmission Lines: 
MTT May 339 

in Ionized Gases: AP May 337 
Properties of Plasma in the Microwave 

Region, Measurement of: I Sep 167 
Studies, USASRDL, Review of: MIL 

Apt Jul 359 
Through a Hypersonically Produced 

Plasma: AP May 338 
VLF New Sporadic Layer: AP Nov 621 

Proposal, Complex Technical, Organizing: 
EWS Apr 28 

Proposals, Engineering, More Effective: EWS 
Jul 54 

PSK vs FSK Binary-Coded Transmission Sys¬ 
tems: CS Jun 87; Correction: Dec 272 

Psvchiatrv, Clinical, and Computers: ME Oct 
248 

Psychophysiology and Computers in Medical 
Diagnosis: ME Oct 263 

Pulse Amplifiers, Ladder Transformer Cou¬ 
pling Networks for: CT Sep 239 

Pulse-Amplitude Modulation. Stereophonic 
Broadcasting Using: BC Sep 41 

Pulse Characteristics, Fractional Millimicro¬ 
second, Measuring: 1 Dec 326 

Pulse Circuit, Secondary Emission: EC Dec 
439 

Pulse Circuits, High-Frequency, Comparative 
Performance of: EC Jun 175 

Pulse Code Modulation Communication Sys¬ 
tems, New Transmission Method for: CS 
Sep 155 

Pulse Instrumentation. Millimicrosecond, for 
Microwaves: I Jun 32 

Pulse- Modulated Error Feedback, Linear, Gen¬ 
eralized Weighting Function of: AC Jan 18 

Pulse Pile-Up. Background, in Neutron ('mint¬ 
ing Channels: NS Mar 36 

Pulse Position Modulation Analog Computer: 
EC Jun 256 

Pulse Shape Discrimination in a Plastic Scin¬ 
tillator: NS Jun Sep 35 

Pulse Shape in Scintillation Counters: NS Jun-
Sep 39 

Pulses, Magnetic Recording ami Reproduction 
of: AU Mar-Apr 42 

Pulses, Nanosecond, Nonsaturating Transistor 
Circuitry for: NS Mar 23 

Pulses, Periodic, Measurement and Elimina¬ 
tion of Flutter Associated with: I Dec 342 

Push-Button Characteristics, Desirable: HFE 
Mar 24 

Push-Button Mobile Dial Radio-Telephone: 
VC Dec 77 

Q 
Q in Resonant Ring Circuits. Theory and 

Measurement of: MTT Sep 560 
Quality Control Testing of Tubes, Automation 

for: RQC Sep 16 
Quantizing for Minimum Distortion: IT Mar 7 
Quantum Effects in Information Channels: IT 
Sep 435 

Quartz Program, Signal Corps Synthetic: MIL 
Oct 438 

R 
Radars: 

Ballistic Instrumentation at White Sands: 
MIL Oct 583 

Beacon: MIL Apr Jul 228 
Beacon System, ATC: ANE Sep 77 
Combat Surveillance, Signal Corps: MIL 

Oct 561 
Employing Satellite- Borne Illumination: 
MIL' Apr-Jul 268 

Integration Time, Optimum: AP Mar 183 
Mapping of Vehicular Communications 

Paths: VC Aug 11 

Measurements, Theoretical Accuracy of: 
ANE Dec 123 

Pulsed, Statistical Theory of Target De¬ 
tection by: IT Apr 59 

Quarternary ('odes foi : IT Jun 400; Cor¬ 
rection: IT Dec 555 

Signal Corps: MIL Oct 555 
Space Research, Role of: MIL Jan 11 
Target, Multipurpose: AP Jan 7 
Targets, Probability of Detection for: IT 
Apr 269 

Terrain Return Measured at Near-Vertical 
Incidence: AP May 246 

Terrain Return, Statistical Models for: 
AP May 242 

Radiations: 
Detectors, Silicon P-N Junction: NS Jun 
Sep 185 

and Electrical Hazards in Laboratory: ME 
Apr 111 

Fields of Circular Loop Antennas: AP 
Jan 105; Correction: AP Sep 515 

Pattern of an Antenna on a Curved Lossy 
Surface, Correction: AP Nov 628 

Pattern Synthesis: AP Jan 91 
Pattern Synthesis, Geometrical Optics 
Method of: AP Sep 485 

Pattern Synthesis Using Weighted Func¬ 
tions: AP Jul 441 

Patterns of a Noise-Excited Slot: MTT 
Sep 493 

Patterns, Two-Dimensional, Synthesis of: 
AP Mar 224 

Reflector Antenna, Polarized: AP Jan 43 
System Measurement, Transmission Line 

and: VC May 75 
from a Tapered Surface-Wave Antenna: 
AP Nov 577 

Tracking Transducers: I Dec 336 
Uh raviolet : ME Jul 130 

Radio-Astronomy Project at the University of 
Illinois: M IL Jan 14 

Radio Conference, World, Geneva, 1959: BC 
Aug 3 

Radio Interferometry Applied to Geodesy: 
MIL Apr-Jul 259 

Radio Star Tracking by Lobe Comparison, Ac¬ 
curacy of: AP Jan 50, Nov 632 

Radio Telephone, Push-Button Mobile Dial: 
VC Dec 77 

Radioisotope, Intravenously Injected, Cere¬ 
bral Monitoring of : ME Jul 184 

Radiotelephone Tests, FM and SSB, on Iono¬ 
spheric Scatter Link: CS Sep 183 

Radioteletvpe Circuits, Fading, Error Statis¬ 
tics in: IT Dec 558 

Radomes, Electrical Performance of: AP Nov 
548 

Rain, Forward Scatter from: AP Jul 414 
Random Processes, Best Approximation of: 

I T Mai 52 
Random Processes, Isospectral Family of: IT 
Sep 485 

Reactance Amplifier, UHF Traveling-Wave 
Variable: MTT May 351 

Reactance Circuits, Four-Frequency Non¬ 
linear: MTT May 274 

Reactances, Nonlinear, Multistable ('ircuits 
Using: CT Dec 432 

Realizability Criteria, Physical: CT Aug 50 
Realizability of Cut-Set Matrices: CT Mar 79 
Realizability of Linear Differential Systems: 
CT Sep 347 

Receivers: 
AM/FM Transistorized: BTR Jul 72 
860- Me, Applications of Semiconductors 

in: VC Maj 33 
4-Tube AM Superhet: BTR Jul 45 
FM. for Endoradiosonde Techniques: ME 

Oct J34 
Impulse Noise Reduction Circuit for: VC 
May 1 

Television. Automatic Gain Control for: 
BTR Jul 46 

Television, Transistorized Portable: BTR 
May 9 

Transistor Television. Video Processing 
('ircuits for: BTR May 25 

Transistorized AM-FM, Using MADT 
Transistors: BTR Nov 42 

Transistorized, for 150-Mc Mobile Service 
VC Aug 70 

Transistorized Home, Reliability in: RQC 
Sep 23 

Transistorized, Solar Power Supplies for: 
BTR May 21 

Reciprocity Theorem for Nonperiodic Fields: 
AP May 339 

Reciprocity Theorems for Electromagnetic 
Fields: AP Jan 68 

Recognition Functions, Statistical, and the 
Design of Pattern Recognition: EC Dec 472 
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Recorders, Audio Magnetic, Measuring Noise 
in: AU Mar-Apr 39 

Recording: 
Digital, on Magnetic Tubes, Three-Di¬ 

mensional Analyzer Using: NS Jun-
Sep 87 

the Electrocardiogram, Phonocardiogram, 
or Pressure Tracing on the Cineangio-
gram: ME Jul 228 

High-Density Magnetic: AU Mar Apt 58 
Magnetic, and Reproduction ot Pulses: 
AU Mar-Apr 42 

Magnetic, High Density Digital: EC Mar 
2 

Stereophonic, Double Doppler Effect in: 
AU May-Jun 105 

System, ¡¡-IPS Magnetic, tor Stereo¬ 
phonic Music: AU Sep-Oct 161 

Tape, Magnetic, Environment Effects on: 
SET Mar 19 

Type Direction Finder: CS Jun 21 
Video Tape, Production: BC Aug 21 

Recovery System Development: MIL Apr-Jul 
303 

Redundancy Concepts, Reliability Using: 
RQC Apr 53 

Redundancy, Optimum: RQC Apr 73 
Reflection, Antenna Ground, Reducing: AP 
Mar 225 

Reflection Problem Solution by Transmission 
Line Analogy: AP Jul 418 

Reflectometer, Measurement of Reflections 
and Losses of Waveguide Joints and Con¬ 
ductors Using: I Sep 219 

Reflectors: 
Antenna Polarized Radiation: AP Jan 43 
Diffraction, Experimental Study of: AP 
May 331 

Parabolic, Beam Deviation Factor of: AP 
May 347 

Patterns for Off-Axis Feed. Paraboloidal: 
AP Jul 368 

Refraction of Atmosphere, Precise Determina¬ 
tion of Index of: I Jun 23 

Refraction of VHF Signals at Ionospheric 
Heights: AP Jan 107 

Refraction, Tropospheric: AP Sep 456 
Refractive Index, Aircraft Measurement of: 
AP Mar 186 

Regression Models for Expendit tires and Re¬ 
turns from Research and Development: EM 
Mar 8 

Relay Contact Networks for Logic, Magnetic 
Analogs of: EC Mar 30 

Relay Servomechanisms Employing Sampled 
Data, Periodic Modes in: AC Sep 298 

Relaying, Radio, by Reflection from the Sun: 
CS Sep 169 

Relavs, Transistors and Autopsy Techniques 
for: RQC Dec 20 

Reliability: 
Analysis, System : RQC Sep 6 
Cable, in Ground Guided Missiles: CP 
Jun 54 

Contractual Aspects of: RQC Apr 84 
in Engineering Curricula, Survey of: RQC 
Sep 42 

Evaluation of Vehicular Radio: VC May 
10 

High, of Complex Military Equipment: 
RQC Apr 61 

Human Factors in the Attainment of: 
RQC Apr 97 

Improved Component, Through Environ¬ 
mental Testing: RQC Sep 45 

Improvement of Tantalum Capacitor: 
RQC' Sep 29 

Is Anything New in: RQC' Apr 81 
Measurements Study, Resistor: I Jun 4 
Military System. Department of Defense 

C ontributions: RQC Dec 1 
of Parallel Components: RQC' Apr 35 
Predictions, A Case History: RQC' Apr 87 
Product, Interval Estimation of: RQC' Apr 

77 
Program Activities, Contractor Manage¬ 
ment Looks at: RQC? Apr 90 

Program Activities, Customer Looks at: 
RQC' Apr 108 

Program. Golden M Tube, Motorola: 
RQC' Sep 34 

Purchasing: RQC z\pr 19 
Research and Development Aspects of: 

RQC' Sep 1 
Responsibilities: RQC' Sep 3 
Specifications, Minimization of Contact 

Networks Subject to: EC' Mar 122 
Theory, Mathematical, Results of: RQC 
Apr 14 

in Transistorized Home Receivers: RQC 
Sep 23 

of Transistors in Battery Portable Re¬ 
ceivers: RQC Sep 11 

Remote Control Package, Television: BTR Jul 
35 

Remote Control. Pneumatic Ultrasonic Trans¬ 
mitter for: BTR Jul 31 

Repeaters, Multicarrier Intermodulation Dis¬ 
tortion of: CS Mar 68 

Replacement Method. Reservation by: RQC 
Apr 6 

Reporting, Space Technology: EWS Apr 7 
Reports, Technical, Improving: EWS Jul 62 
Research : 

Budget, Stochastic Model for Determin¬ 
ing: EM Mar 2 

and Development Aspect of Reliability: 
RQC Sep 1 

and Development Performance in Amer¬ 
ican Industry, 1958, Funds for: EM 
Sei> 10« 

and Development, Regression Models for 
Expenditures and Returns from: EM 
Mar 8 

Enculturation in Industrial: EM Mar 20 
Flavor, The: E Feb 2 
Mathematical, in Nonlinear Circuit 

Theory, Directions of: CT Dec 542 
Projects, Analysis of Economic Decisions 

on: EM Dec 166 
Role Adaptation of Scientists in Indus¬ 

trial: EM Dec 159 
Services, Management of: EM Dec 141 
Signal Corps, Exploratory: MIL Oct 414 
Signal Corps, One Hundred Years: MIL 

Oct 396 
Signal Corps Organization for: MIL Oct 

402 
Signal Corps Procedure, Trends in: MIL 

< >. t 601 
Resistance, Insulation, Measurements with 

Electrometer up to 10 16 ohms: I Jun 28 
Resistance-to-Reactance Converter: CT Sep 

355 
Resistivity Measurements of Semiconductors 

at 9000' Mc: I Sep 175 
Resistivity, Microwave, Measurement by 
Eddy Current Loss in Small Spheres: I Sep 
184 ' 

Resistor-Noise Test, Recommended Standard: 
CP Sep 71 

Resistor. Photo-Sensitive, in Overload Pre¬ 
venting: AU Jul-Aug 137 

Resistor Reliability Measurements Study: I 
Jun 4 

Resonant Ring Circuits, Theory and Measure¬ 
ment of Q in: MTT Sep 560 

Resonator : 
Bandwidth Measurement by Phase Shift 

of Signal Modulation: MTT May 343; 
Correction: MTT Nov 651 

Method of Measuring Inductive Capaci¬ 
ties in the Millimeter Range, Dielectric: 
M TT Jul 402 

UHF, with Linear Tuning: MTT Jan 66 
Unloaded Q of Yttrium-Iron-Garnet: 
MTT Sep 570 

Respiratory Control of Heart Rate: Laws De¬ 
rived From Analog Computer Simulation: 
ME Jan 2; Correction: ME Apr 114 

Ring Circuit, Resonant, Attenuation in: MTT 
Mar 253 

Rings Circuits. Resonant, Theory and Meas¬ 
urement of Q in: MTT Sep 560 

Rockets: 
Engine Controls, Nuclear: NS Mar 29 
Impact Predictor, Automatic: MIL Apr 

Jul 243 
Nuclear, Application of: NS Mar 6; Cor¬ 

rection: NS Dec 45, Jun-Sep 203 
and Satellites, Scintillation Counters in: 
NS Jun Sep 159 

Sounding of High Atmosphere: MIL Apr-
Jul 238 

Upper-Air Research with: MIL Apr-Jul 
216 

Wind Sensors: MIL .Apr-Jul 230 
Role Concept of Engineering Managers: EM 
Mar 30 

Room Acoustics and Sound System Design: 
AU May Jun 77 

Root Locus Asymptotes: AC Jan 71 
Root Locus Properties in Control Systems: AC 
Jan 57 

Root Locus Techniques, Optimum Damping in 
a Missile by: AC Aug 237 

Rotary Wing Vehicular Communications: VC 
Aug 62 

Rubidium Vapor Frequency Standard, Proto¬ 
type: I Sep 132 

S 
Salamander and its Simulation, Bioelectric 

Field Pattern in: ME Jul 202 
Sampled Data: 

Communications Systems. Bounds on Per¬ 
formance of: CT Sep 335 

Multipole Filters, Optimum Synthesis of: 
AC Aug 193 

Periodic Modes in Relay Servomechanisms 
Employing: AC Sep 298 

System, Multipule-Rate: AC Jan 30 
Systems. Nonlinear, Incremental Phase 

Plane for: AC .Aug 166 
Systems, Pulse Duration: AC Sep 306 

San Francisco Bay Area, Part-Time Graduate 
Program in: E Jun 49 

Satellites: 
Communication, Geometric .Aspects of: 
SET Sep- Dec 145 

Communication System, Courier: MIL 
Oct 407 

Communication System, Delayed-Re-
peater: MIL Apr-Jul 195 

Communication Systems Design: MIL 
Apr-Jul 208 

Communication Using: MIL Jan 51 
Electronics, Explorer: MIL Apr Jul 78 
Explorer VII: MIL Apr Jul 86 
Motion from Radio Reception, .Analysis 

of: MIL Apr Jul 361 
Orbits of Explorer: MIL .Apr-Jul 345 
Polar-Orbit Relay, Communication bv: 
CS Dec 250 

Precision Optical Tracking of: MIL Jan 28 
Propagation Studies, Review of USASRI )L: 
MIL Apr Jul 359 

Rendevous, Conditional-Switching Termi¬ 
nal Guidance for: ANE Dec 110 

Employing Satellite-Born Illumination: 
MIL Apr Jul 268 

Scientific Objectives of Explorer VI I : MIL 
Apr Jul 93 

Scintillation Counters in: NS Jun Sep 159 
Signals Before and After the Argus Ex¬ 

periment: AP Jan 73 
Significance of Military Communications: 
MIL Apr Jul 176 

Thermal Design of Explorer: MIL Apr 
Jul 98 

Tracking Stations, Navy Portable: SET 
Mar 41 

Tracking System, Minitrack, Tracking 
Accuracy of : I Sep 84 

Vanguard II Cloud Cover Experiment: 
MIL Apr Jul 245 

Saturn Booster Telemetry System: MIL Apr-
Jul 169 

Scaling Stage, Silicon Transistorized: I Jun 55 
Scanned Arrays, Gain of Large: AP Nov 635 
Scanning Arrays, Large Beam. Mutual Im-

pedance Effects in: AP May 276 
Scatter Propagation: 

Air-to-Ground Meteoric Communication 
System: CS Jun 113 

Design of Wide-Band Systems: CS Sep 177 
Ionospheric Communication, Optimum 
Antenna Height for: CS Mar 14 

Ionospheric Link, FM and SSB Radio¬ 
telephone Tests on: CS Sep 183 

Swept -Frequency Tropospheric Link: AP 
Jul 423 

System for Field Use, Tropospheric: MIL 
Oct 536 

Transmission Systems, Probability Dis¬ 
tributions in: CS Mar 57 

Tropospheric Circuits, Designing: CS Sep 
193 

Tropospheric. Criteria for Ultimate Sys¬ 
tem Capability: CS Sep 187 

Tropospheric. Duration of Fades in: AP 
Nov 594 

Tropospheric, Three-Hop Link in Nor¬ 
way: CS Mar 20 

Scattering Matrix for an N-Port Power-Divider 
Junction: MTT Nov 667 

Scattering Methods, Modulated, Measure¬ 
ments of Field Distributions by: MTT May 
295 

Scattering of a Plane Wave on a Ferrite Cylin¬ 
der: MTT Jul 440 

Scattering of Waves: 
Back Scatter, Cross Sections of Cylindri¬ 

cal Wires: AP Jan 1 
Back Scatter from a Finite Cone: AP Mar 

175 
Forward Scatter from Rain: AP Jul 414 
by Rough Surfaces: AP Mar 167 
by Thin Dielectric Sheets: AP Jan 62 

Schmitt Circuits. Transistor, Switching Levels 
in: I Dec 309 

Transactions Index— 32 



Scientific Method, ('an Engineers Use the, Sys¬ 
tems Approach: EM Jun 72 

Scientists, Ideology of Academic: EM Jun 54 
Scientists in Industrial Research, Role Adapta¬ 

tion of: EM Dec 159 
Scintillation: 

Chamber, Optical Coupling to Image In¬ 
tensifying Tube: NS Jun Sep 150 

Chambers, Present Status of: XS Jun-
Sep 115 

Counter Gamma-Spectra Code for IBM 
650 Computer: XS Jun Sep 111 

Counters in Rockets and Satellites: XS 
Jun Sep 159 

Counters, Pulse Shape in: XS Jun-Sep 39 
Counting, Development of Photomulti¬ 

pliers for: XS Jun Sep 61 
Detectors, .Application of, to Cosmic Ray 
Experiments: XS Jun-Sep 164 

Detectors, Transistor Counting Systems 
lor: NS Jun Sep 89 

('»lasses. Cerium Activated: XS Jun Sep 
28 

Instruments, Photomultiplier Tubes, and 
Image Intensifiers, Progress in: XS Jun-
Sep 44 

in Organic Materials: XS Jun Sep 11 
in Organic Systems: XS Jun Sep 2 
Responses of Activated Ionic Crvstals: 
NS Jun Sep 22 

Spectra, Aircraft: AP Mar 201 
Spectrometer Data, Unscrambling: XS 

Jun Sep 102 
Scintillator: 

Detector, Space, Distinguishing Between 
Protonsand Electrons: XS Jun Sep 170 

High-Pressure Gas: XS Jun Sep 32 
Organic Solution. Rise-Time Charactei is-

ticsof: NS Jun Sep 17 
Plastic, Pulse Shape Discrimination n: 
NS Jun Sep 35 

SCORE, Signal Communication by Orbiting 
Relay Equipment: MIL Apr Jul 193 

Sebit 25 Data System, Performance Over Wire 
Line at 2500 Bits per Second: CS Jun 134 

Secondary-Emission Pentode, Impedance 
Transformation with: ED Apr 99 

Secondary Emission Pulse Circuit: EC Dec 439 
Selective ('ailing and Noise-Immune Squelch 

for Radio Links: VC Aug 57 
Self-( )scillations, Sinusoidal, Analvsis of: Dec 

398 
Self-Oscillatory System with External Force, 

Frequent Entrainment in: CT Dec 413 
Semantic Problems in Circuit Analvsis: E Feb 

10 
Semiconductors: 

Devices, Thermally- 1 nd need ('racking in, 
Correction: ED Apr 94 

Microwave Modulator: MTT Sep 553 
at 9000 Me, Resistivity Measurements of : 

I Sep 175 
Semiconductors: E Dec 111 

Sequence Detection Using All- Magnetic Cir¬ 
cuits: EC Jun 155 

Sequence Diagrams, Operational: HFE Mar 
33 

Servomechanisms, 11 ydraulic, Mathematical 
Représentât ions of : AC Jun 129 

Servomechanisms, Relay, Employing Sampled 
Data, Periodic Modes in: AC Sep 298 

Servo, Position, with a Magnetic Clutch Actu¬ 
ator: AC Aug 220 

Servo Svstems, Improved Transient Response 
in: AC Jun 152 

Servo Svstems, Nonlinear Feedback in: .AC 
Sep 329 

Sferics Monitoring System: I Dec 315 
Shift Register, Thin Magnetic Film: EC Sep 

321 
Shift Registers, Magnetic: EC Jun 262 
Shock Waves, Electron Densities Behind Hv-

personic: AP Jan 102 
Signal Corps: 

Astro-Observation ('enter: MIL Apr Jul 
327 

Contribution to Microwave Antenna: 
MIL Oct 532 

Exploratory Research in: MIL Oct 414 
Field Telephones: MIL Oct 543 
Program on Ferrites: MIL Oct 448 
Radar in: MIL Oct 555 
Radar in Combat Surveillance: MIL Oct 

561 
Research and Development Procedure, 
Trends in: MIL Oct 601 

Research, One Hundred Years of: MIL 
Oct 397 

Role in Continuous-Tone Electro-photog¬ 
raphy: MIL Oct 591 

at the Space Frontier: MIL Oct 404 

Studies of Nuclear Radiation Effects on 
Components and Materials: MIL Oct 
419 

Synthetic Quartz Program: MIL Oct 438 
Transistor Development: .MIL Oct 455 

Signal Flow Graph from Loop Equations: CT 
Jun 177 

Signal Flow Graphs and Stability Analysis of 
Nuclear Reactors: XS Mar 1 

Signal Flow Graphs, Microwave Measure¬ 
ments by: MTT Mar 206 

Signaling, Guarded Tone: VC Dee 87 
Silicon Integrated Circuits: MIL Oct 459 
Silicon Junction .Alpha- Particle Detector, En¬ 

capsulated: XS Jun Sep 199 
Silicon Junctions as Particle Spectrometers: 
XS Jun Sep 195 

Silicon P-X Junction Radiation Detectors: 
XS Jun Sep 185 

Silicon Surface- Barrier Nuclear Particle Spec¬ 
trometer: XS Jun Sep 190 

Silicon Transistorized Scaling Stage: 1 Jun 55 
Simulation of the Bioelectric Field Pattern in 

the Salamander: Jul 202 
Simulator, Dynamic Target and Counter¬ 

measures: MIL Oct 587 
Simulator, Minimum Analog Driving: HFE 

Sep 69 
Sine Waves Plus Xoise: IT Sep 502 
Single Sideband. More Channels in Mobile 

Service: VC Aug 47 
Single Sideband. Performance of 24-Channel 
UHF Communication System: CS Mar 26 

Slots: 
Antenna with Coupled Dipoles: AP Mar 

136 
Coupling, Lossv Resonant: MTT Xov 669 
Flared: AP Sep 461 
Xoise- Excited, Radiation Patterns of: 
M TT Sep 493 

Resonant, with Independent Control of 
.Amplitude and Phase: AP Jul 384 

Shunt, Mutual Coupling of: AP Jul 389 
Transverse. Flush-Mounted Array: AP 

Jul 401 
with Variable Coupling: AP Jan 97 

Smoothing and Prediction of Time Series: CT 
Aug 136 

Solar Power Supplies for Transistorized Re¬ 
ceivers: BTR May 21 

Solids, Characteristics of Electrons in: E Dec 
106 

Solid-State Xonlinear Analog Component, A 
New: EC Dec 496 

Sound System Design, Room Acoustics and: 
AU May-Jun 77 

Soviet Computer Technology 1959: EC Mar 
72 

Soviet Literature on Control Svstems: AC Jun 
142 

Space : 
Age, Education in the: E Sep 66 
Age, Microwaves in the: MIL Jan 5 
Communication System, Ground Antenna 

for: SET Mar 45 
Communication Systems, Considerations 

in: CS Dec 214 
Communication, Use of Optical Frequen¬ 

cies for: CS Sep 164 
Communications, Deep: MIL.Apr Jul 158 
DOPLOC, Tracking in: MIL Apr Jul 332 
Exploration, Problems in: SET Mar 55 
Frontier, Signal Corps at the: MIL Oct 

494 
History of Army Activities in: MIL Apr-

Jul 64 
Instrumentation, Components for: MIL 

.Apr Jul 308 
Power Sources Designed for: MIL Apr-

Jul 313 
Probes, Pioneer 111 and IV: MIL.Apr Jul 

123 
Research, Role of Radar in: MIL Jan 11 
Surveying and Mapping from: MIL Apr-

Jul 256 
Technology Reporting: EWS Apr 7 
Vehicle Communication, Optimum Fre¬ 

quencies for: MIL Apr Jul 184 
Vehicle, Manned, Determination of Hu¬ 
man Operator Functions in: HFE Sep 45 

Vehicle, Orbit Determination Scheme for 
the Juno: MIL Apr-Jul 129 

Vehicles, Flywheel Control of: AC Aug 
247 

Vehicles, Launching Procedures for: MIL 
Apr-Jul 317 

Spacious Fantasies: MIL Jan 3 
Spark Gap, Waveguide, as a Standard for Mi-

crowave High Voltages: I Sep 214 
Spark, Self-Triggering, Gap “Crowbar”: IE 
Dec 7 

Spectral Analysis of Randomly Delayed 
Pulses: IT Sep 440 

Spectral Compensation, Automatic, of an 
Audio System: AU Nov Dec 206 

Spectral Measurements of Sliding Tones: CT 
Aug 26 

Spectroanalysis, Infrared. Digital Electronic 
Methods for: ME Oct 273 

Spectrometer: 
Data, Scintillation, Unscrambling: NS 
Jun-Sep 102 

Gamma-Ray, ('esium Iodide as a: NS 
Jun Sep 25 

Gamma-Ray, Portable: XS Jun Sep 96 
Gamma-Ray, Using the Phoswitch Tech¬ 

nique: NS Jun Sep 175 
Particle. Silicon Junctions as: NS Jun-
Sep 195 

Scintillation, Energy Resolution Correc¬ 
tion for: NS Dec 36 

Silicon Surface- Barrier Nuclear Particle: 
NS Jun Sep 190 

Spectroscopy. Television, of Biological Fluo¬ 
rescence: ME Jul 138 

Speech Compression. Slope-Feedback Method 
for: CS Dec 254 

Speech Recognition Machines, Time Compen¬ 
sation in: AU May- J un 87 

Speech Signal Analysis, Choice of Base Signals 
in: AU Nov Dec 221 

Spiral Antenna, Archimedean Two-Wire: AP 
May 312 

Spiral Antenna, Second- Mode Operation of: 
AP Nov 637 

Spiral Antennas: AP May 298 
Sputnik Diary, Early: MIL Apr Jul 320 
Square-Error Criterion, Optimization Based 

on: AC Jan 24 
Squelch, Selective ('ailing and Noise-Immune, 

for Radio 1 inks: VC Aug 57 
Stability, Absolute, Various Methods of Inves¬ 

tigating: AC Sep 330 
Stability of Systems with Randomly Time-

Varying Parameters: AC Sep 265 
Standards: 

Atomic Beam Frequency: I Sep 120 
Block Diagram, Progress Toward: EC 
Jun 266 

Crystal-Controlled Primary Frequency, 
Latest Advances: I Sep 136 

Divider, Calibration of Kelvin-Varley : I 
Sep 237 

and Electronic Measurements: I Sep 75 
and Electronic Measurements, DEWLine 

Problems in: I Sep 89 
Frequency and Time, Status Report: I 
Sep 117 

Frequency, Gas ('ell Atomic Clock: MIL 
Jan 25 

Frequency, Prototype Rubidium Vapor: 
1 Sep 132 

and Measurements of Microwave Surface 
Impedance, Skin Depth, Conductivity 
and Q: I Sep 171 

for Microwave High Voltages, Waveguide 
Spark Gap as: I Sep 214 

Phase Angle Master, for 400 CPS (Ab¬ 
stract): 1 Sep 74 

Precision RE Power Transfer: I Sep 280 
Program, Nation's Electronic, Where We 
Now Stand: I Sep 94 

Propagation of Error in a ('bain of: I Sep 
101 

Statistical Recognition Functions and the De¬ 
sign of Pattern Recognition: EC Dec 472 

Statistical Theory of Optimum Demodulation: 
IT Sep 420 

Statistical Theory of Systems Reducible to 
Linear: CT Dec 506 

Statistical Theory of Target Detection by 
Pulsed Radar: IT Apr 59 

Statistical Variables, Exponentially-Mapped 
Past : AC Jan 11 

Steam Electric Station, Sterlington, Automa¬ 
tion of: IE Jul 14 

Step-Function Resjionse of Third-Order Sys¬ 
tems, Simplified Formulas for: CT Sep 354 

Stereophonies: 
Broadcasting Using Pulse-Amplitude 

Modulation: BC Sep 41 
Effect as a Function of Frequency: AU 
Sep Oct 144 

Experiments and Experiences in: AU 
May Jun 91 

Music. 1 ¿-IPS Magnetic Recording Sy st em 
for: AU Sep Oct 161 

Preamplifier, Transistorized, and Tone 
Control: AU Jan Feb 17 

Projection Console: AU Jan Feb 13 
Recording, Double Doppler Effect in: AU 
May Jun 105 
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System, Compatible, for AM Broadcast 
Band: BTR Nov 30 

System, Television: BTR Nov 25 
System with Two Signals and Derived 

Center Output, Terminology for: AU 
Sep-Oct 185 

Systems, Listener Ratings ot : AU Sep-
Oct 153 

Systems, Signal Mutuality in: AU Sep-
Oct 168 

Sterlington Steam Electric Station, Automa¬ 
tion of: IE Jul 14 

Stimulation, Biological, Pulse Power Amplifier 
for: ME Jan 29 

Stochastic Model for Determining Research 
Budget: EM Mar 2 

Storage: 
and Camera Tubes, Targets for: ED Apr 

78 
Digital, of Statistical Data: NS Mar 43 
and Retrieval of the Results of Clinical 

Research: ME Oct 265 
Time in I unction Transistors, Prediction 

of: ED Jan 9 
Strip Transmission Lines: 

Broadside-Coupled, Characteristic Im¬ 
pedance of: MTT Nov 631 

Circulator, Lightweight Y-Junction: MTT 
Nov 670 

Circulator, Y-Junction: MTT May 346 
Conductors, Thickness Corrections for: 
MTT Nov 636 

Discontinuities in: MTT May 328 
Magic-T, Wide-Band: MTT Mar 160 

Stroke and Dagger Functions, Minimal, Syn¬ 
thesizing: CT Aug 144 

Student Values and Curriculum Choice: EM 
Dec 146 

Sun, Radio Relaving by Reflection from: CS 
Sep 169 

Superconducting Contacts: ED Jul 137 
Surface Impedance, Skin Depth, Conductivity 

and Q, Microwave. Standardsand Measure¬ 
ments of: I Sep 171 

Surface Waves: 
Antenna, Tapered, Radiation from: AP 
Nov 577 

Efficiency of Launching: AP Sep 500 
Excitation on a Curved Surface: AP Jul 

445; AP Jul 449 
Luneberg Lens Antennas: AP Sep 508 
on Symmetrical Three-Layer Sandwiches: 
MTT Sep 572 

Surveillance, Combat : MIL Oct 551 
Surveillance Research and Development, Com¬ 

bat: MIL Oct 548 
Surveillance, Signal Corps Radar in Combat: 
MIL Oct 561 

Surveying and Mapping from Space: MIL 
Apr Jul 256 

Surveying, Distance Measuring Equipment in: 
MIL Apr Jul 263 

Sweat Rates, Electronic Device for Measure¬ 
ment of: ME Oct 326 

Sweep Frequency Sounder, Structure of HF 
Signals Revealed by: AP Jul 449 

Switches: 
Core, for Magnetic Matrix Stores: EC 
Jun 176 

Ferrite Reflective: MTT Jul 466 
Germanium Diode Microwave: MTT Jan 

108 
Microwave, with Low-Pressure Arc Dis¬ 

charge: MTT Nov 628 
Modulator, for Computer: EC Mar 123 
Multidiode: MTT Sep 566 
N-P-N and N-P-N-P Devices as 
Twenty-Ampere: ED Jan 39 

Tubes with 100 and 256 Elements, Cath-
ode-Ray: ED Oct 189 

Waveguide, Employing Offset Ring-
Switch Junction: MTT Sep 532 

Waveguide, Tetrahedral Junction as: 
MTT Jan 120 

Switching: 
in Bistable Circuits: ME Apr 98 
Circuit Techniques, Comparison of: EC 
Jun 161 

Circuits, Parenthesis-Free Notation for 
Automatic Design of: EC Sep 342 

Circuits, Transistor, Base Charge Concept 
of: CT Mar 12 

Four-Terminal P-N-P-N Device: ED Oct 
214

Functions, Correction to Self-Dual Sym¬ 
metric: EC Jun 266 

Germanium P-N-P-N Device with Three 
Contacts: EC Jul 132 

High-Current, Silicon Transistor for: ED 
Oct 2 51 

Improvements to Current : EC Dec 415 

Levels in Transistor Schmitt Circuits: I 
I )ec 309 

and Memory Criterion in Transistor Flip-
Flops: CT Aug 92 

Microwave Gas Elements: ED Jan 54 
Networks, Multiple-Output, Simplifica¬ 

tion of: EC Dec 477 
System for a Field Army: MIL Oct 519 
Transistor Current, and Routing Tech¬ 

niques: EC Sep 302 
Transistor Flip-Flop, Diode Matrix Com¬ 

mutator with: I Jun 40 
Symbiosis, Doctor- Machine: ME Oct 290 
Synchro Output Proportional to Input Angle, 

Feedback Method for Obtaining: EC Sep 
359 

Synchronization of Binary Messages: IT Sep 
470

Synchronization, World-Wide Clock: MIL 
Apr Jul 366 

Synchrotron RF System, Strongly Coupled, 
Model Studies of: MTT Nov 595 

Synthesis: 
of Linear Minimum Response-Time Con¬ 

trollers: AC Sep 283 
of Linear Networks Through Normal Co¬ 

ordinate Transformations: CT .Aug 40 
of Lossless Networks: CT Mar 74 
of Minimal Stroke and Dagger Functions: 
CT Aug 144 

Network, Using Tchebycheff Polynomial 
Scries: CT Sep 346 

Optimal Multivariable System: AC Aug 
166 

Optimum, of Sampled Data Multipole 
Filters: AC Aug 193 

of a Self Adaptive Autopilot: AC Aug 229 
Techniques, Application to Circuit De¬ 

sign: CT Aug 79 
Topological, of Transfer-Admittance Ma¬ 

trices: CT Jun 112 
Transfer Function, of Active RC Net¬ 

works: CT Aug 3 
of a Wide-Band Lattice Crystal Filter: 
CT Jun 121 

Systems: 
Approach: Can Engineers Use the Scientif¬ 

ic Method: EM Jun 72 
Behavior, Prediction of: RQC Dec 23 
Management, Intracompany: EM Mar 14 
Reliability Analysis: RQC Sep 6 
Theory Using Baves Criterion, Optimum: 

IT Mar 4 

T 

Takahasi’s Results on Tchebycheff and But¬ 
terworth Ladder Networks: CT Jun 88 

Tantalum Capacitor. Reliability Improvement 
of: RQC Sep 29 

Tantalum Capacitors, Symposium on: CP Sep 
88 

Tapes: 
Cartridge. Compatible: AU Mar Apr 62 
Cartridges, Magnetic, Compatible: AU 
Sep-Oct 178 

Magnetic Recording, Environment Effects 
on: SET Mar 19 

Recorded: AU Sep-Oct 185 
Recording Production, Video: BC Aug 21 
Speed, Accurate Measurement of: AU 
Mar-Apr 67 

Tapers. Double in Rectangular Waveguides. 
Correction: MTT Jul 458 

Targets for Storage and Camera Tubes: ED 
Apr 78 

Taylor Distributions for Circular Aperture An¬ 
tennas: AP Jan 23 

Tchebycheff: 
Arrays, Gain of: AP Nov 629 
and Butterworth Ladder Networks, Taka¬ 

hasi’s Results on: CT Jun 88 
Filters, Butterworth and. Phase and En¬ 

velope Delay of: CT Jun 180 
Polynomial Series. Network Synthesis 

Using: CT Sep 346 
Teaching. Biophysics, Programs in U.S. and 
Canada: ME Oct 351 

Teaching Machine, Penultimate: E Sep 100 
Team Contracting. Another Look at: EM Jun 

67 
Technical Proposals and Marketing Effort in 

Military Electronics, Measuring the Effec¬ 
tiveness of: EM Jun 62 

Technician, Manpower Shortage and: E Feb 3 
Telemet ry: 

FM-AM vs FM-FM : SET Jun 81 
PCM, Synchronization for: SET Sep Dec 
94 

PCM/FM, Signal Analysis and Band¬ 
width Effects: SET Sep-Dec 129 

PDM-FM and PCM-FM, Effect of Video 
Filters on: SET Jun 85 

Receiving antennas at Cape Canaveral: 
1 Jun 43 

System, Saturn Booster: MIL Apr Jul 169 
System, Six-Channel High-Frequency: 
SET Jun 69 

Working Group of Inter-Range Instru¬ 
mentation Group: SET Mar 61 

Telephones, Signal Corps Field: MIL Oct 543 
Telephone System, Mobile, Coordinated 

Broad-Band': VC May 43 
Telephone System, Multi-Area Mobile Radio: 
VC May 49 

Television: 
Amplifier, Transistor: BTR May 17 
Antenna Measurements Based on Pulse 

Techniques: BC Mar 12 
Benefits of a New Aspect Ratio for: BTR 
Nov 13 

Broadcasting, Directional Antennas for: 
BC Aug 13 

Color, Color Slide and. Experiments Using 
the Land Technique: BC Mar 29 

Color, Experiments, Color Slide and : BTR 
Jul 62 

('olor, Signals, Transmission ot : BC Sep 31 
Eye Marker as a Recording ami Control 
Mechanism: ME Jul 196 

Limiter, Transistorized FM and: BTR 
Jul 10 

Network, Airborne. Service Area of: BC 
Aug 20 

Picture Quality, Improvement by Beam 
Spot Stretch: BTR May 48 

Picture Tube, Wide Angle Deflection Sys¬ 
tem and: BTR Jul 15 

Picture Tubes, 110°, Transistorized De¬ 
flection Circuits for: BTR Jul 3 

Picture Tubes, Scan Magnification in: 
BTR Jul 20 

Picture Tubes, Unconventional: BTR Jul 
30 
Receiver, Transistor. Video Processing 

Circuits for: BTR May 25 
Receiver, Transistorized Portable: BTR 
May 9 

Receivers, Automatic Gain Control for: 
BTR Jul 46 

Remote ('ont rol Package: BTR Jul 35 
Signals, Special Effects Amplifier for: BC 
Aug 47 

Spectroscope of Biological fluorescence: 
ME Jul 138 

Stereophonic System: BTR Nov 25 
Studio-Qualitv Sweep-Linearity: BTR 

Jul 57
Transistor, Phase Splitter \ ideo Amplifier 

for: BTR Nov 18 
Transistorized. Design Considerations for: 
BTR Jul 40 

Transmitter Plant Input System: BC Aug 
25 

Transmitting System, Phase Equalizers 
to Improve Transient Response of: BC 
Sep 12 

Tuner, Transistor, with a 4.5-1) B Noise 
Figure: BTR Jul 67 

Ultraviolet Studies of Living Cells: ME 
Jul 135; Correction: ME Oct 366 

Video IF Amplifiers. Performance of Nu¬ 
vistor Small-Signal Tetrodes in: BTR 
May 50 

X-Ray Movies: ME Apr 80 
Temperature: 

Aircraft Measurements of : AP Mar 186 
Compensation of Coaxial Cavities: MTT 
Mar 151 

Distribution in Materials Heated by 
Eddy: CP Jun 60 

of Microwave Noise Sources, Absolute 
Measurement of: I Sep 209 

Test Packages, Economics of: I Jun 19 
Test Systems, Multipurpose Automatic: If. 

Jul 24 
Testing, Complex Signal Environment. Instru¬ 

mentation For: I Jun 13 
Testing, Production-Line, Programmed by 

Punched Cards: IE Jul 20 
Tetrodes, Nuvistor Small-Signal, in Television 

Video IF Amplifiers, Performance of: BTR 
May 20 

Therapeutics, Diagnosis. Prognosis, and ( om 
puters: ME Oct 288 

Thermal Design of Explorer Satellites: MIL 
Apr Jul 98 

Thermal Noise Temperatures in the Micro¬ 
wave Region: AP Mar 213 

Thermally- Induced ('racking in Devices, Cor¬ 
rection: ED Apr 94 
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Thermionic Engines, Predicted Performance of 
Vacuum Diode: ED Jul 117 

Thermonuclear Program, Oak Ridge: NS 
Dec 19 

Thin Ferromagnetic Eilms: CP Mar 3 
Thin Film Circuit Techniques: CP Jun 37 
Thin Magnetic Film Shift Register: EC Sep 321 
Time: 

Compensation in Speech Recognition Ma¬ 
chines: AU May-Jun 87 

Domain Approximation, Fourier Series: 
CT Aug 18 

and Frequency Synchronization of Navy 
VLF Transmissions: 1 Sep 155 

Lag Systems, Bibliography of: AC Jan 66 
Standards, Frequency and, Status Report: 

I Sep 117 
TIROS System: MIL Apr Jul 24X 
Tissue, Thermal Damage Integrals, Computer 

Solution: ME Oct 355 
Tones, Sliding, Spectral Measurements of: CT 
Aug 26 

Topological Synthesis of Transfer-Admittance 
Matrices: CT Jun 112 

Topology, Network, Computational Method 
for: CT Sep 296 

Tower and Guys, Effects on Performance of 
Side-Mounted Vertical Antennas: VC Dec 24 

Tracing, Biological Flow, Using Paramagnetic 
Resonance: ME Jan 23 

Tracking: 
Accuracy of Minitrack Satellite Tracking 

System: I Sep Dec 84 
Automatical, the Roll Position of a Mis¬ 

sile: SET Jun 67 
Experiments with Pioneer IV: MIL Apr-

Jul 355 
a Radio Star by Lobe Comparison, Ac¬ 

curacy of: AP Jan 50; Comment on: 
AP Nov 632 

of Satellites, Precision Optical: MIL Jan 
28 

in Space by DOPLOC: MIL Apr Jul 332 
Stations, Satellite. Navy Portable: SET 
Mar 41 

Two-Dimensional System. Quickening in 
One Coordinate of: HFE Mar 21 

Transducers: 
AC, Zero Frequency Response from: ME 
Oct 349 

Design of Mode: MTT Jan 61 
Elements, Ferroelectric, Loaded by Masses 
and Acoustic Radiation, Vibrations of: 
UE Feb 12 

Properties of Lead Titanate Zirconate 
Ceramics: UE Feb 1 

Piezoelectric, Effect of Terminating Re¬ 
sistances on: UE Feb 16 

Radiation Tracking: I Dec 336 
Thickness-Shear .Mode BaTIO, Ceramic, 

for Ultrasonic Delay’ Lines: UE Feb 7 
Transfer-Admittance Matrices, Topological 

Synthesis of: CT Jun 112 
Transfer Functions: 

Coefficients of a Linear Dynamic System: 
M Sep 333 

of Narrow- Band Symmetrical Networks: 
CT Mar 75 

Polynomials of: CT Sep 224 
by RLC Ladder-Type Networks, Realiza¬ 

tion of: CT Jun 137 
Synthesis of Active RC Networks: CT 
Aug 3 

Voltage, Derivation from Gain Function: 
CT Sep 352 

Transfluxors, Applications to Electromechan¬ 
ical Control System: IE Dec* 1 

Transformation Equations, Euler Angle, Solu¬ 
tion to: EC Sep 362 

Transformers: 
Bridge, Ratio, for Standardization of In¬ 
ductors and Capacitors: I Sep 251 

Cascaded Quart er-Wave, Correction: 
MTT Mar 243 

Center-Tapped, Distortion from, in Class 
B Power Amplifier: AU Jul Aug 114 

Coupling Networks, Ladder, for Pulse 
Amplifiers: CT Sep 239 

Quarter-Wave, Optimum: MTT Sep 478 
Quarter-Wave Prototype Circuit: MTT 
Sep 483 

Quarter-Wave, Two Sections: MTT Nov 
643 

Ratios, Precision Measurement of: I Set) 
213 

Stepped Impedance, Optimum : M TT Mar 
169 

Stepped, for Partially Filled Transmission 
Lines: MTT Mar 212 

Transient Behavior of Nonlinear Systems: CT 
Dec 4Í6 

Transient Pulses in a Conducting Medium, 
Frequency Spectra of: AP Nov 603 

Transient Response. Improved, in Servo Sys¬ 
tems: AC Jun 152 

Transient Response of a Transmission Line 
Containing Capacitive Discontinuities: CT 
Jun 151 

Transients in Conducting Media, Electro¬ 
magnetic: AP Mar 229 

Transistors: 
Amplifiers, Correcting Nonlinearity of: 
AU May Jun 103 

Audio Amplifier, Design by Computer: 
AU Jul Aug 132 

Avalanche, with Resistance Loads, Cur¬ 
rent Build-Up in: EC Dec 456 

Behavior at High Frequencies: ED Jan 59 
Characteristics, Physical Electronics Un¬ 

derlying Junction: E Dec 116 
Circuitry, Nonsaturating, for Nanosecond 

Pulses: NS Mai 23 
Current Switching and Routing Tech¬ 

niques: EC Sep 302 
Development, Signal Corps: MIL Oct 455 
Diffused Base, Equivalent HF Circuit for: 
CT Jun 174 

High-Current Switching, Silicon: ED Oct 
251 

as High-Speed Light Pulsers: NS Jun-
Sep 202 

Junction, Prediction of Storage Time in: 
ED Jan 9 

Power Amplifiers with Negative Output 
Impedance: AU Nov -Dec 195 

Push-Pull Amplifier Without Transfor¬ 
mers: AU Nov Dec 202 

and Relays, Autopsy Techniques for: 
RQC Dec 20 

Reliability in Battery Portable Receivers: 
RQC Sep 11 

Resistor Logic Networks, Statistical Anal¬ 
ysis of: CT Aug 100 

Switching Circuits. Base Charge Concept 
of: CT Mar 12 

Transient Operation with Inductive Load: 
ED Jul 174 

Transmission Cavity Waveguide: MTT Jul 436 
Transmission Lines: 

Chart, Logarithmic: MTT Jul 463 
Complementarity in: MTT Mar 172 
Containing Capacitive Discontinuities, 

Transient Response of: CT Jun 151 
Exponential, Equivalent Circuits of: CT 
Mai 71 

Lossy, Propagation Constant of: MTT 
May 339 

Missile Antennas: AP Jan 88 
Multielement: MTT Mar 136 
Network Analysis in Time Domain: M TT 
May 301 

Partially Filled, Stepped Transformers 
for: MTT Mar 212 

and Radiating System Measurement: VC 
May 75 

Rectangular, Determination of Impedance 
of : M TT Sep 510 

Strip, Broadside Coupled, Characteristic 
Impedance of: MTT Nov 631 

Strip, Discontinuities in: MTT May 328 
Theory, Unit Real Functions in: CT Sep 

247 
Transmission of Photographic Data: IT Sep 503 
Transmitters: 

Base, in a Mobile System, Precision Car-
rier Frequency Control of: VC May 54 

Pneumatic Ultrasonic, for Remote Con¬ 
trol: BTR Jul 31 

Power ('out rol in Two-Way Comm unica¬ 
tions System: CS Mar 48 

Television, Plant Input System: BC Aug 
25 

Transoceanic, Radio, Constant- Ratio Code on: 
CS Mar 72 

Traveling-Wave Amplifiers, Theoretical Power 
Output and Bandwidth of: ED Apr 84 

Traveling-Wave Parametric Amplifiers, Itera¬ 
tive: CT Mar 4 

Traveling-Wave 'l ubes: 
Attenuators: MTT Jan 121 
Behavior Near Circuit Cutoff: ED Jul 123 
Circuit, A Nonreciprocal-Loss: ED Oct 289 
Harmonic Generation by: MIL Oct 493 
Helix-Sup|>ort Method for: ED Ju) 142 
Radial Electric Field Variations: ED Jan 

16 
Ubitron High- Power: ED Oct 231 

Traveling-Wave Variable Reactance Ampli¬ 
fier, UHF: MTT May 351 

Traveling Waves, ('ourse in: E Feb 15 
Trees, Decoding, Constant-Counters and: EC 
Jun 231 

Trees for a Network, Number of: CT Jun 175 
Tricolor Vidicon Having a Multiple-Electrode 

Target: ED Jul 147 
Triode Electron Injection Systems for Hollow 

Beams: ED Jan 46 
Tropospheric Refraction: A P Sep 456 
Tro|>ospheric Scatter Link, Swept-Frequency : 
AP Jul 423 

Tropospheric Scatter Propagation System for 
Field Use: MIL Oct 536 

Trough Line, Dielectric Loaded, TE Modes of: 
MTT Jul 449 

TR Tube for High Mean Power Duplexing: 
MTT Nov 652 

Tnidi’s Sequence as a Substitute for Sturm’s 
Sequence: CT Sep 346 

Truth Function, Irredundant Normal Forms 
of: EC Jun 245 

Tube, Magnetic, Three- 1 )imensional Analyzer 
Using Digital Recording on: NS Jun Sep 87 

Tube Reliability Program, (¡olden M, Moto¬ 
rola: RQC Sep 34 

Tubes, Automation for Quality Control Test¬ 
ing of : RQC Sep 16 

Tuner, Nuvistor Low-Noise VHF : BTR Nov 52 
Tuner, Transistor Television, with a 4.5-DB 

Noise Figure: BTR Jul 67 
Tunnel Diodes: 

and Applications: BC Sep 21 
Digital Circuitry: EC Sep 295 
High-Speed Logical Circuits: EC Mar 25 
Logic Circuits: EC Dec 430 
Tunnel Diodes: ED Jan.l 

Twister Memory, Electrically Alterable Non¬ 
destructive: EC Dec 451 

Twisters, Magnetic Fields of: EC Jun 199 

U 
Ubitron High-Power Traveling-Wave Tube: 
ED Oct 231 

Ultrasonics: 
Delay Lines, Dispersive, Using the First 

Longitudinal Mode in a Strip: UE Jun 
53 

Delay Lines, Magnetostrictive, for a 
PCM System: EC Sep 329 

Delay Lines, Thickness-Shear Mode 
BaTIOi Ceramic Transducers for: UE 
Feb 7 

Delay Lines, Using Shear Modes in Strips: 
UE Jun 35 

Delay Lines, Wire-Type Dispersive: UE 
Jun 44 

Transmitter, Pneumatic, for Remote Con¬ 
trol: BTR Jul 31 

Velocity Measurements, Si ng-A round Sys¬ 
tem for: 1 Dec 359 

Waves, Diffraction of a Narrow Beam of 
Light by: UE Jun 71 

Welding Equipment: UE Feb 26 
Ultrasonically Induced Movements in Cells: 
ME Jul 163 

Ultrasound, Absorption of, in Biological Ma¬ 
terials: ME Jul 158 

Ultrasound, Neurosurgery Using: ME Jul 166 
Ultraviolet : 

Absorbence Measurements in Cell Biology: 
ME Jul 122 

Radiation: ME Jul 130 
Radiation, High-Altitude Measurements: 
MIL Jan 18 

Studies of Living Cells, Television Tech¬ 
niques for: ME Jul 135; Correction: 
ME Oct 366 

University of California, ONR Program in 
Electronics Research at the: MIL Jan 46 

University <>f Illinois, Radi-Astronomy Project 
at the: M IL Jan 14 

Unreliability, What Price: RQC Apr 70 

V 
Van Atta ReHector Array: AP Jul 436 
van der Pol: 

Equations with Large Damping Coeffi¬ 
cient Periodic Solutions of: CT Dec 382 

a Tribute to: CT Dec 362 
Type, Number of Stable Periods of a Dif¬ 

ferential Equation of: CT Dec 535 
Work on Nonlinear Circuits: CT Dec 366 

Vanguard, Army Participation in Project: 
MIL Apr Jul 323 

Vanguard 11 Cloud Cover Experiment: MIL 
Apr Jul 245 

Vector Quantities, Three-Dimensional. Auto¬ 
matic Control of: AC Jun 106 

Vehicular Center-Fed Whip Antenna: VC Dec 
10 

Vehicular Communications: 
in Chicago: VC Aug 53 
Past and Future Techniques of: VC Aug 6 
Paths, Radar Mapping of: VC Aug 11 

Transactk >ns I n< lex— 35 



Rotary Wing: VC Aug 62 
Vehicular Radio, Reliability Evaluation of: 
VC May 10 

Velocity Sorting Detection in Backward Wave 
Autodyne Reception: MTT Jul 463 

Vertical Scan, Transistorized, for Magnetic 
Deflection: BTR May 33 

Vibrating Free Disk, Analytic Study of: UE 
Jun 76 

Video : 
Data Processing, Diagnostic: ME Oct 293 
Filters, Effect of, on PDM-FM and PCM-
FM Telemetry: SET Jun 85 

IF Amplifiers, Television, Performance of 
Nuvistor Small-Signal Tetrodes in: 
BTR May 50 

Processing Circuits for Transistor Tele¬ 
vision Receivers: BTR May 25 

Tape Recording Production: BC Aug 21 
Vidicon. Tricolor, Having a Multiple-Electrode 

Target: ED Jul 147 
VLF Propagation, New Sporadic Layer Pro¬ 

viding: AP Nov 621 
VLF Transmissions, Navy, Time and Fre-
quency Synchronization of: I Sep 155 

VLF Transmitting Antenna, Island as a Natu¬ 
ral: AP Sep 528 

Vocoder, Resonance, and Baseband Comple¬ 
ment: AU May-Jun 95 

Vocoders, Bandwidth Compression by: AU 
Jan Feb 20 

Voltage: 
Calibration, High-Frequency: I Sep 274 
Discriminator, True RMS: SET Sep-Dec 

156 
Microwave High, Waveguide Spark Gap 

as a Standard for: I Sei» 214 
References, Zener, Long-Term Stability 

of: I Sep 226 
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w 
Wave Amplifier, an Interesting: ED Apr 73 
Waveguides: 

Coupled Leaky: AP May 323 
Dielectric Loaded, TE Mode Excitation 

on: MTT Sep 545 
Elliptic, Impedances of: MTT Jul 431 
Ferrite Devices, Broad-Band Ridge: MTT 
Sep 489 

Ferrite Loaded Rectangular, Modes of: 
MTT Jan 81 

Ice as a Banding Medium for: MTT Mar 
252 

Joints and Connectors Using Reflectome¬ 
ter, Measurement of Reflections and 
Losses of : I Sep 219 

Junctions, Symmetric Hybrid: MTT Mar 
253, Sep 573 

Microphony in: MTT May 372 
Multi-Channel, Improving Isolation in: 
MTT Jul 460 

Rectangular, Design of Double Tapers in, 
Correction: MTT Jul 458 

Ridge, Design of: MTT May 378 
Single-Ridge, Nonreciprocal Attenuation 

of Ferrite in: MTT Mar 247 
Spark Gap as a Standard for Microwave 

High Voltages: I Sep 214 
Switch Employing Offset Ring-Switch 

Junction: MTT Sep 532 
Transmission Cavity: MTT Jul 436 
Uniform Composite, Coupling of Modes 

in: MTT Jul 454 
Windows, Resonant Modes in: MTT Mar 

147 
Waves, Three Coupled, Properties of: MTT 
May 284 

Wedges, Conducting, Boundary Conditions 
and Losses in: MTT Mar 189 

Weissfloch Equivalents for Lossless 2*-ports: 
CT Sep 193 

Welding Equipment, Ultrasonic: UE Feb 26 
Western Europe, Advances in Microwave 

Theory, 1959: MTT Jul 387 
Wind Sensors, Rocket-Borne: MIL Apr-Jul 

230 
World Radio Conference, Geneva, 1959: BC 
Aug 3 

World-Wide Clock Synchronization: MIL 
Apr-Jul 366 

Writing of Scientific Papers: EWS Jul 43 

X 
X-Ray Analysis Using Spectral Information: 
ME Apr 77 

X-Ray Movies, Television: ME Apr 80 
X Ra vs, High Altitude Measurements of: 

MIL' Jan 18 

Y 
Yagi Antennas, Uniform and Linearly Ta¬ 

pered : AP Jan 11 
Yttrium-Iron-Garnet Resonator, Unloaded Q 

of: MTT Sep 570 
Yttrium- Iron-Garnet Sphere, Polishing: MTT 
Sep 569 

Z 
Zener Voltage References, Long-Term Sta¬ 

bility of : Sep-Dec 226 
Zero-Crossings and Fourier Coefficients, Rela¬ 

tion Between: IT Mar 51 
Z Transforms, Digital Programming for the 

Inversion of: EC Sep 373 



This four-cryotron flip-flop can be switched in two bil¬ 
lionths of a second. It was developed by an IBM team 
investigating the possibilities of low-temperature devices 
for basic binary storage in digital computers. 

IBM scientists and engineers designed the flip-flop around 
a primary law of low-temperature physics: A superconduc¬ 
tive metal loses its superconductivity in the presence of 
a magnetic field. In the IBM device, a small control cur¬ 
rent is used to destroy the superconductivity of one of two 
parallel lines. This sets up a resistance in the first line and 
causes current to switch to the second. 

The new flip-flop offers another advantage in addition to 
speed. Its eight layers of thin metallic and insulation films 
operate in a temperature range where chemical deteriora¬ 
tion is nonexistent. As a result, the device should have an 
unusually high degree of reliability. 

Creative careers start here. A good deal of this project’s 
success came from the creative interplay of different tech¬ 
nical areas. IBM physicists and mechanical and electrical 
engineers worked together to develop new films, improved 
vacuum equipment and more reliable test circuits. 

Perhaps you’d like to work . . . and grow ... in a profes¬ 
sionally stimulating atmosphere like this. You may be in¬ 
terested in the progress IBM is making in such areas as 
solid state, magnetics or IBM Tele-Processing.* If you 
have a degree in engineering, mathematics, or one of the 
physical sciences, plus experience in your field, write, 
briefly describing your background, to: 
Manager of Technical Employment 
IBM Corporation, Dept. 645D 
590 Madison Avenue 
New York 22, New York 

IBM 
•Trademark ® 
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IRE People/r^e\ 

(Continued from fago 96A) 

Dr. Victor Twersky (S’47 A’48-M’55) 
head of research at the Electronic Defense 
Laboratories of Sylvania Electric Prod¬ 
ucts Inc., Mountain View, Calif., has been 

promoted to senior scientist, it was re¬ 
cently announced by J. R. Lien, director 
of the laboratories. 

In making the announcement, Mr. Lien 
said that Dr. Twersky’ is the first person 

on the west coast and one of three in the 
nation to achieve this position within 
GT&E. He added that “the appointment 
was made in recognition of Dr. Twersky’s 
outstanding scientific contributions/ He 
said the senior scientist role is “similar to 
that of a professor at large in our leading 

universities-— where an outstanding indi¬ 
vidual’s work is recognized as transcend¬ 
ing the interests of a particular part of the 
organization.” 

Dr. Twersky’ is internationally’ known 
for his work in the fields of electromagnetic 
wave scattering and propagation. He 
joined Sylvania in 1953 as EDL’s first 
engineering specialist; since then he has 
been senior engineering specialist, labora¬ 
tory consultant, and will continue as head 
of research at the Electronic Defense 
Laboratories. 

Before joining Sylvania, he spent more 
than three years as a staff member at the 
Institute of Mathematical Sciences, New 
York University, Xew York, X. Y., and 

as a consultant in wave propagation at the 

Your electronic product and service 

...... — 

□ immediate Del very 

□ Quality control 
n Complete mventones 
2 Nationwide service 
2 competitive pricing 

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

facilities; 

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

gît.*“-““ 

nsSry Semiconductors 

° Sprague Capacitors 

Nuclear Development Associates, Xew 
York, N. Y. He has also held appointments 
as a lecturer in the mathematics depart¬ 
ment of Stanford University, Stanford, 
Calif., and has served as Palo Alto and bay 
area coordinator and chairman for Uni¬ 
versity’ of California lecture series. 

His earlier work included development 
of electroacoustic and mechanical guidance 
devices to aid the blind in foot travel and 

obstacle avoidance, and studies on the 
physical basis of obstacle perception by 
audition. 

I Ie received a bachelor’s degree in phys¬ 
ics from City College of Xew York, Xew 
York, N. Y., a master’s degree from Co¬ 
lumbia University, Xew York, X. Y., and 
the Ph.D. degree from New York Univer¬ 
sity, New York, N. Y. 

Dr. Twersky’ is a Fellow of the Ameri¬ 
can Phy sical Society, a member of the Xew 
York Academy of Sciences, and of Com¬ 

mission VI of the International Scientific 
Radio Union (URSI). He was also a Na¬ 

tional Academy of Sciences-Xational Re¬ 
search Council delegate to the General 
Assemblies of URSI in 1954, 1957 and 
1960. 

Robert M. Walker (A’37-M ’40-SM’43) 
recently joined the 
search Laboratory, 
manager of mag¬ 
netic recording re¬ 
search. He was pre-
viously manager of 
reliability’ research 
at IBM’s Watson 
Laboratory in New 
York, X. Y., which 
he joined in 1946. 
Prior to this, he 
spent four years 

(1942-1945) as a 
staff member of 
the Mi l' Radiation 
Laboratory, working on display techniques 
for radar. Before 1942, he was in broadcast 
engineering work with KOMO in Seattle. 

While at the Watson Laboratory, he 
also served as Adjunct Assistant Professor 
(1953 1955) and Adjunct Associate Profes¬ 
sor ( 1957-1958), in the department of elec¬ 
trical engineering, Columbia University, 
New York, N. Y. 

Holder of 10 patents, Mr. Walker is a 
member of the American Physical Society, 

the AAAS, and is a registered professional 
engineer. 

staff of the IBM Re¬ 
San Jose, Calif., as 

R. M. W’alker 

Conductron Corporation, New York, 

X. Y., has announced the appointment of 
Artemus W. Wren, Jr. (A’54-M’56) as 
head of the Plasma 
Engineering De¬ 
partment. He re-
ceived the B.S. de¬ 
gree in physics in 
1950 and the M.S. 
degree in electrical 
engineering in 1956, 

both from Georgia 
Institute of Technol¬ 
ogy, Atlanta. From 
1951 to 1956, he was 
a research phy sicist 
for the Engineering 

Experiment Station at Georgia Institute of 
Technology; from 1956 to 1959 he was 

A. W. Wren, Jr. 

group leader of the Range Instrumentation 

Group of the Space Technology' Labora¬ 
tories at Patrick Air Force Base, Fla. He 
was a research engineer with the Radiation 
Laboratory of the University of Michigan, 
Ann Arbor, 1959 1960, where he was 
Project Engineer for studies involving 
tropospheric scattering and VLF detection 
techniques. During this period he was also 
a lecturer in electrical engineering at the 

University of Michigan. 
Mr. W ren is a member of the American 

Phy sical Society, and Sigma Pi Sigma. 

Allen Avionics, Inc. of Mineola, L. L, 

N. Y., has announced the appointment of 
Norman E. Wunderlich (M’49) as Vice 
President and Mar¬ 
keting Director. He 
will be primarily’ 
concerned with sales 
and marketing of 
Allen Avionics’ line 
of electromagnetic 
delay lines, preci¬ 
sion coils, trans¬ 
formers, filters and 
temperature com¬ 
pensated capacitors. 

He has been as¬ 
sociated with the 
electronics industry since its infancy. Prior 
to joining Allen Avionics, he was associated 
with Intercontinental Electronics Corpora¬ 
tion of W estbury and Compagnie Generale 
de Telegraphie Sans Fil of Paris, France, 
Vice President of Link Radio Corporation, 
Executive Director of Federal Tel. & Radio 
Corporation IT & T, National Sales Direc¬ 
tor of Motorola Communications & Elec¬ 

tronics, Inc., Vice President of the Rau-
land Corporation, Vice President of Lear, 
Inc., and owner of W underlich Radio Co., 
engineering consultants. 

X. E. W underlich 

Robert C. Sprague (SM’53), Chairman 
of the Board and Treasurer of the Sprague 
Electric Company of North Adams, Mass., 
has been elected a 
Director of the 
First National Bank 

of Boston. He re¬ 
tired in January, 
1961, as Chairman 

and Fiscal Agent of 

the Federal Reserve 
Bank of Boston, 
terminating his ser¬ 

vice under the 
Bank’s five-year-
limit rule. R. C. Sprague 

Dr. Jerrold R. Zacharias (SM’57), na¬ 
tionally-known nuclear scientist, was re¬ 

cently elected to the board of directors of 
the Sprague Electric Company, North 
Adams, Mass. He succeeds Dr. Jerome B. 
Wiesner. Formerly’ a consultant to this 

company, he is professor of phy sics and 
director of the Laboratory’ for Nuclear 
Science at the Massachusetts Institute of 
Technology, Cambridge, Mass. Dr. Zacha¬ 
rias has directed numerous Government 
projects on radar, nuclear weapons, and de¬ 

fense. 
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1. CROSS-SECTION FORMS 

2. MATHEMATICAL FORMS 

3. LOGARITHMIC FORMS 

4. TIME PERIOD FORMS 

IRE-358 CLEARPRINT PAPER CO. 
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ane. 

Easier on the eyes 

Designed for rapid, accurate use 

Erase without ghosting 

Make faster, sharper reproductions 

Clearprint Forms, Charts and Graphs 
are now printed on #1015 Watermarked 
Clearprint... America’s leading technical 
paper. The accurately printed soft brown 
lines are now printed on the back en¬ 
abling you to erase and erase without 
disturbing them. Easy on the eyes and 
ideal for ready plotting and photogra¬ 
phic prints. Clearprint will not become 
yellow, brittle or opaque with age. 

1482 - 67th Street, Emeryville, Calif. 

□ Send me Clearprint samples, with prices, for the following uses: 

Clearprint is watermarked 
for your protection. Look 
for the watermark. 

Special graphs and forms 
can be made up on short 
notice providing quantities 
are large enough to make 
special plates. 

Write now for samples, 
sizes and prices. 

□ Have your representative call at my office to discuss special 
applications for my particular needs. 

"FADE-OUT" PAPER 

TECHNICAL PAPER 

FORMS • CHARTS • GRAPHS 

"PRE-PRINT" PAPER 

THERE IS NO SUBSTITUTE 

Clearprint is Watermarked Far Your Protection 

CLEARPRINT 
FORMS, CHARTS and GRAPHS 
SAVE YOU TIME AND MONEY 

Clearf^ïnt 
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STRETCH YOUR IMAGINATION 
Beckman Systems ...a world-famous 
name that stands for the most advanced 
developments in Electronic Data Processing. 
Beckman research, study and engineering 
groups were the first to develop many of 
today's realistic answers to the ever-increasing 
demands for reliable, high performance 
data processing systems. Among them... 
Multiple Channel Recording, High-Speed 
Digitai Processing, Solid-State Circuitry, 
and Floating, Low-Level Amplification. 
Systems applications include space vehicle 
guidance, automatic plant control, missile 
ground support and nuclear research. 

At Beckman , the difficult problems are 
our business. Here, the selection of qualified 
engineers and scientists is as equally 
important as the problem at hand. In an 
atmosphere where initiative is encouraged 
and where achievement is well recognized, 
top men in the field are your associates 
in meeting the challenges of tomorrow. 
Both you and your family will heartily 
endorse Southern California living. World-
renowned Disneyland, beach communities, 
desert resorts, and mountain areas all are 
minutes away. 

if you have a background in Systems 
Management, Telemetry, Timing and 
Translation, Research and Study , Systems 
Engineering, or Advanced Circuits 
Development, why not contact Mr. James R. 
Abell. He will arrange for an interview 
in your area to discuss opportunities with 
Beckman Systems in Northern or 
Southern California. 

Beckm a n[Systems 
a division of Beckman Instruments, Inc. 
325 North Muller Avenue 
Anaheim, California : PRospect 4-5430 
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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. 

MICROWAVE SPECIALISTS 

Microwave engineers needed for research and 
engineering in precision measurement. This work 
is in connection with the expanding Ordnance Cali¬ 
bration Program for which Frankford Arsenal has 
world wide responsibility. Engineers are needed 
to evaluate and apply newest microwave tech-
niques to attenuation, power and impedance meas¬ 
urements both pulse and cw. Development of spe¬ 
cialized equipments in a modern, fully equipped 
microwave lab. is offered. Salaries to $10,635. 
Federal Civil Service benefits and requirements. 
Apply Recruitment Office. Frankford Arsenal, 
Bridge and Tacón y Sts., Phila. 37, Penna. Re¬ 
fer to ad by Mr. A. Bruno. 

EE'S, PHYSICISTS 

Expanding electronics concern has prestige po¬ 
sition for qualified patent attorney to join its 
legal staff. LL.B, preferred but will consider 
minimum 2 years of law study. Ability to work 
closely with scientific and management people 
essential. Salary to $15,000. Northeast location. 
Please forward complete resume to Box 2041. 

PROFESSOR OR ASSOCIATE PROFESSOR 

Professor or Associate Professor with salary to 
$11,000 for session of two semesters. This fully 
accredited well-equipped E. E. Dept, needs one 
or two senior-level staff members with high quali¬ 
fient ions. Ph. I), essential, to ensure full participa¬ 
tion in graduate program and research activities. 
Prefer experience in electron devices, solid state 
or computer electronics, but other specialties con¬ 
sidered. Medium size engineering college (700 
undergraduate students) in brand new building. 
Exceptionally good retirement plan. Numerous 
sources of extra income. Pleasant living and 
working conditions in attractive uncrowded city. 
Address inquiries to Robert A. Chipman, Chair¬ 
man, E. E. Dept., University of Toledo, Toledo 
6, Ohio. 

TEACHING AND RESEARCH 

the newest communications 

assignment at Amherst Laboratories 

In the event of attack... an electronic klaxon will interrupt 
the lonely vigil of tomorrow’s retaliatory force. The Air Force’s 

Minuteman will erupt from underground silos and streak 
toward enemy targets... at a moment’s notice. The fire command 

will originate from a remotely located control-launch center 
and be carried by a jam-resistant signal. 

Opening for Electrical Engineer with Ph.D. to 
sujiervise graduate research and do some teach¬ 
ing. Research experience in microwave or semi¬ 
conductors desirable. Private research or con¬ 
sultation encouraged. Excellent salary and rank 
arrangements. Department offers work leading to 
Ph.D. Position available Sept. 1961 or sooner. 
Apply Chairman, E. E. Dept., Vanderbilt Uni¬ 
versity, Nashville 5, Tenn. 

New techniques in Electronic Communications must be developed and 
converted to practicality. This is just one of the many advanced Ground, 

Air and Space Communications assignments at Amherst Laboratories. 
PROFESSIONAL STAFF AND MANAGEMENT OPPORTUNITIES 

are unlimited for Physicists, Mathematicians and Electronics Engineers 
with advanced degrees and creative desire. 

You are invited to direct inquiries in confidence to Air. Daine C. Maxwell, 
AMHERST LABORATORIES . H81 WEHRLE DRIVE • WILL AMSVILLE, NEW YORK 

NOISE RESEARCH ENGINEERS 

As a result of recent rapid expansion. Quan-
Tech Laboratories—a leading manufacturer of 
equipment for the measurement and analysis of 
component noise—has openings for imaginative 
E. E. ’s interested in this important new field. 
Address replies to Chief Engineer, Noise Re¬ 
search Div. Quan-Tech Labs. Inc., 60 Parsippany 
Blvd., P.O. Box 187, Boonton, New Jersey. Tel. 
DEerfield 4-8500. 

(Continued on page 104A) 
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ELECTROMAGNETIC 
COMPATIBILITY 

ANALYSIS 

RADAR PROPAGATION 

MICROWAVES CIRCUIT ANALYSIS 

ANTENNAS MEASUREMENT AND ANALYSIS 

COMMUNICATION TACTICAL EVALUATION 

interference evaluation, 
and staff requirements 
Compatibility Analysis, 
electronic engineers at 

is now expanding its facilities 
in the area of Electromagnetic 
We are looking for qualified 

all levels (B.S. through Ph.D.) 

In addition to the cited professional status, staff members 
receive attractive salaries, up to four weeks vacation, 
generous insurance and retirement benefits, and tuition 
paid graduate study. If you are interested in one of these 
professional opportunities, please reply in confidence to 
Mr. R. B. Martin. 

for research and applied studies concerned with system 
analysis and performance prediction. Immediate open¬ 
ings are available at either our Chicago or Washington, 
D. C. area facilities for individuals with experience in one 
or more of the following fields . . . 

Here is your opportunity for professional growth in a 
challenging and extremely interesting field, as a mem¬ 
ber of an outstanding and stimulating scientific team. 
Armour Research Foundation, specialist in electronic 

ARMOUR 
RESEARCH 
FOUNDATION 

OF ILLINOIS INSTITUTE OF TECHNOLOGY 

TECHNOLOGY CENTER • CHICAGO 16, ILL. 
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STATISTICAL COMMUNICATION 
THEORIST 

Senior Staff opportunity to initiate and direct 
advanced research programs in such areas as 
statistical communication and information theory; 
automatic pattern recognition and processing; 
adaptive, self-organizing learning systems; bi¬ 
onics; advanced computer theory. Contact J. R. 
Campbell, Chief Scientist, Chance Vought Elec¬ 
tronics Div. P.O. Box 1500, Arlington, Texas. 

OPERATIONS RESEARCH SPECIALIST 
Establish and direct operations research activ¬ 

ity. Analyses and recommendations must be pro¬ 
vided for both (a) operational application of 
present products, and requirements for potential 
future products, and (b) intra- and inter-depart¬ 
mental operations. Contact J. R. Campbell, Chief 
Scientist, Chance Vought Electronics Div., P.O. 
Box 1500, Arlington, Texas. 

ASSISTANT OR ASSOCIATE PROFESSOR 

Assistant or Associate Professor with Ph.D. in 
Electrical Engineering or Physics. Interest in 
electronics, microwaves, solid state or circuit 
theory. Active research and graduate program 
with opportunities for outside consulting. Send 
resume to W. P. Smith, Chairman E. E. Dept., 
University of Kansas, Lawrence, Kansas. 

TEACHING POSITIONS 
PROFESSORS all levels. Ph.D. required. 

Solid-state, electromagnetics, and engineering 
analysis especially. Income with research, com¬ 
petitive with industry. Graduate program as large 
as undergraduate. Mile high, dry climate. 
INSTRUCTORS, Associates, Assistants for 

teaching and research part-time positions while 
working for M.S. and S.Sc. Large graduate pro¬ 
gram assures variety of offerings. Apply Chair¬ 
man, E. E. Dept., University of New Mexico, 
Albuquerque, New Mexico. 

BROADCAST ENGINEER 

Long term European assignment with private 
organization engaged in construction and opera¬ 
tion of large high-powered shortwave radio sta¬ 
tions. Top qualifications, experience and executive 
ability desired. Good salary plus overseas benefits. 
Inquiries treated in confidence. Reply to Box 2043. 

ASSOCIATE PROFESSOR 
Electrical Engineering faculty being expanded 

in relatively new and rapidly growing department, 
with positions available to rank of Associate Pro¬ 
fessor with initial salary range to $6000 for base 
year of 9 months, depending upon education and 
experience. Further opportunity for research and 
other programs in this industrial area. Preferred 
background emphasis in field and circuit theory, 
electronic systems and control. Address full back¬ 
ground to Chairman, E.E., University of Bridge¬ 
port, Bridgeport 4, Conn. 

ELECTRONICS SECTION HEAD 
Cornell Aeronautical Lab. has an attractive 

opening as technical supervisor of a section in¬ 
volved in the solution of complex problems asso¬ 
ciated with the electronics field, especially in the 
areas of weapon systems, reconnaissance and sur¬ 
veillance, and guidance and control. Position holds 
outstanding opportunities for growth from an al¬ 
ready well established research program, both by 
way of personnel and highly successful technical 

(Continued on page 107A) 
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is for 
COMMUN 
ICATIONS 

Honeywell 

Communications and data handling are essential functions of any 
modern tactical weapons system. Minneapolis-Honeywell Ord¬ 
nance Division, through broad experience in the development and 
production of weapons systems and components, offers unusual 
opportunities for professional growth to engineers experienced in 
RF and solid state circuit design, weapons systems analysis, pro¬ 
gramming and evaluation. 

Especially challenging opportunities await EE’s to participate in 
development of more sophisticated communications systems to 
control tactical weapons. EE degree required with RF, UHF, 
VHF circuit design experience. Antenna and coupler design and 
microwave knowledge or experience is most desirable. Experience 
with pulse techniques and/or FM- Doppler radar system also 
valuable. 
Honeywell offers you the opportunity for growth coupled with 
a stability of diversification in all phases of industry. Here is 
your chance to associate with a company that is engineering 
and research-minded and world-wide in scope. 
Select the areas of your interest and send your resume or request 
for further information to: Mr. Allan J. McInnis, Profes¬ 
sional Manpower Staff, Ordnance Division, Honeywell, 
600 Second Street N., Hopkins, Minnesota. 

Io explore professional opportun dies in other 
Honeywell locations, coast to coast, send your 

application in confidence to .Mr. H. I) 
Eckstrom. Honeywell, Minne 

apohs 8, Minnesota. 
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Nowhere is this closeness more apparent than at 
Lockheed. Here, with each passing day, new technological 
advances help bring nearer the exploration of Mars, the Moon, 
Venus. 

As the time grows shorter, the pace grows faster. New 
designs in Spacecraft and Aircraft are rapidly being developed 
—and the number continues to mount. Included are: Missiles; 
satellites; hypersonic and supersonic aircraft; V/STOL; manned 
spacecraft. 

For Lockheed, this accelerated program creates pressing 
need for additional Scientists and Engineers. For those who 

qualify, it spells unprecedented opportunity. Notable among 
current openings are: Aerodynamics engineers; thermody¬ 
namics engineers; dynamics engineers; electronic research 
engineers; servosystem engineers; electronic systems engi¬ 
neers; theoretical physicists; infrared physicists; hydrodynami-
cists; ocean systems scientists; physio-psychological research 
specialists; electrical— electronic design engineers; stress 
engineers; and instrumentation engineers. 
Scientists and Engineers are cordially invited to write: Mr. 
E. W. Des Lauriers, Manager Professional Placement Staff, 
Dept. 1804, 2402 N. Hollywood Way, Burbank, California. 

Reading clockwise: Venus, Moon, Mars. Approximate distance from Venus to Earth, 25,000,000 miles; from Moon, 240,000 miles; from Mars, 50,000,000 miles. 

Photos courtesy of Mount Wilson and Palomar Observatories. 
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(Ci'iitimied from paye 104.1) 

projects. Horizon* not limited by marketing and 
sales. The Laltoratory provides a desirable com¬ 
bination of the be*t features of industry as to 
financial and equipment resources coupled with a 
university associated atmosphere for constructive 
R&D activity at the highe*l level. Salary range 
starts at $13.500 depending on qualification?« ami 
experience. Semi complete resume to F. I.. Rent¬ 
schler. Cornell Aeronautical Lab. Inc.. 4I? ; ( Jm 
e^Mc St.. Buffalo 21. N.Y. 

ELECTRONIC ENGINEER 
Electronic engineer to teach lecture and lab¬ 

oratory courses. Up-to-date knowledge of the fiel«! 
required. Working ami living condition* excellent: 
*alan and opportunity good. W rite to Dean ot 
Engineering. California State Polytechnic College. 
San I.ui* < >bi*po. Calif. 

ASSOCIATE DIRECTOR AND DIRECTOR 

.\**o.iatr Pidfe**or ami Director of Research in 
Electrical Engineering. To have the re*pon*ibility 
for developing a research program including the 
securing of research contracts and the directing 
of research activity. Salary depending on experi¬ 
ence and academic background. Write to Head. 
E. E. Dept.. South Dakota School ot Aline* and 
Technology. Rapid City. South Dakota. 

TWO ELECTRONIC ENGINEERS 

Good theoretical background, one with at least 7 
year*' experience, and the other with at lca*t 2 
\ears’ in research and/or development. Excellent 
career possibilities in rapidly expanding industry. 
Congenial atmosphere. Call Per*onnel Dept. River¬ 
view 9-4800. Ma*sa Div. Cohn Electronics. Inc. 
JSo Lincoln St.. Hingham. Ma*s. 

PROFESSOR 

COMMUNICATION ENGINEER 

College graduate with several years’ experience 
ami good technical background, including radio 
*y*tem application or installation. Consulting engi¬ 
neering firm in New York City. Box 2044. 

ASSOCIATE PROFESSOR OF E.E. 

ELECTRONIC ENGINEER 
Inductive Device*. Well established and grow 

ing company located in Culver City, Calif., ha* 
an excellent opportunity for a capable engineer to 
organize and manage the design and manufacture 
of low pass, high pass and band pass filters and 
electro magnetic delay lines. Salan will be com¬ 
mensurate with training, experience ami ability to 
manage. Liberal company benefits. Box 2047. 

(C< nt nitcd i n paye 108A) 

. . . where your educational inclination is given tangible 
encouragement through a liberal Tuition Refund Plan 

Because ACF realizes that the engineer with a thirst for knowledge 
can make significant contributions to state-of-the art developments 
of vital imoortance . . . and because your chances for full realiza¬ 
tion of your career potential increase as you increase your edu¬ 
cational background . . . you would do well to investigate current 
opportunities at ACF Electronics. Engineers at all levels are 
cordially invited to inquire about challenging positions in the 
following fields: 

COMMUNICATIONS 
MICROWAVE COMPONENTS & SYSTEMS 

ANALOG & DIGITAL TECHNIQUES 
SOLID STATE CIRCUITRY 
OPTICS & INFRARED 
FIELD ENGINEERING 

These openings involve assignments at our laboratories located in suburban 
Washington, D.C. and the New York metropolitan area at Paramus, New 
Jersey. Pleasant residential neighborhoods provide readily available housing. 
Your advanced studies may be conducted at many, high-ranking nearby 
universities. 

Send resume to: 
Mr. Robert J. Reid 

Professional Employment Supervisor 
at our Riverdale facility, Dept. 427 

ACF ELECTRONICS DIVISION 
ACr INDUSTRIES 

RIVERDALE, MARYLAND • HYATTSVILLE, MARYLAND • PARAMUS, NEW JERSEY 
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your 
location 
when 
you join Sanders 

Company 
headquarters 
in the beautiful 

’ hill country only 
an hour from 

down- town 

feCO ,on ' famous 
"Electronics 

y Row” in 
■ suburban Boston. 
Advanced Systems 
Laboratories opened 
in November 1960 / You’ll Find Top 

Engineering Positions 
at All 3— plus _ 

NOW... 
choose 

suburban New 
York City. Brand 
new facility 

opened in 
December 
1960. 

NASHUA, NEW HAMPSHIRE 

The Same Atmosphere 
of Growth and 

Achievement that 
Caused This 

Dynamic Expansion 

POSITION IN NASHUA 

SENIOR CONSULTANT 
TRANSISTOR CIRCUITRY 

To provide technical guidance at the 
Corporate level on a wide variety of 
transistor circuit design problems. Re¬ 
quires ability to design detailed circuits 
rapidly. 

POSITIONS AVAILABLE 
AT ALL LOCATIONS FOR: 

Ç TARTING only 9 years ago with 11 
” Engineers and an initial order of 
$1 17.00, Sanders Associates today has a 
personnel role of over 1600 —and a con¬ 
tract backlog of $53,000,000. 

This history of success was built 
through creation of original technical 
concepts resulting in unusual achieve¬ 
ments— most of which are classified — 
including FLEXPRINT® flexible printed 
circuits, PANAR* radar and TRI¬ 
PLATE* microwave components and 
techniques— in high demand now and 
destined for a big future in next genera¬ 
tion computers. 

SENIOR SYSTEMS ENGINEERS 
To contribute to advanced techniques 
in the general field of military elec¬ 
tronic systems. Applicable experience 
includes systems analysis, synthesis 
and integration, with extensive back¬ 
ground in circuit design augmented by 
hardware implementation. 

CIRCUIT DESIGN ENGINEERS 
EE or Physics graduates with 2 to 8 
years experience and familiarity with 
tubes and transistors and their utiliza¬ 
tion in all types of circuits, as well as 
the integration of circuits into sub¬ 
systems. 

TRANSMITTER DESIGN ENGINEERS 
2 to 8 years experience. For work up 
to and including microwaves. 

PRODUCT DESIGN ENGINEERS 
ME with heavy experience in feasibility 
studies coupled with experience .n tak¬ 
ing developed systems into production, 
monitoring mechanical design and 
overall packaging concepts of ECM or 
other airborne systems. 

Pioneering programs are being con¬ 
tinued in phased arrays, radar, pulse 
doppler radar systems, space radar and 
communication systems, providing 
stimulating assignments in space tech¬ 
nology, missiles and radar systems. 

To arrange a convenient interview ap¬ 
pointment, send resume in confidence 
to R. W. McCarthy. 

POSITIONS IN PLAINVIEW. 
LONG ISLAND 

GROUND SUPPORT 
EQUIPMENT ENGINEERS 

To design and develop system, assem¬ 
bly and sub-assembly electron c test 
equipment for the military. Should 
have appreciation for test equipment 
philosophy, with extensive experience 
in circuit design and hardware follow-
through. 

©registered trademark 

SRNDERS H5SÜEIHTES, INC. 
NASHUA, NEW HAMPSHIRE 

(Continued from Tage 107.1) 

ELECTRICAL ENGINEERING TEACHING 
POSITIONS 

Ph.D. degree required. Teaching experience 
desirable but not necessary. Excellent opportunity 
for young man interest« I in leaching electronics, 

: network theory, control \vMcms and computers 
at undergraduate and graduate level. Appointment 

I effective Sept. 1061. Write. Chairman. E. E. 
Dept., University of Houston. Houston 4. Texas. 

ASSISTANT & ASSOCIATE PROFESSOR 

Applications are invited for Assistant and 
' Associate Professor of E. E. Candidates should be 
i well qualified academically, preferably lo the doc-
I torate level, and should have some research, de¬ 

sign or teaching experience in control syMem«. 
Duties include teaching at undergraduate and 
graduate levels, organization and direction of labo¬ 
ratory classes, conducting research and super¬ 
vising research students. Salary scales arc open 

i and competitive with those of industrial ami re¬ 
search establishments. Additional stipends are 
offered to professors who remain on the campus 

I for 11 months of the year and carry out research 
during this period. Write to Chairman. Dept, of 
E. E.. McMaster University, Hamilton, Ontario. 

DESIGN ENGINEER 

Design Engineer for low noise ami wide band 
UHF and VHF amplifiers. Outstanding oppor¬ 
tunity. Chief Engineer potential. Small, vigorous 
firm, located in beautiful central Pennsylvania. 
Educational opportunities across the street at 
Penn State. Stock option. Send resume to <'•im¬ 
munity Engineering Corp., P.O. Box 824. State 

I College. Pa. 

TEACHING POSITIONS 
The E. E. Dept, of the City College of New 

York has several positions available on the leach¬ 
ing staff beginning Sept. 1061. Rank ami salary 
commensurate with qualifications and experience. 
Opportunity for graduate study. Applicants must 
be present residents of the U.S. Address inquiry 
lo Prof. II. Taub. Dept, of E. E., The City College, 
Convent Ave. at 139th St.. New York 31, N.Y. 

SENIOR ELECTRONIC ENGINEERS 
Electronic Engineers are needed for develop« 

I ment of new types of Power Supplies and other 
electronic instruments. Experience is desired in 
the fields of power supplies, AC line regulators, 
electronic instruments and magnetic amplifier and 

, transistorized circuits. Salary is open and is com¬ 
mensurate with applicant’s background and ability . 
Company benefits. Apply Perkin Electronics Corp.. 
34 ; Kansas St.. El Segundo, Calif. 

ENGINEERS 

Ojtenings for Electrical Engineering Dept. 
Chairman and for Assistant or Associate Profcs-

' sor. Must have Doctorate. Opportunity for re-
i search in Bio-medical Electronics. Excellent salary 

and environment. Send resume to Chairman, Dept, 
of E. E.. University of Vermont. Burlington. Ver¬ 
mont. 

_ 

Use Your 
IRE DIRECTORY! 

It's Valuable 
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A WORD OF WARNING ABOUT THE NEW 

ALLUREMENTS OF RECOMP II [anda modest word about price] 

Could you be enticed by a computer? 
Surprisingly, there are businessmen 

and scientists who have allowed their 
emotions to get quite out of control re¬ 
garding Recomp II. 
And now there is more reason than 

ever for becoming enamored with this 
amazing computer. Three reasons, to be 
exact, and all of them new. Hence, our 
warning to you. 

The first reason is, in itself, enough to 
Steal your heart away: it is Recomp Il’s 
new reduced lease price. Always the dar¬ 
ling of the medium-scale computer user. 
Recomp II has been so well accepted that 
it can now be offered at significantly lower 
terms. And it still provides the identical 
quality, solid-state performance, and fea¬ 
tures that can’t be found on computers 
costing three times what Recomp II used 
to cost. 

This is heady stuff—but even more 
enticements lie in wait. You can now add 
an optional modification to your Recomp 
II to enlarge its capacity by using mag¬ 
netic tape. Here you see the new Recomp 
Magnetic Tape Transport unit. 

•I 
Naturally it's superbly designed, solid 

state throughout. But don’t let its quietly 
well-bred air fool you; it has a memory 
that would stagger an elephant—over 
600,000 words. And up to eight of the 
Transport units can be connected to 
Recomp II, giving you a computer with a 
total memory capacity of over 5,000,000 
words. Steady there, Mr. Simpson ! 

The speed of this new magnetic tape 
control is something to applaud, too: read 
and write speed is 1850 characters a sec¬ 
ond; bidirectional search speed is 55 
inches per second. Do you begin to see 

why we warned you about these new 
allurements of Recomp? 

Below you see another new optional 
feature for your Recomp II: the Facitape 
tape punch and reader console. It punches 
150 characters a second, reads 600 char¬ 
acters a second, and stops on a character. 
It adjusts to read and punch from 5 

through 8 channels. It is versatile, accu¬ 
rate, fast, simple-to-operate, economical, 
reliable. And it has perfect manners: 
the mechanical components are com¬ 
pletely enclosed in a soundproof housing. 

But lest we harp too much on the new 
features of Recomp II, perhaps we had 
better remind you of some of the extraor¬ 
dinary features that Recomp II already 
had. Features that have always made it the 
finest computer in the low-priced field. 

1} Recomp II is the only compact 
computer with built-in floating 
point arithmetic. It defies being 
hemmed in on a problem. With 
its large capacity it obviates com¬ 
puter-claustrophobia. 

2] Recomp II was the first solid-state 
computer on the market. As you 
can see by the new features above, 
Recomp H's scrupulous engineers 
have seen to it that it remains the 
finest solid-state computer on the 
market. 

3] Recomp II seems to have more 
built-in features than a dream 
home kitchen. It has built-in 
square root command. Built-in 
automatic conversion from deci¬ 
mal to binary. 

Here you see Recomp Il’s distinctive 
keyboard. It looks easy enough to operate 
— and it is! And because Recomp II 

requires no specialized talents, anyone 
with computer problems can be taught 
to use it. 
One look at Recomp II leaves little 

wonder that even practical people have 
allowed their hearts to influence them in 
choosing Recomp II. Without being 
showy, it is an object of beauty that 
reflects its supreme precision of perform¬ 
ance. Its distinguished exterior bespeaks 
the ultimate of excellence; c’est sans pareil. 

But if you want to avoid being capti¬ 
vated by a computer you should know 
how strong your emotions will run. May 
we suggest a test? Expose yourself to 
Recomp II. See it in action. Touch it. Feed 
problems into it. This is the only way to 
know how you will react to this extraor¬ 
dinary computer. Make a date to see 
Recomp II right away. 

Write Autonetics Industrial 
Products, Dept. o48, 3400 
E. 70th St., Long Beach, Calif. 
The Autonetics Division of 
North American Aviation, Inc. 
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Major Expansion in 
the program of the 
Laboratory requires 
participation of 
senior members of 
the scientific 

community in our 
programs: 

RADIO PHYSICS and ASTRONOMY 

SYSTEMS: 

Space Surveillance 

Strategic Communications 

Integrated Data Networks 

NEW RADAR TECHNIQUES 

SYSTEM ANALYSIS 

COMMUNICATIONS : 

Techniques 

Psychology 

Theory 

INFORMATION PROCESSING 

SOLID STATE Physics. Chemistry, 

and Metallurgy 

By Armed Forces Veterans 

n 0 
Positions 
Wanted 

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 following a 
previous insertion and the maximum num¬ 
ber of insertions is three per year. The 
IRE necessarily reserves the right to 
decline any announcement without assign¬ 
ment of reason. 

Address replies to Ixix number indi¬ 
cated, c/o IRE, 1 East 79th St., New 
York 21. N.Y. 

ENGINEERING MANAGER 
Washington D.C. situation desired with mili¬ 

tary electronics firm engaged in R & D and pro¬ 
duction. Experienced in project and contract tech¬ 
nical administration, customer service and liaison, 
market analysis, and operational evaluation plan¬ 
ning. BSEE, plus USN special schools; age 41; 
married, 2 children. Will relocate from New York 
area. Resume upon request. Box 3012 W. 

ENGINEER 

Ph.D., summer 1961. 5 years college teach¬ 
ing experience, 1 year industrial experience. In¬ 
terested in teaching and research progressive E. E. 
department. Prefer western U. S. Box 3013 W. 

ENGINEER 
Expects to receive MEE. degree from the 

I University of Tokyo, January 1961. BEE. Cor¬ 
nell 1953. U. S. citizen. Experience in transistor 

I circuits, electronic test equipment design and 
fabrication, technical writing, and technical trans¬ 
lating. Military experience includes teaching and 
technical intelligence. Good knowledge of written 
and spoken Japanese. Desires position in Japan 

, requiring professional competence. Box 3014 W. 

• A more complete description of 

the Laboratory’s work will be 

sent to you upon request. 

BIOPHYSICIST—ENGINEER 
Ph.D., MSEE., wishes faculty appointment 

teaching and research. Publications and author 
of two books. Can develop biomedical instrumen¬ 
tation program. Equivalent industrial positions 
considered. Box 3020 W. 

TEACHING 

Naval officer, aged 38. B.S. in Engineering 
Electronics plus 35 graduate hours. Retiring in 
July 1961. 5 years teaching experience. Iwth grad¬ 
uate and undergraduate. Desires teaching position 
at university in West or Southwest. Textbook 
author. Resume upon request. Box 3021 W. 

R & D MANAGER 

Desires assignment in industry or university. 
20 years experience in industry, government and 
uni verities in R & D teaching, and management, 
encompassing broad fields of physics, electronics, 
earth sciences, education and administration. Box 
3022 W. 

SENIOR ENGINEER 

MSEE. Age 30. Presently employed in prac¬ 
tical network synthesis in time and frequency 
domains from audio to .5 Kmc. Desires position 
involving more network research challenges and 
responsibilities. Salary secondary. Will relocate. 
Box 3023 W. 

PATENT ATTORNEY 

BEE., B.Aero E., LLB; 4 years corporate ami 
law office experience writing and prosecuting ap¬ 
plications, interferences, infringement studies 
and licensing. 6 years diversified engineering ex¬ 
perience including transistor circuitry and air¬ 
craft instruments. Interested in position in New 
York City area. Box 3024 W. 

PUBLIC RELATIONS EXECUTIVE 

Desires opportunity to help put medium or 
large company and its management on map with 
small to medium budget; strong with financial 
community, press, educators; electronics, wire 
service background. Now with a “top ten*’ com¬ 
pany. Box 3025 W. 

TECHNICAL WRITER 

Electronics Technician Chief would like to 
ghost or write under a dual byline with electron¬ 
ics engineers. If you have ideas which you feel 
fit the popular market but do not have the time 
to «levelop and write a practical do-it-yourself 
article we could probably work to our mutual 
advantage. Would also like technical writing as¬ 
signments. Box 3026 W. 

INTERNATIONAL OPERATIONS 

Former Lieutenant Colonel Marine Corps with 
strong civilian background for executive or liaison 
responsibilities heavy experience South America 
and Europe. Technically trained to assist manu 
facturing. sales or field engineering management 
overseas. Box 3027 W. 

(Continued on (age 114.4) 

Research and Development 

LINCOLN 

LABORATORY 
Massachusetts Institute of Technology 

BOX 16 

LEXINGTON 73. MASSACHUSETTS 

U. S. Army Chemical Corps Proving Ground 

Electronic Engineer, GS-11, $7,560. Will work with a group of several 

Electronic and General Engineers. Assignments will include remote control 

systems for use with hi-speed field photography, improvements of a 

telemetry system for micro-meteorological forecasting, meteorological in¬ 

strumentation for field methods and vibration instrument projects. Three 

years Electronic Engineering experience required. For further information 

regarding this position write Civilian Personnel Officer, Dugway Proving 
Ground, Dugway, Utah. 
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AND 
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-4. 

PHILCO WESTERN DEVELOPMENT LABORATORIES 
3875 Fabian Way, Palo Alto, California 
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PROFESSIONAL PLACEMENT 

NEEDED: more Electronics Engineers o 
qualified to work on 

advanced missile detection systems 

Complexity of, for example, the BMEWS 

project, indicates the need for 

experience, competence ... highlights the 

kind of opportunities open with 

General Electric’s 

Missile Detection Systems Section. 

FUTURE DEFENSE, SPACE PROBLEMS 

Future-generation space vehicles will necessitate even 
more sophisticated detection systems. The creation of 
such systems is the job of the Advanced Radar Sys¬ 
tems Development Engineer. Qualifications are high 
. . . but the rewards are in keeping—the opportunities 
for advancement excellent. 

Within the next ten years the need for qualified 
engineers and scientists will quadruple in the field 
of missile, space-probe and satellite detection. This 
prediction is made by General Electric’s Missile 
Detection Systems Section, based on present and 
anticipated space vehicle state-of-the-art. 

And because of this, there is a possibility that a 
technical manpower “vacuum” may develop in 
what many consider to be one of the most vital, 
fast-growing technologies of the space age. What’s 
needed are more engineers who can meet the strict 
requirements. For example . . . 

It takes a unique kind of engineer to work in the 
field of detection. An Advanced Systems Engineer 
must be extremely competent technically. Yet, he 
must also be something of a “dreamer”—able to 
anticipate and define future problems as well as 
conceive practical systems solutions. To do this, he 
must keep abreast of virtually every significant 
advancement, not only in his own, but in other 
fields. 

The same holds true for Equipment Specialists 
who must meet exacting detection-system speci¬ 
fications. Yet, there are relatively few related fields 
where this kind of specialized experience can be 
obtained. 
BMEWS is a good example of the magnitude of 
system and equipment requirements. Its 66,000 
square-foot antenna reflectors had to be engineered 
to hold a % of an inch tolerance over a 150° tem-

PROVIDING 15-MINUTE WARNING 

BMEWS’ massive radar reflectors are indicative of 
the system’s complexity. According to MDSS four 
electronics engineers will be needed within the next 
decade for every one now working on such systems. 



REPORTS FOR ELECTRONICS ENGINEERS 

perature range . . . with a 2-inch tolerance in winds 
up to 185 mph. Its radar detection sub-system, 
designed and developed by G.E.’s Missile Detec¬ 
tion Systems Section, transmits multi-million watt 
pulses ... to receive milli-micro-microwatt echoes. 
And this is just one part of a complex system to 
detect missiles, calculate trajectory, impact area, 
impact time, and point of launch. 

It’s indicative of why the Missile Detection Sys¬ 
tems Section can offer growth opportunities in a 
technology that has some of today’s most unique 
engineering and scientific challenges. 

IMMEDIATE OPENINGS FOR SYSTEMS EXPERIENCED 
ENGINEERS AND SCIENTISTS 
General Electric’s Missile Detection Systems Sec¬ 

tion has openings right now for qualified scientists 
and engineers anxious to broaden their experience 
and continue their professional careers in this ex¬ 
citing new technology. Although requirements are 
necessarily high, the opportunities for rewards and 
advancement are unusual. 

DEFINING FUTURE SPACE PROBLEMS . . . 
... is the job of the Advanced Radar Systems De¬ 
velopment Engineer. There is an immediate need for 
competent men to conceive detection systems that 
will outpace the most advanced state-of-the-art in 
missiles, space-probes and satellites. 
Advancement is in keeping with the highly de¬ 

manding nature of this position. Your responsi¬ 
bilities will include determining broad parameters 
for—and establishing feasibility of—advanced de¬ 
tection systems. Basic requirements include a 
BSEE, an advanced degree, and five to ten years’ 
experience in systems design and analysis. 

PROVIDING HARDWARE SOLUTIONS . . . 
. . . for future detection systems is the job of the 
Systems Analysis Engineer. A high degree of tech¬ 
nical competence and the ability to manage are 
prerequisites. In this position you will specialize in 
evaluating missile defense systems and coordinating 
the tools and talents of the organization in order to 

obtain optimum configurations based on utility, 
performance, cost and delivery. 

Basic requirements include a BSEE degree, 
Physics, or Math. You should be familiar with 
mathematical probability, systems simulation, op¬ 
erational analysis, and generalized harmonic 
analysis. 
PROGRAMMING COMPLEX DATA . . . 
... is the challenging job of the Senior Programmer 
in Computer Operations. This job requires an 
ability to interpret problems related to analysis of 
missile detection systems. As group leader, you will 
be responsible for computer programming and 
other detailed investigations. 

Basic requirements include a BSEE or Math 
degree, with three to five years of experience on 
large scale scientific computers. 

INSTALLATION, CHECKOUT AND INTEGRATION . . . 
. . . must be successfully accomplished by the 
Systems Engineer working at the installation site. 
As such, you will be responsible for actual system 
installation, checkout, and integration with all 
other systems or subsystems. Your job will include 
initial operation of the system and training of op¬ 
erating personnel. Rewards are in keeping with the 
highly demanding nature of this position. 

Basic requirements include a BSEE degree with 
five years’ experience in radar, high power trans¬ 
mitters and/or microwave systems. m-« 

FOR MORE INFORMATION: 
or for a copy of this new brochure 
which describes the challenging and 
rewarding opportunities open to you 
in General Electric’s Missile Detection 
Systems Section, write today to: 
Mr. Dana S. Brown 
Missile Detection Systems Section T-l 2 
General Electric Company 
Court Street, Syracuse, N. Y. 

GENERAL ^ELECTRIC 



SEMICONDUCTOR 
ENGINEERS 

and SCIENTISTS 
SHOCKLEY TRANSISTOR 

(Unit of Clevite Transistor) 

Otters career opportunities to experi¬ 
enced engineers. Key posts immediately 
available tor: 

• PHYSICISTS 
• PHYSICAL CHEMISTS 
• METALLURGISTS 
• ELECTRONIC ENGINEERS 
• MECHANICAL ENGINEERS 
• CHEMICAL ENGINEERS 

Challenging work assignments involving 
fundamental research and development, 
circuit design and applications, manu¬ 
facturing and product engineering, pro¬ 
cess engineering and supervision. 

For further information concerning 
career opportunities ca!l R E. Caron. 
Engineering Placement Director. COL 
LECT at DA 1-8733 or send résumé in 
complete confidence to him at 

¡hockley transistor 
335 San Antonio Road 

Mountain View, California 

By Armed Forces Veterans 

(Continued from parte 11OA) 

REPRESENTATIVE / ENGINEERING 

Engineer with electronic and executive experi¬ 
ence; age 32; married with no family desires asso¬ 
ciation with firm requiring representation western 
Canada or anywhere abroad. Position in engi¬ 
neering offering a challenge. Experience in sys¬ 
tems planning, research ami production mostly in 
communications VHF (FM) and SSB telemetry. 
Memlier IRE. Overseas experience. British sub¬ 
ject. Box 3935 W. 

MANUFACTURERS REPRESENTATIVE 

Phila. Pa. area (Pennsylvania. New Jersey, 
Delaware). Well established 10 years radio, tele¬ 
vision, electronic components. Member IRE. Ex¬ 
cellent contacts purchasing ami engineering level. 
Seeking additional quality component line. OEM 
& IND. Box 3936 W. 

ENGINEER—MANAGER 

BSEE., PE, age 39. Can help you set up and 
run foreign operations. 5 years unique experience 
organizing and running electronics engineering 
consulting and liaison service between I’.S. plants 

I and foreign subsidiaries of large firm. 15 years 
i managerial and team leader experience, consumer 
I and military products. Box 3937 W. 

ELECTRONICS ENGINEER 

Naturalized citizen leaving for Europe in March 
or April 1961 with wife who is a mathematician. 
Desires offers of full, part time, or commission 
assignment while in Europe on a 1 year leave of 
absence from the Operations Research Dept, of a 
major missile company. Speaks fluent Polish and 
German with good knowledge of French. Has 
good technical knowledge and experience in 
ground communications systems, weapons systems 
study procedures, etc. BSEE. Oregon State Col¬ 
lege 1957. Ex-USAF Air and Airways Communi¬ 
cations System Maintenance Chief. Box 3938 W. 

COMMUNICATIONS ENGINEER 
Desires position in Europe with progressive 

company in wire or radio communications projects. 
Experienced in systems operation and manage¬ 
ment and military R & D. MS EE. and advanced 
e«lucation; Professional Engineer; age 30; lan¬ 
guages; highest security clearances; 7’. years 
military service (Signal Corps and ASA Officer). 
Box 3939 W. 

ELECTRONICS ENGINEER 
BSEE.; age 30; desires position in electronic 

systems engineering, marketing and management. 
6 years experience in radar, communications, tele¬ 
vision and missile electronics. Foreign assign¬ 
ments preferred. Box 3940 W. 

Membership 

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

Transfer to Senior Member 
Bacon. F. S., Jr.. Marion. Mass. 
Bains. R. W.. Shreveport, La. 
Borgese, A. I.. Pittsfield. .Mass. 
Britton. J. R.. Honolulu. Hawaii 
Butler. H. L. Little Silver, N. J. 
Cavenaugh. D. E.. Saratoga Springs, N. Y. 
Chirlian. P. M.. New York. N. V. 
Ellis. T. E.. Rochester, N. Y. 
Feldmeier. J. R., Phiadelphia, Pa. 
Ferber. D.. Encino, Calif. 
Francisco, G. E.. Jr., Columbus. Ohio 
Garceau. L.. South Woodstock, Vt. 
Gavsie, F. F., Montreal. Que.. Canada 
Ghormley. R. K., Lincoln, Neb. 
Hamilton, G. H.. Norfolk. Va. 
Hayre, H. S., A)bu<iuerque, N. M. 
Herzog, G. B.. Cambridge. England 
Hummer. E. W., Sandusky. Ohio 
Jackson. S. P., Columbus, Ohio 
Kemp, J. C., Johnsville. Pa. 
Kitsopoulos. S. C., Summit^ N. J. 
Lane, J. W.. Prairie V illage. Kan. 
Liebman, P. M. Brooklyn. N. Y. 
Longerich. E. P., Southfield, Mich. 
Marceau, J. P.. Drummondville, Que.. Catiada 
McElwee, J. F., Jr., Glendora, Calif. 
Meier, D. A.. Inglewood, Calif. 
Mommo, E. J., Irvington, N. J. 
Morrow. A. J., Huntington Station, L. I., N. Y. 
Murphy, A. T., Wichita. Kan. 
Myers, P. B., Phoenix, Ariz. 
Niebuhr, J. E.. Los Angeles, Calif. 
Novak, J. F., Chicago, III. 
Orefice, G. T.. Yonkers. N. Y. 
Oslake, J. J., Costa Mesa, Calif. 
Otterman, J., Whippany, N. J., 
Palandri, G. L., Milano, Italy 
Randolph, A. M., Shreveport, La. 
Regubnski, T. L., Wright- Patterson. AFB, Ohio 
Risley, M. I., Omaha. Neb. 

(Continued on parte 11HA) 
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“EUREKA” IS HARDLY THE WORD FOR IT, ARCHIMEDES! 
Astounding” is more like it, because we use your principle to buoy the “heart” of our 

precision gyroscopic instruments. Floatation eliminates frictional forces on pivots and thereby 
reduces drift rates. Consequently, we are able to develop precise gyros and pendulous 
accelerometers for missiie guidance and ship navigation. 
If you are interested in putting ancient laws to work in the missile age, and if you have 
a BS, MS or PhD in EE, ME, Physics or Math, contact Mr. G. F. Raasch, Director of 
Scientific and Professional Employment, Dept. B. 7929 S. Howell, Milwaukee 1. Wisconsin. 

AC SPARK PLUG THE ELECTRONICS DIVISION OF GENERAL MOTORS 
MILWAUKEE • LOS ANGELES • BOSTON 
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NEW CONCEPTS THROUGH CREATIVE FREEDOM AND PROFESSIONAL APPLICATION 

Intriguing possibilities exist at The Orlando Division of Martin for those 

persons who want to apply their talents to projects far beyond the present 

condition. To be able to freely EXPLORE these projects and advance one¬ 

self into new areas of thought should appeal to those persons who are 

also seeking the stimulation of high level associations and greater personal 

stature in an environment of accomplishment. If such is your objective, in¬ 

quire immediately of C. H. Lang, Director of Professional Staffing, The Martin 

Company, Orlando 71, Florida. ■■■■■■■■■■■■ 



ASSISTANT DIRECTOR 
ELECTRONICS RESEARCH 

Candidates should possess an M.S. or I’h.D. degree and should have a 
record of outstanding achievements in research and development. The 
environment is midway hetween academic and industrial research and 
offers the opportunity to develop research areas of greatest appeal to 
you and your staff. Many excellent staff benefits are available, including 
a four week vacation and generous insurance and retirement benefits. 
Our location offers excellent cultural and recreational facilities. Please 
submit your resume in confidence to Mr. R. B. Martin. 

ARMOUR 
RESEARCH 
FOUNDATION 
OF ILLINOIS INSTITUTE OF TECHNOLOGY 
TECHNOLOGY CENTER, CHICAGO 16, ILL. 

Due to expanding activity the Armour Research Foundation has an 
exceptional opportunity for an electronics engineer of outstanding 
technical and administrative competence to direct its broadly diversified 
research and development activities in the following areas . . . 

RADAR COMMUNICATION SYSTEMS 

ANTENNAS ELECTRONIC EQUIPMENT COMPATIBILITY 

PROPAGATION MICROWAVE THEORY AND COMPONENTS 

HIGH FREQUENCY INSTRUMENTATION 

COMPUTERS AND 
CONTROL SYSTEMS 

■ AIRBORNE DIGITAL EQUIPMENT 

■ NUMERICAL MACHINE CONTROL 

■ HYBRID ANALOG-DIGITAL SYSTEMS 

■ ADVANCED TECHNIQUES 

Engineers and scientists needed with experience in all phases of 
analog and digital computer design. Systems organization, logical 
design, transistor circuitry, magnetic core and drum memories, 
input-output equipment, packaging. Also advanced techniques 
such as tunnel diodes and thin films. Applications include 
airborne digital equipment, numerical machine control, and 
hybrid analog-digital systems. Both commercial and military-
applications, emphasizing advanced development and research. 
We think you will find this work unusually stimulating and 
satisfying. Comfortable and pleasant surroundings in suburban 
Detroit. 

If interested, please write or wire A. Capsalis, 

Research Laboratories Division, The Bendix Corporation 
Southfield, Michigan. 

Research Laboratories Division 
SOUTHFIELD, MICHIGAN 

Membership 

(Continued from page INd) 

Schmitt. H. L, Cambridge. Mass. 
Schon, F. K. K., Cote St. Luc. Mont., Que., 

Canada 
Schreiner. K. E., Yorktown Heights, N.Y. 
Sellars. R. F.. Offutt AFB. Nel». 
Sharki. I*.. Rome. N. Y. 
Silleni, S. R., Padova, Italy 
Smith, P. J.. Norwalk, Conn. 
Smith, R. T., Austin, Tex. 
Soorian, D. A.. Wayland. Mass. 
Strohecker. J. P., Seattle, Wash. 
Thompson. F. T., Verona, Pa. 
Wanselow, R. D.. Woodland Hills. Calif. 
Weppler, H. E., Madison, N. J. 
Wheeler. M. S., Bal it more. Md. 
Wiggins, C. P., Northridge, Calif. 
Wilson. F. J., Little Rock, Ark. 
Wouk. V., New York. N. Y. 
Yowell, G. M., Johnsville, Pa. 
Zelinger, G., Montreal. Que., Canada 
Zillger. W. IL, Little Silver, N. J. 

Admission to Senior Member 
Alger, P. L., Schenectady. N. Y. 
Amonette, E. L., Albuquerque, N. M. 
Baines, E. A.. Fayetteville, N. Y. 
Bartlett, W. D.. Washington, D. C. 
Byrd, C. G.. Orlando. Fla. 
Carson. C. T.. Philadelphia, Pa. 
Carter, C. W.. Jr., Brookfield Center. Conn. 
Dalasta, I).. West Allis, Wis. 
Damon. R. W., Burlington, Mass. 
Deane. !.. Victoria, B. C., Canada 
DeCarlo. C. J.. Brooklyn. N. Y. 
Eriksen. W. T., Newton, Mass. 
Finzi. L. A.. Pittsburgh, Pa. 
Friedland, S. S.. Sherman Oaks. Calif, 
(¡ambling. W. A., Southhampton. England 
Harac, S.. Verona, N. J. 
Hix. 1. M., Endicott, N. Y. 
Humme, C. W., Jr., Los Angeles, Calif. 
Jones. A. F.. Paramus, N. J. 
Klaiber. G. S„ Kenmore, N. Y. 
Kraay. R. A.. Allentown, Pa. 
Lederberg. L, Stanford. Calif. 
Leeds. B. L.. East Northport, L. L, N. Y. 
Long. W. IL. Pacific Palisades, Calif. 
Lucic, A., Garden Grove. Calif. 
Maresca P. T., Elberon Park, N. J. 
McLaughlin, J. W., Arlington, Va. 
Menzel. W.. Vesenaz (Geneva). Switzerland 
Moody. N. F., Saskatoon, Sask., Canada 
Oertel, E. C., La Mesa, Calif. 
Parker, J. C., Sr.. Memphis, Tenn. 
Peterson. A. E., Dayton, Ohio 
Pettit, B. L.. Washington, D. C. 
Rondon, J. K., Sunland. Calif. 
Roos. W. B., Sacramento. Calif. 
Rosenfeld. M. M.. Woodside, L. L. N. Y. 
Ryerson. H. R., Garfield Heights. Ohio 
Savage, C. F.. Scarsdale, N. Y. 
Schenker. L., Murray Hill. N. J. 
Shugart, A. F., San Jose. Calif. 
Stuart. R. D., Boston. Mass. 
Volz, P. E.. Severna Park. Md. 
Weiss. J. A., Burlington. Mass. 
Wells. C. R.. Jr., Billerica. Mass. 
Wilder. IL IL. Claremont. Calif. 
Wylie. R. R., Springfield, 111. 
Zverev. A. L, Hanover, Mil. 

Transfer to Member 
Baxter. J. L., Bethesda, Md. 
Beardsworth. R., Syosset. L. I.. N. Y. 
Birsten. B. R., Douglaston. L. L. N. Y. 
Bonseigneur, P. F.. Jr., Offutt AFB.. Neb. 
Borgen. IL. Hicksville, L. L, N. Y. 

(Continued on page 120.-1) 
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FROM NASA’s EXPANDING EFFORTS IN AERONAUTICAL RESEARCH 

VARIABLE 
WING 

GEOMETRY 
FOR TOMORROW’S AIRCRAFT FLYING AT MACH 2 TO MACH 6 

Aircraft configurations most suitable for supersonic speeds have seriously reduced performance in takeoff, climb, 
and other off-design regimes. NASA scientists and engineers are engaged in an intensive research program on 
these problems. Variable wing geometry is one means of minimizing or overcoming these deficiencies without 
compromising supersonic cruise efficiency ■ Variable wing geometry creates three aircraft in one. Such craft will 

let-down and enjoy relatively low takeoff and 
also allow aircraft to delay entering supersonic 

boom effects are minimized. Then, with wings 

the high speed flight condition. ■ Specific areas of 

at NASA include configurations, performance, flight 
aeroelasticity and structural dynamics, high tempera-

sional opportunities for scientists and engineers in 

within the NASA complex. For full details, write to 
Center, Hampton, Va.— NASA Ames Research Center, 
Cleveland, Ohio— NASA Flight Research Center, 

Greenbelt, Md.— NASA George C. Marshall Space 

Space Flight Station, Wallops Island, Va. 

exhibit high aerodynamic efficiency in climb and 
landing speeds. Variable wing geometry will 

flight until reaching an altitude at which sonic 
swept back, the craft will have optimum efficiency at 

intense and increasing aeronautical research activity 

characteristics, flight noise effects, hovering control, 

ture materials, and fatigue. ■ Outstanding profes-
aeronautical research exist at the research centers 
the Personnel Director. ■ NASA Langley Research 
Mountain View, Calif.— NASA Lewis Research Center, 

Edwards, Calif.-NASA Goddard Space Flight Center, 
Flight Center, Huntsville, Ala. —NASA Wallops 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
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From 

Applied Researcli. 
to 

Precision. Manufacturing 

Kollsman 
provides broad-based professional opportunities 

Opportunities are available now for graduate EE's, ME’s and Physicists in 

SOLID STATE PHYSICS 

LOGICAL DESIGN 

SYSTEMS ANALYSIS 
& SYNTHESIS 

ADVANCED MECHANISMS 

ADVANCED OPTICAL-
ELECTRONIC SYSTEMS 

PULSE TECHNIQUES 

ELECTRONIC DISPLAYS 

ADVANCED CONTROL SYSTEMS 

MICROMINIATURIZATION 

Producer of more automatic star trackers and more air data computers than all 
other U.S. companies combined, Kollsman has now established a new Research 
Division — pointing the way to still more advanced engineering concepts. 

To arrange a confidential interview, 
forward a brief resume to Mr. John Whitton. 

SPECIAL PURPOSE 
DIGITAL SYSTEMS 

BIONICS & MEDICAL 
ELECTRONICS 

SEMICONDUCTOR 
MATERIALS RESEARCH 

LIGHT GENERATION 
MODULATION & DETECTION 

Kollsman Instrument Corporation 
A Subsidiary of Standard Kollsman Industries Inc. 80 08 45th AVE.. ELMHURST 73, QUEENS. NEW YORK 

..äJ Membership 

( ("utintird from ^aye 118A) 

Brendle, T. A., Suffern, N. Y. 
Brown. C. W., Jr.. El Paso. Tex. 
Bttchan, J. F., Orlando, Fla. 
Buhrman. H. M., Sunnyvale. Calif. 
Butler. R. M. Raleigh, N. C. 
Clayton, G. II., Des Peres. Mo. 
Cobb, F. L., San Carlos. Calif. 
Connelly, T. R.. Bath, X. Y. 
Corbett, T., Portland. Ore. 
Dague, G. I., Winston-Salem, N. C. 
Dishler, J. J., Haddonfield, X. J. 
Elkashlan, E. !.. Imbaba, Cairo, U. A. R. 
Emslie, X. M., Yardley, Pa. 
Fidier, G. F., Kansas City, Kan. 
Fliegler. E., West Belmar, N. J. 
Frager, A. M., University City, Mo. 
Frank. E. J., Chicago, Ill. 
Fuller, G. L., Council Bluffs. Iowa 
Grasselli, A., Princeton, X. J. 
Gumb, 1). F., Mary Esther, Fla. 
Guthrie, T. F.. Richmond Hill. L. I., X. Y. 
Hollis, T. W„ Jr.. Towson. Md. 
Horowitz, P., Costa Mesa, Calif. 
Jelinek, G-, Grand Island, Neb. 
Iones. A. C., Scottsdale, Ariz. 
Joseph. D. L„ Apalachin, X. Y. 
Kampmeyer, R. A.. Baltimore, Md. 
Kelley, R. J., San Diego, Calif. 
Kienast, D. J., North Hollywood, Calif. 
Lowenstein, H. L., Watertown, Mass. 
Milbrodt, P. E., Fairfax. Va. 
Miller. W. A., Scranton. Pa. 
Mita. Shigeru. Tokyo, Japan 
Quinn, T. B., Los Angeles. Calif. 
Sanders, N. D., Falls Church, Va. 

Sharp. N. S.. Washington, D. C. 
Shipley, D. G., Rocky Point. L. I.. X. Y. 
Soohoo, E. L.. Beverly. X. J. 
Tatum, F. A., Santa Monica, Calif. 
Walker, R. J., Owensboro. Ky. 
Wilson, C. M.. Xo. Vancouver, B. C., Canada 

Admission to Member 
Allen. W. W., Jr.. Berwyn. Pa. 
Amundsen. R. C., Ridgefield, Conn. 
Anderson. K. R., Midland. Mich. 
Andrews. W. W., Cranford, X. J. 
Baker, O. R.. Sunnyvale, Calif. 
Baldwin. R. A., Jr., Arlington, Tex. 
Becker. P. A., Brooklyn, N. Y. 
Behringer, R. W., Scarsdale, X. Y. 
Bennett, E. C., Manlius, X. Y. 
Benson, J. J.. Albuquerque, X. M. 
Berkowitz. C. E., King of Prussia. Pa. 
Berns, P. B., Fullerton, Calif. 
Bernstein. B.. Scarsdale. X. Y. 
Berntsen. T. J., Montclair, N. J. 
Beyer, W. G., Philadelphia, Pa. 
Billings, R. D., Barstow, Calif. 
Birutis, G., Richmond Hill. L. L. N. Y. 
Blackie, J. C., Wakefield, Mass. 
Blount, L. A.. Johnsville, Pa. 
Bluth, A., Philadelphia, Pa. 
Booth, R. A., Glendale, Calif. 
Borrello, R. P„ Baltimore, Md. 
Borrok, M. J., St. Louis, Mo. 
Bowles, T. J., Seattle. Wash. 
Bradley, R. R., Jr.. Washington, D. C. 
Bradley, R. W., Nutley, X. J. 
Brand, B., Syracuse, N. Y. 
Brennan, R. F., Riverside. Calif. 
Bridge, G. W., Oklahoma City, Okla. 
Britten. E. F.. Lakewood. Calif. 
Brookman, A. S.. China Lake. Calif. 
Brown, A. IL. Getzville, X. Y. 
Brown, J. K.. Deer Park, L. I., N. Y. 
Brown, S., Cleveland. Ohio 
Brown, T. M., New York, N. Y. 

Brownell. H. J., San Mateo, Calif. 
Brunel. A.. Montreal, Que., Canada 
Budne, T. A., Great Xeck, L. I., X. Y. 
Buell. V. B., Los Altos, Calif. 
Bull, E. D., Sepulveda, Calif. 
Bunko, W., Calgary, Alta., Canada 
Busch, A. C., Cincinnati, Ohio 
Bush, W. D., Goletta, Calif. 
Byars. B. R., Jr., Fort Worth, Tex. 
Carver, O. T., Riverton, N. J. 
Caini, V.. Uppsala, Sweden 
Campbell, R. B., Jr.. Brookline, Mass. 
Carmody, W. F., Bellevue, Wash. 
Carvajal, R. L., Dallas, Tex. 
Cecil, J. W., Tulsa, Okla. 
Chang, D. M. Y., Haddonfield, X. J. 
Childs. P. B., Jr., Irving, Tex. 
Chin, B., Las Cruces, N. M. 
Cittadini, J. L. G., Huntington Station, L. L, 

X. V. 
Clark, G. E., Rome, X. Y. 
Clarke, J. M„ Arlington, Mass. 
Claycomb, H. E.. Phoenix, X. Y. 
Cobb. A. G., Winnipeg, Man., Canada 
Cohen. M. R., Paterson, N. J. 
Colvard, J. E., China Lake, Calif. 
Conyers. W. T., Baltimore. Md. 
Cornell. K. M., San Jose, Calif. 
Corri lions, L. J., Washington, D. C. 
Courtney. R. A.. Dayton, Ohio 
Craig, W. C., Baldwin Park, Calif. 
Crane, J. W., Anaheim, Calif. 
Crockett, I. L., Bountiful. Utah 
Curry, C. T., Seattle, Wash. 
Cutting. A. B., Montreal. P. Q., Canada 
Czobor, S. E., Montreal. P. Q., Canada 
Dachert, F., Chestnut Hill. Mass. 
Davis, 1. T.. Washington, 1). C. 
DeMaria, F. C.. Dearborn. Mich. 
Dewland, J. F., Secaucus. X. J. 
de Wolfe, G. C., Pasadena, Calif. 

(Continued "H page 12JA) 
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A message of importance to the leading 

micro wave scientists of 7 

...a message you should act on ODAY! 
Sylvania’s Microwave Device Operations in 

Williamsport, Pennsylvania, now has new pro¬ 

grams underway in the advanced development 

of microwave devices. These programs offer 

rare opportunities to experienced, outstand¬ 

ing microwave specialists— opportunities to 

assume overall leadership and responsibility 

for exploration of various types of microwave 

tubes including those involving crossed-field 

interaction, backward-wave interaction and 

gas discharge phenomena. 

Microwave scientists are now needed to carry 

forward these programs as well as to develop 

support teams. These positions of leadership 

require several years of relevant experience and 

an advanced degree in engineering or physics. 

You are invited to investigate now by writing 

Dr. E. J. Whitmore at the address below. 

MICROWAVE DEVICE OPERATIONS 
1891 EAST THIRD STREET, WILLIAMSPORT, PENNSYLVANIA 

Subsidiary of GENERAL TELEPHONE ̂ELECTRONICS S 
PROCEEDINGS OF THE IRE April, 1961 121 A 





THE FOURTH DIMENSION IN PROPULSION DEVELOPMENT 

Whether the universe has a "saddle shape,’’ or any shape at all, is a matter of interesting conjecture. The 
matter of space travel, however, is the subject of intense experimentation. A nuclear/thermionic/ ionic 
propulsion system, currently being studied at Lockheed Missiles and Space Division, might well 
become the ocwer source for space vehicles. 

Its design incorporates a nuclear reader only one foot in diameter, generating heat at a temperature of 
1850°K. This is transmitted to banks of thermionic generators, converting the heat directly into 
electrical energy for the ion beam motor which uses cesium vapor as a fuel The entire system is designed 
without any moving parts, minimizing the possibility at failure. 
Lockheed's investigation of propulsion covers a number of potential systems. They include: plasma, 
ionic, nuclear, unique concepts in chemical systems involving high-energy solid and liquid propellents, 
combined solid-liquid chemical systems. The fundamentais of magnetohydrodynamics, as they might 
eventually apply to propulsion systems, are also being examined. Just as thoroughly, Lockheed probes 
all missile and space disciplines in depth. The extensive facilities of the research and development 
laboratories— together with the opportunity of working with men who are acknowledged leaders in 
their fields— make association with Lockheed truly rewarding and satisfying. 

Lockheed Missiles and Space Division in Sunnyvale and Palo Alto, on the beautiful San Francisco 
Peninsula, is an exciting and challenging place to work For further information, write Research and 
Development Staff. Department M 24F, 962 West El Camino Real. Sunnyvale. California. U.S. citizenship 
or existing Department of Defense industrial security clearance required. 

Lockheed ! MISSILES AND SPACE DIVISION 
Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS Programs 

SUNNYVALE. PAuO ALTO. VAN MUYS. SANTA CRUZ. SANTA MARIA. CALIFORNIA • CAPE CANAVERAL. FLORIDA • HAWAII 



Combat Surveillance Problems 

Have Ballooned Since 1861 
Airborne surveillance of enemy action was inaugurated with balloon 
ascents over Washington from which the Union Army watched Con¬ 
federate movements. But the airborne surveillance techniques of the 
Civil War have long since yielded to progressively more sophisticated 
sensor technologies. 

Tomorrow’s approach to the problems of combat surveillance is a 
dynamic part of the research effort of the Cornell Aeronautical 
Laboratory. Here, research is being conducted into the requirements 
of surveillance drones and concepts of advanced target-location 
Systems are being synthesized. 

These, and other of our current development programs designed 
to exploit the advanced state of the art, require staff additions cover¬ 
ing all of the scientific disciplines. If you are interested in becoming 
a member of one of our small, closely knit research teams, take the 
first step now. Send for our 32-page report, "A Community of 
Science." 

- V CORNELL AERONAUTICAL LABORATORY, INC. 

— -I- of Cornell University 

Positions available at our Washington, D.C. branch as well as in Buffalo 

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. 

JsçQj Membership 
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Dixson, J. R., Des Plaines, Til. 
Dodson, G. A., Murray Hill, N. J. 
Eckhart, E. P., Cocoa Beach, Fla. 
Edwards, W. L., South River, N. J. 
Eisner, H., Kensington, Md. 
Elschener, H. J., New York, N. Y. 
Endbinder, M., Liver|»ool, England 
Estwick, S. M., Goderich, Ont., Canada 
Everest, C. E., Sierra Madre, Calif. 
Fallows, R. P., Phoenixville. Pa. 
Fick. J. E., Chalfont, Pa. 
Finkel, L., Haddonfield, N. J. 
Fisher, J. M., Jr., Pitman, N. J. 
Flanagan, J. E.. Newton, Mass. 
Fletcher, W. K., Dayton. Ohio 
Franks, L. E., Murray Hill, N. J. 
Freund, R. E., Philadelphia, Pa. 
Frick. D. F„ Palatine, III. 
Friederichs, J. W., Toddville, Iowa 
Friedlander, I. N., Bayside. L. I., N. Y. 
Furey, R. J., Hatboro, Pa. 
Gabbert, J. J., San Francisco, Calif. 
Gehrke. F. H., North Olmsted, Ohio 
Ghiselin, W. F., Jr., Bellaire, Tex. 
Ghosh, A. K., Chandernagore, West Bengal. 

India 
Gilbert, J. D., Melbourne, Fla. 
Gille, J. C., Paris, France 
Gillet, C. C., Evanston, III. 
Gilliland, M. E., Clay, N. Y. 
Giova, F. N., Philadelphia, Pa. 
Gliatti, E. L„ No. Babylon, L. I., N. Y. 
Glowacki, R. E., Huntsville, Ala. 
Graham, W. L., Cocoa Beach, Fla. 
Guttmann, H. E., Minneapolis, Minn. 
Haddock, R. L., Jr., Orlando, Fla. 
Haffner, J. W., Elk Grove Village, III. 
Hanlon, J. E., Jr.. Pittsfield, Mass. 
Hansen, V. G., Den Haag, Holland 
Hardy, H. L., Monroe, Conn. 
Harmon, C. R., Garland, Tex. 
Harry, J. W., Phoenix, Ariz. 
Haque, S. M. E., Dhanbad, Bihar, India 
Hartz, R. S., Long Branch, N. J. 
Hassler, K. E., Grove City, Ohio 
Hearn, F. L., Palo Alto, Calif. 
Hedrick, K. M., Cumberland, Md. 
Henry, J. L., Catonsville, Md. 
Herbert, D. E., San Diego, Calif. 
Hinkle, M. L„ Jr., Orishany, N. Y. 
Holsborg, W., Culver City, Calif. 
Holzer, W. IL, Silver Spring. Md. 
Hovey, IL H., Winston-Salem, N. C. 
Hoyt, E. M., Ann Arbor, Mich. 
Humpage, W. IL, Griffiss A.F.B., New York 
Huskin, J. T„ Baltimore, Md. 
Inami, T., Naha, Ryukyus, Okinawa 
Jackson, A. M., Jr.. Portsmouth, Va. 
Jackson, G. E.. Wakefield, Mass. 
Janssen, W. W., Sparks, Nev. 
Jassen, C.. Haledon, N. J. 
Jetton, R. P„ University, Ala. 
Johnson. A. B., Laval Islands, P. Q., Canada 
Jungbluth, E. J., Granby, Que., Canada 
Kaplan, C., Van Nuys, Calif. 
Karpenko, V. A., Los Angeles, Calif. 
Katz, P., New York, N. Y. 
Kemp, G. K„ Toronto. Ont., Canada 
Kettleman, E. V. B„ New York, N. Y. 
Kimura, H., Tokyo, Japan 
King, S. W., Los Angeles, Calif. 
Klahr, C. N., Brooklyn, N. Y. 
Klein, R., Rockaway, N. J. 
Knight, G. T., Oklahoma City. Okla. 
Koshinz, E. F., Glendora, Calif. 
Kronlage, J. W., Dallas, Tex. 
Kronstadt, N., Silver Spring, Md. 
Kudielka, V. W., Wien, Austria 

(Continued on (age 126r1) 

124A WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF THE IRE April, 1961 



In the past 8 years, over 16,000 credit 

hours have been completed by employes 

under the company sponsored program. 

Why don’t yoiiTcilk with 

Westinghouse 
about Advanced Education 

Your career potential is unlimited at 
Westinghouse-Baltimore. The Westinghouse 
Advanced Education Program will enable you to 
combine project work on space age electronics 
programs with the pursuit of graduate degrees at 
The Johns Hopkins University or the University 
of Maryland. The engineer who wants to advance 
will find it rewarding to talk with Westinghouse. 

Current openings include: 
Communications Systems 
Digital Techniques 
Solid State Systems 
Microwave Theory 
Systems Engineering Analysis 
Transistor Circuit Design 
Radiating Systems Design 

1961 Represents 

75 years of 
Service & Achievement 

by Westinghouse 

Send resume to: Mr. J. F. Caldwell, Dept. 389 

Westinghouse 
AIR ARM ELECTRONICS ORDNANCE 

BALTIMORE 
1 P.O. BOX 74-6 Baltimore 3, Maryland 
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COMMUNICATIONS 
ENGINEERS 
Lenkurt Electri« Company, Inc., the world's major specialist in multi¬ 
plexing and microwave radio systems lor telephone, telegraph, and high 
speed data transmission offers outstanding opportunities for microwave 
engineers. Communication in the microwave spectrum is playing a greatei 
and greater part in long distance transmission. If you have experience in 
video amplifiers, broadband IE circuits, microwave test and design tech¬ 
nicpies, an understanding of semi-conductor applications in the microwave 
region, and a B.S. degree or higher, Lenkurt, the recognized leader in long 
distance transmission invites you to join its family of communications ex¬ 
perts. Top salary, liberal fringe benefits, including stock pur« hase plan and 
outstanding education refund plan, and relocation expenses are guaran¬ 
teed for selec ted engineers. Lenkurt 's modern engineering labs ate located 
on the sunny San Francisco Peninsula. 
Of further interest to us are mechanical engineers who have had expe¬ 
rience with the mechanical design of mic rowave components and the latest 
processes for the fabrication of such devices. New produc tion techniques 
play a prominent part in the overall program. 

Also, other engineering open. Send resume or call collect. 
E. Jack Shannahan, Employment Manager • Lenkurt Electric Co.. Inc. 
1105 County Road • San Carlos, California • LY 1-8461, ext. 281 

LEWÍUNT FLFCTfí/C 
Subsidiary of fotHtna c) 

GENERAL TELEPHONE & ELECTRONICS 

Membership 

(Continued from page 124 A) 

Kuhla. R. .1.. Orange, Calif. 
Lando ina, W. C., Jr., Winston-Salem, N. C. 
lev’. A., I larthorne, Calif. 
Leach, J. F., Chicago, Ill. 
Leihen ann, V., Elmhurst, L. I., N. Y. 
Letsch, W. L., Baltimore, Md. 
Lew^, W. E.. Falmouth, Mass. 
Li. Y L.. Birmingham. England 
Lietz.au, K. E., Severna Park, Md. 
Liu, ( . C. Y.. Ellenville, N. Y. 
Lockner, J. G., Rome, N. Y. 
Long. K. A., Phoenix. Ariz. 
Lt rden, I. R.. North Hollywood, Calif. 
Lorenz. R., Jr.. San Jose, Calif. 
Lujetic, V. J., Camden, N. J. 
Macha. M.. Garden City. L. I., N. Y. 
Machen. J. W.. Point Clear, Ala. 
Mack, 1). E.. Rochester, N. Y. 
.MacLachlan. R. K., Fullerton, Calif. 
Mal oy, J. IL, Silver Spring. Md. 
Mandis, G. A.. Rochester. N. Y. 
Maone, V. P., Jericho. L. I., N. V. 
Markowitz, A., Middle Village, L. L, N. Y. 
Martinovitch, V. N., Springfield, N. J. 
Marushak, J. B., Brooklyn, N. Y. 
Mathias, R. J., Shreveport, La. 
Matthews. R. E.. Baltimore, Md. 
Maurer, W. M., So. Lancaster, Mass. 
McCarty, J. W.. Linthicum, Md. 
McDowell, C. I., Jr.. Richardson, Tex. 
Meddaugh, S. A., St. Paul, Minn. 
Merow, D. W., Baltimore. Md. 
Mickel, W. E.. Phoenix. Ariz. 
Mikesell. L. G.. Lubbock, Tex. 
Miles. I. M., Atlanta. Ga. 

Miliauskas, V.. Seattle. Wash. 
Mon tasser. S. IL. Cairo. Dokkev, A. R. 
Montgomery. IL S.. Cocoa Beach, Fla. 
Moore. C. J.. Philadelphia. Pa. 
Moore. J. P., Downey. Calif. 
Moore. J. S.. Jr., Tampa, Fla. 
Moss. R. K.. Chatsworth, Calif. 
Murphy, I. 'I'., Jr., Maitland. I la. 
Murphy. J. L. Wantagh. N. Y. 
Nakamoto. T. I., Syracuse. N. Y. 
Nance, V. K., El Paso. Tex. 
Neill. D. E.. Syracuse. N. Y. 
Nelson. R. IL. Jr.. Denver. Colo. 
Nicolet. M-A., Pasadena. Calif. 
Nicosia. S. C.. Roma, Italy 
Nicotra. L.. Pi>a. Italy 
Norman, IL A.. Seabrook. Md. 
Northrop. P. G., Dayton. Ohio 
Novak. J. R.. Canoga Park. Calif. 
O|M>ku. N. K., Coventry. England 
Osborne. G. G., Los Angeles, Ca’.if. 
Oswalt. IL. Zurich. Switzerland 
Ott, F. J., Gumligen. Berne, Switzerland 
Oyler, E. M.. Dayton, Ohio 
Papale. L. R., Hawthorne, Calif 
Paulson. R. C.. Needham, Mass. 
Peters. R. A., Queens Village, L. L, N. Y. 
Piazza. M„ Waldwick. N. J. 
Picardi. J. E.. Concord, Mass. 
Pierce. J. T., Plano. Tex. 
Piol, E., Milano. Italy 
Ponnuraj, H. S., Madras, India 
Popelarski. A. F.. Trenton. N. J. 
Porter. R., Santa Barbara. Calif. 
Power. J. A., Huntsville, Ala. 
Presson, B. R.. Jr., Dallas, Tex. 
Quade, T. E., Linthicum, Md. 
Queen, P. D., Beverly Hills. Calif. 
Ra fuse, R. P., Cambridge, Mass. 
Ragsdale, R. D.. Fairfax, Va. 
Reid, K. L., Midwest City, Okla. 
Reigel. E. W., State College. Pa. 
Rei -.e. R. E.. Glen Burnie, Md. 

Retelle. J. P. . Lexington. Mass. 
Robertson. R. P.. Newark. N. J. 
Robinson. A. J.. Winnipeg, Man., Canada 
Roess. L. C.. Beacon. N. Y. 
Rogers. M. F.. Olean, N. V. 
Roiter, A.. Washington, D. C. 
Rollett, J. M.. London, England 
Rome, I. FL, Philadelphia, Pa. 
Rose. E. G.. No. Vancouver, B. C., Canada 
Rosenbaum, E.. Baltimore. Md. 
Rotramel. W. T., Oklahoma City. Okla. 
Ruetz. L.. Minneapolis, Minn. 
Rutsey, J. P., Livonia, Mich. 
Saxena, A. N.. Palo Alto. Calif. 
Schubach, R.. East Cleveland. Ohio 
Schuette. R. K.. Indianapolis, Ind. 
Seelig, W., Flushing, L. L. N. Y. 
Selman, V., Bayonne, N. J. 
Shevel. W. L., Jr.. Yorktown Heights, N. Y. 
Shoobridge, M. J., Richmond. Surrey, England 
Siperko, C. M.. Ellicott City, Md. 
Slouka, G. E.. Rome, N. Y. 
Small, J. W., Jr., Hampton, Va. 
Smith, D. A.. Hagerstown, Md. 
Smith. J. S., Alfred. N. Y. 
Smyth. K. A., Silver Spring, Md. 
Snoderly. R. O., Anchorage, Alaska 
Snow, IL E.. Whippany, N. J. 
Snyder, H. C.. Fremont. Neb. 
Soneki, J. IL. Bethlehem, Pa. 
Southern, P. F., Dallas, Tex. 
Sprmgall, T. I... Andover. Mass. 
Squires, G. A., LTpland, Calif. 
Stalling. E. W.. Merritt Inland. Fla. 
Starita. F. A., Nutley, N. J. 
Starz, W. A., Liverjool, N. Y. 
Steinitz. R. J.. Lutherville. Md. 
Stinson, L. F.. Brigantine, N. J. 
Stoltz. W. S., Royal Oak. Mich. 
St<M»key. B. IL, Cornwells Height-.. Pa. 
Stumpt, F. M., Rome, N. Y. 

(Continued on l'âge 12'A) 
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Performance is the test of Space Technology Leadership 
The experience and creativity of Space Technology Laboratories in the field of space systems — both military and civilian — are 

documented in this record of accomplishment: Responsibility since 1954 for the over-all systems engineering and technical 

direction for the Atlas, Thor, Titan, and Minuteman elements of the U. S. Air Force ballistic missile program, and in such advanced 

space projects as Score, Tiros I, Transit IB, and Mercury. Conduct of vehicle re-entry projects and the Pioneer I, Explorer VI, and 

Pioneer V advanced space probes on behalf of the Air Force, Advanced Research Projects Agency, and National Aeronautics and 

Space Administration. Contributions to these projects included design, fabrication, and instrumentation of spacecraft; over-all 

systems engineering and technical direction; direction of launch and tracking; and data reduction and analysis • This perform¬ 

ance demonstrates the STL creative flexibility to anticipate and initiate responses to the space challenge. To discharge its growing 

responsibility in Space Technology Leadership, STL is now broadening the scope of its activities. Resumes and inquiries concern¬ 

ing opportunities with STL are invited from outstanding scientists and engineers, and will receive meticulous attention. 

SPACE TECHNOLOGY LABORATORIES, INC. p.o. box 950051, tos angeles 45, california 
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Swirbalus, R. A., South Boston, Mass. 
Szekely. G. S., Seattle. Wash. 
Takacs. F., Kitchener. Ont.. Canada 
Tang, I). 'I'.. Yorktown Heights. N. Y. 
Taylor. W. E.. Santa Maria, Calif. 
Terry, F. R.. Downey, Calif. 
Thompson. B. C.. Montclair. X. J. 
Thomson. C. E., Shawnee Mission, Kan. 
Thorgrimson. G. X.. Minneapolis. Minn. 
Tiffany, J. M.. Winston-Salem, X.C. 
Timlin, E. S., Philadelphia. Pa. 
Travland. W. W.. Port Arthur, Tex. 
Traxler. H. A.. Calgary, Alberta. Canada 
Turner, D. E.. Littleton. Colo. 
Tyler, J. T., Belleville, Nev. 
Vahle. R. W., Kokomo, Ind. 
Wditski. W. F.. Philadelphia. Pa. 
Van Koevering. B. D., Syracuse, N. Y. 
Vinokur. M„ Green Bank. W. Va. 
Volpe, J. R.. Jr., Ozone Park, L. I., N. Y. 
Wagner, W. K.. Mountain View, Calif. 
Walker. P. C., Gardena, Calif. 
Wallace, M. E., Clearwater, Fla. 
Waltz. R. B., Philadelphia, Pa. 
Wang, G. CC„ Ellenville, N. Y. 
Ward. J. R., Providence. R. I. 
Waring, G. W., Palo Alto, Calif. 
Weber. J. W„ Raleigh, N. C. 
Weinstein, A. K., Hermosa Beach, Calif. 
Wernikoff. R. E.. Cambridge, Mass. 
Whittle, H. P.. South Acton, Mass. 
Whitworth. W. D., Anchorage. Alaska 
Wignall, J. R., Lincoln, Neb. 
Wilcox. I). I... Richardson. Tex. 

Wilken. A. C., Albuquerque, X. M. 
líelo <1. G. E.. I. <>x Angeles, Calif. 

Williams. F. R., Redstone Arsenal, Ala. 
Williams, R • » . < igo, III. 
Willis, C. E.. Englewood, Colo. 
Winacott, E. L., Ottawa, Ont., Canada 
Wiseman, D. G., Greenslioro, N. C. 
Wisner, I). A.. North Adams. Mich. 
Wojcik. M. IL. Garfield, N. J. 
Wootten, E. J., Thistletown, Ont., Canada 
Woythal, J. M„ Arlington. Va. 
Yuen. R., Canoga Park. Calif. 
Zimmerman. H. A.. Albany. Calif. 
Zmuda, E. L, Emporium, Pa. 
Zuk, P., Rexdale. Ont.. Canada 

Admission to Associate 
Austin, C. L., St. Paul, Minn. 
Barnes. R. B., Lexington. Mass. 
Bikis, A.. Rome, X. Y. 
Bixby. B. S.. Waltham. Mass. 
Boyce. W. E.. Plainfield, N. J. 
Broecker, K. M. R.» Berkley, Mich. 
Burr. J. K.. Ill, Baltimore. Md. 
Chester, S. R., Toronto, Ont., Canada 
Coyne. B. D., Scarborough, Ont., Canada 
Crocker. C. W„ Houston, Tex. 
Darcus, R. J.. Victoria, B. C„ Canada 
DeVerter, W. G.. Chicago, Ill. 
Duell. A. N„ Denham. Bucks, England 
Eleovsson, K. S.. Soina 1, Sweden 
Evans. D. D.. Stockton, Calif. 
Feeney, W. R., Utica, N. Y. 
Frame, W. W., Michigan City, Ind. 
Gránese, D. G., Garden City, L. I., N. Y. 
Guiducci, G., Milan. Italy 
Harris. M. E.. Lewisburg, Pa. 
Hayes, R.. Vancouver. B. C.. Canada 
Heberlein. D. G., Madison Heights. Mich. 
Henderson, D. E.. Cleveland, Ohio 
Honeycutt. J. C., Jr., Las Vegas, Nev. 
Hope. J. N.. San Diego. Calif. 
Horvat. J. R., Wickliffe, Ohio 

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. 

Hyman, S. P„ Milwaukee. Wis. 
lackxon, L. A., Dayton. Ohio 
Jackson, O., Fort Huachuea, Ari/. 
Kaufmann, P„ Sao Paulo. S. P.. Brazil 
Keil, R. A., Flushing, L. L, N. Y. 
Kemp, E. J. C., Vancouver, B. C., Canada 
Lackey, M. !.. APO 23, New York, N. Y 
LaGrange. D. L., Biloxi. Miss. 
Lamparero, F. A., Panama, Rep. de Panama 
Loom m, J. J., Massapequa. L. L, N. Y. 
Moffatt, J. E., Rockford, III. 
Nicoletti, R. J., Buffalo, N. Y. 
Nite. J.. Orlando. Fla. 
Noah. A. S.. Mattapan, Mass. 
Purinton, R. L., Byfield, Mass. 
Reynolds, E. E., Dayton, Ohio 
Riquelmy, A. IL, Houston. Tex. 
Rivara, K. Torino, Italy 
Robison. M. M., Worthington, Ohio 
Ross, F. R.. Phoenixville. Pa. 
Rowe, A. C., Schenectady. N. Y. 
Ryan. J. F.. Jr., Utica, N. Y. 
Schmit, C. M.. Milwaukee, Wis. 
Schräger, S., Philadelphia. Pa. 
Seo. W. Y., Seoul, Korea 
Sicker, M., Flushing, L. L. X. Y. 
Siering, W. G., Cedar Grove. X. J. 
Smith, A. A.. Los Angeles. Calif. 
Stewart. A. G.. Victoria, B. C., Canada 
Storm, R. L., Chatsworth, Calif. 
Stdoway, N. S., Northlake, III. 
Szymanowski. H. W., Karthaus, Pa. 
Trapper. R. P., Chicago, III. 
Utt, C. J., Jr., Lanham. Md. 
Uyechi, S. T., Southgate, Calif. 
Votava, J. M., Elgin, 111. 
Werner, R. G.. Syracuse. N. Y. 
Willey, J. A.. Monrovia, Calif. 
Williams. G. V., Auburn. X. Y. 

Section 
Meetings 

Alami »gordo-Holloman 

“Optical Laser Research at Hughes Research 
Laboratories,’' I. J. D Haenens. Hughes Res. Labs. 
1/24/61. 

Albi q< erqce-Los Alamos 

“Distance Measuring Equipment and Use ot 
Satellites for Mapping,” Tom Witowski, Cubic 
Corp. 1 /24 61 . 

Anchorage 

“Radio & Radar-controlled Traffic Light Sys 
tern in Anchorage,” Dave Fulton, City of Anchor¬ 
age. Joint meeting with AIEE. 1/19/61. 

Atlanta 

“Quantized Frequency Modulation." W. B. 
Jones, Jr.. Ga. Tech. 1/27 61. 

Bay of Qi inti 

“Microwave Ferrites.” E. G. Spencer, Bell Tel. 
Lab., Inc. 1/18/61 . 

Bvefalo-Niagara 

“Fundamentals of Television Tape Recording." 
.1. W. Wentworth, RCA. 1/10/61. 

“World-Wide Communications Via Artificial 
Earth Satellites, Passive & Active," J. D. Tebo, 
Bell Labs., Joint meeting IRE-AI EE. 2/2/61. 

Central Florida 

“The Bio-Medical Dilemma of Man & Outer 
Space," Lt. Col. Rosa, USAF. 1/21/61. 

China Laki. 

“Systems \pplications of Masers," F. I''.. 
Goodwin, Hughes Res. Labs. 10 20 60. 

(Continued on l'âge 130.4) 
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The widespread acceptance of the PHILCO 
2000 Data Processing System continues to 
open up new opportunities for experienced 
computer marketing personnel. 

Sales offices throughout the United States 
are now expanding. Home office staffs are 
being enlarged. The opportunity for experi¬ 
enced people has never been greater. Candi¬ 
dates showing managerial interest and ability 
will be considered for supervisory positions. 

This is the time to join the nation’s fastest 
growing computer marketing organization. 
There are openings for: 

SALES REPRESENTATIVES who are experienced in 
the preparation of presentations to top management 

groups and who have established a record of success 
in data processing sales. 

SYSTEMS ANALYSTS experienced in the study of 
customer’s problems and individual data processing 
needs who can suggest economical and practical systems 
configurations for a particular application. 

PROGRAMMERS experienced in scientific, business 
and commercial programming who can provide on-site 
assistance to customers. 
EDUCATIONAL SPECIALISTS who can develop com¬ 
prehensive courses to train personnel for the optimum 
performance of a data processing system. 
INSTALLATION and MAINTENANCE ENGINEERS 
experienced in all phases of installation, start-up and 
continued maintenance of transistorized large scale 
data processing equipment. 

PUBLICATIONS SPECIALISTS who can prepare tech¬ 
nical sales bulletins, instruction manuals, reports and 
other material on the subject of electronic data processing. 

CONTACT 
Mr. John Felos 
Professional Placement Mgr. 
PHILCO/COMPUTER DIV. 
Willow Grove, Pa. 

PH ILCQ 
^or Quaâty t/ie fcorM Over 
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Í15-25.000! 

DEPARTMENT HEADS 
1. Intelligence & Surveillance 

2. Tactical Warfare Systems 

3. Detection Systems 

4. Continental Defense 

5. Countermeasures 

6. Communication 

Also needed: several senior engi 
neers in above field-

Personnel Service 

management consultants 

seven saint paul street 

baltimore 2, maryland 
MUlbcrry 5-4340 

Immediate 
Openings 
OVERSEAS 

AND IN THE 

UNITED STATES 

FOR 
RADIO RELAY SYSTEMS ENGINEERS 

RADIO RELAY ENGINEERS 

RADIO ENGINEERS 

MULTIPLEX ENGINEERS 

POWER ENGINEERS 

MICROWAVE TECHNICIANS 

SPECIFICATION WRITERS 

U.S. CITIZENSHIP REQUIRED 
(Families may accompany) 

Submit detailed résumé of schooling 

and experience and specific salary re¬ 

quirements to: 

Box 2048, Institute of Radio Engineers, 

Inc., I East 79th St., New York 21, N.Y. 

Section 
Meetings 

(Continued from l'une 128A) 

Cincinnati 

“FM Multiplexing for Stereo,” E. S. Miller, 
Sherwood Electronics Labs., Inc. 1/17 61. 

Cleveland 

“Listening & Looking in Space," R. E. Ander¬ 
son, GE Co. 1 /19/61. 

“Stereophonic AM Broadcasting,” A.A. ('»old 
berg, CBS Labs. 2/9/61. 

Colombia 

“Long Distance Telephone Communications in 
Colombia,” S. Albornoz 1’., National Telecom. Co. 
1 27/61. 

“Communication by Trophospheric Scatter¬ 
ing,” Lt. Col. A. Ospina T., Colombian Navy. 
2/6/61. 

COLUMBUS 

“Plasma Dynamics,” G. I. Cohn. Illinois Inst, 
of Tech. 1/10/61. 

Dallas 

“The IRE,” Dr. L. V. Berkner, IRE President. 
1/25/61. 

“Space Communications,” G. E. Mueller, 
Space Technology Labs. Inc. 2/2/61. 

“Lightweight Inertial Navigation Systems,” 
S. S. Kolodkin, RCA. 2/9 61. 

“The New York UHF Project," E. W. Allen, 
FCC. 2/14/61. 

“Development of An Active Communications 
Satellite," Don Culler, ITT Labs. 2/16 61. 

Denver 

“Magneto Hydrodynamics,” .1. F. Young. GE 
Conjoint I RE Al EE meeting. 10 14/60. 

“Frequency & Time Standards & Their Dis 
tribution," A. II. Morgan, Radio Broadcast Service, 
Joint meeting I RE-AI EE. 11/18 60. 

“Insertion Loss & Power Measurements at Mi¬ 
crowave Frequencies,” A. L. Hedrich. Weinschet 
Engrg. & Mfg. Corp. 12/15/60. 

"Electrical & Electronic Applications of Ce¬ 
ramics,” Messrs. C. Hageman, R. Whiting, I . 
Ferreira, Coors Porcelain Co., Joint meeting I RE-
AI EE. 2/10/61. 

El Paso 

Technical films presented by Bell Tel. Labs. & 
Western Elec. Co. 1/26 61. 

EMPORIUM 

“Future Planning of Radio Tube O|>erations,” 
R. P. Clausen. Sylvania Elec. Products Inc. 1 17 61 . 

Erie 

“Transistorized Voltage Control Regulator for 
Distribution Transformers," J. J. Astleford, Jr., 
Westinghouse Elec. Corp. 10/19 60. 

"Measurements in the 3J IPS Quarter Track 
Audio Tape Recording System,” A. R. Keskinen, 
Astatic Corp. 12 6/60. 

Evansville-Owensboro 

“A Television Stereophonic System,” R. B. 
Dome, GE Co. 11/14/60. 

“Engineering Management Problems in South 
America," R. D. Chipp, ITT. 12 14/60. 

“Nuclear Reactor Startup,” A. Hurst, Argonne 
i National Lab. I/1 1/61. 

Florida West Coast 

I 
“A Thermoelectric Omnibus," W. G. Evans, 

Westinghouse Elec. Corp. Joint meeting IRE-
AIEE. I 18 61. 

Fori Huachuca 

“Electronics is a Generic Art,” D. E. Noble. 
Motorola. Inc., Presentation of Fellow Award 
2/3/61. 

Hawaii 

“The KHVH-TV Mobile Unit,” Dan Hunter, 
KHVH-TV. 9/14/60. 

“Masers, Theory & Applications,” William 
Pong, Univ, of Hawaii. 10 12 60. 

“The Pacific Missile Range," C. II. Wehmeyer. 
Pacific Missile Range. 11/9/60. 

“The GPL 1000 Line Closed Circuit Television 
System,” G. D. Brill, General Precision Labs. 
1/11/61. 

Houston 

“Impressions of Soviet Work," R. L. Petritz, 
Central Res. Labs. 1/17 61. 

Huntsville 

Stereo Talk & Demonstration, Donald Biltucci: 
Hornbuckle Record Ship, Joint meeting IRE-
AIEE. 12/12/60. 

Indianapolis 

"Trends in Automatic Missile Checkout Equip¬ 
ment,” W. F. McWhortor, Bendix Corp. 1 26 61. 

Israel 

“A Transistorized Private Telephone Ex¬ 
change,” Israel Paz, Ministry of Defense. 12 '2S 60 

Ithaca 

“The Perceptron A Device for Explaining 
Brain Functions,” H. D. Block. Cornell Univ. 
12/19/60. 

“Coherent Optical Computing," L. J. Cu trona, 
Univ, of Michigan. 2/2/61. 

Kansas City 

“Bionics," J. E. Steele. Wright Air Dev. Div. 
1/10 61. 

Kitchen er- W aterloo 

“Cryogenics," C. C. Lim, Univ, of Waterloo. 
1/16 61. 

Las Vegas 

“Power System Design & Operation,” C. L. 
Ryan, Southern Nevada Power Co. I 16 61. 

Little Rock 

“Technical Operation of TV Broadcasting," 
L. C. Smith, KAKK TV. 1/16 61. 

London (Canada) 

“Masterminds at Work," A. E. Smith, Bell Tel. 
Co. 10 25 60. 

Long Island 

“What is Operations Research," ( Jeorge Kimble. 
A. D. Little, Inc. 10/27 60. 

“Applications to Traffic Flow Analysis," Leslie 
Edie, Port of N. Y. Authority. 11 3 60. 

“Management Gaming Technique," C. J. Cratt. 
Peat-Marwick- Mitchel & Co. 11, 10 60. 

“Development of Mathematical Models," Jo 
seph Fischback, Fischback & McCoach Assocs. 
11/17 60. 

“Probability Forecasting in Busines- Prob¬ 
lems," David Hertz, Arthur Anderson Co. 12 I 60. 

"Management Problem- in Small Companies," 
S. Dubin, Telechrome Mfg. Co., R. S. Marston, 
Crosby Telectronics Corp., A. Dorne, Dorne & 
Margolin, Inc. 12/20/60. 

Los Angeles 

“Strategy of Conflict," T. C. Schelling. Harvard 
Univ. 1/17/61. 

Lubbock 

“Electronics in the Oil Industry," Bare Hollings¬ 
worth, Pan American Pet. Co. 1/17 61. 

Miami 

“The Atlantic Missile Range & Its Mission," 
R. A. Fox, PAA. 1/20/61. 

(Continued on I'jye 1>2A) 
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New Frontiers in System Engineering at 

MITRE 

Extension of DEWline 

SAGE Air Defense System 

NORAD Combat Operations Center 

Weather Observation and Forecasting — 
a global semi-automatic electronic system 

In conjunction with its system work, MITRE conducts 
a vigorous program of electronic research and experi¬ 
mentation in system engineering technology. Outstand¬ 

ing engineers and scientists interested in working on 
problems vital to the nation and its security are invited 
to direct inquiries in confidence. 

Strategic Air Command and Control 
System 

Electromagnetic Intelligence System — 
a world-wide system 

Intelligence Data Handling System — 
high-speed processing of world-wide 
information 

An oversea theatre tactical air weapons 
control and warning system 

"SYSTEM” has become a much-used term in 
engineering. It is all things to all men. It may be a 
simple circuit, an automatic control, a computer or a 
complex world-wide system such as the command and 
control system of the Strategic Air Command. MITRE 
works in all of these areas within a total system context. 

As Technical Advisor to the United States 
Government — notably the Air Force Command and 
Control Development Division — MITRE is engaged 
in system analysis, broad conceptual design and inter¬ 
system integration for such command and control 
programs as: 

Openings are also available at MITRE's facilities in 
Montgomery, Alabama anti Fort Walton Beach, Florida 

Write to Vice President —Technical Operations 

THE MITRE CORPORATION 
l Post Office Box 208, 4-MR— Bedford. Massachusetts 

__ < 
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Milwaukee 

“Radio Engineering In Controlled Fusion Re 
search," W. W. Salisbury, Varo Mig. Co. 1/16/61. 

New York 

“The Role of Electronics in Highways & Autos 
of the Future," Jerome Fine, Columbia Teachers 
College, George Gray, RCA Labs. 10/5/60. 

“RFI Measurement Techniques," Panel Dis¬ 
cussion by: Bernard Rosen, Leonard Milton, John 
Chappell, Albert Kall, Polarad Electronics. Filtron 
Co. 11/2/60. 

“Value (engineering in Practice," Marvin Kap¬ 
lan, Loral Electronics Corp.; “Yardstick Techniques 
for Optimum Weight Volume & Mechanical Re 
liability," David Ehrenpreis, Consulting Engineer. 
12/7/60. 

“Professional Resjxmsibilities of the IRE," Dr. 
L. V. Berkner, IRE President. 1/11/61. 

North Carolina 

“Nike Zeus." C. P. Smith, Western Elec. Co., 
Inc. 1/20/61. 

Northern Alberta 

Film: “High Speed Flight.” 1/17/61. 

Northern New Jersey 

“Electroluminescent Devices,” I. D. Greenberg, 
Sylvania Elec. Products. 1/11/61. 

Omaha-Lincoln 

“Navy Missile Development at Cai>e Canav¬ 
eral," R. F. Sellars, U. S. Navy, Joint meeting 
with ECO. 1/18/61. 

“Fifty Years of Progress in Electronics Tubes 
VS Transistors," R. E. Moe, Regional Director of 
Region 5; Student Award presentations. 2/6/61. 

Orlando 

“Optically Pumped Masers,” R. Johnson and 
A. Sheppard, The Martin Co. 1/18/61. 

Ottawa 

“HF Communication Network for Project Mer¬ 
cury," Michael Yurko. Technical Materiel Corp. 
1/5/61. 

Philadelphia 

“The Future, Static or Dynamic," Panel of Edi¬ 
tors: Messrs. Kramer, Chilton, Uannah, Hoch-
gesang, Miller, MacDonald, McGraw Hill Publish¬ 
ing Co., Joint meeting IRE-AIEE. 1/23/61. 

Pittsburgh 

Two Films by Bell Labs. “Project Echo & 
Passive Satellite," Joint meeting IRE-AIEE. 
11 /I /60. 

“Moscow Automatic Control Congress,” Dick 
Dicker, Westinghouse Elec. Corp., Tom Schuerger, 
U. S. Steel Applied Res. 11/14/60. 

“Superconductivity, Proi>erties& Application," 
D. L. Feucht, Carnegie Inst, of Tech. 12/12/60. 

“Learning Theory, The Teaching Machine, & 
Education for the Engineering Profession," E. M. 
Williams, Carnegie Inst, of Tech. 1/16/61. 

Princeton 

“Communication Satellites," J. R. Pierce, Bell 
Tel. Labs. 1/12/61. 

ELECTROMAGNETIC COMPATIBILITY 

variety of industrial and military he ■ mini at ion 

reply in confidence to K. B. Martin 

Armour Research f oundations increasing role in Electromagnetic Com¬ 
patibility has made available an exceptional opportunity for an electronics 
engineer to lead an advanced research group in the following areas: 

INTERFERENCE PREDICTION TECHNIQUE 
SHIELDING EVALUATION 
LOW FREQUENCY EIELD ANALYSIS AND 

MEASUREMENT 
ADVANCED R. F. INSTRUMENTATION 

TECHNIQUE 

COMMUNICATION AND RAOAR INTERFERENCE 
ANALYSIS 

INTERFERENCE MEASUREMENT TECHNIQUE 

INTERFERENCE CONTROL TECHNIQUE 

FREQUENCY COMPATIBILITY 

ARMOUR 
RESEARCH 
FOUNDATION 
OF ILLINOIS INSTITUTE OF TECHNOLOGY 
TECHNOLOGY CENTER, CHICAGO 16, ILL. 

opnwnt as evidenced bv publications. 
I he Foundation, in its 25th year, is an independent research organization 
with a staff of over 600 engineers and scientists cont ributiim 

As supervisor of this important activity you will have the opportunity to 
develop research programs of greatest appeal to you and your staff. 
Candidates should poss< in advanced degree in Electrical Engineering 

Quebec 

“The Measurement of Major Atmospheric Con¬ 
stituent Concentrations in the 100 Km Region by a 
Chemical Seeding Technique," G. B. Spindler, 
CARDE. 1/27/61. 

Rochester 

“Research Problems in Undersea Warfare," 
F. A. Parker, U. S. Dept, of Defense. 1/19/61. 

Rome-Utica 

“Non-Linear Modeling," K. F. Siegel, Univ, of 
Michigan. 1/17/61. 

Sacramento 

“Selection of Computers for Instruction & En¬ 
gineering,” William Lane, Chico State College. 
1/14/61. 

Salt Lake City 

“A Tunnel Diode Square Wave Generator," 
J. E. Dalley, Univ, of Utah. 1/12/61. 

San Antonio-Austin 

“IBM Random Access Method of Accounting," 
Glen Countryman, IBM. 1/20/61. 

Presentation of Fellow IRE Awards to C, L. 
Jeffers, A. II. LaGrone by A. W. Strait on. Univ, of 
Texas; “Contrast in Culture," W. W. Hagerty, 
Univ, of Texas. 2/3/61. 

San Diego 

“Inter action of a Plasma With an Electro Mag¬ 
netic Wave," R. S. Elliott, UCLA. 11/2/60. 

“Unmanned Exploration of the Moon," Jim 
Burke, Jet Prop Lab.; Installation of Officers. 
1/4/61. 

“Automatic Drafting A New Engineering 
Technique," E. F. Myers, General Dynamics Elec¬ 
tronics. 2/1/61. 

Shreveport 

Talks by Mrs. Almeada Dorman, Continental 
Baking Co. & E. D. Nuttall, United Gas Corp. 
2/7/61. 

Soi Thern Alberta 

“The Aurora," B. W. Currie, Univ, of Sas¬ 
katchewan; Joint meeting IRE, Alberta Society of 
Petroleum Geologists & Canadian Society’ of Ex¬ 
ploration Geophysicists. 10/25/60. 

“The Principles & Applications of the Electron 
Microscope," C. E. Chailice, Univ, of Alberta. 
11/28/60. 

Syracuse 

“The IRE, Present and Future," Dr. L. V. 
Berkner, IRE President; Fellow Award Presenta¬ 
tion. 1 '17/61. 

Tokyo 

“Glorious Future Development of Electrical 
Communications," II. S. Osborne, ITT Labs. 
9/22/60. 

“Era of Data Communications,” G. W. Gilman, 
Bell Telephone Lab. 11/9/60. 

“Electronic Navigation in the Future,” A. G. 
Kandolian. ITT. 11/21/60. 

Talks on Recent Trips by: II. Shinkawa, S. 
Okamura, O. Nishino, M. Terao, T. Osatake and K. 
Iwama. 1/10/61. 

Toronto 

“Lecture Demonstration on IBM 1620 Solid 
State Engineering & Scientific Computer," John 
Buck. IBM. 1/16/61. 

Tour of the new Technology building at Ryer¬ 
son Institute. 1/31/61. 

Annual Students’ Night (IRE-AIEE Student 
Branch of Univ, of Toronto and Student Associate 
Branch of Ryerson Inst.) 2/16/61. 

T UCSON 

“Sensitivity of Ranking to Waiting," R. E. 
Frese, USAEPG. 11/23/60. 

“Television in Astronomy," Dr. Livingston, 
Kitt Peak National Observatory. 12 14 60. 

“Epitaxial Mesa Transistors,” IL C. Knowles, 
Motorola, Inc. 1/25/61. 

(Continued on page 133A) 
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Progress of the Hughes Infrared 
Systems and Guidance Heads De¬ 
partment reflects Hughes’ overall 
growth. In the past ten years, em¬ 
ployment has risen from under 
2,000 to over 30,000 in semi-auton¬ 
omous divisions concerned with 
Engineering, Research, Commer¬ 
cial Products, Ground Systems, 
Communications and Manufactur¬ 
ing. The infrared activity includes 
these typical projects: 

1. Air-To-Air Missiles 
2. AICBM 
3. Air-To-Air Detection Search Sets 
4. Satellite Detection & Identification 
5. Infrared Range Measurement 
6. Detection Cryogenics 
7. Detector Application Physics 
8. Optical Systems Design 

These activities have created a number 
of new openings for graduate engineers 
and physicists with analytical and 
inventive abilities. 

You are invited to investigate these 
openings if you have several years of 
applicable experience in infrared, 
optics or electronics, and can assume 
responsibility for systems analysis 
and preliminary design. 

The importance of infrared develop¬ 
ment at Hughes is shown in substan¬ 
tial development contracts and in the 
fact that Hughes is investing its own 
funds in further exploration. 

We invite your earliest inquiry. Wire 
collect, or airmail resume directly to: 
Mr. William Craven, Manager, 
Infrared Systems and 
Guidance Heads Department, 
Hughes Aerospace Engineering Division, 
Florence and Teale Streets, 
Culver City 31, California. 

We promise that you will hear from us 
within one week! 

Creating a new world with electronics 

HUGHES 

Write for reprints of these important technical 
papers, written by Hughes staff members ... Infra¬ 
red Search-Systems Range Performance; R. H. 
Genoud/Missiles Seekers and Homers: W. A. 
Craven, et al. Servomechanisms Design Consid¬ 
erations for Infrared Tracking Systems; J. E. 
Jacobs/Simulation of Infrared Systems; H. P. 
Meissinger. 
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Tour of FAA Facilities. 11/14/60. 
“A Telemetric System for Gathering Physio¬ 

logical Data From Humans Under Various Stresses,” 
M. C. Oviatt, FAA Aeromedical Res. Labs. 1/1*» 61. 

Twin Cities 

“Aspects of the Man in Space Program," 
Richard Plaisted, Minneapolis Honeywell Regulator 
Co. 9/7/60. 

“National IRE Organization Status,” R. L. 
McFarlan. Past IRE President: “The Need for a 
Technical Research Institute in the Twin Cities 
Area," B. C. Smith, Midwest Technical Dev. Corp. 
10 20/60. 

Vancouver 

“Some Practical Aspects of Electronic Com¬ 
ponents," C. R. Williams. B. C. Tel. Co. 1/16/61. 

Washington 

“MOBOT—Complex of Control Functions.” 
J. W. Clark. Hughes Aircraft Co. 1/9/61. 

Williamsport 

“Air Traffic Control,” K. E. Landis, F.A.A 
11 31 /60. 

“Trends in Solid State Physics with Emphasis 
on Present, Past & Coming Decades,” Carl Volts. 
Pa. State Univ. 2 6 61. 

St BS ECT I OX.> 

Lehigh Valley 

“The Application of Plasma Pinch Engines to 
Space Travel," Irving Granet, Republic Aviation 
Corp.; Presentation of Fellow Award. 1/11/61. 

Merrimack Valley 

“Generation, Transmission & Use of Microwave 
Energy for Power Purposes," W. C. Brown, Ray¬ 
theon Co. 1/16/61. 

“Engineering Trends & Appl cations Resulting 
From Recent Solid State Developments," II. A. 
Stone, Jr.. Bell Labs. 2/6/61. 

Monmout h 

“Communications Engineering for BMEWS," 
F. J. Skinner, Western Elec. Co. 1/18/61. 

New Hampshire 

“Electronically Steered Radars.” John Allen. 
MIT Lincoln Lab. 1 24/61. 

Orange Belt 

“Low Noise Traveling-Wave Tubes," D. A. 
Watkins, Watkins Johnson Co.; “Linear Phase Re¬ 
sponse in Modern Microwave Systems.” Seymore 
Cohn, Rantec Corp. 1/26/61. 

Pasadena 

“The Electronic Unknowns of Chemical Engi¬ 
neering," G. N. Richter, Calif. Int.ofTech. 1/1*» 61. 

Pikes Peak 

“Space Mechanics," Robert Collier. USAF 
Academy. 1/11 /61 . 

San Fernando Valley 

“Challenge to American Management.” J. R. 
Van de Water, UCLA. 1 10 61 

EXCELLENT EMPLOYMENT CONDITIONS 
await Scientists and Engineers in 

ELECTRONICS • RADAR • SONAR • RF 

COMPONENTS • SOLID STATE ELECTRONICS 

Here’s what the Naval Research Laboratory offers You: 

• Freedom of choice in 
research 

• Continuing profession¬ 
al growth 

^Science Education 
Program leading to 
advanced degrees 

• Excellent facilities and 
equipment, and at¬ 
mosphere conducive 
to high levels of re¬ 
search 

9 Liberal leave and re¬ 
tirement system, and 
greater job security 
through competitive 
Civil Service program 
of benefits 

There is an unmistakable degree of 
professional pride evident when a 
scientist or engineer says, "I am a 
part of the Naval Research Labora¬ 
tory." To become a part of NRL re¬ 
quires a considerable degree of 
competence, of course. To learn how 
you may qualify for the many ex¬ 
cellent job opportunities at NRL, 
please write to the Personnel Officer. 

U. S. Naval Research Laboratory 
WASHINGTON 25, D. C. 

“Strategy of Conflict,”T.C. Schelling. Harvard 
Univ. 1 /1 7/61 . 

Santa Barbara 

“Acoustics & Mechanics in HiFi," Gordon 
Mercer, Audio-Vision Co. 1/17/61. 

Westchester 

“Aspects of the Root Locus Methods,” Charles 
Rehberg, New York Univ. 1/25/61. 

“Limitations of Science,” Polly karp Kusch, Co¬ 
lumbia Univ.; Presentation of Fellow Award. 
2/10/61. 

Western North Carolina 

“Direct Distance Dialing," Charles Jones, 
Southern Bell Tel. & Tel. Co. 1 '27 61. 

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

Computer Components 
Electronic Associates, Inc., Long 

Branch, X. |., is now offering a transis¬ 
torized, “do-it-yourself” special purpose 
analog computer that will perform a 
variety of laboratory, engineering and 
process control computing tasks. 

The introduction of the TR-5 Mount¬ 
ing Unit makes it possible for special pur¬ 
pose analog computers to be assembled 
without the problems usually associated 
with such a project. The PACE solid state 
analog computing components plug into 
the TR-5 mounting unit where they may 
be interconnected according to the com¬ 
puting function to be performed. 

The mounting unit contains all the con¬ 
trols necessary to operate a 20-amplilier 
computer. The basic unit will house up to 
six computing components and a fully-
transistorized power supply. It may be 
expanded by adding up to two expansion 
units to the basic rack. 

One expansion unit, the TR-5-1, is pre¬ 
wired to accept an additional five dual 
transistorized amplifiers. Additional space 
is available, but not wired, for five more 
dual modules or ten single modules for the 
addition of assorted linear or nonlinear 
computing components. Both expansion 
units are powered from the power supph 
located in the basic TR-5 mounting unit. 

(Continued on pope 136.-1) 
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GENERAL DYNAMICS ELECTRONICS 

General Dynamics /Electronics, the 

electronics arm of General Dynamics 

Corporation, comprises the Stromberg-

Carlson Division in its entirety, plus the 

separable electronics operations of other 

General Dynamics Divisions. It is engaged 

in the research, development and produc¬ 

tion of electronic products and systems in 

the military, industrial and commercial 

fields. In addition, the research operation 

of General Dynamics / Electronics is 

actively engaged in both pure and 

applied research in many advanced 

electronic techniques. 

A FEW POSITIONS ARE AVAILABLE IN THE FOLLOWING AREAS: 

NUCLEAR REACTOR & PROCESS CONTROLS 

SINGLE SIDEBAND COMMUNICATIONS 

DIGITAL COMMUNICATIONS 

SPACE ELECTRONICS & NAVIGATION 

GROUND SUPPORT EQUIPMENT 

HYDROACOUSTICS 

ELECTROACOUSTICS 

SOLID & PLASMA STATE 

STOCHASTIC PROCESSES 

BASIC DATA COMPONENTS 

With the establishment of a stronger electronics identity for 
General Dynamics Corporation, growth is expected in all areas. 
And greater flexibility will allow General Dy namics/Electronics 
to move rapidly into new and profitable fields. 

■ If you are interested in furthering your career in any 
of the areas listed, forward a resume to M. J. Downey. 

giiiiihd 
GENERAL. DYNAMICS j ELECTRONICS 

A DIVISION OF GENERAL DYNAMICS CORPORATION 

1476 N. GOODMAN ST. • ROCHESTER 3, NEW YORK 
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SEMICONDUCTOR PRODUCTS 

DEPARTMENT 

Spanning the broad spectrum of semiconductor 
technology at SPD are an unusually large 
number of discrete investigations and coordi¬ 
nated development programs which will ulti¬ 
mately lead to entire new families of solid state 
devices. 
The combined activities of scientists and 
engineers at our Syracuse, Buffalo and Auburn. 
New York facilities encompass virtually every 
aspect of this dynamic new discipline, includ¬ 
ing development of new materials, processes 
and techniques; development of in-process 
measurements for diffusion, vacuum deposi¬ 
tion and photolithographic techniques... 
advanced studies of semiconductor and 
tunnelling phenomena, energy conversion and 
microelectronics. 

A number of excellent positions are currently 
open at the BS, MS and PhD levels to men 
with 3 to 10 years of related experience. 

You are invited to write informally, or forward 
your resume in confidence to Mr. J. H. 
McKeehan, Dept. 53-MD 

SEMICONDUCTOR PRODUCTS DEPARTMENT 

GEN ER AL@ELECTRIC 
Electronics Park Syracuse, New York 

SPECIAL NOTE TO THOSE INTERESTED IN ENTERING THE SEMICONDUCTOR FIELD 
Almost 75% of the scientists and engineers — currently making important contributions 
to semiconductor technology at General Electric — came from other fields. Opportunities 
are still open to interested men, for example, with experience in small electronic com¬ 
ponents such as resistors, miniature relays, capacitors, transducers, etc. 

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

(Continued from paye I .^4/1) 

Automatic Timer 
Automatic cycling between high and 

low temperatures with any precision series 
delta temperature chamlxr is now a< hieved 
by the new MR-1 limer, intr<«duced by 
Delta Design, Inc., 7460 Girard Ave., La 
Jolla, Calif. Range of these chambers is 
—100°F to +500°F, and accuracy is ± }°F. 
Used with the MR-1, fast res¡xmse Model 
1060RF Chamber can complete a cycle in 
12 minutes total time. 

Individual high and low temperature 
timer adjustments allow indc|x*ndcnt time 
durations of up to 3 hour> each for .my 
pair of pre-selected high and low tem¬ 
peratures. A selector switch |XTmit> timed 
intervals to include only the constant-
tempt rature time or to include the transi¬ 
tion times as well. A master timer cither 
w ill ¡xTinit cycling indefinitely or w ill stop 
the cycling after any jæriod up to 24 hours 

The Model MR-1 l imer is packaged 
for rack or bench mounting and measures 
19X3J-X3J inches. 

For further information write to the 
firm. 

Electro-Mechanical Names 
Brown and Klibaner 

Alan M. Brown has been named presi¬ 
dent and Bernard Klibaner vice president 
in charge of engineering and manufactur¬ 
ing of the Electro-Mechanical Corp., Town 
Dock Rd., New Rochelle, N. Y. This firm 
is a manufacturer of precision electronic 
equipment. 

KLIBANER BROWN 

(Continued • n rw 1:S.I) 
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New Positions at 

S YI VAN IA 
RESEARCH & DEVELOPMENT LABORATORIES 

on the The Reconnaisance Systems Laboratory 

and Electronics Defense Laboratories 

San Francisco are expanding their R&D 

facilities and advancing the 

Peninsula state of the art— as well as Ameri¬ 

ca's defense capabilities— at Sylvania 

Mountain View Operations. Here, in the heart of the San Francisco 

Peninsula, numerous new electronics research and development pro¬ 

grams are under way. Challenging positions for electronic engineers 

exist at all levels. Positions include: 

Origination of Advanced Systems and Equipment Concepts 

Design of Unique Electronic Circuits 

Development of Experimental Electronic Equipment 

in the following areas: 
ADVANCED TECHNIQUES 

SYSTEMS ANALYSIS 

OPERATIONS RESEARCH 

PROPAGATION STUDIES 

SIGNAL ANALYSIS 

RECEIVER SYSTEMS 

TRANSMITTERS 

D. F. SYSTEMS 

MECHANICAL DESIGN 

B.S. or M.S. degree and U.S. citizenship required; Ph. D required for some positions. For 
further information, please contact Mr. W. L. Pearson at Box 188, Mountain View, Calif. 

SYLVANIA ELECTRONIC SYSTEMS 
Government Systems Management 

for GENERAL TELEPHONE & ELECTRONICS 
€922 
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BENDIX 
Kansas City 

needs 
ELECTRONIC 

TEST EQUIPMENT 
DESIGNERS 

It isn’t unusual for our specialty 
packaged electronic test instru¬ 
mentation to be more sophisticated 
than the products it is designed to 
test. The reason for this is that 
our AEC prime contract requires 
standards of quality which are far 
beyond the ordinary. 

Since we do unusually demanding 
work, we have an unusually inter¬ 
esting department. Our engineers 
are constantly wrestling with new 
and unexplored problems. They 
contribute to project teams in the 
solution of unique testing assign¬ 
ments with responsibility from 
design to actual use. As a result, 
these engineers have the almost 
unparalleled experience of seeing 
their brain children converted into 
practical hardware. 

This is no place for a beginner or 
a drone. What others treat as the 
“State of the Art,” we consider 
commonplace, and you’ll need both 
training and experience to qualify. 
We prefer an E. E. who is familiar 
with test equipment problems and 
inspection techniques. Past associ¬ 
ation with military electronics 
equipment or experience in pre¬ 
cision measurement of mass pro¬ 
duced items would help to equip 
you for this position. Machine 
Shop experience would also be 
useful. 

If you can qualify, we promise you 
an exceptionally rewarding spot 
with one of the nation’s most vital 
industries. We offer unusually 
generous company benefits in a 
Midwestern community which is 
famous for its beauty and low cost-
of-living. All replies will be strict¬ 
ly confidential. 

For personal interview, 
send resume to: 

Mr. T. H. Tillman 
Box 303-TS 

KANSAS CITY DIVISION 
95th & Troost, Kansas City 41, Missouri 

(Continued from page 136A) 

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

Brown has held various executive posi¬ 
tions for the past nine years at Adler Elec-

j tronics including Director of Purchasing, 
I sales, and contract administration. 

Klibaner was formerly supervisor of 
manufacturing engineering for Adler Elec-

I tronics and chief mechanical engineer for 
I C.B.S. Laboratories and C.B.S.—Coluni-
I bia, Division of Columbia Broadcasting 

System. 
In addition to their executive duties, 

I Klibaner will be responsible for manu¬ 
facturing and engineering and Mr. Brown 

I for marketing and sales. 

Ceramic-Metal Thyratron 
Designed by Edgerton, Germeshausen 

& Grier, Inc., Í60 Brookline Ave., Boston 
15, Mass., for radar modulator packages, 
the 7621/HY-2 hydrogen thyratron is 
equipped with a cathode flange to facilitate 
mounting and through-hole tabs to which 
filament and grid connections are made. 
Flexible wire leads and separate mounting 
sockets are eliminated. 

The new thyratron is capable of 
switching 350 kw peak power after a 30-
second filament warm-up time. Operation 
at 125° ambient temperature is possible 
without forced cooling when the tube is 
operated at its maximum plate dissipation 
factor (Pt) ol 2.7 X109. A hydrogen reser¬ 
voir, connected internally across the cath¬ 
ode filament, increases tube life. 

1 he 7621/1 1Y-2 withstands shocks of 
200 g at 11 ms duration and vibration from 
0 to 2000 cps at 20 g. These tubes may be 
used as replacements for or in new applica¬ 
tions specifying conventional 1258, 3C45 
or 4C35 glass envelope tubes with con¬ 
siderable savings in weight and size for 
airborne and shipboard applications as well 
as ground-based equipment. 

Complete specifications are available 
from Applications Engineering Group N.T. 

Use Your 
IRE DIRECTORY! 

It's Valuable 

Switches 

Truco Engineering Co., 289 Fairfield 
Ave., Hartford 6, Conn., offers a new 
design in snap action push button switches. 
They are available in both illuminated and 
non-illuminated versions. Of one piece con¬ 
struction these switches are available in 
either momentary or alternate action con¬ 
figurations. This design eliminates the 
need for external accessories. The mounting 
arrangement allows rigid mounting in vir¬ 
tually any panel thickness. Available con¬ 
figurations include 1 or 2 SPDT switches 
with ratings of 5 amperes at 220 volts ac 
and 0.25 amperes at 220 volts de. All 
switches are rated at one million opera¬ 
tions. Prices range from §7.55 to $9.00 in 
unit quantities. 

Please refer all inquiries to the firm. 

Rutherford 
Appoints Griggs 

Charles E. Rutherford, president of 
Rutherford Electronics Co., 8944 Lind-
blade St., Culver City, Calif., recently an¬ 
nounced the addi¬ 
tion of the new 
communications di-
vision. 

John R. Griggs, 
former president 
and chief engineer 
of Transpace, Inc., 
San Fernando and 
Northridge, has been 
selected to super¬ 
vise the engineering 
of this new division. 
Griggs’ background also includes Packard 
Bell Electronics Corp., Enright Engineer¬ 
ing Co., Hoñinan Laboratories and Con-
vair, San Diego. 

Since 1952, the linn has been actively 
engaged in the field of pulse instrumenta¬ 
tion and pulse technique. The communi¬ 
cations division will introduce as its first 
product the “400,” a two-way, citizens’ 
band radiophone. 

Voltage To 
Digital Converter 

A new high-speed, multichannel volt¬ 
age to digital converter is available from 
the Link Division, General Precision, Inc., 
Binghamton, X. Y. T his precision multi¬ 
plex converter maximizes conversion ac-

(Continued on page 140A) 
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America’s FIRST man into space 
will rely on a Honeywell designed 
and developed Attitude Stabilization 
and Control System for controlling 
his space capsule. This system auto¬ 
matically damps out initial launch 
rates, orients and maintains the 
capsule in proper orbital plane, and 
provides for the correct descent 
trajectory and re-entry angle. This 
device is just one of the many con¬ 
tributions being made by Honey¬ 
well scientists and engineers to 
our nation’s space programs. 

Honeywell 

SCIENTISTS, 
ENGINEERS 
Increased activity in the design and 
development of advanced stabiliza¬ 
tion and reference systems has created 
these select, high-level professional 
openings in the Aero Division of the 
Honeywell Military Products Group. 

Senior Development Engineer—3 
to 5 years’ experience in Electro-Optical 
Development Design of unique optical 
pick-offs and their application to 
advanced inertial instruments. 

Senior Development and Analysis 
Engineer—Experienced and proficient 
in complex servo-analysis with related 
circuitry development. Also development 
engineers with supplementary experience 
such as transistor circuitry related to 
servo-mechanisms. 

Gimbal Servo Design Engineers— 
Experience in design and development of 
platform type servos with gearless 
torque motors; familiar with transis¬ 
tor circuitry. 

Senior Development Engineer for 
Gimbal Transmitters—Experienced 
in servo-design high-accuracy repeater 
systems, with specific experience on pre¬ 
cision resolvers and inductosyns. 

Senior Systems Development 
Engineer—Experience in electronic sys¬ 
tems and sub-systems. Capable of trans¬ 
lating requirements into block diagrams 
and block diagrams into circuits. 

Senior Mechanical Development 
Engineer—Experienced in electro¬ 
mechanical design with gyro or platform 
design and analysis. 

Send your résumé stating your areas 
of interest, or request for further 
information to: Mr. Clyde W. Hansen, 
Technical Director, Aeronautical 
Division, 2626 Ridgway Road, 
Minneapolis 40, Minnesota. 

To explore professional opportunities in other 
Honeywell operations, coast to coast, send your 
application in confidence to: Mr. H. D. Eckstrom, 
Honeywell, Minneapolis 8, Minnesota. 
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NEW OPENINGS at 

Bausch & Lomb 
MECHANICAL ENGINEERS 

Several openings are available in the Mechanical Design Section 
where an engineer has project responsibility from specifications to a 
saleable product. The products involved are mechanical— electrical— 
optical in nature. These positions require board design, inter plant 
engineering coordination, drafting supervision and production as¬ 
sistance. 

PROJECT ENGINEERS 
The Military Products Department has several challenging open¬ 

ings for Project Engineers. These men will have broad project re¬ 
sponsibility in the area of optical and electro-optical systems. Should 
be familiar with Military R.&D. Specific optical experience not re¬ 
quired. Educational background may be in either Electrical or Me¬ 
chanical Engineering or Physics. 

MATHEMATICIAN 
M.S. or Ph.D. to be responsible for basic research in the Thin 

Film area. Also openings for Mathematicians with an interest in 
Computers and Programming and in Lens Design. 

OPTICAL ENGINEERS 
Section Head with mature background in optical, mechanical, 

electro-optical or related systems for military projects, with primary 
emphasis on optical system design and hardware follow-through. 
(Career opportunities also available for qualified optical engineering 
section personnel.) 

PRODUCTION ENGINEER 
Department Head for machine and tool design with broad ex¬ 

perience in mechanical and electro mechanical manufacturing. Sev¬ 
eral openings also available for Production Engineers in the areas of 
Time Study. Process Engineering, and Quality Control. 

LIVE IN ROCHESTER 
... in the heart of upstate New York vacation country. Roch¬ 

ester is noted for its fine schools and the University of Rochester 
(with its Institute of Optics), beautiful homes and gardens, outstand¬ 
ing cultural advantages, and high ratio of professional residents. 

Please send resume to: H. A. Frye, Professional Employment 
14 Bausch Street, Rochester 2, N. Y. 

Bausch & Lomb Incorporated 

These manufacturer« have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 
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curacy through the incorporation of ad¬ 
vanced error and drift correction schemes. 

The unit is completely transistorized, 
with commutation and conversion loops 
combined into one system for increased 
reliability and compactness. 

Advanced design features and integra¬ 
tion techniques employed provide for a 
low cost per conversion channel, without 
limiting the possibilities for channel expan¬ 
sion or multiple operation modes. The unit 
is of modular design, utilizing standard 
printed circuit cards. This feature insures 
maximum flexibility and minimum main¬ 
tenance costs. 

1 he outstanding features of the con¬ 
verter include: automatic drift correction; 
integrated reference voltage supplies; in¬ 

corporated visual display; no moving parts, 
and a minimum cost per conversion chan¬ 
nel. 

Specifications for the standard model 
are: 

Input 
Capacity: 1 to 100 channels (500 chan¬ 

nels optional) 
Voltage: 0 to ±10 volts 

Conversion 
Format: 10 bits plus sign or 11 bits 

plus sign 
Code : Natural binary, binary coded 

decimal, or excess three 
Speed: 5 ^s/bit; 60 ̂ is/channel 
Rate: 16,667 channels/second 
Precision: 0.048% 

Output 
Format: Parallel 
Voltage: -10V = “l’ 

0\="0" 
Current: 2 ma/line 

Weight, 40 pounds+2 oz./channel 
Size, 19 inches wideX6 31/32 inches high 
X27 inches deep 

Mount, Standard 19 inch relay rack or 
desk. 

Use Your 
IRE DIRECTORY! 

It's Valuable 

Circuit Breakers 
To protect three-phase and two-phase 

systems, electro-magnetic circuit breakers 
are now available from Airpax Electronics 
Inc., Cambridge Div., Cambridge, Ahl.. 
>n gang assemblies. Series 600 and Series 
700 explosion proof breakers provide 
maximum protection in these critical ap¬ 
plications. Units are hermetically sealed, 
withstand 50G shock and operate from 
— 55°C to + 100°C. All types have either 
a slow or fast time delay action. Instan¬ 
taneous acting units can also be supplied 
for these gang assemblies. 

Characteristics are as follows: Con¬ 
tinuous duty ratings from 50 milliamperes 
to 15 amperes. Contacts are rated for 50 
de volts or 120 mis volts at 60 or 400 cps. 
Operational life is at least 10,000 opera¬ 
tions, at rated current. 

Delivery is from stock. Price on re¬ 
quest. For further information contact 
W. D. Heisler, sales manager. 

(Continued on (age 142.d ) 
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There is a continuing need to know more about the nature 
of space and its complex environment. Only through funda¬ 
mental research and scientific inquiry can this need be met. 
At Convair/Astronautics’ Electronics Research Labora¬ 
tories, our task is to meet this need, to explore the space 
sciences; to advance the state of the space technology arts. 
Here, company-funded research in solid state physics and 
space electronics is in progress, motivated by the need to 
develop instruments and electronic techniques vital to the 
progress of space flight and exploration. 
The men who staff these laboratories must be of high aca¬ 
demic caliber and possess the sort of professional back¬ 
ground which demonstrates interest and achievement in 
solving problems of space physics and electronics. 
Senior and staff positions are available now for physicists, 
physical chemists and electronic scientists in the following 
specialties: 
SOLID STATE AND THIN FILM RESEARCH for 
application to microelectronics using sputtering, vacuum 
evaporation - deposition, decomposition - sublimation, and 
advanced electron beam graphics. 

SURFACE PHYSICS STUDIES of film kinetics 
and structures by electron microscopy, including 
the study of epitaxy and nucleation from the vapor 
phase “in situ." 
SPACE ELECTRONICS RESEARCH for appli¬ 
cation to tracking, communication and data proc¬ 
essing systems and special purpose devices, and 
instruments for use in satellite payloads. 
STATISTICAL COMMUNICATION THEORY 
studies of narrow banding, correlation and rate 
controlled sampling and quantization techniques 
for threshold improvement of long-range tracking, 
communication and real-time digital control and 
data processing systems. 
Please write to Mr. R. M. Smith, Industrial Relations 
Administrator-Engineering, Mail Zone 130-90, Con-
t air/ Astronautics, 5663 Kearny Villa Road, San 
Diego 12, California. 
(If you live in the New York area, please contact Mr. 
J. J. Tannone, Jr., manager of our New York place¬ 
ment office, 1 Rockefeller Plaza, New York 20, New 
York, Circle 5-5034.) 

CONVAIR / ASTRONAUTICS GENERAL DYNAMICS 
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JI New Products 

These mânufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
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Strain Gage Plotters 
A new line of Model 114 strain gage 

plotters, available for immediate delivery 
from stock, has been announced by Gil¬ 
more Industries, Inc., 13015 Woodland 
Ave., Cleveland 20, Ohio. 

The Model 114 is a multi-channel re¬ 
cording and plotting instrument for strain 
gage use, available with 48 or 96 channels. 
It requires no manual plotting or reading, 
automatically records data in visual form 
for immediate evaluations. Other features 

include 3 zero positions per channel, indi¬ 
vidual graphs for each channel, individual 
channel lights and a portable motor-driven 
zero balance gun. 

According to the manufacturer, with 
the 114, structural design engineers get 
required data while a test is in actual prog¬ 
ress. The unit is used for static aircraft 
structural tests and strength tests on 
machinery, structures, railroads and auto¬ 
motive parts. A Model 114TC is also avail¬ 
able for thermocouple or millivoltage use 
and the manufacturer offers custom models 
with speeds of up to 20 channels per sec¬ 
ond. 

Computer Format Recorder 
Systems Division of Epsco, Inc., 275 

Massachusetts Ave., Cambridge 39, Mass., 
offers a comprehensive eight-page brochure 
on its new Model S-2010, solid-state ver¬ 
sion of the well-established vacuum-tube 
S-2010 Computer Format Recorder. The 
S-2010 is described as a universal recording 
unit which accepts digital data from a 
wide variety of sources and records it on 
magnetic tape in digital computer format. 
The brochure details how the new recorder, 
when used in conjunction with a digital 
output data gathering system, auto¬ 
matically processes continuous data into 
gapped computer format magnetic tape, 
thereby eliminating the need for hand 
coding of analog test data for computer 
processing. Where costly computer time 
will be required for reprocessing raw digital 
data into a form suitable for computation, 
the S-2010 is suited to do the job at appre¬ 

ciable savings in cost. Input data rates are 
limited only by the tape writing speed of 
the particular computer format, and may 
lie as high as 30,000 characters per second. 
The brochure discusses features, a wide 
variety of available options, typical con¬ 
figurations, and specifications. Copies 
available on request. 

“C” Band Oscillator 
The -Model 151C Miniature Triode 

Oscillator with a power output 65 milli¬ 
watts minimum at 4200 me, has been de¬ 
signed and produced by the John Gombos 
Co., Inc., Webro Rd., Clifton, J. Ap¬ 
proximately 4| ounces in weight, this 
oscillator covers the range of frequencies 
from 4200 me to 6000 me in 50 me mini¬ 
mum steps. Each oscillator is designed for 
maximum stability having temperature 
stability of +10 kc/°C, minimum size, 
maximum output and has a vernier (50 me) 
control of frequency. Only plate voltage 
200 volts nominal and 6.3 volts for fila¬ 
ments are required, simplifying power 
problems. 

The 151C also features pre-set tuning. 
This tiny unit may be applied as a local 
oscillator, CW signal source and driver for 
crystal harmonic generators. 

For further information write to the 
firm. 

Logic Circuits 
A basic selection of building block logic 

circuit packages and accessory equipment 
which can be used to design, test and dem¬ 
onstrate various logical operations is offered 
in kit form by Digital Equipment Corp., 
Maynard, Mass. The new kit is suitable 
for educational purposes, serving both as 
an aid to classroom instruction and as a 
versatile piece of laboratory apparatus. 

Up counters, down counters, four-bit 
shift registers, decimal and Gray-to-binary 
decoders, and two-binary-digit adders and 

(Continued "U l'âge 114.1) 
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(f1O1. AIR FORCE PHOTO) 

RESEARCH & DEVELOPMENT 

New growth in Military and Commercial 

Lines creates opportunities at Dayton, 

Ohio, for the following personnel: 

test equipment engineers: A B.S.E.E. degree plus at least 2 years’ experience 
in the design of airborne, ground, or special test equipment. Applicant must be 
familiar with analog or digital circuit design, as applied to worst case design 
conditions. Must be capable of assuming project responsibility and carrying 
project through to completion. 
mechanical engineers: A B.S.M.E. degree plus at least 2 years’ experience 
in the design and development of electro-mechanical or electronic assemblies and 
equipments. Applicant must be familiar with methods of shock mounting and 
packaging of airborne and ground support equipment. 
circuit design engineers: A B.S.E.E. degree plus 2 to 5 years’ experience in 
the design and development of solid state digital circuitry. Applicant should have 
experience in circuit design for reliable operation under worst case conditions. 
Background in airborne and ground support test equipment desired. 

Direct all replies to: 
Thomas F.Wade,Technical Placement 02-3 
The National Cash Register Company 
Main and K Streets 
Dayton 9, Ohio 

logic design engineers: A B.S.E.E. degree plus 2 to 5 years’ experience in the 
field of logical design of airborne electronic equipment. Must have a good back¬ 
ground in system logic design. 
digital communications engineers: At least a B.S.E.E. degree plus 4 to 6 
years’ experience airborne and ground base digital communications. Must be 
familiar with the many facets of digital communications including encoding 
and decoding techniques. Background in RF, IF, and digital circuits desirable. 

THE NATIONAL CASH REGISTER COMPANY, dayton 9, OHIO 

77 YEARS OF HELPING BUSINESS SAVE MONEY 

ONE OF THE WORLD'S MOST SUCCESSFUL CORPORATIONS 

llfCTAONIC HATA HOCUSING 

DIVttSIfllD CHÍMICAI HODUCTS 

AGOING MACHINES • CASH KtGISTTtS 

ACCOUNTING MACHINIS • NCI lAITt 
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ATLANTIC 
RESEARCH 
CORPORATION 

an expanding contract RÄD firm, with 
headquarters in the National Capital area, 
has technical interests ranging from solid 
propellant rocketry through polymer chem¬ 
istry to solid state physics. 

EXPERIMENTAL PHYSICIST 
for applied physical research and develop¬ 
ment in acoustics, rheology, solid state 
shock and vibration, and high atmosphere 
experimentation; to plan, promote, execute 
research programs. Ph.D., physics with 
experience. 

ROCKET TEST SUPERVISOR 
to direct test and evaluation operations at 
pilot plant rocket test facility, 35 miles 
west of Washington, D.C. Environmental, 
static tests, firing bay, calculation and in¬ 
terpretation of ballistic data, supervision 
of test personnel, facility scheduling, and 
instrumentation scrutiny. B.S., M.S., me¬ 
chanical, electrical, chemical engineering, 
with experience in electronic measuring 
instrumentation. 

If you qualify for either position and are 
interested, send resume of academic and 
professional experience, age, salary needs, 
and professional references to: 

< larrnce H. Weissenstein, 
Director (ire) 

Technical Personnel Recruitment 

ATLANTIC RESEARCH 
CORPORATION 

Alexandria, Virginia 
(In the suburbs of the Nation's Capital) 

P 
H 
O 

PHOENIX 
N 
I 
X 

“Opportunity & Ideal Living” 

GOODYEAR 
AIRCRAFT 

CORPORATION 
Arizona Division 

THEORETICAL PHYSICIST 
Background in Electromagnetic 
Theory and Plasma Physics, Ph.D. 
Preferred. 

EXPERIMENTAL PHYSICIST 
Background in Physical Optics, 
Classical Mechanics, Microwaves, 
and Information Theory or Quan¬ 
tum Mechanics and Statistical Me¬ 
chanics, Ph.D. Preferred. 

ELECTRONIC CIRCUITRY 
Radar Circuitry, Data Processing, 
Analog Computer Circuitry, Con¬ 
trol Systems. 

ELECTRONIC PACKAGING 
Request Application or 
Send Résumé to: 

B. A. Watts 
Engineering Personnel 
Goodyear Aircraft Corp. 
Litchfield Park, Arizona 

Similar Positions at Goodyear Air¬ 
craft Corporation, Akron, Ohio 

New 

These manufacturers have invited PROCEEDINGS 
leaders to write for literature and further technical 
information. Please mention your IRE affiliation. 
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(Continued from l'âge 142A) 

subtracters are among the numerous pieces 
of pulse apparatus which can be built with 
the interchangeable test equipment units 
in the logic kit. Assembly of various appli¬ 
cations is rapid since all logical intercon¬ 
nections are made on the graphic front 
panels of the units by means of stacking 
banana-jack patch cords. 

The logic kit consists of nine 500 kc 
building blocks (a logic inverter package, a 
dual diode nor, four flip-flops, a delay, a 
clock, and a pulse generator), a mounting 
panel, a power supply, and one hundred 
patch cords. It can be expanded with other 
units of compatible 500 kc, 5 me and 10 me 
digital test equipment. 

Price of the kit is S1038, FOB May¬ 
nard, and shipments are made from stock. 
A technical bulletin on the kit (Bulletin 
E-150) and a handbook on “DEC Building 
Block Logic” (Bulletin A-400) are available 
through the sales department in Maynard, 
the West Coast office in Los Angeles, or 
representatives in major cities. 

Mobile Instrument Table 
The Model 73-2 instrument table, avail¬ 

able from Radiation Instrument Develop¬ 
ment Laboratory, Inc., 61 E. North Ave., 
Northlake, Ill., brings portability to the 
laboratory that uses rack mounted elec¬ 
tronic equipment and its associated acces¬ 
sory instrumentation. 

T he mobile table has 6-i:ich rubber 
tires and will provide 24 X50 inches of non¬ 
skid top space for an experimental set-up, 
while providing rack space for 38 vertical 
inches of scalers, ratemeters, assorted am¬ 
plifiers and other equipment in the acces¬ 
sory space beneath the top. 

Inside are ac service strips for plugging 
in as many as ten instruments. All instru¬ 
ment cables are tucked inside a double¬ 
doored back panel and only a power cord 
need be attached to a floor service or wall 
bracket. 

Rotary Switches 
Two-color, 4 page brochure from Ameri¬ 

can Solenoid Co., Inc., U. S. Highway 22, 
I nion, N. J., gives detailed information on 

a new line of modular designed rotary 
switches which meet thousands of require¬ 
ments at standard prices and on short de¬ 
liveries. Designated as “Blue Line” 
switches, these units can be quickly as¬ 
sembled with any practical contact ar¬ 
rangement from modules in stock at a 
regional service center. 
The text describes other advantages 

which include cam operated contacts, up 
to 4 isolated double-break silver-alloy con¬ 
tacts per stage, simple twist-to-lock bayo¬ 
net principle for assembling and mounting, 
full insulation, and rugged construction. 
Switches can be supplied in current ratings 
from 20 to 200 amperes. Cnits are also HP 
rated for motor control. 

Isolation Transformers 

These new ultrashielded isolation trans¬ 
formers, a product of United Transformer 
Corp., 150 Yarick St., New York 13, N. Y., 
are hermetically sealed to MIL-T-27A— 
type TF4RX0IYY—and simulate battery 
operation. They are designed for critical 
circuits requiring ultimate in isolation for 
power line equipment. These units .ire 
st<x*k items and are immediate!} available 
from your local distributor. Isolation, which 
formerly could only lx? obtained from bat¬ 
tery power, can now lie realized by the use 
of these transformers. The effective capac¬ 
ity coupling between primary and second¬ 
ary windings is less than 0.1 ppi. (Even this 
minute capacitance can l>e substantially 
reduced by optimum circuit design suited 
to the individual application.) For this 
purpose shields are individu. illy terminated 
to allow maximum flexibility. Input and 
output terminals arc brought out on oppo¬ 
site sides of a special housing in order to 
maintain the excellent isolation between 
line and load. 

Silicon Diffused 
Junction Rectifiers 

Rectified de output currents up to 1.8 
amperes per rectifier cell along with ex¬ 
tremely low reverse leakage (500 ga at 
rated PRV at 150°C) are now available in 
a new diffused junction “top hat” rectifier 
series from International Rectifier Corp., 
1521 E. Grand Ave., El Segundo, Calif. 
Designated tepes X10B1 through X10B6, 

(Continued on l'âge 146A) 
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ENGINEERS, EE ME 

THE DIVERSITY 
OF OPPORTUNITIES 

OPEN AT 

HMED 
ENGINEERING 

PRODUCT DESIGN ^47 

PRODUCT 

DESIGN 

ADVANCED 

DEVELOPMENT 

ENGINEERING 

RELIABILITY 

ENGINEERING 

ANTENNA & 

MICROWAVE 

DEVELOPMENT 

CONTROL DATA 

PROCESSING 

ENGINEERING 

SUPPORT 

ENGINEERING 

DATA PROCESSING 

DEVELOPMENT 

ANALYSIS AND 

SYNTHESIS 

ENGINEERING 

SURVEILLANCE 

DATA PROCESSING 

ENGINEERING 

DISPLAY 

ENGINEERING 

SYSTEM 

ENGINEERING 

COMMUNICATIONS 

& DATA HANDLING 

ENGINEERING 

Mr. George B. Callender, Department 53-MD 
Heavy Military Electronics Department 
General Electric Company 
Court Street, Syracuse, New York 

SONAR 

DEVELOPMENT 

RADAR 

DEVELOPMENT 

GROUND RADAR 

& SONAR 

ENGINEERING 

COMMUNICATIONS 

& COUNTERMEASURES 

DEVELOPMENT 

DATA UTILIZATION 

& DISPLAY 

DEVELOPMENT 

GROUND ELECTRONIC 

CONTROL SYSTEM 

ENGINEERING fAWCS 412>L) 

BECAUSE OF ITS DIVERSITY OF PROJECTS, General Electric’s 
Heavy Military Electronics Department is interested in a wide 

variety of engineering skills —men with many different backgrounds, 
specialties and talents who want to extend their technical horizons. 

Primarily concerned with creating large-scale complex electronic 
systems, HMED currently has projects underway for all three 

military services —projects that range from underwater detection 
systems to programs in air space management and missile defense. 

For example, FABMDS (Field Army Ballistic Missile Defense 
System), the AN/SQS-26 Search Sonar System, and the 

412L Air Weapons Control System. 

To find out how you can further your career with HMED — 
an organization of growing diversity and proved stability — inquire 
about the excellent positions which are currently open at advanced 

levels of education and experience. For a fast reply, select your 
specialty from the chart above, and fill in the coupon at the right. 

•X- HEAVY MILITARY ELECTRONICS DEPARTMENT 

GENERAL® ELECTRIC 
Court Street Syracuse, N. Y. 

Please send me information about current oppor¬ 
tunities at HMED in the area(s) of interest I have 
checked below. 

□ ANALYSIS AND 
SYNTHESIS 
ENGINEERING 

□ SURVEILLANCE 
DATA PROCESSING 
ENGINEERING 

□ RELIABILITY 
ENGINEERING 

□ ADVANCED 
DEVELOPMENT 
ENGINEERING 

□ SYSTEM 
ENGINEERING 

□ SUPPORT 
ENGINEERING 

□ CONTROL DATA 
PROCESSING 
ENGINEERING 

□ DISPLAY 
ENGINEERING 

□ PRODUCT 
DESIGN 

□ DATA UTILIZATION 
& DISPLAY 
DEVELOPMENT 

□ DATA PROCESSING 
DEVELOPMENT 

□ GROUND RADAR 
DEVELOPMENT 

□ SONAR 
DEVELOPMENT 

ANTENNA & 
MICROWAVE 
DEVELOPMENT

□ PRODUCT DESIGN 

□ COMMUNICATIONS & Q 
COUNTERMEASURES 
DEVELOPMENT 

Name_ _ _ 

Street_ _ 

C i ty_ State_ 

Degree_ Year_ 

Ex pe r ie nee_ _ 



A’A SA—GODDARD 
SPACE FLIGHT CENTER 

experimental 
physicists 
and 
engineers 
The Planetary Atmospheres 
Laboratory of the Goddard 
Space Flight Center offers 
stimulating and professionally 
rewarding positions for 
versatile and experimental 
physicists and engineers. Duties 
include planning and execution of 
rocket and satellite experiments 
to measure atmospheric 
pressures, densities, 
temperatures, winds, and 
composition, including neutral 
particles, ions, and free-radicals. 

Results of these measurements 
will be used to describe the 
physics of the upper 
atmosphere. Appropriate general 
problems in physics, electronics, 
mechanics, and aerodynamics 
are involved; examples of 
specific topics are vacuum 
physics, neutral particle and ion 
mass spectrometry, light 
scattering, and molecular 
beam phenomena. 

These positions require a Ph.D. 
degree in physics or engineering, 
or a Masters degree and 
suitable experience. For 
additional information, address 
your inquiry to: 

N. W. Spencer, 
Head, Planetary Atmospheres 
NASA Goddard Space Flight Center, 
Greenbelt, Maryland 
(Suburb of Washington, D.C.) 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please ment on your IRE affiliation. 
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the new series will provide forward cur¬ 
rents up to 1.8 amperes (when mounted on 
heat sink) or 1.3 amperes (without heat 
sink in air) over a peak reverse voltage 
range from 100 to 600 volts. 

What’s Your Potential? 
Your ability might be great . . . but your 
potential might be small, due to a static 
employment situation. Let Abbott s Em-
p’oymcnt Specialists place you with one of 
the nation's leading employers of scientists 
and engineers, where you can advance as 
far as your abilities will take you. 

Abbott's placement service is available at 
no charge to you. All expenses and service 
charges are paid by our clients. 

SALARY RANGES: $1 0,000-525,000 

DIRECTOR OF OPERATIONS—antennas 

TECHNICAL DIRECTORS—microwave com¬ 
munications, opt cs 

SYSTEMS ENG NEERS—radar, sona', com¬ 
munications 

DEPARTMENT MANAGER—servo mecha¬ 
nisms 

PHYSICISTS—space research—nuclear weap¬ 
ons as well as natural phenomena 

MATHEMATICIANS—programming and nu-
me'ical analysis 

ELECTRICAL ENGINEERS—missiles, com¬ 
munications, radar, servos 

For over 37 years, the nation's major corpo¬ 
rations have relied on Abbott's for key 
engineering, scientific and administrative 
personnel. All negotiations conducted in 
strict confidence*. 

MR. LOUIS A. KAY 

EMPLOYMENT SPECIALISTS 
150 Tremont Street. Boston II. Massachusetts 

HAncock 6-1400 

All units are suited for magnetic ampli¬ 
fier applications where low leakage is a de¬ 
sign parameter. Additional characteristics 
include very low forward voltage drop 
(1.10 volts maximum at rated current at 
25°C) and high surge current capabilities 
(40 amperes peak at 0.01 second). All 
types have an operating temperature range 
from —65 °C to + 175 °C, and feature 
hermetically sealed, welded construction. 
Price: S.50 to SI. 50 each, 1 to 99 quantity, 
delivery from stock. For additional data, 
request Bulletin XSR-217. 

Custom-Made 
Cable Harnesses 

Lowered cost, savings in weight and 
space are just a few of the advantages 
claimed for harnesses being made from 
MI L I IIET ribbon cables by W. L. Gore 
& Associates, 555 Paper Mill Rd., Newark, 
Delaware. 

1 hese harnesses, manufactured to cus¬ 
tomers’ specifications, are insulated with 

(Continued on page 148A) 
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COMPUTERS, 1961 
SPECIAL JANUARY ISSUE 

Proceedings of the IRE 
Electronic computers are the "time machines” of today—they bring 

to man the precious gift of time. They think, relate, evaluate and 

solve fantastic problems in millionths of a second. Each operation 

they perform releases you, the radio-electronics engineer, the mathe¬ 

matician, the physicist, the chemist—for work that calls for the 

human mind and heart. 

Obviously, you should know about computers. Computers, today, are 

more compact, more complex, and about 50,000 times faster than 

those made ¡ust a few years ago. Progress such as this means con¬ 

stant and dramatic changes. It would take precious hours each day 

to keep abreast of all developments. 

You can, however, learn about computers far more easily—by pur¬ 

chasing your copy now, of this special January issue of Proceedings. 

In it you will find the sum of all that’s new in computers. You get 360 

pages of brilliant research and authoritative writing (of course at 

engineering levels), made up of some 40 separate papers; 12 of 

these specially-invited. 

Like other special issues of Proceedings, the computer issue promises 

to remain definitive for years to come. If you’re not already an IRE 

member, make sure you get a copy of the Proceedings Special Com¬ 

puter Issue. 

PROCEEDINGS OF THE IRE 
1 East 79th St., New York 21, N. ï. 

PROCEEDINGS OF THE IRE April, 1961 

147A 



ENGINEERS 

SOME POSITIONS FOR RESIDENT NON-CITIZENS AND CANADIANS 

design and development 

INDICATE YOUR AREAS OF INTEREST 
Transmitters 

□ Displays 

□ Satellite Tracking 

□ 

□ 
□ 

□ 
□ 

□ 
□ 
□ 

□ 
□ 

Reliability 

Microwave 

□ 
□ 
□ 

Precision 
Mechanisms 

Engineering 
Reports 

Engineering managers, 
engineers: 

Weapon Systems 
Analysis 

We can offer you a large selection of diversified 

positions with America’s foremost electronic or¬ 

ganizations WITH NO COST TO YOU. 

projects, and 

NOW—CHOOSE YOUR ASSIGNMENT 

AND LOCATION THROUGH OUR 

NATION-WIDE PLACEMENT SERVICE 

SALARIES $9,000 to $20,000 

Antennas 

Receivers 

Analog and Digital 
Devices 

Radar Techniques 

Logic Design 

IF Devices 

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! 

WHAT WE DO FOR YOU-
Fake 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. 

THEN YOU— 
Wait to hear from us or our clients. There is no need to 
write directly to any companies, as we do all that for vou 
and at absolutely NO COST TO YOU! 

A Notional 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) 

AAUeditcd [personnel Service 
. LT. SJ r 

Employment Counselors Since 1 937 

Department A 

12 South 12th St., Philadelphia 7, Penna. WAInut 2-4460 

NEWS 
New Products 

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

(Continued front page U6A) 

Teflon. Abrasion-resistant and corona¬ 
resistant cables are also available. Since 
Teflon only is used in harnesses, they can 
be used at high temperatures and in cor¬ 
rosive environments. Any combination of 
wire sizes, conductors and color-coding is 
possible. 

Distortion 
Measuring Filter 

Ortho Filter Corp., a division of Ortho 
Industries, Inc., 7 Paterson St., Paterson, 
N. J., manufacturers of electric wave 
filters, toroidal transformers, magnetic 
amplifiers, delay lines, equalizers and at¬ 
tenuators, announces that it has developed 
a new distortion measuring filter which, 
when used in conjunction with a vacuum 
tube voltmeter, permits accurate distortion 
measurement of an ac signal, eliminating 
the need for a distortion analyzer. The 
harmonic content can be viewed on an 
oscilloscope. 

Specifications on the filter are as fol¬ 
lows: Stock Frequencies, 400 cps, 300 cps, 
1000 cps (other frequencies from 50 to 
50,000 cps available custom-built to your 

j specifications); Input impedance, 50,000 
ohms; Range, 0.05 to 20% total harmonic 
distortion; Overall dimensions, 5JX3X2*. 
The price is S47.25. Delivery is immediate 
on stock models, 2 weeks for custom built 
units. 

For complete information and engineer¬ 
ing assistance on the filter, inquiries should 
lie addressed to the firm. 

Premium Power Pentode 
The first tube to incorporate two frame 

grids, one a control grid, the other a screen 
grid, has been announced by Amperex 

[ Electronic Corp., Semiconductor and 
Special Purpose Tube Div., 230 Duffy 
Ave., Hicksville, L.I., N. Y. Named the 
ty pe 7534, it is an output pentode and is a 
Premium Quality (PQ) tube designed for 
10,000 hours. It is intended for use in mili-
tary and industrial applications as a wide 
band amplifier, cathode follower, series 

! stabilizer in electronic power supplies, and 
as an output tube in Class B push-pull 
circuits. 

(Continued on page 150A) 
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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 Associa¬ 

tion, 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 member¬ 
ship 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 
government 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 developments 
possible. 

But SIGNAL is more than just a magazine. It’s part 
of an over-all plan! , 

A concerted offensive to let the government, which has 
great faith in industry and the private individual pro¬ 
ducer. know exactly what’s available to launch its far¬ 
sighted plans. Part of this offensive is the giant AFCEA 
National Convention 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 mili¬ 
tary purchasers and keeps “on top’’ of current govern¬ 
ment 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 Convention and Exhibit 
. . . the over-all plan of company membership in the 
AFCEA gives your firm a highly influential organiza¬ 
tion’s experience and prestige to draw upon. 

As a member, you join some 175 group members who 
feel the chances of winning 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-contrac¬ 
tors. 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 com¬ 
pany 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 million dollars! 

This “three-barrelled” offensive consists of 

(1) Concentrated advertising coverage in SIGNAL, 
the official publication of the AFCEA; 

(21 Group membership in the AFCEA, a select or¬ 
ganization specializing in all aspects of production 
and sales in our growing communications and elec¬ 
tronics industry; and 

(3 1 Attending AFCEA chapter meetings, dinners and 
a big annual exposition for publicizing your firm 
and displaying your products. 

If you’re in the field of communications and elec¬ 
tronics . . . and want prestige, contacts and exposure 
. . . let SIGNAL put your company on the offense for 
defense! Call or write for more details—now! 

Official Journal of AFCEA 

Wm. C. Copp & Associates 
TH West 45th Street, New York 36, New York 
MUrray Hill 2-6606 
Boston ■ Chicago • Minneapolis 
Los Angeles ■ San Francisco 
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BROADBAND 
POWER 
DENSITY 

METER Model NF-157 
For fast, accurate determination of 
R F power density and location of areas 
presenting RF hazards to personnel 

Description: A broadband device providing 
direct reading of RF power densities from 1 
mw/cm2 to 1000 mw/cm1 (mid-scale read¬ 
ings), over the continuous frequency range 
from 200 to 10,000 MC. 

Features: 
U Direct reading of power density insures 

immediate awareness of hazardous areas. 
I Broad frequency range and high accuracy 

permit universal application to mapping 
of high level RF fields from VHF to X-Band. 

I Accurate built-in step attenuator provides 
capability of handling power densities over 
a dynamic range of 10,000 to 1. 

I Three constant-gain calibrated probes per¬ 
mit direct reading in mw/cm2 over the 
continuous frequency range from 200 to 
10,000 MC. 

I Physical separation of probes from main 
unit vastly increases flexibility of applica¬ 
tions. 

I Battery-powered, light weight design per¬ 
mits complete portability. 

I Convenient carrying case simplifies trans-
_ portation of instrument. 

I Efficient shielding prevents stray RF pick¬ 
up. 

Q| Conservative design insures resistance to 
overload 

QU Main unit may be used independently as 
an accurate, rugged RF power meter over 
a wide power range. 

Send for our Catalog No. 604 

EMPIRE DEVICES 
PRODUCTS CORPORATION 

AMSTERDAM, N.Y. Victor 2-8400 

MANUFACTURERS OF FIELD INTENSITY METERS 

DISTORTION ANALYZERS * IMPULSE GENERATORS 

COAXIAL ATTENUATORS • CRYSTAL MIXERS 

NEWS 
New Products 

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

(Continued from fauc 148A) 

The 7534 features a high transcon¬ 
ductance of 25,000 micromhos, low screen 
grid current (4 ma), and a peak voltage of 
6 kv. The cathode current is 300 ma and 
with this high current capacity, the 7534 is 
suitable for passing high currents through 
deflection coils of CRT's. 

The 7534 is characterized by very low 
distortion for 60 watts output in push-pull 
Class B circuits. The total harmonic dis¬ 
tortion is 5% and with feedback it can lie 
reduced to less than 1%. 

Ihe 7534 achieves its high transcon¬ 
ductance with very low screen grid 
currents. 

This results in lower dissipation, less 
noise and more economical operation. 

Its internal resistance is low compared 
to that of the other power pentodes, which 
makes possible lower output impedances in 
cathode follower applications. 

Precision Power Supply 
'ihe Industrial Test Equipment Co., 55 

E. 11th St., New York 3, N. Y., has de¬ 
veloped a precision power supply. The unit 
meets all military specifications for ground 
support equipment. Packaged in a splash 
proof enclosure, the power supply has the 
following specifications: 

Output power, 25 va; Output fre¬ 
quency, 350-450 cps (other frequencies 
fixed or variable are available); Amplitude 
stability, 0.1%. Frequency stability, 0.1%. 
Regulation, 1% 0 to full load. Output 
voltage is variable, 0 to 130 volts. 

The unit features circuit breaker over¬ 
load protection. All controls are external 
to the equipment. Ihe frequency and 
amplitude may be remotely controlled. 

Delivery of standard units can Im? made 
within thirty days from receipt of an 
order. Price and delivery information upon 
request. 

Micro-Miniature 
Transformers 

A new series of micro-miniature trans¬ 
formers with 0.030" diameter brass pin 
leads spaced 0.100" apart, to “plug-in” to 
a standard 5 pin subminiature socket or to 
facilitate “soldering-in” for permanent in¬ 
stallations, is now available from James 
Electronics, Inc., 4050 North Rockwell St., 
Chicago 18, Ill. The J’ diameter metal cases 
are sealed and potted to meet MIL-T-27A, 
grade 5. “U” Series impedance ranges are 
available from 10 ohms to 300 K ohms. 
Designs can be offered for a wide range of 
applications where balance, power and low 
distortion are required in a micro-miniature 
size. T he units are also available in a 10 
unit decade box like kit, Abalei C-2650. 

Prices range from $5.00 to S8.00 each in 
sample quantities. Availability is from 
stock. 

Resistance Element 
Data Sheet 

CTS Corp., Elkhart, Inti., offers In¬ 
terim Data Sheet 181 illustrating and giv¬ 
ing full technical details on a new concept 
in high temperature, high stability, high 
reliability ceramic-metal resistance ele¬ 
ment for modular fixed resistors. Technical 
data includes resistance range, wattage, 
temperature rating, resistor configuration, 
substrate size, voltage rating and complete 
performance specifications. 

Miniature 
Frame Grid Tubes 

Five miniature frame grid tubes featur¬ 
ing high transconductance and low noise 
have been announced by Raytheon Co., 
Industrial Components Div., 55 Chapel St., 
Newton 58, Mass. 

The tubes and their transconductance 
are the 6939, a double tetrode with 10,500 
micromhos per section; 6688, a pentode 
with 16,500 micromhos; 6922, a twin diode 
with 12,500 micromhos per section; 5842, 
a triode with 25,000 micromhos; and the 
5847, a pentode with 13,000 micromhos. 

Applications include use in RF ampli¬ 
fiers, IF amplifiers, driver stages, cathode 
followers and cathode amplifiers. Out¬ 
standing small-signal, high-gain character¬ 
istics of these tubes reduce the number of 
tubes required in an IF strip. 

Immediately available from the factory 
or Raytheon distributors in sample quanti¬ 
ties, the frame grid tubes’ suggested resale 
and factory prices range from $2.95 to 
$7.90. 

(Continued on ptit/e 
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An NEC semiconductor device for every circuit application 
The range of semiconductor pro¬ 
ducts at NEC is perhaps the 
widest of any manufacturer. 
Entertainment or industrial, 
standard broadcast frequencies 
to microwave — NEC has a semi¬ 
conductor device with the ratings 
and characteristics for your ap¬ 
plication. There’s a wide selec¬ 
tion of current ratings, operating 
temperatures, and mountings. 

These are produced in NEC’s 

new semiconductor plant where 
crystal surfaces are cleaned by 
100 tons of hyper pure water 
daily. Every seal is tested in 
krypton isotopes, providing a 
failure rate suitable for the most 
critical applications. 
A single source for semiconduc¬ 
tors can mean a saving in time 
and costs. Just let NEC know 
your requirements and full tech¬ 
nical data will be sent. 

Types of NEC semiconductor devices 
• PNP super-grown Germanium transistors 
• Germanium photo transistors • PNP alloy 
juncton Germanium transistors «Silicon 
Mesa transistors «Germanium Mesa tran¬ 
sistors • Germanium gold-bonded diodes 
• Silicon rectifiers • Silicon controlled rect>-
fiers • Silicon capacitors • Zener diodes 
• Germanium point-contact mini-diodes 
• Silver-bonded diodes «Microwave mixer 
diodes • Silicon junction mini-diodes 

R&li^bility y^e first NEC transistorized 
carrier telephone system was an NT & T 
installation in 1958 between Toyama and 
Takaoka, a distance of 15 miles. It consists 
of two terminal stations and a repeater 
station with 240 channels using 1.600 
transistors. 
During last 14,000 hours of operation 
transistor failure has caused only two chan¬ 
nel faults. This corresponds to a failure 
rate of 0.009% per 1,000 hours. 

Communications Systems / Electronic Components Nippon Electric Co.. Ltd. Tokyo, Japan 
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ÃMPERITE 
Thermostatic DELAY RELAYS 

offers true hermetic sealing 
.. assuring maximum stability and life! 

Delays: 2 to 1 80 seconds . . . Actuated by c heater, 

they operate on A.C., D.C., or Pulsating Current . . . Being hermetically 

sealed, they are not affected by altitude, moisture, or climate changes 

SPST only— normally open or normally closed . . . Compensated for 

ambient temperature changes from — 55* to + 80’ C. . . . Heaters 

consume approximately 2 W. and may be operated continuously ... The 

units ore rugged, explosion-proof, long-lived, ond — inexpensive! 

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

Also — Amperite Differential Relays: Used for automatic overload, 

under-voltage or under current protection 

PROBLEM? Send for Bulletin No. TR-81 

ÃMPERITE 
BALLAST REGULATORS 

10 
VOLTAGE OF 24V 

BATTERY & CHARGER 
VARIES APPROX 

WITH AMPERITE 
VOLTAGE VARIES 
ONLY 

50% : 2% 
Hermetically sealed, they are not affected by changes in altitude, 

ambient temperature (—50° to -¿-70° C.), or humidity ... Rugged, 

light, compact, most inexpensive . list Price, $3.00. 

Write for 4-page Technical Bulletin No. AB-51 

AMPERITE 
561 Broadway, New York 12, N. Y. ... CAnal 6-1446 

In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 

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

(Continued front page 150.4) 

Global Mapping System 
Cubic Corp., San Diego 11, Calif., announced detailed plans 

and schedules for Geodetic SECOR, which will make its debut in 
conjunction with the Navy’s Transit I HR satellite. Geodetic 
SECOR has been developed by Cubic under contract to the I . S. 
Army Map Service, Corps of Engineers, for use in Army Mapping 
projects. 

SECOR (SEquential COllation of Range) is an electronic sys¬ 
tem to accurately determine geodetic positions anywhere on the 
surface of the earth. 

A miniature 7-pound transponder, a component of the SECOR 
system, is planned to be aboard the 36-inch Transit 11 IB sphere 
to be placed in a 500-mi le orbit by a THOR-ABLE-STAR vehicle. 
Fired downrange from Cape Canaveral, the launch vehicle will 
program into an orbit inclined 22.5° to the equator. The satellite 
ground track will cover an imaginary 2850-mile-wide belt around 
the earth, centered on the equator, extending from Mexico City 
to southern Brazil in the Western Hemisphere, from the Sahara 
to Mozambique in Africa, all of India, and from Formosa to 
central Australia. The airborne SECOR transponder will be inter¬ 
rogated initially by ground stations operated by U. S. Army 
Map Service personnel located in Costa Rica, Honduras, Haiti, 
and Colombia. 

SECOR is expected to give geodicists more accurate data on 
the relative locations of continents, islands, cities and other land¬ 
marks around the globe. SECOR geodetic studies are also ex¬ 
pected to yield more precise facts on the earth’s shape and gravi¬ 
tational fields. 

Four identical SECOR ground stations, all helicopter-trans¬ 
portable, are employed: they make distance measurements by 
sending and receiving signals through the satellite transponder. 
W ith three of the ground stations located at accurately surveyed 
points, the precise position of the fourth can lx? computed using 
resectioning techniques. 

Each ground station determines its distance from the satellite 
by first transmitting a frequency-modula ted, continuous-wave 
signal which is received and rebroadcast by the transponder. 
During transmission the ground station measures and records the 
phase shift between its transmitted signals and those received 
from the transponder. To permit compensation for errors intro¬ 
duced by ionospheric refraction of the SECOR signals, the trans¬ 
ponder replies on two different frequencies. 

The four SECOR ground stations interrogate the transponder, 
in sequence, for 122 milliseconds (1/80 second) apiece. Dynamic 
smoothing of the distance-information allows interpolation to 
provide the equivalent of simultaneous sightings by all stations. 
Cubic data handling equipment incorporated in each ground sta¬ 
tion provides real-time recording of binary range words. A by¬ 
product of SECOR geodetic measurements is an accurate predic-

(Continued <n page 156.4) 
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look into Panoramic’s new SPA-4a 
exclusive features for more reliable 

Pt? 

Important as these advantages are, there are many more. ■< 

I dependable 
CERTIFIED 

SPECIFICATIONS 
for accurate i data j 

LOW DISTORTION 

The SPA-4a’s exclusive features * 
also include: 

1. ONE TUNING HEAD - 10 me to 44,000 me, 
utilizing 3 stabilized, low hum local oscillators 
(1 HF triode and 2 klystrons). Fundamentals to 11 
kmc. Direct reading with ±1% accuracy. 

2. TWO INDEPENDENT FREQUENCY DISPERSION RANGES: 
Continuously adjustable; 0-70 me with exceptional 
flatness, stable O-5 me for narrow band analysis. 
Both swept local oscillators operate on fundamentals 
only for spurious-free analysis. 

Pips of •.nurnaljs^s 
sidebands (ext pulse accurately measure^ (a . 
width sPgppe æobes seen to 

very small (Unretouched) 
»"”5^ tion capability. ” kc modu . 
mc FM signal t cartie r 
lat,onDÍMn unretouched. 
null- ?hoto unr

lower internal noise enables 
analysis of even mailer 
cipnals than before D ehart).- accurate 

Ss-Sf 
narrow pulsed signals. 

SENSITIVITY 3 

ion to -11° dbm ^'o-lOSdbm 
'l00to-110 dbm 
"'go to -10° dbm ‘ goto—100 dbm 
' 85to-100dbm 
- 90 dbm 
2 60 to — 85dbm 
noise equal 2x noise 

Reduced internal hum 
improves resolution of 
closely spaced signa's« 
also improves minimum 
dispersions for more 
highly magnified 
analyses. MarKer 
modulation permits 
highly accurate 
measurements ot 
frequency differences 
during high spe ed 
analysis. See photos. 

Reduced threshold allows SPA-4a to operate 
at smaller input signal 
lavéis (and attenuated 
larger ones). Unre-
touched screen photos 
show how this permits 
virtually spu"ous-free 
measurement-over 
„ide dynamic range 
harmonics, m-band 
distortion, and other 
uvpak signals tn the 
presence of strong ones. 

Distortion analysis illust_f.^_ 
SPMa Wide range ,s
Odd-order d'a'°t'J,an 50 db be-rneasured more tna ((J

Ä’rtÄve fu» scale), 
photo unretouched. 

jp^riousAPhoto not retouched) 

2 w 4 «es THF usable sensitivity 

®AN% _ 420 MC 

\ ^Z^omS 

7„ 26.4-44.0 KMC 
•measured when signal 

money nesoeveo f 

Panoramic 
RADIO PRODUCTS. INC. 

the pioneer is the leader 

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. 

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 RADIO PRODUCTS, 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 



A 
CONVECTION 
COOLED 
No Blowers or Filters 
Maintenance Free 

Highly efficient, LAMBDA 

REGULATED 
POWER SUPPLIES 

Guarantee 

0-20 

REMOTE 
SENSING 

$395 
510 
795 
350 
495 
780 
395 
560 
860 

EASY 
SERVICE 
ACCESS 

NO 
VOLTAGE 
SPIKES 
OR 
OVERSHOOT 

completely protected 
with magnetic 
circuit breakers, 
■fuses, and thermal 
overload. \ 

0- 34VDC 
0- 34VDC 
0- 34VDC 
20- 105 VDC 
20-105 VDC 
20 - 105 VDC 
75 - 330 VDC 
75 -330 VDC 
75 - 330 VDC 

Units are rated for 
continuous duty at 50°C 
ambient. \ 

Is a<l<) the suffix “M” 
d add S30.00 to the 

Dual-deck, swing-out 
back construction provides 
simple and fast service 
access without the need 
to remove unit from rack. 
All major component 
terminals are accessible 
from rear. \ 

GUARANTEED 
FOR 

FIVE YEARS 

Minimizes effect of 
power output leads 
on DC regulation, 
output impedance 
and transient 
response, \ 

IA 50 - 03A 
LA100 - 03A 
LA200 - 03A 
LA 20 - 05A 
LA 40-05A 
LA 8O-O5A 
IA 8-08A 
LA 15 - 08A 
IA 30 -08A 

Hermetically-sealed 
magnetic shielded 
transformer designed to 
MIL-T-27A quality and 
performance. Special, 
high-purity foil, 
hermetically-sealed 
long life electrolytic 
capacitors. — 

Lambda's design 
prevents output voltage 
overshoot on “turn on, 
turn off,” or power 
failure. \ 

Transistorized 
All models are 

SHORT 
CIRCUIT 
PROOF 

radiator type heat sinks 
eliminate internal blowers, 
maintenance problems, 
risk of failure, moving parts, 
noise and magnetic fields. 



DIMENSION DRAWINGS A 

MODEL t of All Models 
LA 2OO-O3A 

Front View 

COMPLETE SPECIFICATIONS OF LAMBDA LA SERIES 

DC OUTPUT (Regulated for line and load) 
Current Range 

15, 30, 60, 120, and 0-30 volt vernier 

Regulation (line) 

Electrical 
Regulation (load) 

Transient Response 

(line) 
Thermal 

(load) 

METERS 

CONTROLS: 
DC Output Controls Voltage selector switches and ad-

vernier-control rear of 

Power 

Remote DC Vernier for remote operation of 
Ripple and Noise . . Less than 1 millivolt rms with either 

Remote Sensing 
Polarity 

Standard 19" Rack Mounting AC INPUT 

Panel Finish 

LAMB 
616 BROAD HOLLOW ROAD, HUNTINGTON, L. I.. NEW YORK 61Ö MYRTLE 4-42OO 

Send for complete Lambda Catalog 

o-
o-
0-
0-
0-
0-

AMP 
AMP 
AMP 
AMP 
AMP 
AMP 

55 lb Net 85 lb Ship. Wt. 
100 lb Net 130 lb Ship. Wt. 
140 lb Net 170 lb Ship. Wt. 

LA 
LA 
LA 

2 
4 
8 

2, 
2, 
2, 

8, 
8, 
8, 

LA 
LA 

Temperature 
Coefficient 

4, 
4, 
4, 

LA 
LA 
LA 
LA 
LA 
LA 

0- 5 
0-10 
0-20 

0.8 AMP 
1.5 AMP 
3 AMP 

Black ripple enamel (standard). 
Special finishes available to cus¬ 
tomers’ specifications at moderate 
surcharge. Quotation upon request. 

18V." 

I4%" 

Model 
LA 50-03A 
LA100-03A 
LA200-03A 

. Voltmeter and ammeter on metered 
models. 

Voltage Range 

0- 34 VDC 
0- 34 VDC 
0- 34 VDC 
20-105 VDC 
20-105 VDC 
20-105 VDC 
75-330 VDC 
75-330 VDC 
75-330 VDC 

Better than 0.05 per cent or 8 milli¬ 
volts (whichever is greater). For 
input variations from 100-130 VAC. 
Better than 0.10 per cent or 15 milli¬ 
volts (whichever is greater). For 
load variations from 0 to full load. 
Output voltage is constant within 
regulation specifications for step 
function: 
line voltage change from 100-130 
VAC or 130-100 VAC. 
load change from 0 to full load or 
full load to 0 within 50 microsec¬ 
onds after application. 

5, 10, 20, 
5, 10, 20, 
5, 10, 20, 

15, 30, 60, 
15, 30, 60, 

aThis frequency band amply covers standard 
commercial potter lines in (he United Stales 
and Canada. 
^^ith output loaded to full rating and input 
at 130 VAC. 

LA 
LA 
LA 
LA 
LA 
LA 

These models notched per RETMA Stondords 
Includes metered models with suffix “M" 

80-05A 
30-08A 

10’//’ 

•7»/," 

18 ’Zi" 

16»/," 

Voltage Steps (1) 

16, and 0- 4 volt vernier 
16, and 0- 4 volt vernier 
16, and 0- 4 volt vernier 
40, and 0-10 volt vernier 
40, and 0-10 volt vernier 
40, and 0-10 volt vernier 

120, and 0-30 volt vernier 
120, and 0-30 volt vernier 

terminal grounded. 
Either positive or negative terminal 
may be grounded. 

LA 
LA 
LA 
LA 
LA 
LA 

Price!2) 
$ 395 
510 
795 
350 
495 
780 
395 
560 
860 

Internal Impedance ... LA 50-03A less than .008 ohms 
LA100-03A less than .004 ohms 
LA200-03A less than .002 ohms 

20-05A 
40-05A 
80-05A 
8-08A 
15-08A 
30-08A 

circuit breaker, front 

justable 
chassis. 
Magnetic 
panel. 
Provision 

LA 50-03A, LA20-05A, LA 8-08A 
LA100-03A, LA40-05A, LA15-08A 
LA200-03A, LA80-05A, LA30-08A 
Weight 
LA 50-03A, LA20-05A, LA 8-08A 
LA100-03A, LA40-05A, LA15-08A 
LA200-03A, LA80-05A, LA30-08A 

PHYSICAL DATA: 
Mounting . 

Better than 0.025 %/°C 

. 100-130 VAC, 60 ± 0.3 cycle» 
LA 50-03A. . . .360 watts4 
LA100-03A. . 680 watts4 
LA200-03A. . 1225 watts4

. Magnetic circuit breaker front 
panel mounted. Special transistor 
circuitry provides independent 
protection against transistor com¬ 
plement overload. Fuses provide 
internal failure protection. Unit 
cannot be injured by short circuit 
or overload. 
Thermostat, manual reset, rear of 
chassis. Thermal overload indica¬ 
tor light front panel. 

20-05A less than .06 ohms 
40-05A less than .03 ohms 
80-05A less than .015 ohms 
8-08A less than .5 ohms 
15-08A less than .25 ohms 
30-08A less than .15 ohms 

5OO3A 
20-05A 
8-08A 

3 V," 

3" 

185V 

14’/," 

(2) Prices arc tor unmetered models. For metered models add the suffix "M” 
■ nd add $30.00 to the price. 

AMBIENT TEMPERATURE 
AND DUTY CYCLE Continuous duty at full load up to 

50°C (122°F) ambient. 
OVERLOAD PROTECTION: 

I00-03A 
40-05A 
15 08A 

7" 

(1) The DC output voltage for each model is completely covered by four selec¬ 
tor switches plus vernier control. The DC output voltage is the summation of 
the minimum voltage plus the voltage steps and the continuously variable 
DC vernier. 

3%" H X 19" W X 14%"D 
7" H X 19" W X 14%"D 
10% " H X 19" W X 16%"D 20-05A. . . .390 watts4 

40-05A. .. .710 watts4 
80-05 A. .1350 watts4
8-08A. . . 415 watts4 
15-08A. . . .760 watts4 
30-08A .1450 watts4

DC vernier. 
Provision is made for remote sens¬ 
ing to minimize effect of power 
output leads on DC regulation, 
output impedance and transient 
response. 

Minimum Voltage (1) 

0 
0 
0 
20 
20 
20 
75 
75 
75 



Everything 
in 

Connectors! 
AMPHENOL CONNECTOR DIVISION 
1830 SOUTH 54TH AVENUE • CHICAGO 50, ILLINOIS 

Amphenol-Borg Electronics Corporation 

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

(Continued from page 152A) 

' tion of the ephemeris (path) of the satellite. 
Cubic officials said the SECOR ground 

and airborne equipment will be delivered 
to the Army in February, after extensive 
tests in the San Diego area. 

In these tests, three of the four ground 
stations will be located at Carlsbad, 

¡ Ramona and Valley Center, California, 
with the fourth station at the Cubic plant. 
The satellite transponder will be flown in 

I an Army L-23 aircraft during the calibra-
I tion tests. 

Illuminated 
"Multi-Switch” 

A new “Multi-Switch,” Series 21000, 
designed for use in computers, telephone 
apparatus, data systems and ground to air 
support equipment in the business machine, 
telephone, aircraft and missile and other 
allied industries, has been introduced by 
Switchcraft, Inc., 5555 N. Elston Ave., 
Chicago 30, III. 

Engineers who know 

LOW-LOSS RF LACQUER 
• Q Max. an extremely low loss dielectric im¬ 
pregnating and coating composition, is for 
mulated specifically for application to VHF and 
UHF components. It penetrates deeply, seals 
out moisture, provides a surface finish, im 
parts rigidity and promotes stability of the 
electrical constants of high frequency circuits. 
Its effect upon the "Q" of RF windings is prac 
tically negligible. 
• Q-Max 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 Tudemath 

This new series features a square but¬ 
ton design with a concave face. These 
buttons have side as well as front illumina¬ 
tion and a large area for engraving identi¬ 
fication. The buttons can be keyed in any 
of four planes for horizontal or vertical 
mounting of the switch frame. 

I he jewels are available in white, red, 
yellow, green and others. 

Three different voltages are now avail¬ 
able: 6 volts, 28 volts and Xeon (115 volt 
ac), to give the engineer an unlimited lati¬ 
tude in equipment designs. 

Lamps are retained in socket by 
knurled retaining collar. Bulbs are under 
spring tension assuring contact of lamp 
circuit when button is in or out. Lamps can 
be replaced from front side of panel by 
removing button. 

Insulation Varnish 
A technical bulletin on the formulation 

and use of insulating varnishes based on 
Dapon® diallyl phthalate resins is now 
available from Food Machinery and 
Chemical Corp., 161 East 42nd St., New-
York 17, N. Y 

The 8-page bulletin covers findings re¬ 
cently announced which indicate a suc¬ 
cessful technique for utilizing the proper-

(Continued on l'âge 158 A) 
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New additions to the Litton Industries 
Broadband Klystron family extend broad¬ 
band performance to even higher power 
levels as shown in the typical performance 

New Broadband Klystrons 
140 MEGACYCLES - (1db) BANDWIDTH AT L-BAND 
10 MEGAWATTS -PEAK POWER OUTPUT 

curves to the right. These tubes, like all those pro¬ 
duced by Litton Industries, are conservatively 
designed and rated; and rigorously processed to 
provide many thousands of hours of reliable opera¬ 
tion. Using Litton developed broadbanding tech¬ 
niques, it is now possible to achieve wide bandwith, 
high peak and average rf power’ output and linear 
phase shift versus frequency characteristics simul¬ 
taneously. This latter feature enables the radar 
equipment designer to utilize pulse compression 
techniques to attain improved system performance. 

Litton Klystrons providing these outstanding 
performance characteristics can be supplied in 
both the L and S-bands at peak rf power levels 
ranging from 2 to 20 megawatts. Typical of the 
performance obtained with Litton Klystrons is that 
of the L-3035, a 2.2 megawatt L-band Klystron, 
■whose average operating life in field service is 
approaching 3,000 hours. Some of these tubes 
are continuing to provide excellent service after 
having operated for more than 17,000 hours. 

Should you require high power broadband ampli¬ 
fier tubes to satisfy your system requirements, 
please write to us at Litton Industries, Electron 
Tube Division, 960 Industrial Road, San Carlos, 
California. Our telephone number is LYtell 1-8411. 

LITTON 
Electron 

INDUSTRIES 
Tube Division 

MICROWAVE TUBES AND DISPLAY DEVICES 

“Capability that 
can change 
your planning” 
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ULTRAMICROWAVE* 
EQUIPMENT 

-it works 

-it’s accurate 

NEWS A 
New ProductsÆ\ 

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

(Continued from pane 156A) 

• ties of diallyl phthalate in coating, sealing, 
j dip encapsulation, and laminating appli¬ 

cations. 
Formula, application, and processing 

data—supported by several photographs 
and tables—are given for Dapon varnishes, 

I which are applied by dipping the selected 
part in a resin solvent solution, drying to 

I remove solvent, and baking to cure. Cured 
resin properties of finished coatings are also 
described in detail. 

Copies of the technical bulletin (No. 32) 
may be obtained on request from Dapon 
Department. 

-it’s available 
Complete data on request 

DE MORNAY-BONARDI 
780 SOUTH ARROYO PARKWAY • PASADENA, CALIF. 

•TRADE MARK De Mornay-Bonardi 
for its millimeter wave equipment 

Where printed circuitry is meeting the 
rigid specifications of use in computers, 
missiles, guidance systems and other 
quality instrumentation. 

Look to E P E C for: 

printed wiring 

printed circuit assemblies 

CU-CON plated holes 

PROTOMAKA, the laboratory unit 
for ‘do-it-yourself’ printed wiring 
boards 

E P E C: Needham Heights, Mass. 

Western Division: Encinitas, Cal. 

Coil Turns Analyzer 
A new instrument for checking the 

numtier of turns on a variety of coils is in¬ 
troduced by Deluxe Coils, Inc., Wabash, 
Ind. 

Called a Model 165 Coil Turns Ana¬ 
lyzer, the instrument compares an internal 
universal standard against a production 
coil product, and rapidly provides coil 
turns error information to within 0.1%. 

The instrument is said to reduce rejec¬ 
tion of end products by providing pre¬ 
cision quality count at component stages. 

Inline digital readout is provided on 
tabulator type pushbutton board with a 
maximum reading of 99,999 turns. Modi¬ 
fication can be supplied where alternate 
performance requirements are indicated. 

As a further aid in data reading, a gal¬ 
vanometer is installed, which indicates 
whether the coil under test is high or low in 
turns, so that the correct digital buttons 
may be depressed to determine the degree 
of error. 

Complete details are available from the 
firm. 

Use Your 
IRE DIRECTORY! 

It's Valuable 

Microwave Tube Catalog 
A new eight-page, two-color short form 

catalog has been released by the micro¬ 
wave tube division of Hughes Aircraft Co., 
11105 Anza Ave., Los Angeles 45, Calif. 

The catalog features more advanced 
high power traveling-wave tubes now in 
production at this firm. 

Hughes has pioneered in development 
of multi-kilowatt linear traveling-wave 
tubes with high gain and wide bandwidth, 
principally in S, C and X bands. This 
catalog also includes the company’s line of 
backward-wave oscillators. 

Copies of the catalog can lie obtained 
by writing to the marketing department. 

Microwave Components 
Catalog 

Microlab, 570 W. Mt. Pleasant Ave., 
Livingston, N. J., has made available a 
new catalog of microwave components. 
This catalog consists of 72 pages and in¬ 
cludes detailed descriptions and specifica¬ 
tions of their line of coaxial attenuators, 
filters, power dividers, terminations, crys¬ 
tal mounts, tuners and other coaxial micro¬ 
wave components. 

A good portion of this catalog is de¬ 
voted to design sections for each product 
which present technical information of a 
general nature to assist the design engineer 
in the selection of the proper component. 
Also included is a special article on “ The 
Application of Matrix Algebra to the De¬ 
sign of Microwave Networks.” 

This new catalog, number 10, is avail¬ 
able from the firm. 

Miniature Telemetering 
Accelerometer 

Production of a newly developed minia¬ 
ture telemetering accelerometer is an¬ 
nounced by Giannini Controls Corp., 1600 
S. Mountain Ave., Duarte, Calif. This new 
unit, Model 24155, incorporates features 
essential for obtaining good records along 
with miniature size to conserve payload 
and space. 

The Model 24155 weighs less than 2.5 
ounces, occupies 1 cubic inch in volume, 
and operates with linearity and repeat¬ 
ability of ± 1 percent and hysteresis of 1 
percent. Available in resistance ranges 
from 2000 to 5000 ohms yielding a 0.5 per¬ 
cent resolution, the new accelerometer is 
supplied in ranges from ±2 g to +25 g at 
natural frequencies from approximately 20 
to 70 cps. Range can be extended to +100 

(Continued on (age 160.-1) 
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!*r<tfossinit ft I 6» ri ntp 
on liio- Moilii'al 

Klrcimrt irs 

For centuries mankind has 
searched for a fuller knowledge of 
the workings of the human body 
and for improved means of diagnos¬ 
ing and curing bodily ailments. This 
noble task has been greatly aided in 
recent years by the application of 
electronics to medicine, biology and 
related fields. 

Electronics has provided the phy¬ 
sician and the biologist with the 
means for making better, more exact, 
more comprehensive measurements 
of countless parameters important to 
his work. As a result they now know 
a great deal more about the brain, 
heart, blood, respiratory system, tis¬ 
sue, muscle and nervous system. 

Having thus increased his knowl¬ 
edge, the doctor has turned to elec¬ 
tronics also for assistance in the 
treatment of disease. Cancer therapy, 
the location of tumors, diathermy, 
and the treatment of heart diseases 
are but a few examples of the uses 
to which electronic equipment and 
techniques are being put. 

To provide the bio-medical field 
with the necessary electronic equip¬ 
ment, almost every branch of radio 
engineering has been called into play: 
from ultrasonics to X rays, from de 
amplifiers to microwave apparatus, 
aids for the blind and aids for the 
deaf, electronic recording and map¬ 
ping devices. Even television has 
supplied an important and useful 
tool, the television microscope. 

However, the rapid development 
of medical electronic equipment has 
been hampered by a serious obstacle. 
For here was a situation which called 
for the combined knowledge of two 
highly skilled and hitherto unrelated 
fields. Either -the doctor would have 
to become an engineer or vice versa, 
unless some common meeting ground 
could be provided to enable an ex¬ 
change of vitally needed informa¬ 
tion. 

It was to meet this urgent need 
that the IRE Professional Group on 
Bio-Medical Electronics was formed. 
Already over 2000 strong, the Group 
is actively engaged in publishing 
valuable technical papers and spon¬ 
soring national meetings, thereby 
providing the only organized activity 
of its kind in this vital field. 

¿AnAL WoboA, 
Chairman, Professional Groups Committee 

Ai least one of your interests 
is now served bv one of I It K's 

23 Professional Groups 
Each group publishes its own specialized papers in its Transactions, 
some annually, and some bi-monthly. The larger groups have organ¬ 
ized local Chapters, and they also sponsor technical sessions at IRE 
Conventions. 

Aerospace and Navigational Electronics (G 11) Fee $2 
Antennas and Propagation (G 31 Fee $1 
Audio (G 1) Fee $2 
Automatic Control (G 23) Fee $3 
Bio-Medical Electronics (G 18) Fee $3 
Broadcast & Television Receivers (G 8) Fee $4 
Broadcasting (G 2) Fee $2 
Circuit Theory (G 4) Fee $3 
Communication Systems (G 19) Fee $2 
Component Parts (G 21) Fee $3 
Education (G 25) Fee $3 
Electron Devices (G 15) Fee $3 
Electronic Computers (G 16) Fee $4 
Engineering Management (G 14) Fee $3 
Engineering Writing and Speech (G 26) Fee $2 
Human Factors in Electronics (G 28) Fee $2 
Industrial Electronics (G 13) Fee $3 
Information Theory (G 12) Fee $4 
Instrumentation (G 9) Fee $2 
Microwave Theory and Techniques (G 17) Fee $3 
Military Electronics (G 24) Fee $2 
Nuclear Science (G 5) Fee $3 
Product Engineering and Production (G 22) Fee $2 
Radio Frequency Interference (G 27) Fee $2 
Reliability and Quality Control (G 7) Fee $3 
Space Electronics and Telemetry (G 10) Fee $3 
Ultrasonics Engineering (G 20) Fee $2 
Vehicular Communications (G 6) Fee $2 

IRE Professional Groups are only open to those who are 
already members of the IRE. Copies of Professional Group 
Transactions are available to non-members at three times the 
cost-price to group members. 

The Institute of Itadio Engineers 
R e\ 1 East 79th Street, New York 21, N.Y. 

USE THIS COUPON 
Miss Emily Sirjane PG-4-41 
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. 

PROCEEDINGS OF THE IRE April, 1961 159A 



backward 
wave 
oscillators-
$1 an hour 

For an interesting look into the 
economics of BWOs — or any 
other specialized electronic 
tubes — may we suggest that 
you spread the cost of the last 
one that needed replacement 
over the number of hours it 
was operated? No matter what 
hourly rate you come up with, 
such an evaluation will point 
up the fact that service life is 
a much better index of value 
than purchase price. 

Backward wave oscillators made 
by Stewart Engineering have a 
built-in life insurance policy 
in the form of a minimum 500 
hour guarantee. Though it is 
seldom exercised (Stewart back¬ 
ward wave tubes characteris¬ 
tically outlive their guarantees 
by a wide margin) the guarantee 
enables you to put high-per¬ 
formance BWOs on your payroll 
at a known low maximum rate 
per hour. 

Now available: 
Type OD 12-18 BWOs 
with power output 
minimum of 10 MW 

in range 12.4-18 kmc. 
30-day delivery. 
At left: Type 

00 1-2. 

We've prepared an interesting 
new brochure and specifica¬ 
tions on backward wave oscil¬ 
lators, and would like to send 
you a copy: Details also avail¬ 
able on tubes custom-engineered 
to your specifications. Write 
today. 

STEWART 
ENGINEERING 
CORPORATION 

SANTA CRUZ • CALIF. 

. L 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 158.d) 

g with natural frequency of 145 cps, and 
switch output can l>e provided in place of 
potentiometric output. 

Resistant to shock of 50 g. 11 ins dura¬ 
tion. the Model 24155 is damped 0.25 to 1 
of critical over the temperature range of 
— 18 to +71 °C. It is available with func¬ 
tional outputs and can lie supplied for 
practically any ty pe mounting desired. 

Switching Transistors 
Texas Instruments Incorporated, P. O. 

Box 1079, Dallas, Texas, announces the 
commercial availability of two ultra-fast 
silicon switching transistors manufactured 
by the new epitaxial process. 

I I announced that the devices will per¬ 
form their switching function in 24 bil¬ 
lionths of a second or more than twice as 
fast as any other silicon transistors manu¬ 
factured for general sale. 

W hile the new devices are expected to 
lind their greatest immediate application 
in electronic computers, the firm said their 
potential range of usage permits them to 
be classified and used also as small-signal 
general purpose transistors. 

In semiconductor device construction, 
the epitaxial process consists of the care¬ 
fully controlled growth by vapor deposi¬ 
tion of an extremely thin layer or zone of 
high-resistivity single-crystal semiconduc¬ 
tor material upon a substrate of low-
resistivity material and the addition by 
diftusion method of two more thin layers 
w ¡thin the material. 

By means of this process the actual 
transistor function is confined to these 
three upper layers with the substrate 
serving only as the platform or handling 
mechanism for ease of fabrication. As a 
result, the saturation resistance character¬ 
istics arc virtually insensitive to changes in 
temperature in contrast to devices of con¬ 
ventional construction. Resulting ad¬ 
vantages are fast performance of the 
transistor function and operating capabil¬ 
ity w ithin a range of —65 to 4- 175 °C. 

Subminiature Relay 

I hc new subminiature Series 2505 relay 
developed by Guardian Electric Mfg. Co., 
Dept. 72D, 1550 VW Carroll Ave., Chicago 
7, III., carries complete military standard 
approval. The contact arrangement is 6-
pole, double throw. Specification require¬ 
ments of 3-ampere contacts and 0.35 
pounds maximum weight arc more than 
adequately met with the Guardian rating 
of 5 am|xres and 0.30 pounds maximum. 
I nit meets a vibration specification of 10 
g’s to 2,000 cps with certified operation al 
20 g’s. All contacts are staked for utmost 
reliability . Guardian’s exclusive sealing 
methods eliminate the possibilities of in¬ 
ternal contamination. Standard termin. ds 
are ol the solder-hook type. For more in¬ 
formation write to the firm. 

Half-Adder Module 
A new half-adder digital building block 

module is available from Harvey-Wells 
Electronics, Inc., 14 Huron Drive. Xatick, 
Mass., for use in digital sy stem applica¬ 
tions where it is necessary to compare the 
outputs of flip-flops and registers in order 
to perform arithmetic operations. 

Allot her member 
of the line of high¬ 
speed logical build¬ 
ing blocks, the 
Model 1281 con¬ 
sists of two identi¬ 
cal circuits, each of 
which performs a 
comparison func¬ 
tion to satisfy the 
Boolean equations 
AB+AB-C and 
AB+AB = C. Other 
names for this basic 
digital circuit are “comparator,” “modulo-
two-adder" and “exclusive-OR circuit." 

Price of the Model 1281 DATA BLOC 
is S125.00 F.O.B. Xatick, Mass. Delivery 
is from stock. 

To receive complete technical data on 
this new product, write to the firm. 

Precision Voltage Source 

Electronic Development Corp., 432 W. 
Broadway, Boston 27, Mass., has intro¬ 
duced a new Precision Voltage Reference 
Source which features an increased voltage 
range of —111.11 to +111.11 volts de, 
selectable in 10 millivolt increments. The 
new Mcxlel VS-111 is a 4-decade direct¬ 
reading instrument available in portable or 
standard rack-mounting models. Absolute 
accuracy is 0.025 percent and resolution is 
1 part in 10,000 plus vernier resolution. 

(Continued <>ii page /62.d) 
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The giant radio-telescope aerial at Mullard Radio Astronomy Observatory, Cambridge 

What’s happening in Europe? 
From Europe’s center of electronics research and development 
— universities, industries, government agencies —comes a 
prolific stream of new ideas and practical applications. 
A complete, up-to-date picture of this vigorous progress is 
reflected in Wireless World, Britain’s leading technical 
magazine for electronics, radio and television, enjoying by far 
the widest readership among Britain’s scientists and techno¬ 
logists in this field. 
Wireless World articles are backed by the authority of top 
specialists, and maintain a careful balance between theory and 
practise. Wireless World’s coverage includes illustrated 
reviews of latest equipment, news of important conferences 
and exhibitions, detailed reports of industrial developments. 

Wireless World was the world’s first magazine devoted to 
radio, and this year celebrates its fiftieth anniversary. It is an 
essential medium for keeping contact with European advances. 

TYPICAL RECENT FEATURES: 

• Report on the London Physical Society Exhibition 
• Beam Indexing Color TV Tubes 
• Accurate Hydrographic Radar 
• Increasing Dynamic Range in Magnetic Recording 
• Permeability Tuners for Television 
* The “Bootstrap-Follower” Circuit 
• Report on London Scientific Radio Conference (U.R.S.I.) 

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 for :— 

12 MONTHS (12 ISSUES) $5.00 

36 MONTHS (36 ISSUES) $10.00 (SAVING $5.00) 

CHECK/M.O. FOR $ __ _ ENCLOSED 

BILL ME LATER 

NAME 

ADDRESS 

ZONE 

CITY 

STATE  . pro. irr 



MINIATURIZED! 
LIGHTWEIGHT! 

Over 1000 firms 
throughout the 
world in just a 

few years prove 
unprecedented 
acceptance of 

IEE digital 
readouts. 

DdBQDDQ 
DIGITAL 
READOUT 
Series 120ooo 

Features: 
► Lightweight — 
weighs 3’A ozs. 

► Quick disconnect 
at rear for easy 
lamp replacement. 

PRICE COMPLETE 

»35°° 
Quantity Prices On Request 

WRITE TODAY FOR 
COMPLETE SPECIFICATIONS 

Representatives 
in principal cities 

Industrial Electronic Engineers, inc. 
5528 VINELAND AVENUE 
NORTH HOLLYWOOD, CALIF. IEE 

SEMICONDUCTOR 
POWER SUPPLIES 

O O I L % 
Í m v ft ü o t« ü 

Our Power Supplies oiler extremely high re¬ 
liability. Reasonable pricing and rapid deliv¬ 
ery based on semi-standard modular packages. 
We, of Rixon, are capable of producing over 
1500 models of semi-conductor power supplies 
employing proven design concepts and circuits. 

Write for engineering bulletin. 

ELECTRONICS. IISTC. 
2414 Reedie Drive Silver Spring, 
Maryland LOckwood 5-4578 

NEWS 
New Products, 

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

(Continued from page 160A) 

The VS-111 is an all solid-state unit 
designed specifically to provide an inexpen¬ 
sive, reliable and rugged precision voltage 
reference source for laboratory and indus¬ 
trial application. 

Price of the VS-111 is 8795.00 F.O.B. 
Boston. Delivery is from stock. 

Complete technical data is available on 
request from the firm. 

Component Marking Machine 
Model RG is a conveyor-type machine 

available from International Eastern Co., 
801 Sixth Ave., New York 1, N. Y., for 
printing cylindrical pieces such as capaci¬ 
tors, resistors, tubes, and so forth. The 
printing rate is 3600 pieces per hour or if 
a double conveyor is used, twice that out¬ 
put is possible. 

Model B3/2F is a hand-operated ma¬ 
chine, which may be set up with a special 
lever action numbering head for printing 
serial numbers in a minimum space. The 
firm has been successful in printing 6 
digits on the top of a transistor (J") 
diameter. 

Other machines are available for print¬ 
ing components of all shapes, as well as 
Model RI for printing meter scales, sub¬ 
panels and all flat pieces. 

Hydrazine Activated 
Core Solder 

Hydrazine flux, formerly available only 
in liquid form, has now been incorporated 
into core solder by Fairmount Chemical 
Co., Newark, N. J. Called H-32, the new 
core solder combines the advantages of 
standard hydrazine flux while providing an 
integrated ratio of flux to solder for proper 
wetting. 

The H-32 core solder can be used in 
soldering all electrical and electronic equip¬ 
ment. In addition, the non-acidic flux 
leaves no resin residue to support fungus 
growth, is non-corrosive, and non-hygro-
scopic. It vaporizes completely at soldering 
temperature, eliminating cleaning and resi¬ 
due removal. Joints made with this flux 
will not corrode. 

The following metal surfaces can be 
soft-soldered : copper, brass, hot tin dipped, 
hot solder dipped, tin plate, solder plate, 
copper plate, cadmium plate, zinc, silver 
plate, beryllium copper and nickel plated 
brass. It can be used with the following 
systems: common solders of tin-lead; tin 
lead silver; tin antimony; tin silver; certain 
fusible alloys containing tin, lead, cad¬ 
mium, bismuth, antimony, indium; pure 
tin; pure lead for bonding to copper. 

Technical data, as well as information 
on how it can be used for specific applica¬ 
tions, is available from the company’s gen¬ 
eral sales office, 136 Liberty St., New York 
6, N. Y. 

Plug Insulator 

A method of molding together two sec¬ 
tions of polychloroprene material of differ¬ 
ent hardness, to form one homogeneous 
piece, was recently developed by Cannon 
Electric Co., 3208 Humboldt St., Los 
Angeles 31, Calif. The new molding tech¬ 
nique provides the rear of the insulator, 
or the sealing end, with a low-shore hard¬ 
ness which enables the endl>ell to compress 
the rubber into a solid, sealing mass around 
the conductors; and the front, or mating 
end, is a high-shore hardness which is suffi¬ 
cient to retain the contacts firmly in place 
and yet is resilient enough to allow them to 
be removed repeatedly. This new develop¬ 
ment is used on the MS/RX and KPT/KSP 
type plugs. 

Low Cost 
Digital Voltmeter 

An economical digital voltmeter that 
owes its low price ($295) to an electrome¬ 
chanical-optical system that successfully 
combines patented stroboscopic readout 
techniques with the long life and high ac¬ 
curacy of a conductive plastic potentiom¬ 
eter, has been produced by Electro-Logic 
Corp., 515 Boccoccio Ave., Venice, Calif. 

I’he DVM affords an accuracy of 0.4%. 
Heart of the instrument is a number drum, 
rotating continuously at high speed, which 

(Continued on l'ope 164A) 
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. . . and Polaris and Talos and Atlas and Jupiter and Thor and Titan and Bomarc 

and Zeus and Pershing and hundreds of other military and industrial applications. 

For Delco Radio’s highly versatile fam.ly of 2N174 power transistors meet or exceed the most rigid electrical and extreme environmental 

requirements. 

Over the past five years since Delco first designed its 2N174, no transistor has undergone a more intensive testing program both in the 

laboratory and in use, in applications from mockups for commercial use to missiles for the military. And today, as always, no Delco 2N174 

leaves our laboratories without passing at least a dozen electrical tests and as many environmental tests before and alter aging. 

This 200 per cent testing, combined with five years of refinements in the manufacturing process, enables us to mass produce these highly 

reliable PNP germanium transistors with consistent uniformity. And we can supply them to you quickly in any quantity at a low price. 

For complete information or applications assistance on the Military and Industrial 2N174's or other application-proved Delco 

transistors, just write or call our nearest sales office. 

Union, New Jersey 
324 Chestnut Street 
MUrdock 7 3770 

Santa Monica, California 
726 Santa Monica Blvd. 
UPton 0-8307 

Chicago, Illinois 
5750 West 51 st Street 
Portsmouth 7-3500 

Detroit, Michigan 
57 Harper Avenue 
TRinity 3-6560 

Division of General Motors • Kokomo, Indiana 
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AiResearch Minifan* is an ex¬ 
tremely high performance 400-cycle 
AC motor-driven fan used for cooling 
airborne or ground electronic and 
electrical equipment. Model shown 
has a flow capacity of 53.5 cfm at a 
pressure rise of 3.44 H2O, and 
requires only 69 watts. 
Minifan operates up to 125°C. 

ambient. Its size and weight make it 
ideal for spot cooling, cold plates or 
as a cooling package component. 
The fan can also be repaired, greatly 
increasing its service life. 

Range of Specifications 

• Volume flow: 21.5 to 53.5 cfm 
• Pressure rise: .6 to 3.44 H2O 
• Speed: 10,500 to 22,500 rpm 
• Single, two or three phase 

power 
• Power: 16 to 69 watts 
• Standard or high slip motors 
• Weight: .36 to .-18 lb. 

A world leader in the design and 
manufacture of heat exchangers, fans 
and controls, AiResearch can assume 
complete cooling system responsibil¬ 
ity. Your inquiries are invited. 

•Minifan is an AiResearch trademark. 

the CORPORATION 

AiResearch Manufacturing Division 

Los Angeles 45, California 

NEWS 
New Products 

Electronic Engineering Co. of Cali-
fornia, 1601 E. Chestnut Ave., Santa Ana, 

I Calif., has published a new short form 
I catalog, No. 2, which gives details, prices 

Timing and Data 
Handling Catalog 

These manufacturers have invited PROCEEDINGS 
I readers to write for literature and further technical 

information. Please mention your IRE affiliation. 

(Continued from page 162A) 

is coupled directly to a rotary linear po¬ 
tentiometer that generates a sawtooth 
sweep voltage. This setup is expensive and 
said to be more reliable than a.t equivalent¬ 
purpose electronic sawtooth generator plus 
clock and counter system of the conven¬ 
tional all-electronic DVM. 

On the surface of the drum isa film strip 
containing a row of small holes, each 
aligned with one of a sequential series of 
250 numbers. Holes and numbers are 
placed at equal intervals of 320° of the 
drum periphery. The potentiometer, with 
electrical angle of 320°, is mounted on the 
same shaft as the drum—both being ro¬ 
tated continuously at a nominal speed of 
24 revolutions per second by a small motor. 

A light shines through the holes in the 
film, onto a photodiode which feeds a series 
of clock pulses to a flip-flop, pulses so timed 
that a strobe lamp, located inside the drum, 
fires only when a number and a projection 
lens are properly aligned. 

A standard voltage is impressed across 
the potentiometer, generating a sawtooth 
or “ramp” voltage for each revolution of 
the potentiometer (and drum). 

1 he unknown voltage is continually 
compared, by electronic means, to this 
sweep voltage, and at the instant the 
two voltages—the potentiometer-generated 
sweep and the unknown—are equal, the 
flip-flop is triggered so that the next hole 
coming into alignment causes the strobe 
lamp to flash. A film strip number is there¬ 
by projected through an enlarging lens 
onto a ground-glass viewing screen on the 
front of the instrument. Since this compari¬ 
son is made once for each revolution, the 
strobe lamp “fixes” or stops the number 
which corresponds to the unknown volt¬ 
age. 

Because of the high rotational speed 
plus long life requirement, wire-wound 
potentiometers were ruled out by the de¬ 
signers who concluded that performance 
degradation due to wear caused linearity 
problems within a relatively short time. 

I'he problem was solved by the use of a 
conductive plastic sweep potentiometer, 
manufactured by Markite Corp., 155 
Waverly 1’1., New York City. This com¬ 
ponent had the life and wear character¬ 
istics advantages afforded by the uninter¬ 
rupted surface of the conductive plastic re¬ 
sistance track, along which the precious 
metal wiper continually travels. The po¬ 
tentiometer was specified as equal to the 
accuracy of the voltmeter. 

HIGH 
PERFORMANCE 

2-lnch 
Cooling Fan 

and illustrations of their time code genera¬ 
tors, timing system auxiliary equipment, 
magnetic tape search and control systems, 
data handling equipment, punched tape 
programmers, adapter sockets, and relay 
testers. 

Precision-Moldable 
Insulation Material 

The development of SUPRAMICA 620 
“BB” ceramoplastic, a precision-moldable, 
ultra-high temperature dielectric, is an¬ 
nounced by Mycalex Corporation of Amer¬ 
ica, Clifton Blvd., Clifton, N. J. 

This insulation will operate at tempera¬ 
tures to 1200°F. This widens the range of 
problems ceramoplastics can solve in the 
area of missile and space research, and the 
heat generated by even the most modern 
high-speed and miniaturized electrical and 
electronic equipment will have no effect on 
620 “BB" parts. This material can be 
molded, it is said, to the most complex 
geometries with gage-like tolerances. 

The hermetic sealing capabilities of this 
insulation material are said to surpass gen¬ 
erally accepted standards. In testing, a 
group of precision-molded component 
parts were subjected to a helium mass 
spectrometer leak detector sensitive 
enough to detect leaks as small as 2X 10 -10 

cc of helium per second. They showed no 
sign of leakage. 

SUPRAMICA 620 “BB" retains its 
insulation resistance at elevated temper¬ 
atures. At 932°F, its volume resistivity is 
IX 10« ohm cm. 

I'he thermal expansion factor matches 
that of many metals. 

Dual Coaxial Couplers 
The first dual coaxial couplers specifi¬ 

cally designed for use in coaxial reflectom¬ 
eter setups, featuring high directivity and 
a four-to-one frequency range, have been 
announced by the Narda Microwave Corp., 
118-160 Herricks Rd., Mineola, L. I., N. Y. 

A directional coupler used as a reflec¬ 
tometer must exhibit extremely high di¬ 
rectivity, since the error in VSWR intro¬ 
duced in the measurement is equal to the 
VSWR associated with the directivity of 
the reflected wave coupler. I'he directivity 

(Continued on page 166A) 
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“Our new 

We now have distributors in 20 key cities throughout the 
nation. For prompt handling of all orders for our top¬ 
quality panel instruments, just get in touch with the 
Honeywell distributor nearest you, our sales representa¬ 
tives, or with us directly: Precision Meter Division, Minne¬ 
apolis-Honeywell Regulator Co., Manchester, N. H., 
U.S.A. In Canada, Honeywell Controls Limited, Toronto 
17, Ontario; and around the world, Honeywell International 
Division, Sales and Service Offices in all principal cities. 

These are the organizations who 
can get Honeywell Precision Meters to you in a hurry: 
CALIFORNIA: Atlas Electronics, Inc., 4618 Santa Fe St., San Diego 9, 
BR 4-3131; Bell Electronic Corp., 306 E. Alondra Blvd., Gardena, FL 1 5802; 
Fisher Switches Inc., 40 Gouch St., San Francisco, UN 1-2569; Elwyn W. 
Ley Co., 16514 So. Garfield Ave., Paramount, NE 6-8339; Newark Elec¬ 
tronics Corp., 4747 W. Century Blvd., Inglewood, OR 8-0441; CONNECT¬ 
ICUT: Radio Shack Corp., 230 Crown St., New Haven. ST 7-7121; Radio 
Shack Corp., 29 High Ridge St., Stamford, DA 5-4371; WASHINGTON, 
D.C.: Electronic Wholesalers Inc., 2345 Sherman Ave.. W., Washington 1, 
HÜ 3-5200; ILLINOIS: Newark Electronics Corp.. 223 W. Madison St., 
Chicago 6, ST 2-2944; MASSACHUSETTS: Electrical Supply Corp., 205 
Alewife Brook Pky., Cambridge, UN 4-6300; Radio Shack Corp., 730 
Commonwealth Ave., Boston 17, RE 4-1000; MICHIGAN: Electronic Supply 
Co., 94 Hamelin Ave., Battle Creek, WO 4-1241; MINNESOTA: Stark Elec¬ 
tronics Supply Co., 112 Third Ave., No., Minneapolis, FE 6-9220; NEW 
JERSEY: State Electronic Parts Corp., 399 Rte. HO, Whippany, TU 7-2550; 
NEW YORK: A & M Instrument Service Inc., 48-01 31st Ave., L.l. City 3, 
RA 6-4343; Peerless Radio Distributors Inc., 19 Wilbur St., Lynbrook, L.I., 
LY 3-2121; OHIO: Herrlinger Distributing Co., 112 East Liberty St., Cincin¬ 
nati 10, GA 1-5285; PENNSYLVANIA: Harold H. Powell Co., 2102 Market St.. 
Philadelphia 3, LO 7-5285; WASHINGTON: Branom & Leeland Instrument 
Co., 2137 2nd Avenue, Seattle 1, MA 2-7320. 
Honeywell International Sales and Service oil ices in all principal cities ol the world. 

distribution 
network assures 
same-day 
shipment on 
ail standard 
Honeywell 
Meters” 
-CARL ANDERSON 
General Manager, Precision Meter Division 
Minneapolis-Honeywell Regulator Company 

Honeywell 
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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. 

Warren Birkenhead 
and staff 

Japanese-to-English technical translations—pat¬ 
ents, brochures, papers. Electronics equipment 
design, engineering representation in Japan and 
quality control. 
No. 3, 21 Gochi, Shiba Park, 
Minato Ku, Tokyo, Japan 
Cable Address: ‘ BIRKENHEAD TOKYO" 

Research Consultation Evaluation 

DAVID ELLIS, Ph.D. 
The Logical Sciences 

Systems & Operations Planning & Organization 

1187 Roxbury Place 
Thousand Oaks, Calif. HUdson 5-5622 

M. D. ERCOLINO 
Antenna Laboratories and Engineering 

Staff 
Consultation and Development 

Antennas, Systems, Baluns, Rotators. 
Rotatable Antenna Masts 

Asbury Park. NJ. PRospect 5-7252 

EARL GREENBERG and associates 
Prototype Design. Development 

and Construction 

Transistorized Circuitry—Product Development 
—Special Purpose Small-Scale Digital or Analog 
Computers—Process Control Equipment. 

9-20 166th Street. Whitestone, New York 
Hickory 5-2459 

CLYDE E. HALLMARK 
and associates 

Specializing in Instrumentation—Automatic Con¬ 
trol—Television—General Electronics—Semicon¬ 
ductor & Magnetics Application—Systems Re¬ 
search—Project Evaluation. 
ENGINEERING SERVICE—CONTRACT RAD 

New Haven Indiana 

LEON HILLMAN 
Engineering Staff and Laboratory 

• Instrumentation • Control Systems 
• Electronic Research and Development 

255 County Rd., Tenafly, N.J. 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, L.I., N.Y. 
FReeport 9-8800 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 
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of these couplers, Models 3020 and 3022, 
is held to 35 db and 30 db minimum, re¬ 
spectively, allowing a maximum error of 
1.035 VSVVR, for the Model 3020. 

Both models cover two octaves in fre¬ 
quency; Model 3020 covers the 250 to 
1000 me range and Model 3022 covers the 
1000 to 4000 me range. Coupling of each 
arm is held to 20 db+ 1.0 db over the fre¬ 
quency range and the coupling of the for¬ 
ward and reverse arms track each other 
within 0.3 db total. 

In addition, the couplers feature un¬ 
usually low main and secondary line 
\ SW R. Model 3020 holds the main line 
VSWR to 1.05 maximum; Model 3022 is 
1.10 maximum. 

Model 3020 is priced at SI 60 and is 
available from stock; Model 3022 is S150 
and will be available from stock after 
April 1. 

FM Signal Generator 
For testing Command Receivers oper¬ 

ating in the 400-550 me band, Marconi 
Instruments, 111 Cedar Lane, Englewood, 
X. J., has produced FM Generator Model 
1066B/2. With this new instrument, car¬ 
rier frequency can be set precisely to any 
1 me channel and multiple tone modulation 
to 300 kc deviation can be appiied. 

Additional features include a calibrated 
fine frequency control for bandwidth meas¬ 
urements, a modulation compression cir¬ 
cuit for constant FM deviation and mutual 
inductance piston attenuator of very low 
VSW R for RF level control. 

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 S. K. Wolf M. Westheimer 
WIRE. CARRIER, RADIO. MICROWAVE 

TROPO SCATTER 
Feasibility Studies. Terrain Surveys, System De¬ 
sign, Job Supervision, Government Proposals, 
Market Research, Product Planning. 
1475 Broadway, New York 36. N.Y., BRyant 9-8517 

E. M. OSTLUND & associates 
Electronic Engineers 

Radio—Microwave—Carrier— 
Communication—Control— 
Systems and Equipment 

Consulting—Research—Development 
ANDOVER. NEW JERSEY 

Tel: PArkway 9-6635 P.E.N.J. 

NATHAN GRIER PARKE 
and staff 

Consulting Applied Mathematicians 
Research • Analysis • Computation 

Bedford Road • Carlisle. Massachusetts 
Telephone EMerson 9-3818 

PAUL ROSENBERG 
& associates 
Established 1945 

Consultation, Research & Development 
in Applied Physics 

100 Stevens Ave., Mt. Vernon. New York 
MOunt Vernon 7-8040 Cable: PHYSICIST 

MYRON M. ROSENTHAL 
& staff 

Microwave & Electronic Systems 

19 Brookline Dr., North Massapequa, N.Y. 
PErshing 5-2501 

Analysis—Research—Design 
Electronics and Automation 

GARDNER H. SLOAN 
R & D Consultant 

Electrical Engineer. Physicist 

One Story Street Harvard Square 
Cambridge 38. Mass. Eliot 4-0766 
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MODULAR 
TELEMETRY 
RECEIVER 
FEATURES 
MULTIPLE 
BANDWIDTH 
SELECTION 

Designed to provide a selectable bandwidth capability for PCM, the 
1455 most nearly approximates a “universal” telemetry receiver. 
IF/ Demodulator Modules are available in bandwidths ranging from 
100 KC to 1.5 MC. Each module contains 3 independent demodu¬ 
lators. Selectable by a front panel switch, they are: Foster-Seeley 
Discriminator, Phase-Lock Detector, and AM envelope detector. As 
a further refinement in signal-to-noise ratio enhancement, the video 
amplifier incorporates a video bandwidth filter having a 6 db per 
octave roll-off adjustable from 20 KC to 1.2 MC by means of a front 
panel switch. This receiver is capable of optimum reception of any 
known type of telemetry signal. Features: 5 MC pre-detection record¬ 
ing output, playback input terminals, and integral VFO, automatically 
actuated by a micro-switch on the crystal socket. The modulation 
sensitivity and deviation meter scales provide output voltages and 
meter deflections which are essentially the same percentage of 
bandwidth in all modules. 

Available as an accessory unit is the Nems-Clarke IFC 1400 Pre¬ 
Detection Converter which permits use of the 1455 with stationary-
head instrumentation tape recorders for pre-detection recording. 

CBS Electronics, Semiconductor Operations 67A 

Christie Electric Corp. 80A 

Clairex Corporation 94A 

Clearprint Paper Company 101 A FLECTRON/CS A DIVISION OF VITRO CORPORATION OF AMERICA 
PRODUCERS OF NE NTS - d_i_A.R,KE EQUIPMENT 

919 JESUP- BLAIR DRIVE, SILVER SPRING, MARYLAND / 2301 PONTIUS AVENUE, LOS ANGELES 64. CALIFORNIA 
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MARCONI 
microwave 

communication systems 
HIGH PERFORMANCE 

Marconi microwave systems, with 
capacities from 60 to 960 channels, 
and capable of carrying high quality 
television, are designed to meet exact¬ 
ing international standards of perfor¬ 
mance with margins in hand. 

EXTREME SIMPLICITY 

Travelling wave tube techniques en¬ 
sure extremely simple circuitry and 
make full use of high gain and great 
band width available. A unidirectional 
repeater consists of only three travel¬ 
ling wave tube amplifiers and one 
frequency change oscillator with their 
power supplies. 

GREAT RELIABILITY 

The use of travelling wave tubes in 
the repeaters has allowed considerable 
reduction in the number of valves and 
components used. Thus the likelihood 
of unexpected failure has been con¬ 
siderably reduced. 

EASY MAINTENANCE 

The design of the units ensures easy 
access to all parts of the equipment 
and the extensive use of printed 
circuitry allows speedy and accurate 
replacement of precision circuits by 
technician staff, without realignment 
of the equipment. 

EXTREME SAFETY 

All high voltages are fully interlocked. 

The Post and Telegraph Authorities 
in more than 80 countries rely on 

MARCONI 
COMMUNICATIONS 

SYSTEMS 

WORLD LEADERS IN ALL 

TRAVELLING WAVE TUBE 

MICROWAVE SYSTEMS 

MR. J. S. V. WALTON, MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED 

SUITE 1941. 750 THIRD AVENUE. NEW YORK 17. N.Y . U.S A 

Marconi’s wireless telegraph company limited, Chelmsford, essex, England 
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McGraw-Hill Book Company, Inc. 97A 

Measurements, A McGraw-Edison Div. I79A 

Microtran Company, Inc. 8A 

Microwave Associates, Inc. 23A 

Midland Mfg. Co. 2IA 

Millen Mfg. Co., Inc., James 5AA 

Minneapolis-Honeywell Regulator Co., Aeronauti¬ 
cal Div. I39A 

Minneapolis-Honeywell Regulator Company, Ord¬ 
nance Div. IG5A 

Minneapolis-Honeywell Regulator Company, Me¬ 
ter Div. I65A 

Minnesota Mining & Mfg. Co., Mincom Div. 55A 

Mitre Corporation I3IA 

Motorola, Inc., Semiconductor Products Div. 85A 

Narda Microwave Corp. 95A 

National Aeionautics and Space Administration 
II9A. I4AA 

National Cash Register Company I43A 

Nexon, V. J., S. K. Wolf 4 M. Westheimer I6AA 

Nippon Electric Company, Ltd. I5IA 

Ostlund, E. M IAAA 

PRECISION 3-TERMINAL 
(INSENSITIVE TO GROUNDED CAPACITANCE) 

CAPACITANCE BRIDGES ! 

MM 

MODEL 75A MODEL 74C 

100 KC Test Frequency 

I 

Price $990 Price $935 

MODEL 75A-S8 MODEL 74C-S8 (Shown) 

HUlMbu 

I 

0.001 to 1000 Mmhos 
Conductance 

0.01 to 1000 Mmhos 
Conductance 

1 Me Test Frequency 
MIL SPEC. TESTING 

0.0002 to 1000 
Generally 0.25% 

1000 ohms to 100 megohms 
Shunt Resistance 

0.0002-11,000 
Generally 0.25% 

1000 ohms to 1000 megohms 
Shunt Resistance 

With -5 to + 100V DC Bias 
for Diode Testing 

Price $995 

With -5 to +100 VDC Bias 
for Diode Testing 

Price $1050 
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MEASUREMENTS’ 
MODEL 139 

I. F. TEST OSCILLATOR 

A compact, versatile, portable in¬ 
strument for rapid and accurate 
alignment of l-F circuits in all 
types of radio receivers. An ideal 
companion instrument for Meas¬ 
urements’ Model 560-FM Signal 
Generator. 

Advertising 
Index mA? 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim 

Page Communications Engineers, Inc. 47A, 49A, 5IA 

Panoramic Radio Products, Inc. I53A 

Parke, Nathan Grier . I66A 

Permanent Employment Agency I28A 

Philco Corporation, Computer Div. . I29A 

Philco Corporation, Lansdale Div. Cover 3 

Philco Corporation, Western Development Labs. 
. IHA 

Power Designs, Inc. 56A 

Price Electric Corp. 52A 

Sanders Associates, Inc. . . 108A 

Sarkes Taman Inc., Semiconductor Div. 42A 

Sensitive Research Instrument Corp. 83A 

Shockley Transistor .... . II4A 

Sloan, Gardner H.  I66A 

Sola Electric Company . 25A 

Space Technology Labs. I27A 

Sprague Electric Co. . 3A, 5A, 7IA 

Stewart Engineering Co. I60A 

Sylvania Electric Products Inc., Amherst Labora¬ 
tories I03A 

Sylvania Electric Products Inc., Electronic Sys¬ 
tems Div. I37A 

Sylvania Electric Products Inc., Electronic Tube 
Div. 65A 

Sylvania Electric Products Inc., Microwave Device 
Operations I2IA 

Radio Corporation of America, Defense Electronic 
Products.   54A 

Radio Corporation of America, Electron Tube 
Division 98A 

Radio Corporation of America, Semiconductor 
and Materials Div. 3IA 

Radio Switch Corporation . 53A 

Raytheon Company, Microwave 4 Power Tube 
Div. . 7A 

Rider, Publisher, Inc., John F. 86A 

Rixon Electronics, Inc. . I62A 

Rohde & Schwarz . . . .. 50A 

Rosenberg, Paul . I66A 

Rosenthal, Myron M. I66A 

Rotax, Inc. 66A 

Sanborn Company . 9IA 

Technical Materiel Corporation 78A 

Tektronix, Inc. 82A-83A 

Texas Instruments Incorporated, Semiconductor-
Components Div. 6IA, 77A 

Transitron Electronic Corp. 45A 

U. S. Army, Chemical Corps Proving Ground II0A 

U. S. Naval Research Laboratory I34A 

United Transformer Corp. Cover 2 

Varian Associates, Tube Division I7A 

Vitro Electronics Div., Vitro Corp. I67A 

Western Gold & Platinum Co. . 64A 

Westinghouse Electric Corp., Baltimore Div. I25A 

Westrex Corp., Div. of Litton Industries HA 

Wright Division, Sperry Rand Corp. 44A 

FEATURES 
• Four direct reading, individually 

calibrated frequency scales. 
• Two independent crystal oscillators. 

• Self-contained, regulated power 
supply. 

• Wide range of output voltage. 

SPECIFICATIONS 
Frequency Ranges: 
A — 3-5 Mes. C — 8-12 Mes. 
B — 5-8 Mes. D — 12-20 Mes. 

Crystal 1 — 455 Ke (standard) 
Crystal 2 — Optional 

Frequency Accuracy: 
ztl% (Bands A-D) Crystal accuracy 
(Bands 1-2). 
Output Voltage: 
Minimum .5 volt into a 50 ohm re¬ 
sistive load. 
May be attenuated at least 50 to 1 
by means of a front panel control. 
Power Supply: 
117 volts, 50/60 cycles, 10 watts. 

NEW 
MEASUREMENTS 

Standard Signal 
Generator 

for mobile communications ... 

The Model 560-FM 

Standard Signal 

Generator 

Model 560-FM 

Pike - S640.00 

is specifically • Frequency ranges 25-54, 140-175, 400-470, 
890-960 Me. 

Communications 

industry. 

WRITE FOR BULLETIN 

A McGraw-Edison Division 

$165.00 with one 455 Kc crystal in¬ 
stalled, F.O.B. Boonton, New Jersey. 
Second crystal optional. 

Dimensions: 
6" wide X 8" high x 6" deep. 
Weight: 
7 pounds. 
Recommended Accessories: 
Terminated 50- ohm cable. (Part No. 
H-5626). 

designed to meet 

the exacting 

requirements 

of the Mobile 

BOONTON, NEW JERSEY 

• Fine tuning control shifts carrier ±8 Kc. 
• Peak deviation to ±16 Kc. read directly 

on meter. 
• Residual FM less than 100 cycles at 460 Me. 
• Output 0.1 to 100,000 microvolts accurate 

±10% across 50 ohm termination. 
• Excellent stability. 
• Modulation by 1000 cycle internal 

or by external source. 
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111 ill /l\ 
TOI TO-9 TO-31 TO-18 

In TO-1 CASE: 
2N5O1 —Ultra high speed switch 
2N501A— Military version of 2N501 

In TO-9 CASE: 
2N1204— Ultra high speed, high 
current switch 
2N 1495— High voltage, high speed, 
high current switch 
2N1499A— High speed, low cost 
switch (MIL version available) 
2N 1500— Ultra high speed switch 
(MIL version available) 
2N 1754—Very low cost, high speed 
switch 

In TO-31 CASE: 
2N 1494— High power version of 
the 2N1204 
In TO-18 CASE: 
2N768— Ultra high speed switch 
for very low power circuits 
2N769—World's fastest switch 
2N779A— Ultra high speed switch-
very high beta 
2N846A— Ultra high speed switch 

Immediately available in quantities 
1-999 from your Philco 
Industrial Semiconductor Distributor 

The Industry’s Strongest Record of 

PERFORMANCE and RELIABILITY 

In high-speed computers, control systems, guidance systems and many 
other critical military and industrial switching applications, Philco’s 
patented high-frequency Micro Alloy Difïused-base 'I ransistors are 
used more widely than any other type. There are many reasons for this 
broad acceptance. Philco MADTs are available in a full range of types, 
each designed and produced to tight specifications for specific appli¬ 
cations. They are manufactured by Philco’s patented Precision-Etch* 
process on the world’s first fully-automatic transistor production lines 
. . . under rigid quality control. Philco MADTs have proved their 
outstanding performance capabilities and reliability in billions of 
transistor hours of actual field operation . . . far more than any other 
type of transistor. 

There is a Philco MADT to meet your requirements . . offering 
the advantages of cadmium junctions for cooler operation . . . low 
collector capacitance ... low saturation voltage ... high beta with good 
linearity . . . excellent frequency response . . . low hole storage time . . . 
and excellent temperature stability. 

Specify Philco MADTs with complete confidence. For full informa¬ 
tion On any specific type Write Dept. IRE461. »Trademark Philco Corp. 

PH ILCO 
fjamoiu ̂ or Qualify tAe ¿ffóiAÍ Quer 

LANSDALE DIVISION, LANSDALE, PENNSYLVANIA 

IN THF MOST FY ACTING APPLICATIONS 

PHILCO MADT 
bWITUHINU I KANolo I UKo 



1OOC lOOKi Mc lOMc 

• High performance at reasonable cost 
with 5-Mc fifth-overtone Warner 
crystal and two-stage oven. 

• Short-Term Stability: 1 part in 10 10 

per min, using I sec samples. 

• Long-Term Stability: 5 parts in 10 10 

per day, averaged over 10 days after 
60 days operation. 

• Low Noise: Below 5 Me — pulse-
type dividers provide fail-safe opera¬ 
tion and minimize phase noise. Above 
5 Me — phase-locked crystal oscilla¬ 
tors provide clean signals — f-m 
noise less than 1 part in IO9. 

• Syncronometer gives resolution 
(±0.2 msec) for time comparisons 
consistent with stability of sky-wave 
signals from WWV and other sta¬ 
tions. Direct digital readout. 

• 10-kc and 100-kc square waves for 
triggering purposes. 

• Harmonics for measurements well 
beyond X-band can be produced 
with simple distorting and mixing 
diode. 

1120-AH 
1000-Mc Frequency Standard 

...S6450 

A 5-Mc Crystal Oscillator with 
Decade Dividers to 1OO cps. and 
Decade Multipliers to 1OOO Me. 

INCLUDES . 
11O3-B Syncronometer 

1114-A Frequency Divider 

1113-A Standard-Frequency 
Oscillator 

1112-A and -B Stanaard-
Frequency Multipliers 

1120-A 

5-Mc Frequency Standard 

... S3640 

With Decade Dividers to 1OO cps. 

INCLUDES three top 

instruments only 

For Use With These Standards ... 
1105-A Measuring Equipment provides 
high selectivity for the measurement of 
weak signals in the presence of noise; 

1130-A Digital Time and Frequency Meter 
for general laboratory work. 

Additional Plug-In Units provide 400 
cps and 60 cps; 1114-P6 $85 and 
I II4-P7, SI 15, respectively. 

Type 1116-A Emergency Power Sup¬ 
ply available as an accessory. 

Write for Complete Information GENERAL RADIO COMPANY 
WEST CONCORD, MASSACHUSETTS 

The Best Instruments 
In Electronics 

NEW YORK, WOrth 4-2722 
NEW JERSEY, Ridgefield, WHitney 3-3140 

CHICAGO 
Oak Fork 

Village 8-9400 

PHILADELPHIA 
Abington 

HAncock 4-74 19 

WASHINGTON, D C 
Silver Spring 

JUniper 5- 1 088 

SAN FRANCISCO 
Los Altos 

WHitediff 8-8233 

LOS ANGELES 
Los Angeles 

HOIlywcod 9-6201 

IN CANADA 
Toronto 

CHerry 6-2171 




