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For Your Special Applications 
The bulk of UTC production is on special units designed to specific customers' reeds. 

Illustrated below are some typical units and some unusual units as manufactured for 

special applications. We would be pleased to advise and quote to your special requirements. 

FILTERS 
All types for 
frequencies 
from .1 cycle 
to 400 MC. 

15 — BP filter, 20 db at 30 
—, 45 db at 100 —, phase 
angle at CF less than 3° 
from —40 to + 100° C. 

LP filter within 1 db to 49 
KC, stable to . 1 db from 0 
to 85° C., 45 db at 55 KC. 

LP filter less than . 1 db 0 
to 2.5 KC, 50 db beyond 3 
KC. 

400 — telemetering, 3 db at 
7.5%, 40 db at 230 and 

700 —, s,le a 11/4  x 2" 

NIGH (I COILS 
(- T' Toroid, 

laminated, 
and cup 
structures 
from .1 cycle 
to 400 MC. 

Tuned DO-T servo amplifier 
transformer, 400 — . 5% 
distortion. 

Toroid for printed circuit. Q 
of 90 at 15 KC. 

Dual toroid. CI of 75 at 10 HVC tapped variable inductor 
KC, and Cl of 120 at 5 KC. for 3 KC oscillator. 

SPECIALTIES 
Saturable reactors, 
reference 
transformers, 
magnetic 
amplifiers, 
combined units. ,,- f p,- t--. 

, 
'' .- -, 
_ 

. , ..0. 

, , 
, 

RF saturable ilductor for 
sweep from 17 MC to 21 MC 

Voltage reference trans-
former 05% accuracy. 

Multi-control magnetic am-
plifier for airborne servo. 

Input, output, two tuned 
interstages, peaking net-
work, and BP filter, all in 
one case. 

PULSE 
TRANSFORMERS 
From miniature 
blocking 
oscillator to 
10 megawatt. 

Wound core unit . 01 micro- Pulse currert tansformer 100 
Amp. second rise time. 

Pulse output to magnatron, Precise wave shape pulse 
bifilar filament. output, 2500 V. 3 Amps. 

POWER 
III COMPONENTS 

Standard and high 
temperature ... 
hermetic, 
molded, and 
encapsulated. 

eets 

, 0e 
. 

III 
Multi-winding 140 VA. 6 KC 
Power transformer 11/4 x 11/4 
x 1" 

200' C power transformer, 
400 —, 150 VA 

400 — scope transformer, 
20 KV output. 

60 — current limiting fila-
ment transformer, Sec. 25 
Mmfd., 30 KV hipot. 

UNITED TRANSFORMER CORPORATION 
150 Varick Street, New Yosk 13, N. Y. • EXPORT DIVISION: 13 E. 40th St., New York 16, N. Y., 

CABLES: " ARLAB- PACIFIC MFG. DIVISION, 4008 W. Jefferson Blvd., Los Angeles, Cal. 
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MOST RELIABLE "WRAP-AND-ENDFILL" FILM 

CAPACITORS-

Reliability in a "wrap-and-endfill" at last! . . . 
Sprague Yellow-Jacket Filmite "E" Capacitors. 
The design of these small, lightweight film capac-
itors is based on the most extensive life test data 
for polyester film dielectrics available at the pres-
ent time. These capacitors will withstand a 250 
hour accelerated life test of 150 % of the 85 C 
rated voltage impressed or the equivalent de-
rated 125 C voltage. Not more than I failure is per-
mitted in 25 samples tested. 

The "extended-foil" capacitor sections are 
fully protected against moisture by an outer wrap 
of yellow polyester-film tape. Ohly ultra-thin, 
specially selected foil and polyester film are used. 
The end seals are of a plastic resin which has 
been formulated to bond with the film wrap and 
the tinned leads so as to provide a secure seal. 

TYPE 158P 

YELLOW-

JACKET' 

CAPACITORS 

for military 

and industrial 

electronics 

Because of their outstanding resistance to 
humidity, vibration, and shock, Type 158P 
Yellow-Jacket Capacitors are ideal for many 
military, computer, industrial control, and simi-
lar applications. They are particularly well-suited 
for potting or encapsulating in electronic sub-
assemblies, filters, etc. 

For complete engineering data on Military-Grade Yellow-Jacket Film 
Capacitors (Type 158P) write for Engineering Bulletin 2301. 
Data on Sprague's Commercial and Entertainment Grade Yellow-
Jacket Capacitors (Types 148P and 149P) is given in Bulletin 
2063A. Both bulletins are available from Technical Literature 
Section, Sprague Electric Company, 235 Marshall Street, North 
Adams, Massachusetts. 

SPRAGUE' 
THE MARK OF RELIABILITY 

SPRAGUE COMPONENTS: 

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

HIGH TEMPERATURE MAGNET WIRE • CERAMIC- BASE PRINTED NETWORKS • PACKAGED COMPONENT ASSEMBLIES 
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ADVERT I SEM ENT SERIES IV NO. 11 

The problem of "peeling off" 
the frequency components of an in-
put signal as shown in Figure 1 is 
inherent in many countermeasures 
systems. While oilier types of filters 
have been used in the past, a rather 
unconventional filter appeared to 
offer several advantages. This filter 
(Figure 2) is a branch-type direc-
tional filter and its performance has 
recently been studied at AIL. The 
study program revealed the surpris-
ing result that many of the advan-
tages of directional filters can be ob-
tained if one and only one resonator 
is included in each branch. 

The directional filter is a four-
port network whose ideal responses 
are: 

Port 1—Unity SWR 
Port 1 to Port 2— 

Band-Pass Response 
Port 1 to Port 3— 
I n finite Isolation 

Port 1 to Port 4— 
Band-Reject Response 

A network with the above perform-
ance is well-suited for multiplexing 
systems as can be seen from the 
block diagram shown in Figure 1. 
Signals at the resonant frequency of 
each directional filter will appear at 
the correct ports without any 
branching loss and the effect of one 
directional filter upon the other is 
negligible. This is not true with con-
ventional branching filters. 

The symmetry of the branch 
line directional filter is utilized to 
simplify the analysis of the four-
port network by reducing it to an 
equivalent two-port. The overall net-
work can be described as the product 
of three ABCD matrices. One of 
these matrices is for the filter net-
work in each branch of the direc-
tional filter and the other two ma-
trices are for lengths of transmission 
line corresponding to the spacing of 
the branches along the main trans-
mission lines. In order to obtain the-
oretically the response stated above 
for each of the directional filter 
ports, certain conditions must be im-
posed on each of the matrices. High 
directivity ( isolation of Port 3 from 
Port 1) is obtained when each branch 
of the directional filter is identical 
and the spacing of the branches is 
(2n ± 1) X/4 on one manifold and 

In this article, Robert L. Sleven of our 
Department of Applied Electronics discusses a 

branch type directional filter and some sur-
prising results of a study program. 

Directional Filters 

4. 

INPUT 

SIGNAL 

f fc, fa, f.) 

Directional 
Filter 
a 

Directional 
Filter 

f 

4. 

Directional 
Filter 

Directional 
Filter 
d 

Figure I. Directional Filter Multiplexer 

OUTPUT MANIFOLD 

PORT 2 PORT 3 

PORT 1 PORT 4 

INPUT MANIFOLD 

Figure 2. Branch Line Directional Filter 

(2n ± 3) X/4 on the other manifold. 
To obtain the desired response at 
Ports 1, 2 and 4, conditions are im-
posed on the filter network which 
cannot be satisfied when each branch 
contains multi resonator filters. The 
filter network, in order to satisfy all 
conditions, must have identical driv-
ing point and transfer functions. 
This requirement can only be ful-
filled when each branch of the di-
rectional filter contains one resona-
tor. This result is significant because 
in the past it had been felt that as 
greater selectivity was required, 
more resonators would be used in 
each branch of the directional filter. 

After having proved that ideal 
directional filter characteristics were 
not theoretically obtainable with mul-
tiresonator branches, the study con-
tinued until a suitable compromise in 
the response at each of the ports, was 
found, for the multiresonator case. 
The discrepancies between desired 
and obtainable directional filter per-
formance differ depending upon the 
number of resonant elements in each 

branch. With an even number of dis-
sipationless resonators in each 
branch, the power at resonance 
vides between Ports 2 and 4 and fi-
nite SWR exists at Port 1. With an 
odd number of resonant elements in 
each branch, the desired directional 
filter performance is obtained at res-
onance : that is, all power out Port 2. 
Except for the one resonator case, 
however, all directional filters with 
an odd number of resonators in each 
branch exhibit high SWR's at points 
in the passband. 

The effect of dissipation on the 
directional filters performance is to 
mask some of the undesired charac-
teristics and to magnify others. The 
passband SWR's are diminished in 
the presence of loss and the power 
out Port 4, which should be zero at 
resonance, becomes significant when 
dissipation is present. 

The conclusions drawn from the 
directional filter study program 
were: ( 1) the ideal directional filter 
response listed above is theoretically 
obtainable when each branch con-
sists of only one resonator and ( 2) 
when the selectivity of multiresona-
tor filters is required, proper selec-
tion of filter decrements and coeffi-
cients of coupling will result in a di-
rectional filter response that is ade-
quate for many purposes. The theo-
retical conclusions of the branch line 
directional filter program were veri-
fied experimentally by AIL. 

A complete bound set of our fourth 
series of articles is available on request. 
If to Harold Hechtman at AIL for 
your set. 

i)dene eàaMefeCZal&iatey 

A DIVISION OF CUTLER-HAMMER, INC. 

DEER PARK, LONG ISLAND, N. Y. 

Phone MYrtle 2-6100 
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BLUE JACKET 
VITREOUS ENAMEL-PROTECTED, 
POWER WIREWOUND RESISTORS. 

Send for Bulletins: 7410-A (Axial Lead), 7400-A (Tab Type) 

KooLuird 
CERAMIC INSULATED-SHELL, 

POWER WIREWOUND RESISTORS. 

Send for Engineering Bulletin: 7300-A 

PERMASEAL 
CAST EPDXY HOUSING, 

PRECISION WIREWOUND RESISTORS. 

Send for Engineering Bulletin: 7500 

SPRAGUE RESISTORS 
SPRAGUE -ion 

1MEGC) 
±1%12W 

SPRA;uE 

 40QE  

FILMISTOW 
PRECISION CARBON FILM RESISTORS. 

for Bulletins: 7000 (Molded shell), 7010-B (Ceramic shell) 

MEC-O-MAX 
GLASS-JACKETED HIGH VOLTAGE, 

HIGH POWER RESISTORS. 

Send for Engineering Bulletin: 7200-A 

SPIRAMEG 
HIGH-RESISTANCE SPIRAL ELEMENT 

RESISTORS. 

Send for Engineering Bulletin: 7100 

SPRAGUE ELECTRIC COMPANY 235 Marshall Street North Adams, Mass. 

SPRAGUE COMPONENTS: RESISTORS • CAPACITORS • MAGNETIC COMPONENTS • TRANSISTORS 

INTERFERENCE FILTERS • PULSE NETWORKS • HIGH TEMPERATURE MAGNET WIRE • PRINTED CIRCUITS 
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HAROLD S. BLACK, LAMME MEDALIST 

"THE .eee- ENGINEE 
VIEWS HOPEFULLY.. 
THE HITHERTO 
UNATTAINABLE" 

A MAN WINS A MEDAL...AND 

STRENGTHENS A PHILOSOPHY 

The search for the "hitherto unattainable" some-
times ends in strange places. 

For years Bell Laboratories engineer Harold S. 
Black pondered a problem: how to rid amplifiers of the 
distortion which unhappily accumulated as signal-trans-
mission paths were made longer and amplifiers were 
added. There had been many approaches but all had 
failed to provide a practical answer. 

Then one day in 1927 the answer came—not in a 
research laboratory, but as he traveled to work on the 
Lackawanna Ferry. On a newspaper, Mr. Black jotted 
down those first exciting calculations. 

Years later, his negative feedback principle had 
revolutionized the art of signal amplification. It is a 
principal reason why telephone and TV networks can 
now blanket the country, the transoceanic cable is a 
reality, and military radar and missile-control systems 
are models of precision. 

For this pioneer achievement, and for numerous 
other contributions to communications since then ( some 

60 U. S. patents are already credited to him l, Mr. Black 
received the 1957 Lamme Medal from the American 
Institute of Electrical Engineers. He demonstrated that 
the seemingly "unattainable" often can be achieved, 
and thus strengthened a philosophy that is shared by 
all true researchers. 

He is one of many Bell Telephone Laboratories 
scientists and engineers who have felt the challenge of 
telephony and have risen to it, ranging deeply into 
science and technology. Numerous medals and awards 
have thus been won. Two of these have been Nobel 
Prizes, a distinction without equal in any other indus-
trial concern. 

Much remains to be done. To create the com-
munication systems of the future, we must probe deeper 
still for new knowledge of Nature's laws. We must con-
tinue to develop new techniques in switching, trans-
mission and instrumentation for every kind of 
information-bearing signal. As never before, commu-
nications offer an inspiring challenge to creative men. 

BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 



To assure a new order 
of reliability 

CRO-MODULE 

The micro-module is a new dimension in mili-
tary electronics. It offers answers to the urgent 
and growing need for equipment which is 
smaller, lighter, more reliable and easier to 
maintain. Large scale automatic assembly will 
bring down the high cost of complex, military 
electronic equipment. Looking into the immedi-
ate future, we see a tactical digital computer 
occupying a space of less than two cubic feet. 
It will be capable of translating range, wind 

‘eigr 
   Trnk(s)® 

velocity, target position, barometric pressure, 
and other data into information for surface to 
surface missile firings. The soldier-technician 
monitoring the exchange of computer data will 
have modularized communications with the 
other elements of his tactical organization. RCA 
is the leader contractor of this important United 
States Army Signal Corps program and is work-
ing in close harmony with the electronic com-
ponents industry. 

RADIO CORPORATION of AMERICA 
DEFENSE ELECTRONIC PRODUCTS 

CAMDEN, NEW JERSEY 
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FIRST 2-Way Crystal Filter Radio to 

Guarantee Lifetime Receiver Selectivity 

Uses HE 

AEROTRON, 600 
Series, Two-way VHF-FM 
Radio Communications Equipment 

RMES CRYSTAL FILTERS 

1,1 IAmer 
6115111 

V- 102A 

R-103 

Li" 12 
_ :T  9,,:-- 

s. 

8 

J__ 3 

1. I 
61188 

V. 103A 

A portion of schematic diagram 
for AEROTRON 600 Series Re-
ceiver showing Hermes 10.7 Mc 
Crystal Filter at First Mixer. 

Hermes Crystal Filter, Model 

10 MB, measures 2%" long 
x 1" wide x 11/32  high. 

The AEROTRON, Model 600 Series, is the first commercially 
available two-way VHF-FM Mobile Radio Equipment to use a high 
frequency crystal filter to guarantee Receiver selectivity for the life 
of the equipment. This equipment is designed by Aeronautical 
Electronics, Inc. of Raleigh, North Carolina, for the new "split 
channel" frequency allocations where exceptional frequency stability 
and selectivity are imperative. The use of a Hermes Crystal Filter 
at the highest intermediate frequency eliminates any desensitization 
from very strong, adjacent channel stations and offers a very flat 
response throughout the bandpass of the filter. 

Hermes crystal filters were selected because of their superior 
performance, small size, and immediate availablity. Close cooper-
ation between the engineering departments of the two companies 
contributed to the rapid development of this new Mobile Radio 
Equipment. Receiver characteristics include: Frequency Stability: 
-± 0.0005% over — 40 to + 75°C; Sensitivity: 0.6 microvolt or less 
for 20 db quieting; Selectivity: -± 7.5 kc at 6 db down; Modulation 
Acceptance: ± 1/2  db throughout bandpass range of ± 6 kc. 

Whether your selectivity problems are in transmission or recep-
tion, AM or FM, mobile or fixed equipment, you can call on Hermes 
engineering specialists to assist you in the design of your circuitry 
and in the selection of filter characteristics best suited to your needs. 
Write for Crystal Filter Bulletin. 

A limited number of opportunities are available to experi-
enced circuit designers. Send résumé to Dr. D. I. Kosowsky. 

Herina 
ELECTRONICS CO. 
75 CAMBRIDGE PARKWAY, CAMBRIDGE 42, MASSACHUSETTS 

DEPT. B 

Meetings 

with Exhibits 
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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. 

May 23-25, 1960 
1960 National Telemetering Confer-
ence, Miramar Hotel, Santa Monica, 
Calif. 

Exhibits: Mr. William Van Dyke, Douglas 
Aircraft Co., Inc., El Segundo, Calif. 

May 24-26, 1%0 
Seventh Regional Technical Confer-
ence & Trade Show, Olympic Hotel, 
Seattle, Wash. 

Exhibits: Mr. Rush Drake, 1806 Bush 
Place, Seattle 44, Wash. 

May 24-26, 1960 
Armed Forces Communications & 

Electronics Association Convention 
and Exhibit, Sheraton-Park I lotel, 
Washington, D.C. 

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

June 20-21, 1960 
Chicago Spring Conference on Broad-

cast and Television Receivers, (; rae. 
mere Hotel, Chicago, HI. 

Exhibits: Mr. Stanley Hopper, Zenith 
Radio Corp., 6001 W. Dickens Ave., 
Chicago 39, 111. 

June 27-29, 1960 
National Convention on Military 

Electronics, Sheraton- Park I hotel, 
Washington, D.C. 

Exhibits: Mr. L. David Whiteloek, Bu 
Ship. Electronics Div., Dept. of Navy, 
Washington, D.C. 

August 1-3, 1960 
Fourth Global Communications Sym-
posium, Hotel Statler, Washington, 
D.C. 

Exhibits: Mr. Robert O. Brady, Office of 
the Chief Signal Officer, U. S. Army 
Signal Corps, Washington, D.C. 

August 23-26, 1960 
WESCON, Western Electronic Show 
and Convention, Ambassador Hotel 
& Memorial Sports Arena, Los Angeles, 
Calif. 

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

September 19-21, 1960 
National Symposium on Space Elec-
tronics & Telemetry, Shoreham 
Hotel, Washington, D.C. 

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

October 3-5, 1960 
Sixth National Communications Sym-
posium, Hotel Utica & Utica Munici-
pal Auditorium, Utica, N.Y. 

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

(Continued on page 10A) 
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1 Write for 

New Kay Catalog 

KAY 

A Complete, Automatic Noise Figure Test Set 

Km, 

Auto--Yodé 
AUTOMATIC 

NOISE FIGURE TESTS 
AND GAIN OR LOSS 

MEASUREMENTS 
AT UHF, VHF AND 

MICROWAVE FREQUENCIES 

• Optimum Noise Figure Adjustments 

• Precision Noise Figure Read Out 

• Noise Figure Measurements using other 

type External Noise Generators 

• Precision Measurements of Gain or 
Loss in components and systems at 
Microwave, UHF and VHF Frequencies 

• No Errors Associated with Tempera-
ture- Limited- Diodes, Meter Readings, 
Transit Time 

SPECIFICATIONS 

as an automatic noise-figure measuring set: 

Useful Frequency Range of Noise Generator: 2-2000 mc. 

Maximum VSWR Variation during test: 2 parts per 1000. 

Noise Figure Accuracy Including Read Out Error: 

Noise Figure 
-1- 0.1 db   (db) ( depends mainly on 

20 
noise figure calibration of post amplifier). 

Nominal Output Impedance of Noise Generator: 50 
ohms ( N-type connector). 

Noise Figure Range: 0-18 db. 

Input Center Frequency: 30, 60 or 70 megacycles ( others 
available on special request). 

Input Impedance: 70 ohms nominal. 

Maximum Noise Figure of Measuring System: 3.5 db 
(matched) 2 db ( mismatched). 

Accuracy of System when making other type measure-
ments including Microwave, UHF, and VHF Gain or 
Loss: -±- 0.2 db. 

Power Requirements: 117V, 60 cps. 

Dimensions: 91/4 " X 191/2" X 13" 

Weight: 55 lbs. ( approx.) 

Price: $ 1,995.00, f.o.b. factory. 

Cat. Number 790 

Kay Auto-Vode is a complete, highly flexible, Automatic Noise 
Figure Tcst Set designed to obtain simplified, noise figure meter 
displays or making optimum noise figure adjustments and pro-
side precision noise figure read-out, noise figure measurements 
using other type external noise generators as well as precision 
measurements of Gain or Loss in components and systems at 
microwa‘e. UHF and VHF frequencies. 

Kay Auto-Node Automatic Noise Figure Test Set features a 
small, probe size, temperature modulated resistor as a noise gen-
erator haring the following additional characteristics. 

• Sine wave temperature-modulation at a 10 cps rate with 
temperature excursions bet%een 300° and 400° K 

• Extremely small VSWR variations during modulation ( less 
than 2 parts in 1000) 

e Useful frequency range of noise generator from 2 to 2000 
mc. 

KAY Atao-Node's high-gain, low-noise post amplifier has ex-
cellent noise figure stability, better than 33 db ( matched) and 
the gain is sufficient to raise the input noise to a value of 10 
volts after final detection. The bandwidth is 2 megacycles and 
the unit is supplied with one of three center frequencies-30, 
60 or 70 we. 

Kay Auto-Node's precision step attenuator and expanded output 
meter allows for measurements to within 0.2 db accuracy when 
making Gain or Loss measurements. Bridge detection and se-
lective AGC, allows noise figure up to 18 db to be made with 
small temperature modulation in the noise source. 

OTHER KAY NOISE GENERATORS 

Instrument Freq.., 
& Cat. No. Range (roc) 

Noose 21eure Clutpat Impedance 
Range db) (ohms) 

Price 
f.o.b. factory 

.) I ig.• -. Vod," 240-b 5- 
0 : 6 ei ,.• ---, 
0-23 8 at :3)0 ahrrs 

0.19 

.ii En 150,  300,. 
IOC.220 

bal 300. 600.z 

unbalareced 50 

um° 

$365.00 Mew-,Vale 403-s. 3.500 

,Ifryd-,Miric 3001) 1-3000 0-20 unbalanced 50 $790.00 

A'ada-,Vedi)" 6004 

5.41)0 0.23.8 dem nding 
on imp-dance 

unbalanced as specified $1495.00 

10.3000 0.20 unbal. own. 50 $1965.00 
1120.26.500 15.28 or 15.8 waveguide 

„lfianuenr 

_Ifee-,Mttes. 
1120.26,500 1528 or 1...8 eiravegunif $175.00 to 

$595.00 

atIllit-,Abie 2-1000 :±.-0.1 unbalanceJ - 50 0495.00 

Price vanes wit!, Mier eta -Node used as accessory. 

• Ideally suited fo• noise figure measurement in radar communication. 

'Pat. Pending 

KAY ELECTRIC COIYIIPAP4Ilr 
Dept. 1-5, 14 Maple Avenue, Pine Brook, New Jersey CApital 6-4000 

KAY KAY 
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you can put 34,560 of these 

transformers in 1 cubic ft.! 
We call these transformers "Red Specs." You probably wouldn't 
want to put 34,560 of them in a cubic foot, but you could if you 
had to. Actual dimensions are .310" x .390" base and .440" high. 
Volume is .05 cu. in. 

Designed for use with transistors, they are adaptable to printed 
circuit mounting or chassis wiring. Their wide frequency range, low 
distortion, and high efficiency add up to amazing performance in 
units of this size. Complete performance information is available 
if you will ask for the "Red Spec" pamphlet. Write today. Mean-
while, we list below a few of the thirty-six items available. 

TYPE NO. TYPE PRIMARY SECONDARY 

SP-4 

SP-5 

SP-7 

SP- 11 

SP- 13 

SP- 15 

Input 

Input 

Input 

Interstage 

Interstage 

Interstage 

200000 c.t. 

500000 c.t. 

200000 

20000 /30000 

20000/30000 c.t. 

10000/12000 c.t. 

1000 c.t. 

1000 c.t. 

1000 

800/1200 

800/1200 c.t. 

1500/1800 c.t. 

T 
TRIAD TRANSFORMER CORPORATION 

A DIVISION OF LITTON INDUSTRIES 

4055 Redwood Avenue, Venice, California • 305 No. Briant Street, Huntington, Indiana 

Meetings 

with Exhibits 
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(Continued from page RA) 

October 10-12. 1960 
National Electronics Conference, 

Hotel Sherman, Chicago, III. 
Exhibits: National Electronics Confer-

ence, Inc., 228 North La Salle St., Chi-
cago 1, III. 

October 24-26, 1960 
East Coast Aeronautical & Naviga-

tional Electronics Conference, Lord 
Baltimore Hotel & 7th Regiment Ar-
mory, Baltimore, Md. 

Exhibits: Mr. R. L. Pigeon, Westinghouse 
Electric Corp., Air Arm Div., P.O. Box 
746, Baltimore, Md. 

October 26-28, 1960 
Fifth Annual Conference on Non-
Linear Magnetics and Magnetic 
Amplifiers, Bellevue-Strat ford Hotel. 
Philadelphia, Pa. 

Exhibits: J. L. Whitlock Associates, 6011 
Ninth St., North, Arlington 3. Va. 

Oct. 31-Nov. 2, 1960 
13th Annual Conference on Elec-

trical Techniques in Medicine & 
Biology, Sheraton-Park Ilotel, Wash-
ington, D.C. 

Exhibits: Mr. Lewis Winner, 152 Wesx 
42nd Si., New York 36, N.Y. 

November 15-16, 1960 
Mid-America Electronics Convent' 
(MAECON), Hotel Muehlebach, Kan-
sas City, Mo. 

Exhibits: Mr. Gustav tasen, It A. Roes 
Co., 2106 Cherry, Kansas City 8, Mo. 

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

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

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

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

ing Co., 260 S. Broad St., Philadelphia 
1, Pa. 

December 11-14, 1960 
Eastern Joint Computer Conference, 

Hotel New Yorker, New York, N.Y. 
Exhibits: J. L. Whitlock Associates, 6044 
Ninth St., North, Arlington 5, Va. 

à 

Note on Professional Group Meetings: 
Some of the Professional Groups con-
duct meetings at which there are ex-
hibits. Working committeemen on these 
groups are asked to send advance data to 
this column for publicity information. 
You may address these notices to the 
Advertising Department and of course 
listings are free to IRE Professional 
Groups. 
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At The Ramo-Wooldridge Laboratories... 
integrated programs of research & development 
of electronic systems and components. 

The new Rarno-Wooldridge Laboratories in Canoga Park provide 

an environment for creative work in an academic setting. Here, 

scientists and engineers seek solutions to the technological prob-

lems of today. The Ramo-Wooldridge research and development 

philosophy places major emphasis on the imaginative contribu-

tions of the members of the technical staff. • There are outstanding 

opportunities for scientists and engineers. Write Dr. Richard C. 

Potter, Head, Technical Staff Development, Department 22-E. 

++ 

An electron device permits scientists to study the behavior of charged dust particles held in suspension. 

THE RAMO-WOOLDRIDGE LABORATORIES 
8433 FALLBROOK Ad F,PK, 
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with ALFRED Microwave Amplifiers 

These Alfred TWT microwave amplifiers have seen con-

tinuous service at Hughes for over 9 months. There has 

been practically no down time even for replacement of 

TWT tubes. Used in the RF portion of a missile testing 

system, the Alfred units provide high gain, wide band, 

flat response and low spurious modulation from 8 to 

Alfred Electronics Model 504 Microwave Amplifiers, 

in use at Hughes Aircraft Co., Culver City, California 

12.4 kmc. Hughes engineers praise the functional layout 

of the Model 504, its simple operation and reliable per-

formance. 

In short, Hughes finds the Alfred 504 Microwave Ampli-

fiers good, sound, straightforward reliable instruments. 

We think you will too. 

KEY SPECIFICATIONS—ALFRED MICROWAVE AMPLIFIERS 

Frequency Cain db Power Out-
Range kmc (min) put (min) 

General Purpose 
Amplifiers for 
AM, Pulse and 

Phase Modulation 

Model Price 

505 
501 
503 
504 
549 

1 to 2 
2 to 4 
4 to 8 
8 to 12.4 

10.5 to 16 

30 db 10 nnw 

$1,550 
$1,390 
$1,490 
$1,490 
$3,550 

Medium Power 
Amplifiers 

5-6752 
512 

502 
5-6868 

506 

5-542 
510 
509 

5-6996 

1 to 2 30 
2 to 4 30 

20 
2 to 4 30 
2 to 4 30 
4 to 8 127 

I 4.5 to 7.5 
4 to 8 25 
8 to 12.4 ' 20 

8.2 to 11 27 
8 to 9.6 30 

db 
db 
db 
db 
db 

db 

db 
db 
db 
db 

1 w 
1 w Pulsed 

100 mw CW 
1 w 

10 w 

I1 .5 ww 
1 w 

100 mw 
.5 w 
10 w 

$2,290 
$1,850 

$1,390 
$2,850 

$2,290 

13,190 
2,150 
3,150 
3,590 

High Power 
Amplifiers 5-6826 2 to 4 30 db 1 kw pk $4,850 

Low and Medium 
Noise Figure 

Amplifiers 

Amplifiers with low and medium noise figures are available either 
as packaged units or unitized for remote operation of TW tube 
and solenoid. Standard units provide coverage from .5 to 12.4 
kmc with noise figures from 7 db up. 

MANY MODELS TO CHOOSE FROM 

The 504 is just one model from the 
industry's most complete line of microwave 
amplifiers. For technical details and a 
demonstration arranged at your 

convenience, contact your nearby 
Alfred representative or write direct. 
Please address... 

fiLfRED flECT110111CS 
897 COMMERCIAL STREET 

PALO ALTO, CALIFORNIA 5 

DEPT. 86 
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keep an 
accurate 
graphic 
record 

OF RESEARCH, DESIGN, 

TEST DATA 

two channels 

For General Purpose 

DC Recording — Model 320 

For recording two variables 
simultaneously, the Model 320 

provides a versatile, 
transistorized amplifier for each 

input signal. The rugged 2-
channel recorder assembly has 

heated stylus recording on 
two 50 mm wide rectangular 

coordinate channels, 4 
pushbutton chart speeds, and 

6 inches of visible chart. 
The Recorder can be placed 

vertically, horizontally 

or at a 20° angle. 

MODEL 320 SPECIFICATIONS 
Sensitivity: 0.5, 1, 2, 5, 10, 20 mv/mm and 
vicm 

Frequency Response: 3 db down at 125 cps, 
10 mm peak- to- peak 

Common Mode Voltage: = 500 volts max. 
Common Mode Rejection: 140 db min. DC 
Calibration: 10 mv internal * 1% 
Output Connectors for each channel accept ex• 

ternal monitoring ' scope or meter 
Price: $ 1495 

NEW SANBORN PORTABLE DIRECT WRITING RECORDERS 

FOR IN- PLANT, LABORATORY OR FIELD RECORDING 

••• 

«Olt 

.1•• 

•••• 

«la 

••• 

•••• 

••• 

single channel 

Two models of this 21 lb. brief case 
size recorder are available — Model 301 
for AC strain gage recording, Model 299 
for general purpose DC recording. Both 
provide immediately visible, inkless 
traces by heated stylus on 40 division 
rectangular coordinate charts... 
frequency response to 100 cps .. . 5 and 
50 mm/sec chart speeds ... approx. 
4 inches of record visible in top 
panel window. 

MODEL 301 SPECIFICATIONS 
The amplifier section of the Model 301 is an all-
transistorized carrier type with phase sensitive 
demodulator. The power supply and internal 
°senator circuls are also transistorized. 
Ser.sitivity: 10 try rms/div ( from transducer) 
Attznuator Ratios: 2, 5, 10, 20, 50, 100. 200 
Carrier Frequency: 2400 cps internal 
Transducer Impedance: 100 ohms min. 
Calibration: 40 un/volt of excitation 
Output Connector: for external monitoring 

'scope or meter 
Price: $ 750 

All prices are F.O.B. Waltham, Mass., within continental U.S.A. 
and are subject to change without notice. 

Ccntact your Sanborn Sales-Engineering representative for complete information, or write 
the main office in Waltham. Sales-Engineering representatives are located in principal cities 

throughout the United States, Canada and foreign countries. 

MODEL 299 SPECIFICATIONS 
Combines the dependability of transistors with 
the high input impedance of vacuum tubes for 
reliable broad- band DC recording. 
Sensitivity: 10, 20, 50, 100, 200. 500 mv/div 
and 1, 2, 5 and 10 v/div 

Input Resistance: 5 megohms balanced each 
side to ground 

Common Mode Voltage: * 2.5 volts max. at 10 
mv'div sensitivity increasing to = 500 volts 
max. at other sensitivities 

Common Mode Rejection: 50:1 most sensitive 
range 

Calibration: 0.2 volt internal = 1% 
Output Connector: for external monitoring 

'scope or meter 
Price: Model 299 (with zero suppression) $ 700 

Model 299A ( without zero suppression) 
$650 

SANBORN 9O17 COMPANY 
INDUSTRIAL DIVISION 

175 Wyman Street, Waltham 54, Mass. 



1960 INTERNATIONAL IRE CONVENTION 
Record 69,760 Attendance 

Engineers at the opening of the IRE Convention in the Colliseum gather around the 
Pioneer V auxiliary a:intro' station which was designed, assembled and operated by 
Space Technology Laboratories, Inc. Contact was made with Pioneer V a few moments 
after this picture was taken. 

Dr. George Mueller, Vire President of Space Tech-
nology Labs., Inc., about to initiate a command signal 
from the control station in the lobby of the Coliseum. 
The command was sent by transatlantic cable to the 
Jodrell Bank radio telescope in England, which re-
layed the command to Pioneer V, which at the mo-
ment wasl, 448,000 miles from the earth. Pioneer V's 
response came back to the Coliseum by the same route. 
At the left is a full-scale model of Pioneer V. 

One of the highlights of the technical program was a seminar on the 1959 International Radio Confer-
ence in Geneva. Participants were (left to right) Rosal H. Hyde, FCC Commissioner; Francis C. de Wolf, 
Chief, Telecommunications Division, Department of State; T. A. M. Craven, FCC Commissioner; Arther 
L. Lebel, Assistant Chief, Telecommunications Division, Department of State; and Edward W. Allen, Jr., 
Chief Engineer, FCC. 

Retiring IRE President, Ernst Weber, hands the gavel of office 
to the incoming IRE President, R. L. McFarlan at the Annual Meet-
ing held in the Grand Ballroom of the Waldorf-Astoria Hotel. 

IRE Officers present at the Convention (seated, left to 
right): G. W. Bailey, Executive Secretary; Ferdinand Ham-
burger, Jr., Editor; John N. Dyer, Vice President; and L. V. 
Berkner, Director and Speaker at the Annual Meeting. Stand-
ing, left to right, are Ernst Weber, Junior Past President; R. L. 
McFarlan, President; and Haraden Pratt, Secretary. 



'NKR TOMORROW 

A view of some of the exhibits et the Coliseum, topped by the theme of the Radio Engineering Show, "Where Tomorrow 
is Today." There were 856 exhibitors at the Show, with 25,006 items on display. 

'I'he speaker's table at the Annual I Rh," Banquet, held in the Grand 
Ballroom of the Waklorf-Astoria Hotel. 

Eric Walker, President of Pennsylvania State Univer-
sity, spokesman for the new Fellows; H. I. Romnes, Presi-
dent of Western Electric, principal speaker; and B. M. 
Oliver, Vice President, Hewlett-Packard, Co., toastmaster, 
at the Annual Banquet. 

(Left) IRE President R. 
L. McFarlan presents the 
Founder's Award to Haraden 
Pratt, left, and the Medal of 
Honor to Harry Nyquist, 
right, at the Annual Banquet. 

(Right) President M C Fa r-
Ian presents the Morris Lich-
maim Memorial Prize to J. A. 
Rajchman, the Browder J. 
Thompson Memorial Prize to 
J. W. Gewartowski, and the 
Harry Diamond Memorial 
Award to K. A. Norton. 



IRE News and Radio Notes  

CURRENT IRE STATISTICS 
(As of March, 31, 1960) 

Membership-80,274 
Sections*- 105 
Subsections*-27 
Professional Groups*-28 
Professional Group Chapters-263 
Student Branches-J-187 

*see this issue for a list. 
t See October. 1959 issue for a list. 

Calendar of Coming Events 

and Authors' Deadlines* 
1960 

Natl. Aeronautical Electronics Conf., 
Dayton-Biltmore and Miami Hotels, 
Dayton, Ohio. May 1-3. 

URSI-IRE Spring Mtg., Sheraton Park 
Hotel and NBS, Washington, D. C., 
May 2-5. 

Western Joint Computer Conf., San 
Francisco, Calif., May 2-6. 

Symp. on Graduate Programs in Bio-
Medical Engrg., Univ. of Vermont, 
Burlington, May 5-6. 

PGMTT Natl. Symp., San Diego, Calif., 
May 9-11. 

Electronic Components Conf., Hotel 
Washington, Washington, D. C., 
May 10-12. 

Natl. Telemetering Conf., Miramar 
Hotel, Santa Monica, Calif., May 
23-25. 

7th Reg. Tech. Cont. & Trade Show, 
Olympic Hotel, Seattle, Wash., May 
24-26. 

6th Radar Symp., Ann Arbor. Mich., 
June 1-3. 

Inst. on Recent Advances in Solid State 
Devices, Marquette Univ., Milwau-
kee, Wis., June 1-2. 

10th Ann. Cony. of Soc. of Women 
Engrs., Benjamin Franklin Hotel. 
Seattle, Wash., June 9-11. 

Radio Frequency Interference Symp., 
Shoreham Hotel, Washington, D.C., 
June 13-14. 

Chicago Spring Conf. on Broadcast and 
Television Receivers, Graemere 
Hotel, Chicago, Ill., June 20-21. 

Conf. on Standards and Electronic 
Measurements, NBS Boulder Labs.. 
Boulder Colo., June 22-24. 

Workshop on Solid State Electronics, 
Purdue Univ., Lafayette, Ind., June 
23-24. 

Natl. Cony. on Mil. Elec., Sheraton 
Park Hotel, Washington, D. C., 
June 27-29. 

Cong. Intl. Federation of Automatic 
Control, Moscow, USSR, June 25-
July 9. 

Intl Conf. on Electrical Engrg. Educa-
tion, Sagamore Conf. Center, Syra-
cuse Univ., Syracuse, N. Y., Jul. 

7th Ann. Symp. on Computers and 
Data Processing, Stanley Hotel, 
Estes Park, Colo., July 28-29. 

* DL= Deadline for submitting ab-
stracts. 

(Continued on page I8A) 

BENELUX SECTION TO CONDUCT 

DATA TRANSMISSION SYMPOSIUM 

The Benelux Section of the IRE has an-
nounced an International Symposium on 
Data Transmission, to be held at Delft, 
Netherlands, on September 19 and 20, 1960. 
The symposium will be concerned with the 
problems of transmitting and receiving in-
formation in digital form. Particular empha-
sis will be placed on the behavior of practical 
communication networks—including exist-
ing telephone systems, existing and planned 
military systems, and schemes of the future, 
such as those that use satellites. Appropri-
ate topics include the choice of modulation, 
the application of coding, the demands of 
channel users, the design of new systems and 
the improvement of old, the behavior of 
links and networks under test, and the selec-
tion of models for further study. The aim 
will be to reduce the gap now existing be-
tween theory and practice. 
The symposium will be conducted in Eng-

lish. Papers already promised indicate good 
representation of the work being carried on 
in the USA, as well as that conducted in 
Europe. The Symposium Committee con-
sists of H. C. A. van Duuren, Chairman, 
B. B. Barrow, H. Rinia, and F. L. Stumpers. 
All correspondence regarding the symposium 
should be addressed to 13. B. Barrow, Secre-
tary, The Benelux Section of the IRE, Post-
bus 174, Den Haage, Nederland. 

FIRST ARMY MARS NET 
PRESENTS MAY SPEAKERS 

With the presentation of its May Speaker 
Schedule, the First U. S. Army MARS SSB 
Technical Net will recess its weekly series of 
technical talks and forum until September of 
this vear. The Net meets on 4030 kc each 
Wednesday at 9:00 P.M. EDT. The schedule 
for May includes: 

May 4 "Antenna Panel," \V. Offutt, Engr 
'leering Manager; L. De Size, 
Group Leader and B. Woodward, 
Engineer—Airborne Instrument 
Labs, Inc., Melville, L. I., N. Y. 

May 11 "Frequency Control." Dr. G. 
Winkler, Scientist USARDL, Fort 
:Monmouth, N. J. 

May 18 "Communication Electronic Needs 
of the Future," Dr. J. V. Harring-
ton, Division Head, and Dr. B. Lax, 
M.I.T. Lincoln Lab., Lexington, 
Mass. 

May 25 "Fundamentals of Oscillator Opera-
tion," R. \V. Gunderson, Editor, 
Braille Technical l'ress, New York, 
N. Y. 

NBS HEAD HONORED 
BY CIVIL SERVICE LEAGUE 

Allen V. Astin (SNI'50-F54), Director ot 
the National Bureau of Standards, has been 
selected by the National Civil Service 
League as one of the top ten career em-
ployees in the Federal civil service for 1960. 
The Award was presented to Dr. Astin at a 
dinner in Washington, D. C., on March 15. 

The League, a non-partisan citizens' or-
ganization for better government through 
better personnel, this year will give its sixth 
series of Career Service Awards to ten Fed-
eral employees chosen for competence, char-
acter and achievement. 

Dr. Astin has been in government 27 
years. A native of Salt Lake City, Utah, 
with degrees from the University of Utah, 
New York University, Lehigh and George 
Washington, he now lives in Bethesda, Md. 

Joining the Bureau of Standards in 1932, 
he was active for eight years in research in 
the Heat and Power and Electricity Divi-
sions, and during the next eight became suc-
cessively Chief of the Optical Fuze Section 
and the Ordnance Development Division. 
He was promoted to Director of the Bureau 
in 1952. 

Among his scientific contributions are the 
discovery and development of improved 
methods of measuring dielectric constants 
and power factors of dielectric materials; 
pioneering work in developing radio tele-
metering techniques and instruments, espe-
cially applied to meterological and cosmic 
ray problems; and contributions to the de-
velopment and evaluation of proximity 
fuzes. His record of publications begins in 
1929 and has continued productively. He 
has served on many committees and boards, 
such as the Defense Science Board, Interna-
tional Committee of Weights and Measures, 
and National Advisory Committee for Aero-

At a recent meeting of the national committee of the 13th Annual Conference on Electrical Techniques in 
Medicine and Biology, in the Sheraton Hotel, Philadelphia, Pa., where plans for the forthcoming Washington, 
D. C., conference (October 31, November 1-2) were made, left to right: A. L. Henley, secretary; Lewis Winner, 
public relations-exhibits; L. E. Flory, editorial board; A. Shapero, treasurer; G. N. Webb, program chairman and 
R. L. Bowman, conference chairman. 
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For unmatched reliability... BOMAC BEACON MAGNETRONS 

Life — up to 500 houis guaranteed — over 3000 hours reported 

Frequency stability — less than 2 Mc drift per 100 hours (C band) 

Power stability— drcp of less than 1 db for constant voltage input 

Duty cycle stability — less than 3 Mc frequency shift for a 

change in duty cycle of 0.00005 to 0.002 (C band) 

Vibration — less than 2.5 Mc frequency shift from 55 to 2000 cps 

Shock — withstands 100 g's of 6 millisecond duration 

Lightweight— 7 to 10 oz. 

Miniaturized 

Tunable over a broad band 

Fixed Min. 
Freq. Frequency Peak Outptut 

Tube or Range Power Mates 
Rand Type Tunable Mc Watts With 

• BL-212 Tunable 5400-5900 100 00699/U 
BL-243 Tunable 5400-5900 200 UG699/U 
BL-242 Tunable 5400-5900 400 N 

• BLM-022 Tunable 5400-5900 500 TNC 
• BLM-026 Tunable 5400-4900 500 TNC 

BLM-020 Tunable 5400-5900 700 INC 

• BL-245 Tunable 5400-5900 900 INC 

• BL-250 Tunable 5400 5900 150 INC 
X 81..M-003 Tunable 9000-9500 150 TNC 
X BLM-014 Tunable 8500-9000 150 TNC 
X BLM-012 Tunable 8900-9400 1000 TNC 
X BLM -021 Tunable 8900-9400 1000 UG40A/U 

X OLM-024 Tunable 9300-9500 150 TNC 

New short form catalog available. Send for your copy today. 

Offices in major cities — A subsidiary of Varian Associates, 

leaders in the design, development and manufacture of TR, AIR, Pre-TR tubes; shutters; 
re erence cavities; crystal protectors; silicon diodes; magnetrons; klystrons; duplexers; 
pressurizing windows; noise source tubes; high frequency triode oscillators; surge protectors. 
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Calendar of Coming Events 
and Authors' Deadlines* 

(Continued from page I6A) 

4th Global Communications Symp., 
Hotel Statler, Washington, D. C., 
Aug. 1-3. 

AIEE Pacific Gen. Mtg., El Cortez 
Hotel, San Diego, Calif., Aug. 9-12. 

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

URSI 13th Gen. Assembly, Univ. of 
London, London, Eng., Sept. 5-15. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

6th Ann. Conf. on Magnetism and Mag-
netic Materials, New Yorker Hotel, 
N. Y., N. Y., Nov. 14-17. 

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

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

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

PGVC Ann. Mtg., Sheraton Hotel, 
Philadelphia, Pa., Dec. 1-2, (DL*: 
July 15, W. G. Chaney, American 
Telephone and Telegraph Co., 195 
Broadway, N. Y. 7, N. Y.) 

Eastern Joint Computer Conf., New 
Yorker Hotel, New York, N.Y., Dec. 

* DL= Deadline for submitting ab-
stract. 

nautics. He has had a leading role in govern-
ment science programs and the direction of 
national and international science activities. 
His awards include the Presidential Certifi-
cate of Merit and His Majesty's Medal for 
Service in the Cause of Freedom. 

NATIONAL SCIENCE FOUNDATION 

ESTABLISHES ADVISORY PANEL 

A temporary Advisory Panel on Radio 
Telescopes has been appointed by the Na-
tional Science Foundation. The purpose of 
the Panel is to 1) study the present and pre-
dictable needs of radio astronomers with re-
gard to improved instrumentation; 2) study 
existing and proposed instruments with re-
gard to their capabilities and limitations and 
3) advise the Foundation with regard to the 
desirability and feasibility of more powerful 
instruments. The members of the Panel are 
Dr. J. R. Pierce, Bell Telephone Labora-
tories, Chairman; Dr. R. N. Bracewell, 
Stanford University; Dr. P. E. Chenea, Pur-
due University; Dr. L. J. Chu, Massachu-
setts Institute of Technology; Dr. R. M. 
Emberson, Assoc. Universities, Inc.; Dr. 
W. E. Gordon, Cornell University; Dr. 
D. S. Heeschen, National Radio Ast. Obs.; 
Dr. R. Minkowski, Mt. Wilson and Palomar 
Obs.; Dr. G. W. Swenson, Jr., University of 
Illinois; J. H. Trexler, Naval Research Lab. 
Scientists and engineers wishing to bring 
their ideas to the attention of the panel are 
encouraged to communicate them ( to the 
panel members or directly) to the As-
tronomy Program, National Science Foun-
dation. 

CORNELL UNIVERSITY 

To HOLD JUNE SEMINARS 

The annual Industrial Engineering Semi-
nars are being presented for the seventh suc-
cessive year at Cornell University during 
June 14-17, 1960. Seminars will be con-
ducted in seven major areas. Of these, those 
of interest to radio and electronics engineers 
will be the seminars in Engineering Adminis-
tration, Systems Simulation Using Digital 
Computers, Statistical I>ecision-Making: 
Theory and Applications, and in Statistical 

Reliability Analysis: Theory and Applica-
tions. 

The seminar series on Engineering Ad-
ministration has been planned for persons 
responsible for the administration of engi-
neering and applied research activities. 
Topics to be discussed include a) communi-
cation problems in the technical organiza-
tion, b) manpower planning and the growing 
shortage of engineers, c) the development of 
engineers as supervisors, d) creativity 
through group effort, e) directing engineer-
ing programs, f) engineering program plan-
ning, g) the management of technical serv-
ices, and h) cost control of engineering proj-
ects. 

The seminar group on Statistical Reli-
ability Analysis: Theory and Application 
will provide a current survey of statistical 
theory and techniques on reliability analysis 
that are being developed to meet the growing 
demands for improved materials and ('om-
ponent reliability. It is intended for those 
engineers and manufacturing executives 
whose responsibilities include predicting and 
implementing the economic balance of prod-
uct quality against cost through environ-
mental destruction tests, marginal checking 
and failure analysis. Among the topics to be 
discussed will be: a) statistical aspects of 
experimentation, b) statistical theory of re-
liability based on failure models such as the 
exponential, \Veibull, gamma and extreme-
value, c) techniques of analyzing failure 
data, d) the improvement of reliability 
through redundancy and maintenance, e) the 
design of life-testing experiments, f) selec-
tion and ranking problems, and g) unsolved 
problems in reliability. 

The use of simulated experimentation in 
the analysis and design of complex systems 
is one of the most promising of the applica-
tions of high-speed digital computers. The 
series of seminar sessions on Systems Simula-
tion Using Digital Computers will explore 
this expanding field and consider problems 
in constructing the program, in using a simu-
lator and in analyzing results. The topics for 
discussion will include a) the experimental 
investigation of complex systems, b) equip-
ment requirements for digital simulation, 
c) the logical representation of an operating 
system, d) the construction of a computer 
program to simulate a simple system, el 
problems in the design of a simulation ex-
periment, f) experimental determination of 

In preparation for the 1960 IRE 7th Regional Conference, Dr. D. K. Reynolds, Technical Program Chair 
man (far right) explains to other IRE committee chairmen the three major fields whizh the conference attendants 
will study. The conference, to be held in Seattle on May 24-26. will feature studies of control systems, solid state 
electronics, and electromagnetics. The other IRE conference chairmen include (left to right)W. T. Harrold, Public 
Relations Chairman; Rush Drake, Electronics Exhibit Chairman; Dr. Frank S. Holman, Chairman; L. C. Perkins. 
Chairman of the Seattle Section; and Frank A. Little, Treasurer. 
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is experienced 

... in Radar 

Surveillance Systems 

The eye was man's first instrument of 
surveillance. Its most unique character-
istic is the ability to distinguish mov-
ing objects. 

LFE, a pioneer in motion detection by 
radar means, is prime contractor for a 
new Ground Control Approach System 
for tactical air traffic control. Now in 
production, it exemplifies the latest in 
lightweight, portable GCA equipment. 

This is an illustration of LFE's interest 
in radar techniques with continued 
emphasis on motion detection. Such 
techniques are having an evolutionary 
influence on military and industrial 
systems. 

Further details about LFE Radar Sur-
veillance Systems may be had by writ-
ing the Vice President of Marketing. 

Ask for Technical Data Digest 
No. 6025 . 

LABORATORY FOR ELECTRONICS, INC., Boston 15, Massachusetts 

S'ISTEMS, EQUIPMENT 5 COMPONENTS FO 

AIRBORNE NAVIGATION - RADAR and SURVEILLANCE • ELECTR NIC DATA PROCESSING • AUTOMATIC CONTROLS • GROUND SUPPORT 



Dr. Edgar A. Sack, Jr. (renter), who received recognition by Eta Kappa Nu as the outstanding young electrica 
engineer of 1959, receives congratulations from HKW:: President, Albrecht Naeter (left) and Dr. Ernst Weber, 
president of Brooklyn Polytechnic Institute, who delivered the major address of the evening. 

optimum operating conditions, g) produc-
tion control simulation and the comparison 
of decision rules, and lit manufacturing sys-
tems simulation. 

The seminar on Statistical Decision-
Making is designed for individuals who are 
engaged in research, experimentation, pro-
duction, inspection, or acceptance sampling 
where attention is centered on problems of 
selecting or ranking processes, methods, or 
categories according to various criteria of 
"goodness." It will consist of integrated ses-
sions in which new statistical procedures will 
be proposed for coping with such multi-
decision problems. Among the topics to be 
discussed will be a) sonie statistical aspects 
of experimentation, h) multiple comparison 
procedures: why and how they are used, 
c) three-decision problems, d) selection and 
ranking problems (Bechhofer-Sobel ap-
proach), e) selection and ranking problems 
(Sommerville approach), f) selecton and 
ranking problems (Gupta-Sobel approach), 
and g) implications of the approaches, direc-
tions of research, and new applications. 

These seminars are sponsored by the De-
partment of Industrial and Engineering Ad-
ministration of the Sibley School of Mechan-
ical Engineering, College of Engineering at 
Cornell. For further information address 
inquiries to: J. W. Gavett, Seminars Co-
ordinator, Upson Hall, Cornell University, 
Ithaca, N. Y. 

PGPT CALLS FOR PAPERS 

The 4th Annual Conference of the PGPT 
will be held in Boston, Mass., on November 
15-16, in conjunction with the 1960 North-
east Electronics Research and Engineering 
Meeting ( NF:REM). Papers for two ses-
sions, to be grouped under the general head-
ings of " Design Techniques That Insure a 
Better Product," and "Materials and the 
Product Today," are being solicited. Reports 
on new and original work in these fields are 
especially desired. Prospective authors should 
submit, before June 1, 1960, summaries of 
their papers, in triplicate, to C. W. Watt. 
Program Chairman, 4th Annual Conterence 

PGPT, c/o Raytheon Company, Waltham 
54, Mass. 

MARQUETTE UNIVERSITY 
To SPONSOR INSTITUTE 

An Institute sponsored by the Depart-
ment of Electrical Engineering of Marquette 
University will be held on June 1 and 2, 
1960. The title of the Institute is " Recent 
Ad % ances in Solid State Devices." The pro-
gram emphasizes High-Power Controlled 
Rectifiers, Application of the Silicon Con-
trolled Rectifier, Parametric Amplification, 
Tunnel Diode and Applications, Direct En-
ergy Conversion—Thermoelectric Devices, 
Direct Energy Conversion, Solid State 
Maser Amplifiers, Avalanche Devices and 
Solkl State "Grown" Circuits. Persons 
highly specialimed in their fiehls will present 
the program. 

For further information write to Stanley 
Krupnik, Jr., Assistant Chairman of Electri-
cal Engineering, Marquette University, 
Milwaukee 3, Wis. 

PGRFI W ILL CONDUCT 
2ND ANNUAL SYMPOSIUM 

The Professional Group on Radio Fre-
quency Interference ( PGRFI) will hold its 
2nd Annual Symposium in Washington, 
D. C. at the Shoreham Hotel on June 13 and 
14, 1960. 

The program will include morning and 
afternoon sessions on both Monday, June 13 
and Tuesday, June 14. The morning seion 
on June 13 will deal with RFI prediction 
with various computer models, the after-
noon program with measurement methods 
and system characteristics. A total of 10 
papers will be presented. The second day 
will feature a round table discussion in the 
morning covering the present status of RFI 
and compatibility standards. In the after-
noon, there will be a field trip to the NOL 
and FCC Laboratories. The !adies' program 
wi!I include a daily hospitality room, a 

fashion show, an embassy tea, and a sight-
seeing tour. 

Advance registration is recommended; 
for further information please contact: E. F. 
Mischler, Chairman, Public Relations Com-
mittee, National Engineering Service, 1108 
16th Street, N.W., Washington 6, D.C. 

SUMMER WORKSHOP ANNOUNCED 

A day and a half tutorial program on 
solid-state electronics is to be presented at 
Purdue University on June 23 and 24, 1960 
under the joint sponsorship of the IRE Pro-
fessional Group on Education and the Elec-
trical Engineering Division of ASEE. The 
program for the event was announced by 
Dr. John G. Truxal and Dr. J. H. Mulligan, 
Jr., respective Chairmen of the two organiza-
tions. Dr. Warren B. Boast, Iowa State 
University, is Chairman of the Program 
Committee for the Workshop. Other mem-
bers are Dr. R. H. Mattson, Iowa State 
University; Dr. J. L. Moll, Stanford Uni-
versity; Dr. R. L. Pritchard, Texas Instru-
ments, Inc., and Mr. G. R. Madland, 
Motorola Semiconductor Products Division. 

Designed primarily for electrical et gi-
neering educators, but open to all interested 
parties, the Workshop will include nine 
papers arranged in three sessions as follows: 

Thursday afternoon, June 23 

"Characteristics of Electrons in Solids," 
Dr. J. M. Shive, Bell Telephone Lab., Inc. 

"Semiconductors," Dr. R. H. Mattson, 
Iowa State University. 

"Electrical Properties of Semiconductor 
Materials," Dr. W. G. Dow, University of 
Michigan. 

Friday morning, June, 24 

"Diodes," Dr. M. O. Thurston, Ohio State 
University. 

"Transistors," Dr. J. M. Early, Bell Tele-
phone Lab., Inc. 

Friday afternoon, June 24 

"Energy Conversion Devices," Dr. S. J. 
Angell°, Westinghouse Electric Corp. 

"Low Temperature Devices," Dr. A. L. 
McWhorter, Lincoln Labs., M.I.T. 

"Other Solid State Devices," Dr. J. L. 
Moll, Stanford University. 

Further details regarding program in-
formation may be obtained from Dr. Warren 
B. Boast, Iowa State University, Ames, 
Iowa; information regarding living accom-
modations for the meeting may be obtained 
from Dr. Thomas F. Jones, Purdue Uni-
versity, Lafayette, Ind. 

The Workshop on Solid-State Electron-
ics is but one of the events of the Electrical 
Engineering Division scheduled for the 
ASEE Annual Meeting at Purdue Univer-
sity. On Monday, June 20 there will be a 
session on " Learning Machines" under the 
chairmanship of Professor A. V. Eastman of 
the University of Washington. The following 
papers will be presented: 

"The Automization of Socrates," Dr. 
D. Cook, Purdue University. 

"Design Techniques of Automatic Teach-
ing Machines," Dr. H. A. Baldwin, Univer-
sity of Arizona. 

"Teaching Elementary Stress Analysis 
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Assure Re//ability 
under Adverse Conditions.., 
in the Field and in your Plant 

Typical field application 
of NF-105 in mobile 

Radio Interference Laboratory 

SPECIFY EMPIRE'S COMPACT AND RUGGED 

NOISE and FIELD INTENSITY METER 

:1111 EMPIRE DEVICES PRODUCTS CORP. • e AMSTERDAM, NEW VORK 

MODEL NF-105 
• Measures 150 kilocycles to 1000 megacycles ac-

curately and quickly with only one instrument. 

• For measurements in accordance with Specifi-
cations: MIL-I-6181B, Class 1; MIL-S-10379A; 
MIL-I-11683B; MIL-I-1/748B; MIL-I-12348A; 
MIL-I-13237; MIL-I-16910A; MIL-I-26600 
(USAF), Category A; F.C.C. Specifications. 

• Direct substitution measurements by means of 
broad-band impulse calibrator, without charts, 
assure repeatability. 

• Economical.., avoids duplication. 

• True peak indication by direct meter reading 
or aural slideback. 

• Four interchangeable plug-in tuning units, for 
extreme flexibility. 

• Safeguards personnel... ALL antennas can be 
remotely located from the instrument without 
affecting performance. 

• Self-calibrating, for reliability and speed of 
operation. 

• Compact, built-in regulated "A" and "B" power 
supply, for stability. 

• Minimum of maintenance required, proven by 
years of field experience. 

DELIVERY FROM STOCK 

The unique design of Model NP-105, with 4 plug-in tuning units, avoids costly repe-
tition of circuitry and components common to it;1 frequency ranges, at savings 
in size, weight and cost. Simple to operate, this instrument permits fast and accu-
rate measurements of both broadband or CW signals. Send for our Catalog .V-i;,1;. 

Plan to attend our next seminar on interference instrumentation,details upon request. 

IFILD INTENSITY METERS • 

VICTOR 2-8400 
MANUFACTURERS OF: 

DISTORTION ANALYZERS • IMPULSE GIENERATORS • COAXIAL ATTENUATORS • CRYSTAL MIXERS 
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MISCELLANEOUS IRE PUBLICATIONS AVAILABLE 

The following issues of miscellaneous publications are available from the Institute of Radio 
Engineers, Inc., 1 East 79th Street, New York 21, New York, at the prices indicated below: 

Meetings 

Aeronautical and 
Navigational Elec-
tronics Conference 

Electronic Compo-
nents Symposium 

Electronic Computer 
Conferences 

Magnetic Amplifiers 
Conference 

Bio-Medical Elec-
tronics Bibliographie 

Military Electronics 

Reliability and Qual-
ity Control in Elec-
tronics Symposia 

Telemetering Confer-
ence and Symposia 

Publications 
Price 
per 
Copy 

Proceedings of the 5th Annual East Coast ANE Conference, $5 . 00* 
held October 27-28, 1958 in Baltimore, Md. 

Proceedings of the 1957 Electronic Components Symposium, 5.00 
held May 1-3, 1957 in Chicago, Ill. 

Proceedings of the Joint AIEE IRE ACM Eastern Confer- 3 . 50 
ence, held December 10-12, 1951 in Philadelphia, Pa. 

Proceedings of the Joint AIEE IRE ACM Eastern Confer- 3.00 
ence, held December 8-10, 1954 in Philadelphia, Pa. 

Proceedings of the Joint AIEE IRE ACM Eastern Confer- 3.00 
ence, held November 7-9, 1955 in Boston, Mass. 

Proceedings of the Joint AIEE IRE ACM Eastern Confer- 3.00 
ence, held December 10-12, 1956 in New York, N. Y. 

Proceedings of the Joint AIEE IRE ACM Eastern Confer- 3.00 
ence, held December 9-13, 1957 in Washington, D. C. 

Proceedings of the Joint AIEE IRE ACM Eastern Confer- 3.00 
ence, held December 3-5, 1958 in Philadelphia, Pa. 

Proceedings of the Joint AIEE IRE ACM Eastern Confer- 3.00 
ence, held December 1-3, 1959 in Boston, Mass. 

Proceedings of the Joint AIEE IRE ACM Western Confer- 3.00 
ence, held March 1-3, 1955 in Los Angeles, Calif. 

Proceedings of the Joint AIEE IRE ACM Western Confer- 3.00 
ence, held February 7-9, 1956 in San Francisco, Calif. 

Proceedings of the Joint A1EE IRE ACM Western Confer- 4.00 
ence, held May 6-8, 1958 in Los Angeles, Calif. 

Proceedings of the Joint AIEE IRE ACM Western Confer- 6.00 
ence, held March 3-5, 1959 in San Francisco, Calif. 

Proceedings of the Conference on Magnetic Amplifiers, held 4.00 
April 5-6, 1956 in Syracuse, N. Y. 

Bibliography on Medjcal Electronics, June 1958 2.50 
Bibliography on Medical Electronics, June 1959 2.50 
(Supplement #1) 

Proceedings of the 1st National Convention, held June 17- 5.00t 
19, 1957 in Washington, D. C. 

Proceedings of the 2nd National Convention, held June 16- 5.00t 
18, 1958 in Washington, D. C. 

Proceedings of the 3rd National Convention, held June 29- 4.00 
July 1, 1959 in Washington, D. C. 

Proceedings of the 4th National Symposium, held January 6- 5.00 
8, 1958 in Washington, D. C. 

Proceedings of the 5th National Symposium, held January 5.00 
12-14, 1959 in Philadelphia, Pa. 

Proceedings of the 6th National Symposium, held January 5.00 
11-13, 1960 in Washington, D. C. 

Proceedings of the 1953 National Conference, held May 20- 2.00 
22, 1953 in Chicago, Ill. 

Proceedings of the 1958 National Symposium, held Sep- 5.00 
tember 22-24, 1958 in Miami Beach, Fla. 

Proceedings of the 1959 National Symposium, held Sep- 5.00 
temper 28-30, 1959 in San Francisco, Calif. 

• IRE Member Rate $3.50. 
t IRE Member Rate $3.00. 

by Machine," Dr. A. F. Johnson and Dr. 
D. J. Mayhew, University of Utah. 

"MARI—A Simple Electrical Teaching 
Device," Dr. .11. Crosby and Dr. O. Lan-
caster, Pennsylvania State University. 

On Monday evening at 8:00 P.M. there 
will be a panel discussion on the them "The 
Role of the Electrical Engineering Division 
in the Next Decade." Participants will be 
Dr. Warren B. Boast, Head, Electrical En-
gineering Department, Iowa State Univer-
sity; Dr. Richard K. Moore, Head, Electri-
cal Engineering Department, University of 
New Mexico; and Dr. James H. Mulligan. 
Jr., Head, Electrical Engineering Depart-
ment, New York University. 

On Tuesday, lune 21 at 2:00 P.M. there 
will be a session devoted to Probability and 
Statistics in Electrical Engineering under 
the direction of Dr. J. Stuart Johnson, Dean 
of Engineering, Wayne State University. 
The four papers scheduled for this meeting 
are: 

"Mathematics Approach to Probability 
and Statistics Instruction for Electrical En-
gineers, - Dr. J. G. Brainerd, University of 
Penns viva n ia. 

"Electrical Engineering Approach to 
Probability and Statistics Instruction for 
Electrical Engineers," Dr. R. J. Schwarz, 
Columbia L'n iversit v. 

"Random Process Studies and Informa-
tion Theory," Dr. V. C. Rideout and Dr. A. 
Burr, University of Wisconsin. 

"Reliability of Electronic Equipment," 
Dr. C. A. Krohn, Motorola, Inc. 

PtioToGRA y SEMINAR 

To BE HELD AT M .I.T. 

The scientific and engineering uses of 
high-speed photographic measurement tech-
niques will be the subject of a one week semi-
nar at the Massachusetts Institute of Tech-
nology, starting Monday, August 15, 1960. 
The meetings will center at the Stroboscopic 
Light Laboratory where the theory and ap-
plication of numerous methods will be dis-
cussed and studied. 

It is planned that mornings will be de-
voted to theory and demonstrations and the 
afternoons to laboratory practice and ex-
perience. 

Subjects to be covered include pulsed 
stroboscopic lighting, optical high-speed 
cailleras, Kerr cells, Faraday shutters, image 
converters, and so forth. Specialists in high-
speed photography have been invited to 
cover their subjects at the seminar, and there 
will be practical laboratory demonstrations 
of many types of high-speed photography 
equipment. 

The high-speed motion picture and still 
cameras give space-time resolution for com-
plicated mechanical motions. In some ways 
one can think of high-speed cameras as in-
struments for the mechanical engineer that 
correspond to the cathode-ray oscillograph 
for the electrical. One of the objects of the 
seminar is to give those who attend a real 
working knowledge of the various devices. 

The program is under the direction of 
Professor Harold E. Edgerton of the De-
partment of Electrical Engineering at M.I.T. 
For further information inquire from the 
Office of the Summer Session, Room, 7-103, 
M.I.T., Cambridge 39, Mass. 
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AVAILABLE NOW FROM TI 

100:1 
miniaturization 

with 

II 
semiconductor networks 
Now — 3 years ahead of industry's expectations — 
Solid Circuit semiconductor networks from Texas Instru-
ments for many of your high- reliability miniaturized systems! 

Solid Circuit networks are a major departure from conven-
tional components because they integrate resistor, 
capacitor, diode, and transistor functions into a single 
high-purity semiconductor wafer. Protection and packagin 
of discrete elements is eliminated, and contacts betwee:1 
dissimilar materials are minimized, reducing element 
interconnections as much as 80% . Fabrication steps have 
been reduced to one-tenth those required for the same 
circuit function using conventional components. 

SEMICONDUCTOR NETWORK CONCEPT 

The concept of a semiconductor network is the rela-
tion of conductance paths in a semiconductor to tse 
classical circuit elements, establishing an orderly 
design approach based on circuit knowledge. In this 
manner, semiconductor networks may be designed to 
perform the functions of a wide variety of existing 
circuits. Through the proper selection and shaping 
of semiconductor conductance paths, it is possible 
to realize such electronic functions as amplification, 
pulse formation, switching, attenuation, and rec-
tification. 

An assembly of 13 Solid Circuit networks, 

actual size, performs a full serial adder 

function, replacing 85 conventional compo-

nents with a 100:1 size reduction. Weight: 
1.5 gm. Volume: 0.02 cubic inch. 

*Trademark of TEXAS INSTRUMENTS INCORPORATED 

TEXAS 

Only a few process steps and time-proved TI mesa produc-
tion techniques permit a high degree of process control 

in Solid Circuit network fabrication. The result of these 
facts: reliability is built into each Solid Circuit network. 

If you need to reduce equipment size and weight — or to 
design a more complex system in the same size— inves-
tigate Solid Circuit networks for your missile, satellite, 

space vehicle, and other microelectronic programs. TI 
engineers are ready to custom design this concept to your 
requirements. Contact your nearest TI Sales Engineer 
today. The TI Type 502 Solid Circuit network is imme-
diately available for your evaluation. 

eedleMIIIM••••••••111».11N 

TI Type 502 silicon Solid Circuit network is intended for binary counter, flip•flop, 
or shift register applications. The dimensions of the glass- to- metal hermetic•sealed 
package are 0.250 x 0.120 x 0.030 inch. 
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Three members of the Washington, D. C., Section received Patron Awards for "d:stinguished service" to the 
Section at the Annual Banquet on February 13, 1960. Left to right: Stuart L. Bailey, President, Jansky and 
Bailey; Leland D. Whitelock, Head Engineer, Communications Branch, Bureau of Ships, Navy Department; 
John Durkovic, Chairman, Washington Section: Frencis Ii. Engel. Assistant to the Vice President, RCA Defense 
Electrorirs. and Dr. Ronald L. MacFarlan, IRE President. 1960. 

RECORD ATTENDANCE 
AT 1960 SOLID-STATE 
CIRCUITS CONFERENCE 

Over 3000 attended the recent 1960 In-
ternational Solid-State Circuits Conference 
which was held on the campus of the Uni-
versity of Pennsylvai.ia and at the Sheraton 
Hotel in Philadelphia, Pa. 

Among those in attendance were scores 
of solid-state specialists from abnintd— 
Japan, Italy, France, Sweden, Hungary, 
Switzerland, England and the Netherlands. 

Honored guests included Leo Esaki of 
tunnel-diode fame; M. J. O. Strutt, chair-
man, Electrical Engineering Department, 
Swiss Federal Institute of Technology. and 
C. Guy Suits, Vice President and Director 
of Research, General Electric Compan), the 
latter delivering invited addresses at the 
formal opening of the meeting. 
A tribute was paid to the late Dudley 

Buck during an afternoon memorial session. 
A complete conference report-100-

page-let terpress-book with over 300 illustra-
tions—covering the 43 Papers presented, was 
distributed to all ngistrants. Post-confer-
ence copies of this text, officially known as 
the Digegt of Technical Papers, are available 
from Henry G. Sparks, Moore School of 
Electrical Engineering, University of Penn-
sylvania, Philadelphia 4, l'a., at $5.00 per 
copy. Remittance to be made out to "Solid-
State Circuits Conference." 

PURDUE UNIVERSITY TO HOST 
ANNUAL CONVENTION 
ON ENGINEERING EDUCATION 

The fact that engineering education is 
currently in a state of change is reflected in 
the program which the American Society for 
Engineering Education has planned for its 
68th annual convention at Purdue Univer-
sity June 20 through 24, 1960. 

This largest and most significant meeting 
ot the year, between edacators and the engi-
neers and employers of engineers in industry, 

will begin with an address by President 
Frederick L. Howie of Purdue on his 
philosophy of the total education ol the engi-
neer. Some 45 general sessions and special 
conferences will follow during the week, in 
addition to numerous luncheons, (linners, 
and entertainment features. 

Sessions will be held on "Methods of 
Teaching Electrical Engineering," "The 
Impact of Digital Computers on Engineering 
Education," and the EE and IRE I )ivisions 
will hold an extended workshop on "Solid 
State Electronics." 

Of special note will be a general session 
by the Relations With Industry Division on 
\Vednesday, June 22, on "Long Range 
Education and Development of the Engi-
neer." Addresses will be given by Dr. 
Carl \V. Borgmann, of the Ford Founda-
tion; I'. E. Haggerty, president of : he Texas 
Instrument Company; Will Mitchell, Jr., 
associate research director ol Allis Chalmers; 
and E. C. Koerner, consulting engineer. 
A joint session by the Aeronautical 

Engineering, Mathematics and Physics 
Divisions will have as its theme "The Im-
pact of New Technologies." 

The currently live topic of high school 
preparation for college will be the subject of 
a major session to be presided over by Dr. 
A. R. Spalding, head of the Purdue depart-
ment of freshman engineering, which re-
ceives some 2000 freshmen from secondary 
schools each year. 

The Mechanics Division will feature a 
critical examination of "Substance and 
Objectives of Typical Curricula in Engineer-
ing Mechanics, Engineerirg Science, and 
Engineering Physics" by a panel consisting 
of Dr. Fred Lindvall, chairman of engineer-
ing at California Institute of Technology; 
Dr. Paul Chenea, head of the School of Me-
chanical Engineering at Purdue; Dr, J. H. 
Meier of General Electric; and Dr. Charles 
E. Taylor, of the University of Illinois. 

Other major topics include "An Evalua-
tion of Cooperative Education," "A National 
Survey of Technical Institute Education," 
and "The Future of Industrial Engineering." 

For reservations and a complete pro-
gram, address Prof. Mark Roberis. Engi-
neering Administration, Purdue University, 
Lafayette, Ind. 

TELEMETERING CONFERENCE 
PROGRAM COMPLETED 

The 1960 National Telemetering Con-
ference will be held May 23-25, 1960 at the 
new Miramar Hotel in Santa Monica, Calif. 
The theme of this year's conference is "Te-
lemetry—Tool for Industry and Defense." 
Sponsoring societies are the Instrument So-
ciety of America ( ISA) which is the 1960 
host, the American Rocket Society (ARS), 
the American Institute of Electrical Engi-
neers (AIEE), the Institute of Aeronautical 
Sciences ( IAS), and the Institute of Radio 
Engineers ( IRE). 

Seventy-one technical papers have been 
selected, and will be presented in panel form 
in 16 separate sessions running 3 sessions 
concurrently. In addition, two workshop 
sessions are scheduled. Session topics are: 

Monday Morning, May 23 

"Industrial Data Transmission Systems" 
"Bio-1\ ledical Measurements" 
"Space Data Acquisiton Systems" 

Monday Afternoon 

"General ILF Components and Tech-
niques" 

Missiles and Aircraft Telemetry Work-
shop— 

"R&D Needed in the 60's" 
" Da ta Processing and Presentation "—I 

Tuesday Morning, May 24 

"PC1\I Progress" 
"General—Transducers" 
"Ground Stations—New Components 

and Techniques" 

Tuesday Afternoon 

"Industrial Supervisory Control" 
"Missiles and Aircraft—Flight Data Sys-

tems" 
"Telemetry Techniques"-1 

Wednesday Morning, May 25 

"Data Processing and Presentation"—II 
"Missiles and Aircraft—Environment 

Measurement" 
"General Transistorization Progress" 

Wednesday Afternoon 

Industrial Telemetry Workshop—"\Vhat 
\Ve Really Need Is . . " 

"Telemetry Techniques"—II 
"Reliability in Telemetry" 

The latest in telemetry equipment and 
techniques will be displayed by leading man-
manufacturers for both commercial industry 
and the military. Over 66 exhibit booth 
spaces have been provided in a layout in two 
large halls which are near to the technical 
sessions. In addition to the banquet and 
cocktail party, several interesting tours are 
planned for both conferees and wives. 

Additional information may be obtained 
by contacting the Conference Chairman, 
Hugh Pruss, 8345 Hayvenhurst Ave., Sepul-
veda, Calif. 

NEREM CALLS FOR PAPERS 

Technical papers describing significant 
original contributions—focused on research 
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NEW 185A 500 MC oscilloscope 

now for these important measurements: 

Analyze millimicrosecond pulses 

Measure transistor response time 

Make fractional millimicrosecond 
time comparisons 

Measure diode switching time 

Determine pulse jitter 

Make permanent X-Y plots 

Measure memory-unit switching 

Measure uhf voltage amplitude 

$ 185A Sampling Oscilloscope with 
$ 187A Dual Trace Amplifier 

Bright, clear dual pulse presentation on -hp. 
185A's big e. scope face. Top [rare shows 
pulse from mercury pulser applied to 2N1285 
mesa transistor. Bottom trace shows respond-
ing turn-on of transistor. Dip in bottom trace 
at start of turn-on results from capacitance. 
Scope sweep speed is 1 masec/cm. 

Brilliant, steady trace of a 2 millimicrosecond 
pulse on the 185A 6AQP cathode ray tube 

6362 face. 

IMPORTANT FEATURES: Less than 0.7 mpsec rise time. 500 MC pass 
band; bright steady traces even at rep rates down to 50 cps. Sensitivity 
10 mv/cm to 200 mv/cm; vernier increases sensitivity to 3 mv/cm. 
Sweep times 10 ingsec/cm to 100 nuisec/cm with expander to 0.1 MASee. 
Front panel delayed sync pulse for triggering circuits under test. Dual 
channel input. 10 cm vertical display. High sensitivity, wide dynamic 
range. 100,000 ohm probe minimizes circuit disturbance. X-Y recorder 
output. Time-amplitude calibrators, beam finder, panel similar to con-
ventional scopes. Built-in time and amplitude calibrators. 

FOR CCMPLETE DETAILS of this totally new, easy-to-use instrument, 
call your representative or write direct. 
e 185A 500 MC Oscilloscope, $2,000.00 
e 187A Dual Trace (plug-in) Amplifier, $1,000.00 

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

HEWLETT-PACKARD COMPANY 
1('261) Page Mill Road, Palo Alto, California, U.S.A. 

Cable "HEWPACK" DAvenport 6-7000 

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

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

over 300 fast, accurate measuring instruments 
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and deveiopment—are invited for presenta-
tion at the 1960 Northeast Electronics Re-
search and Engineering Meeting ( NERENI) 
which will be held on November 15, 16, 17, 
1960, in the Commonwealth Armory and 
the Sheraton- Plaza Hotel, Boston, Mass. 

This year's meeting will project a marked 
departure in technical program format, scope 
and size, as well as type and number of ex-
hibits. The program will feature many in-
vited state-of-the-art tutorial sessions, with 
related evening informal discussion periods. 

All registrants will receive, free-of-addi-
tional charge, a copy of the NEREM Rec-
ord, a printed 200-page conference report 
with 600-1000 word digests ( supported by 
drawings and photographs) of every paper 
presented at the meeting. Illustrated profiles 
of every NEREM speaker will also be in-
cluded in the Record. 
A suggestive, but not inclusive, list of 

subject areas for NERENI 1960 is: Anten-
nas; Circuit Theory; Components, Pro-
duction Techniques and Reliability; Elec-
tronic Computers; Engineering Manage-
ment; Feedback Control Systems; Informa-
tion Theory and Processing; Biomedical 
Electronics; Microwave Devices—Theory 
and Techniques—Involving Ferrites, .Ma-
sers, Parametric Amplifiers and Ionized 
Media; Military Electronics Including In-
ertial, Infrared and Data- Handling Sys-
tems; Semiconductor Devices and Circuits 
Including Micro-Circuitry and Photo Elec-
tronic Applications. 

To permit the development of well-inte-
grated technical sessions, speakers are re-
quested to furnish either complete papers or 
400-500 word abstracts, in triplicate, plus 
50-word summaries for advance program 

All material should be mailed on or be-
fore July 15, 1960 to the 1960 NF,REM Pro-
gram Chairman, J. H. Mulligan, Jr., Dept. 
of Electrical Engineering, New York Uni-
versity, New York 53, N. Y. Authors will be 
notified of paper acceptance or rejection by 
August 15, 1960. 

1922 receiver demonstrated at IRE Section \ nimal nano let ---The operation of the "Aeriola Sr. Receiver," a 
Westinghouse Product, is demonstrated by Captain W. F. Kirin,. Chairman of the Northwest Florida Section of 
the IRE, to Dr. R. L. McEarlan, International President ol tire IRE, and General R. H. Warren, Vice ( om-
mander, APGC. Ralph Co.. (left) Section Vice-Chairman, and Harold Huinagle (right), Section Secretary-
Treasurer, look on. 

M AY SCHEDULE PLANNED 

By AIR FORCE MARS 

The following is the schedule of the Air 
Force MARS Eastern Technical Net (3295 
kc. 7540 kc, and 15,715 kc, on Sundays from 
2 to 4 P.M. EST): 
May 1 "Oaa:ity Coatrol Techniques," 

A. Stein, Statistical Engineer, 
Riverside Plastics Corp. 

May 8 "Medical Electronics in Gast ro-I n-
testinal Research," Dr. J. T. Far-
rar. Chief, Gastro-Neurology Sec-
tion; of the Veterans' Hospital of 

New York and R. Bostrom. Re-
search Engineer, Airborne Instru-
ments Lab. 

May 15 "The Evolution of Modern Radar," 
Dr. N.J. Nilsson, Chief, Directorate 
of Control and Guidance, Advanced 
Developments Lab., Rome Air De-
velopment Center, USAF. 

May 22 "Air Crew Escape Systems," Dis-
etts,ion by engineers from Frank-
ford Arsenal, USA. 

May 29 " AlmeriaIs," Discussion by engi-
neers from Frankford Arsenal, 
USA. 

1960 IRE 7th Region Conference 
OLYMPIC HOTEL, SEATTLE W ASH., M AY 24-26, 1960 

The cocktail party, to be held May 24 in 
the Olympic Hotel, Seattle, Wash., is the tra-
ditional opening of the IRE 7th Regional 
Conference. The All- Industry Luncheon will 
also be held on May 24, in the Spanish Ball-
room of the Olympic Hotel. 

On May 25 a field trip will be conducted 
to the Transport Division of the Boeing Air-
plane Company, Renton, Wash. This will 
provide views of the following: the factory, 
flight line ( radar test), electronic shops ( ra-
dar checkout), electronic mock-up landing 
simulator, computer—IBM 704 (evaluation 
of flight situations), and airplane mock-up, 
both present and future. 

Women's activities, under the direction 
of Mrs. Frank S. Holman, will include a re-
ception and several cruises and excursions to 
interesting sites in the area. 

Session 1—Opening General Session 

Tuesday Morning, May 24 

Chairman: O. G. Villard, Jr., Stanford 
Univ.. Stanford, Calif. 

Speakers: F. S. Holman, Chairman, 7th 
Region Conjerence, Boeing Airplane Co., 
Seattle, Wash.; R. L. McFailan, President, 
IRE; R. N. Clark, Univ. of Washington, 
Seattle; O. G. Villard, Jr., Stanford Univ., 
Stanford, Calif. 

Session 2 

Control Systems I—Performance Criteria 

Tuesday Afternoon 

Chairmar: G. F. Franklin, Stanford 
Univ., Stanford, Calif. 

Co-Chairman: F. C. Fickeisen, Boeing 
Airplane Co., Seattle, Wash. 

"Optimum Performance Criteria with a 

Minimum I.ead System," G. S. Aselliy. 
Westinghouse Corp., Baltimore, Md. 

"Consideration in the Design of Feed-
back Control Systems with Optimum Per-
formance," R. L Cosgriff and E. J. ¡login, 
Ohio State Univ.. Columbus. 

"Optimum Control System with Mini-
mum Spectral Bandwidth," J. C'. Hung, New 
York Univ., New York, N. Y. 

"Performance Measures—Past, Present, 
and Future," W. C. Schultz, Cornell Area 
Lab., Buffalo, N. Y., and V. C. Rideau', 
Univ. of Wisconsin, Madison. 

Session 3 

Solid State Electronics I—Semiconductors 

"Negative Resistance Processes in Semi-
conductors," R. E. Burgess, University of 
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FEATURES: 

• Short insertion length 
• Full 60 db attenuation range 

• Minimum insertion loss 

• Compact Tape readout 
• Precision accuracy 

Once again, to meet the present and 

future needs of microwave engineers, 
PRD has produced a completely new 

concept in test equipment. Here is a 
rotary vane attenuator in a radically 
modern package: small, light, rugged 

...and precise— to fill all your needs 
from 3.95 to 40 kmc. The 101 series of 
Broadband Attenuators features a pre-

cise, compact, low-backlash drive and 
easy-to-read tape readout. Levelling 
screws quickly adjust to match trans-
mission line heights. A simple adapter 
is available for panel mounting. 

SPECIFICATIONS: 

VSWR: 1.15 maximum 

Attenuation Range: 60 db 

Accuracy: -±0.1 db or -±- 2%, which-
ever is greater. from 0 to 50 db; +3% 
from 50 to 60 db. 

PRD's brand new 
Broadband 
Attenuators 

The table below indicates maximum insertion loss and dimensions. 

Type No. Freq. Range Mal. Inser- Insertion Height Depth 
tion Loss Length 

G 101 3.95 — 5.85 0.5 db 183ii 631'6 73(6 

C 101 5.3 — 8.2 0.5 db 143(6 63(6 73(6 

H 101 7.05 — 10.0 0.5 db 11% 63(6 73(6 

X 101 8.2 — 12.4 0.5 db 9 64' 64' 

U 101 12.4 — 18.0 0.7 db 7% 514 6'4 

K 101 16.0 — 26.5 0.7 db 73(6 514 614 

A 101 26.5 — 441.0 1.0 db 6% 5'4 6'4 

data subject to change without notice 

To find out more about the new PRD 101 Series of Broadband 

Attenuators contact your local PRD representative, or phone, 

write, or wire: 

PR D ELECTRONICS INC. 
A Subsidiary of Harris- n7ertype Corporation 

Formerly Pclytechnic Research 6‘ Development Co.. Inc. 

Factory and General Office: 202 Tillary Street, Brooklyn I. New. York, LILster 2-6800 
Western Sales Office: 2639 So. La Cienega Blvd., Los Angeles 34, Calif., UPton 0.1940 
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British Columbia, Vancouver, canada. 
"Recent Progress in the Development of 

High Frequency Transistors," G. N. Hanson, 
Bell Telephone Labs., Allentown, Pa. 

"Some Aspects of Semiconductor Noise," 
A. Van Der Ziel, Univ. of Minnesota, Minne-
apolis. 

"Maser Operation at Infrared and Opti-
cal Frequencies," L. C. Levitt, Hughes Re-
search Labs., Culver City, Calif. 

Session 4 

Control Systems II—Optimal 
Design Techniques 

Wednesday Morning, May 25 

Chairman: A. H. Koschmann, Univ. of 
New Mexico, Albuquerque. 

Co-Chairman: R. M. Hubbard, Boeing 
Airplane Co., Seattle, Wash. 

"Performance Criteria in Adaptive Con-
trol," C. W. Sarture and J. A. Aseltine, Space 
Technology Labs., Los Angeles, Calif. 

"Limit Cycle Efficiency of On-Off Reac-
tion Control Systems," G. W. Freeman, 
Boeing Airplane Co., Seattle, Wash. 

"Design Aspects of Attitude Control 
Systems," M. F. Marx, General Electric Co., 
Schenectady, N. Y. 

"A Simulator Study of a Two-Parameter 
Adaptive System," V. C. Rideout and R. J. 
McGrath, Univ. of Wisconsin, Madison. 

Session 5 

Solid State Electronics II—Solid 
State Energy Conversion 

Session 6 

Electromagnetics I—Radio Astronomy 

"Radio Emission from the Sun at Deca-
metric Wavelengths," J. W. Warwick, High 
Altitude Observatory Univ. of Colorado, 
Boulder. 

B. S. Yaplee, Radio Astronomy Br., U. S. 
Naval Research Lab., Washington, D. C. 

D. D. Cudaback, Electrical Engineering 
Dept. Stanford Univ., Stanford, Calif. 

A. E. Lilley, Harvard College Observatory, 
Cambridge, Mass. 

Session 7 

Control Systems III—Nonlinear and 
Sampled Data Systems 

Wednesday Afternoon 

Chairman: R. E. Hanna, Douglas Air-
craft Co., Santa Monica, Calif. 

Co-Chairman: E. Noges, Univ. of Wash-
ington, Seattle. 

"Nonlinear Effects in Servo Control 
Systems," R. B. Higley, Autonelice, Downey, 
Calif. 

"Control of Higher Order Systems Based 
on Time Optional Regulations," F. B. Smith, 
Minneapolis Honeywell, Minneapolis, Minn. 

"An Error Minimization Technique for 
Sampled-Data Systems," A. F. Engelbrecht 
and C. TV. Steeg, Jr., Radio Corporation of 
America, Burlington, Mass. 

Session 8 

Electromagnetics II—Very Large 
Aperture Antennas 

"Radar Astronomy: A New Technique 
for the Study of the Solar System," R. L. 
Leadabrand and R. B. Dyce, Stanford Re-
search Inst., Menlo Park, Calif. 

"The Design and Operation of a Two-
Mile Aperture Antenna," W. C. Erickson, 
Convair Scientific Research Lab., San Diego, 

"Environmental Antenna Pa t terns, " 
J. F. Carpenter, Dalmo Victor Co., Division 
of Textron, Inc., Belmont, Calif. 

"The Ohio State 360 Foot Radio Tele-
scope," R. T. Nash, Radio Observatory, 
Dept. of Electrical Engineering, Ohio State 
Univ., Columbus. 

Session 9 

Student Prize Paper Contest—IRE 
7th Region Finals 

Wednesday Evening 

Chairman: F. D. Robbins, Univ. of 
Washington, Seattle. 

Session 10 

Engineering Management Symposium— 
Technical Management of 

Large Systems 

Session 11 

Control Systems IV—Biological 
Control Systems 

Thursday Morning, May 26 

"The Design of Man-Machine Systems 
by Means of Quantitative Analysis Tech-

niques of Human Factors Engineering," 
O. H. Lindquist, Minneapolis-Honeywell, 
Minneapolis, Minn. 

"Control Systems Characteristics of the 
Respiratory System," A. C. Young, Univ. of 
Washington, Seattle. 

"Relaxation and Transit Time Oscilla-
tions in the Heart," J. W. Woodbury, Univ. 
of Washington, Seattle. 

Session 12 

Electromagnetics III—Arctic 
Ionospheric Phenomena 

"Distribution of Auroral Radar Dis-
turbances in Alaska During the IGY," R. S. 
Leonard, Geophysical Inst., College, Alaska. 

"Sweep-Frequency Backscat ter St odies 
in the Auroral Zone," H. F. Bates, Geophysi-
cal Inst., College, Alaska. 

"High Frequency Studies of the Arctic 
Ionosphere," L. Owren and R. D. Hunsucker, 
Geophysical Inst., College, Alaska. 

"A High Latitude Study of Spread F 
Echoes," Z. A. Ansari and L. Owren, Geo-
physical Inst., College, Alaska. 

Session 13 

Solid State Electronics III—Magnetics 
and Dielectrics 

Thursday Afternoon 

"Ferroelectric Power Converters," S. R. 
Hoh, IT and T Co., Nutley, N. J. 

"New Magnetic Devices for Digital 
Computers," D. H. Looney, Bell Telephone 
Labs., Murray Hill, N. J. 

L. Rimai, Raytheon Co., Waltham, Mass 

Session 14 

Electromagnetics IV—Terrestrial 
Electromagnetic Effects 

"Terrestrial Propagation of VLF Radio 
Waves," J. R. Wait, National Bureau of 
Standards, Boulder, Colo. 

"Whistlers and Related Phenomena," 
R. A. Helliwell, Radioscience Lab., Stanford 
Univ., Stanford, Calif. 

"Effects of Terrestrial Electromagnetic 
Disturbances on Wireline Communications," 
R. Sanders, Hughes Aircraft Co., Culver City, 
Calif. 

"Fading of Radio Waves Vertically Inci-
dent Upon the Ionosphere," D. II. Schrader 
and H. M. Swarm, Dept. of Electrical Engi-
neering, Univ. of Washington, Seattle. 

Fourth National Convention on Military Electronics 
SHERATON PARK HOTEL, W ASHINGTON, D.C., JUNE 27-29, 1960 

A panel discussion on military research 
and development will highlight the opening 
session of the 4th National Convention on 
Military Electronics ( MIL-E-CON 1960) 
which will be held again this year in Wash-
ington, D.C. on June 27-29. This annual 
meeting is sponsored by the Professional 
Group on Military Electronics. 

Dr. Jerrold R. Zacharias, Professor of 
Physics at the Massachusetts Institute of 
Technology, will moderate the discussion by 
officers from the three military services, in-

eluding Vice Admiral John T. Hayward, 
USN, Deputy Chief of Naval Operations 
(Development) and Major General Leighton 
I. Davis, USAF, Assistant Deputy Chief of 
Staff, Development, U.S. Air Force. 

The technical program includes 25 ses-
sions, 20 of which will be unclassified. The 
Air Force Research and Development Com-
mand will sponsor five classified sessions at 
MIL-E-CON 1960; security clearance is re-
quired for attendance at these classified 
meetings. Printed copies of the 1960 Con-

ference Proceedings, containing the un-
classified papers, will be distributed free of 
charge to each registrant. 

Exhibits of the latest in military com-
ponents and equipment will fill the exhibit 
areas of the Sheraton- Park Hotel. The ex-
hibits will run concurrently with the tech-
nical sessions. 

On the social side, there will be a Key-
note Luncheon on :\ londay, June 27, a buffet 
and entertainment Monday evening, a 
Ladies' Breakfast on Tuesday, and the An-
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Here are the plain facts! 
• • . why it pays to specify and use dependable 

BUSS FUSES 
IT'S A FACT! By specifying BUSS fuses, you 

obtain the finest electrical protection possible — and 
you help safeguard the reputation of your product for 
quality and reliability. 

IT'S A FACT! BUSS fuses have provided 
dependable electrical protection under all service 
conditions for over 45 years— in the home, in industry 
and on the farm. 

IT'S A FACT! To make sure BUSS fuses will 
give your equipment maximum protection, every one 
made is tested in a sensitive electronic device. Any fuse 
not correctly calibrated, properly constructed and right 
in all physical dimensions is automatically rejected. 

IT'S A FACT! Whatever your fuse require-
ments, there's a dependable BUSS or FUSETRON 
fuse to satisfy them. Sizes from 1 '500 ampere up and 
there's a companion line of fuse clips, blocks and fuse-
holders. 

IT'S A FACT! The BUSS fuse engineering staff 
will work with you to help you find or develop the best-
suited to your needs. This places the world's largest 
fuse research laboratory and its personnel at your 
command to save you engineering time. 

For more information on BUSS and FUSETRON 
Small Dimension fuses and fuseholders, write today for 
Bulletin SFB. 

DUSSMANN MFG. DIVISION, McGraw-Edison Co. University at Jefferson, St. Louis 7, Mo. 

BUSS fuses are made to protect - not to blow, needlessly. 
BUSS makes a complete line cm' fuses for home, fcrm, commercial, 

electronic, electrical', automotive and indusfrial use. 

580 

TSUSTWORTHV NAMES IN 
giecr,canp.or,c 710M 
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fluai Banquet Tuesday evening, featuring a 
prominent guest speaker and the presenta-
tion of the Barry M. Carlton Award. The 
Washington Chapter of PGM IL will be the 
host at the Keynote Luncheon, with Major 
General Earle E. Cook, USA, Deputy Chief 
Signal Officer, as the speaker. Dr. Edward 
G. Witting, Deputy Director of Research 
and Development, Office of the Secretary of 
the Army, and chairman of the Washington 
Chapter, PGM IL will be the master of cere-
monks at this luncheon. A meeting of the 
Administrative Committee of PGM IL is 
scheduled for Tuesday morning. 

Advance registration fees, which include 
the Conference Proceedings, are S2 for IRE 
members, S3 for nonmembers, and SI for 
students. Deadline for advance registration 
is June 1. At-the-door registration fees will 
be 84 for IRE members, S5 for nonmembers, 
and 81 for students. Tickets for the luncheon 
are $3.50; for the Ladies' Day Breakfast, 
$2; for the buffet $5; and for the ban(1uet, 
$10. 'Elides seating eight may be reserved 
for the banquet at $80 each. Mr. Jack 
Carter, Jansky & Bailey, Inc., 3269 M 
Street, N. \V., Washington 7, 1).C., is chair-
man of the Registration Committee. 

Robert H. Cranshaw, Manager, Ad-
vanced Space Products, General Electric 
Company, Utica, New York, is President of 
MIL-E-CON 1960. Dr. Craig M. Crenshaw, 
Chief Scientist, Office of the Chief Signal 
Officer, Department of Defense ( Army), is 
Chairman of the Technical Program Com-
mittee. 

Monday Afternoon, June 27 

Session 1.1—Reconnaissance and Rang-
ing I (Confidential) 

Sponsor: Air Research and Development 
Command. 

Moderator: To be announced. 
"Experimental Evaluation of a Diversity 

Radar," I'. IF. Crist, Airborne Instruments 
Lab., Melville, N. Y. 

"Radar Density Related to Tactical 
Troop Concentrations," R. T. Stefancik, 
G. C. Arruzesmith, and G. A. Pitsenbarger, 
Sylvania Electronic Defense Lab., Mountain 
View, Calif. 

"Instrumentation System for Three-
Dimensional Tracking of Underwater Mis-
siles," C. S. Soliozy and J. M. Formwalt, 
U. S. Naval Underwater Ordnance Station, 
Newport, R.I. 
" ITT Secure Ranging and Communica-

tion System," A. E. Nashman, ITT Labs., 
Nutley-, N. J. 

"Identification and Evaluation of Mag-
netic Field Sources Associated with Mag-
netic-Anomaly Detector Equipped Air-
craft." P. Leliak, The Martin Co., Baltimore, 
Md. 

"I nertialess Scanning and Tracking 
Radar ( I NSTAR)," J. R. Karp, The W. L. 
illaxson Corp., New York, N. 1'. 

Session 1.2—Satellite Electronics 

'Moderator: To be announced. 
"A Satellite Microwave Telemetry Oscil-

lator Using Traveling-Wave Tube- Tech-
niques," L. A. Roberts, Watkins-Johnson Co., 
Palo Alto, Calif. 

"Application of Microminiaturization 
Concepts to Space Guidance Computers," 
E. Keonjiam, American Bosch Arma Corp., 
Hempstead, N. Y. 

"Criteria for the Optimum Design of 
Active Satellite Communication Systems," 

A. R. Giddis, Philco Western Development 
Lab., Palo Alto, Calif. 

"Satellite Ionosounder," S. Horowitz, 
AF Cambridge Research Center, Bedford, 
Mass., and L. Humphrey, General Electric 
Co., Ithaca, N. 1'. 

"Satellite Reliability Achieved Through 
Comprehensive Environmental and Func-
tional Testing," J. A. Chambers, U. S. Army 
Ordnance Missile Command, Redstone Ar-
senal, Ala. 

"A Compact UHF Diplexer for Appli-
cations Involving Rockets or Satellites," 
S. E. Parker. Hughes Aircraft Co., Culver 
City, Calif. 

Session 1.3—Microwave Devices 
and Techniques 

Moderator: G. R. Kilzare, Westinghouse 
Electric Corp., Baltimore, .11d. 

"Status of Ultra-Low-Noise Traveling-
Wave Tubes and Beam-Type Parametric 
Amplifiers," K. Kotzebue, B. P. Israelsen and 
G. E. St. John, Watkins-Johnson Co., Palo 
Alto, Calif. 

"New Microwave Devices with Bulk 
Semiconductors," II. Jacobs, F. A. Brand, 
M. Benanti, J. Meindl, and R. Benjamin. 

"Phase Stable Limiting Amplifiers Using 
Beam Deflection Tubes." E. R. Win grove, 
Jr., General Electric Co., Syracuse, N. Y. 

"Applications of Traveling Wave Tubes 
to Microwave Circuits," G. E. Austin, Syl-
vania Electronic Defense Lab., Mountain 
View, Calif. 

"Recent Electron'e Scanning Develop-
ments," J. P. Shelton and K. S. Kelleher, 
Aero Geo Astro Corp., Alexandria, Va. 

"Practical Stripline Component Design," 
V. T. Norwood, Hughes Aircraft Co., Culver 
City, Calif. 

Session 1.4—Instrumentation 

Moderator: To be announced. 
"The Pulsed Light Theodolite," L. A. 

Jay, U. S. Army Electronic Proving Ground, 
Fort Huachuca, Ariz. 

"I\ lultiple High- PRE Ranging," D. H. 
Mooney and W. A. Skillman, Westinghouse 
Electric Corp., Baltimore, Md. 

"Recent Achievements in Missile- Borne 
Magnetic Tape Recorders," M. M. Siera, 
Lockheed Aircraft Corp., Palo Alto, Calif. 

"Hit Indicator Techniques for Direct 
Fire Weapons." JI. Chaskin, U. S. Naval 
Training Device Center, Port Washington, 
N. Y. 

"Effects of Atmospheric Pollutants on 
Electronic Equipmetit." II. C. McKee, 
Southwest Research Inst., San Antonio, 
Texas. 

"A Delay-Line Synthesized Filter Bank 
with Electronically Adjustable Impulsive 
Response," H. J. Bickel and E. Brookner, 
Federal Scientific Corp., New York, N. Y. 

Session 1.5—Noise Effects on 
Precision and Data 

Moderator: To be announced. 
"0.1 1/4  Accuracy Variable Speed Control 

System," M. Hartman, Fairchild Camera and 
Instrument Corp., Syosset, L. I., N. Y. 

"Pulse Operation of DC Servo Motors 
for Lower Thresholds," D. J. Salonimer and 
W. E. Yoakum, Guided Missile Agency, 
Redstone Arsenal, Ala. 

"A Mathematical Analysis of Transients 
Caused by AGC Reset in Line Switching 
Amplifier as Used in AN/MSQ-18 ( Missile 

Monitor) Equipment," 1st. Lt. R. A. Perry 
and SP-4 J. M. Dugan, U. S. Army Air 
Defense Board, Fort Bliss, Texas. 

"An Analogue Computer for Separating 
Evoked Physiological Potentials from Back-
ground Noise," W. Korpfl, R. Robinson and 
J. C. A rmington, Walter Reed Army Inst. of 
Res., Washington, D. C. 

"Precision Frequency Measurement of 
Noisy Doppler Signals," W. A. Dean, Bal-
listic Measurements Lab., Aberdeen Proving 
Ground, Md. 

"Output Signal-to- Noise Characteristics 
of Correlators," B. R. lltzyo and D. K. Cheng, 
General Electric Co., Syracuse, N. Y. 

Tuesday Morning, June 28 

Session 2.1—Communications and 
Data Handling (Confidential) 

Sponsor: Air Research and Development 
Command. 

Moderator: F. Brady, Research and De-
velopment Div., Office of The Chief Signal 
Officer, Dept. of the Army, Washington, D. C. 

"Engineering Analysis of Qualitative 
Data to Provide a Missile System for Simu-
lation and Vulnerability Studies," N. John-
son, Sylvania Electronic Defense Lab., Moun-
tain View, Calif. 

"Spasur Automatic Digital Data Assem-
bly System, Part I—The Digital Data 
Transmission Problem, Part II—Descrip-
tion of the Digital System," W. B. Poland, 
Jr., U. S. Naval Research Lab. and M. S. 
Maxwell, and J. Pinker, U. S. Naval Weap-
ons Lab., Dahlgren, Va. 

"Simulation by Interpretation," F. IV. 
Sinn, Jr. and J. J. Wolf, Burroughs Corp., 
New York, N. Y. 

"A Transistorized Digital Range Unit," 
R. M. Lucas, Bell Telephone Labs., Inc., 
Whippany, N. J. 

"I';,cilic Missile Range Communica-
tions," S. II. Vogt, Dept. of the Navy, 
Washington, D. C. 

"Evaluation of Video and IF I\ I T 
Cancellation Techniques," E. C. Nordell, 
General Electric Co., Dewitt, N. Y. 

Session 2.2—Communications I 

Moderator: To be announced. 
"Military Applications for Speech Com-

pression Techniques," A. J. Strassman, 
Hughes Aircraft Co., Los Angeles, Calif. 

"Instrumentation Used for Ionosphere 
Electron Density Measurements," W. J. 
Cruickshank, Ballistic Research Lab., Aber-
deen Proving Ground, Md. 

"Electron Density Measurements in 
Hypersonic Projectile Trails," R. S. Hebberi, 
U. S. Naval Ordnance Lab., White Oak, 
Silver Spring, Md. 

"Topology Engineering of Communica-
tion Networks," Dr. K. Ikrath and C. C. 
Comstock, Has. U. S. Army Signal Res. and 
Dei'. Lab., Fort Monmouth, N. J. 

"Frequency Selection," H. R. Smith, 
Sierra Vista, Ariz. 

"The Economic Design of Radio Com-
munication Systems by Matching the Mes-
sage Urgency to the Fading Conditions," 
L. P. Ye/i, Page Communications Engineers, 
Inc., Washington, D. C. 

Session 2.3—Reliability 

Moderator: To be announced. 
"Serviceability: Complement to Reli-

ability," R. H. Wilcox and Cdr. V. R. Wan-
ner, Office of Naval Res., Washington, D. C. 
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CAPACITORS 

INSURE FAILURE-PRO • F PERFORMANCE! 

Only 1 Failure In 7.160.000 Unit Hours for 0.1 MFD Capacitors* 

Setting a new standard of reliability! 
* Life tests have proved that El-Menco 
Mylar-Paper Dipped Capacitors — tested 
at 100°C with rated voltage applied — 
have yielded a failure rate of only 1 per 
716,800 unit-hours for 1 MFD. Since 
the number of unit-hours of these capaci-
tors is inversely proportional to the 
capacitance, 0.1 MFD El-Menco Mylar-
Paper Dipped Capacitors will yield ONLY 
1 FAILURE IN 7,168,000 UNIT-HOURS. 

SUPERIOR FEATURES! 
• Five case sizes in working voltages and ranges 

200 WVDC — .018 to .5 MFD 

400 WVDC — .0082 to .33 MFD 

600 WVDC — .0018 to .25 MFD 

1000 WVDC —. .001 to .1 MFD 

1600 WVDC — .001 to .05 MFD 

SPECIFICATIONS 

• TOLERANCES: ± 10% and ± 20%. Coser tol-
erances available on request. 

• INSULATION: Durez phenolic resin impregneted. 

• LEADS: No. 20 B & S (.032°J annealed ccpper-
we'd crimped leads for printed circuit application. 

• DIELECTRIC STFEYGTE: 2 or 21h times rated 
vo'tage, depending upon working voltage. 

• INSULATION RE.StSTAMŒ AT 25 °C: 
or .05MFD or less, 100,000 megohms mir imure. 

Greater than .05 MFD, 5000 megohm•micro'crads. 

• INSLLATION RESISTANCE A' 100 C: 
For .05MFD or less, 1400 megohms minimum. 
Greater than .05MFD, 70 megohm-microforads. 

• POWER FACTCR AT 2', r 
1.0% maximum at 1 KC. 

Write for Technical Brochure Giving Complete Information on the 
El-Menco Tubular Dur-Paper tine. 

THESE CAPACITORS WILL EXCEED ALL THE ELEC-
TRICAL REQ U I REM ENTS OF E. I. A. SPECIFICATION 
RS- 164 AND MILITARY SPECIFICATIONS eM IL-C-91A 
AND MIL-C - 25A. 

FOR FAILURE-PROOF PERFORMANCE . . . COUNT ON 
EL-MENCO MYLAR-PAPER DIPPED CAPACITORS . . . 
FROM MISSILE GUI DANCE SYSTEMS TO DATA PROC-
ESSING EQUIPMENT I 

• Reguitered Trade Mark of DuPont Co. 
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THE ELECTRO MOTIVE MFG. CO., INC. 
WILLIMANTIC CONNECTICUT 

Manufacturers of Ei-Menco Capacitors 

molded mica • dipped wit a • mica trimmer • dipped paper 
• tubular paper e ceram c • sivered micn films • eramic discs 

Arco Electronics, Inc., 64 White St., New York 13, N. Y. 
Exclusive Supplier To Jobbers and Distributors in Mt U.S. and Canada 
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"Reliability Anatomy for System Design 
Engineers," E. S. Winlund, General Electric 
Co., Phoenix, Ariz. 

"A Complete Reliability Analysis of a 
One-Unit System," R. E. Barlow and L. C. 
Hunter, Sylvania Electronic Defense Lab., 
Mountain View, Calif. 

"Statistical Pitfalls for the Reliability 
Engineer," G. H. Beckhart, Radio Corp. of 
America, Moorestown, N. J. 

"The Use of IBM Cards to Predict, 
Control, and Measure Reliability of a Mis-
sile Electronics Unit," G F. Dolan, Hughes 
Aircraft Co., Culver City, Calif. 

"System Improvement Through Failure 
Effect and a Reliability Model," G. E. 
Unruh, Paramount Electronics, Inc., Hicks-
ville, N. Y. 

Session 2.4—Antennas 

Moderator: Dr. W. J. Otting, Jr., Direc-
tor of Physical Sciences, Air Force Office of 
Scientific Res., Washington, D. C. 

"Ferromagnetic Antennas," R. New, 
American Electronic Labs., Inc., Lansdale, 
Pa. 

"Effect of Antenna Phase Pattern on 
Doppler System Operation," H. S. Rothman 
and W. E. Scharfman, Stanford Research 
Inst., Menlo Park, Calif. 

"A Generalized Analysis of Electronic 
Antenna Beam Steering," P. D. Kennedy, 
Lockheed Aircraft Corp., Sunnyvale, Calif. 

"The Effect of Field Wire Stability on 
the Maximum Length of Loop," N. W. 
Feldman and G. P. Tripp, Hqs, U. S. Army 
Signal Research and Development Lab., Fort 
Monmouth, N. Y. 

"The Shroud Antenna for High Speed 
Missiles," V. W. Richard, Ballistic Research 
Lab., Aberdeen Proving Ground, Md. 

"Ring Arrays," W. D. Nelson, General 
Electric Co., East Dewitt, N. Y. 

Session 2.5—Ranging, Tracking and 
Reconnaissance 

Moderator: Dr. J. A. Boyd, Director, 
Willow Run Labs., University of Michigan, 
Ann Arbor, Mich. 

"A Continuous Wave Range System," 
F. C. Lanza, Philco Corp., Palo Alto, Calif. 

"An Experimental Study of Monopulse 
Technique for Ground Clutter Discrimina-
tion," S. Y. Chang and V. Stabilito, U. S. 
Army Ordnance, Frankford Arsenal, Phila-
delphia, Pa. 

"Tracking Research at the Naval Train-
ing Device Center," G. Micheli, U. S. Naval 
Training Device Center, Port Washington, 
N. Y. 

"On the Tracking and Geodetic Poten-
tialities of a Doppler Rate Measuring Sys-
tem," D. C. Brown, RCA Service Co., Patrick 
Air Force Base, Fla. 

"Instrumentation Error Analysis of the 
AMR Missile Tracking System," B. U. 
Glass, RCA Service Co., Patrick Air Force 
Base, Fla. 

"Statistical Method of Calculating Meas-
urement Errors in Ranging and Tracking 
Checkout Systems" L. G. Larson, Philco 
Corp., Palo Alto, Calif. 

Tuesday Afternoon 

Session 3.1—Guidance and Space 
Technology (Confidential) 

Sponsor: Air Research and Development 
Command. 

Moderator: To be announced. 

"Integrated Design of Antennas for Bal-
listic Missiles and Space Vehicles," D. A. 
Alsberg, Bell Telephone Lab., Inc., Whip-
pany, N. J. and H. W. Redlien, Wheeler Lab., 
Great Neck, L. I., N. Y. 

"The Space Surveillance System," Dr. 
C. E. Cleeton, U. S. Naval Research Lab., 
Washington, D. C. 

"Orbit Determination for Passive Satel-
lite Detection," R. B. Patton, Jr., Ballistic 
Research Lab., Aberdeen Proving Ground, Md. 

"Evaluation of Reliability Prediction 
Techniques of the Electronics System of the 
Falcon Missile," F. A. Baria, Hughes Air-
craft Co., Culver City, Calif. 

"Reflections from Meteor Trails Meteor-
ite Experiment," D. Lynch and C. A. 
Bartholomew, U. S. Naval Research Lab., 
Washington, D. C. 

"A Proposed 24-Hour Communications 
Satellite System," J. V. Michaels, G. N. 
Krassner and J. E. Bartow, U. S. Army Sig-
nal Res. and Dei'. Lab., Fort Monmouth, N. J. 

Session 3.2—Data Handling II 

Moderator: To be announced. 
"Research and Development of New 

Computer Programming Techniques Re-
quired for Mechanization of Machine Learn-
ing," Dr. R. E. Smith, Control Data Corp., 
Minneapolis, Minn. 

"Pattern Recognition," J. W. Brouillette 
and C. IV. Johnson, General Electric Co., 
Syracuse, N. Y. 

"New Techniques in Residual Arith-
metic, - M. R. Levine and J. Marx, American 
Bosch Arma Corp., Hempstead, N. Y. 

"A Note on the Applicability of Error-
Correcting Codes," J. E. Palmer, Radio 
Corp., of America, Camden, N. J. 

"A Real Time Telemetry Data Trans-
mission System," H. E. Rennacker, Collins 
Radio Co., Burbank, Calif. 

"Computer Controlled Automatic Diag-
nostic and Checkout System for Field Use," 
R. J. Brachman, Frankford Arsenal, Phila-
delphia, Pa. 

Session 3.3—Special Electrical 
Components 

Moderator: To be announced. 
"Some Aspects of Tunnel Diode Appli-

cations," T. O. Krueger, U. S. Army Signal 
Res. and Dev. Lab., Fort Monmouth, N. J. 

"The Rayistor' an Electrical Trans-
former Using Optical Coupling," J. C. 
Davis, Jr., Raytheon Co., Bedford, Mass. 

"Thin Film Components Based on 
Tantalum," R. W. Berry and N. Schwartz, 
Bell Telephone Lab., Inc., Murray Hill, N. J. 

"Non Steady-State Thermoelectric Gen-
erators," S. R. Hawkins, Lockheed Aircraft 
Corp., Sunnyvale, Calif. 

"New Developments in the Field of 
Military Quartz Crystals," G. K. Gultwein, 
U. S. Army Signal Res. and Dey. Lab., Fort 
Monmouth, N. J. 

Session 3.4—Radar 

Moderator: To be announced. • 
"Precision Recording of Radar Opera-

tion," C. M. Redman, Hq, White Sands 
Missile Range, N. M. 

"System Evaluation of Low Noise Radar 
Sensitivity," S. Charton and G. Ver Wys, 
Radio Corp. of America, Moorestown, N. J. 

"The Implementation of the Integrated 
Mapping System," J. Boyajean, Fairchild 
Camera and Instrument Corp., Syosset, L. I. 
N. Y. 

"A Flush-Mounted VHF Telemetry An-
tenna with Hemispherical Coverage," R. C. 
Payne and P. Painter, Jr., Dynatronics, Inc., 
Orlando, Fla. 

"The Limitations of Angular Radar 
Resolution," Dr. E. Eichler, U. S. Army 
Ordnance, Frankford Arsenal, Philadelphia, 
Pa. 

"Internal Ballistic Measuring System," 
L. Adelson, Picatinny Arsenal, Dover, N. J. 

Session 3.5—Simulation General 

Moderator: Dr. R. A. Weiss, Scientific 
Director, Army Research Office, Washington, 
D. C. 

"Space Simulation with High Gas Re-
lease Rates," W. W. Balwanz and J. M. 
Singer, Naval Res. Lab., Washington, D. C. 

"Tank vs Tank Synthetic Gunnery 
Trainer," I. Friedland, U. S. Naval Training 
Device Center, Port Washington, N. Y. 

"Radar Simulation," C. Colbert, West-
gate Lab., Inc., Yellow Springs, Ohio. 

"Mathematical Models of Multiple-
Gimbal Systems," Dr A. Rosenfeld, Budd 
Le7vyt Electronics, Inc., Long Island City, 
N. Y. 

"Optimization of Test Systems," J. C. 
O'Brien, Cooper Development Corp., Mon-
rovia, Calif. 

"Optimum Search Routines for Auto-
matic Fault Location," S. I. Firstman, The 
Rand Corp., Santa Monica, Calif., and 
B. Gluss, Armour Research Foundation of 
Illinois, Chicago. 

Wednesday Morning, June 29 

Session 4.1—Electronic Generation, Switch-
ing and Radiation (Confidential) 

Sponsor: Air Research and Development 
Command. 

Moderator: R. I. Cole, Manager, Mili-
tary Projects Planning, Afelpar, Inc., Falls 
Church, Va. 

"A Very High Gain Experimental Milli-
meter Foster Scanner," C. A. Hacking, I- T-E 
Circuit Breaker Company, Philadelphia, Pa. 

"A Special Purpose Microwave Switch 
for Anti-jam Operaiion of Conical Scanning 
Radars," S. D. Schreyer and G. Klein, 
Westinghouse Electric Corp., Baltimore, Md. 

"A Periodically-Focused 10 KAV Micro-
wave Traveling-Wave Amplifier," O. T. 
Purl and K. II'. Slocum, Watkins-Johnson 
Co., Palo Alto, Calif. 

"Electromagnetic Radiation in Sea 
Water," E. J. Hilliard, U. S. Naval Under-
water Ordnance Station, Newport, R. I. 

"Self-Focusing Technique for Large Ar-
rays," P. W. Howells, General Electric Co., 
Dewitt, N. Y. 

"A Radar Technique Using an Electro-
Optical Two-Dimensional Filter, Part !— 
Principles of Operation, Part 1I—An Experi-
mental Model Employing a Delay-Line 
Light Modulator," L. Lambert, Moses Arm, 
and Isaac Weissman, Columbia Univ., New 
York, N. Y. 

Session 4.2—Communications II 

Moderator: To be announced. 
"Operational Testing of a Long Range 

Rocket Communication System," B. J. 
Huffman, Hughes Aircraft Corp., Culver 
City, Calif., and W. F. O'Neil, C & N Lab. 
WADD, Wright-Patterson A FB, Ohio. 

"A Long Range Rocket Communication 
System," W. L. Exner and E. R. Gaul, 
Hughes Aircraft Co., Los Angeles, Calif. 
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Cool operation sparks 
home-radio sales 

when you design around 

SYLVANIA100-01 
di.wa ALLAMERICAN FIVE 
íd 

Originated by Sylvania—the 100-mA All-
American Five requires % less heater power, 
opens new design possibilities and offers signifi-
cant merchandising opportunities. Now, tube 
layout is comparatively unrestricted, cabinet 
styling is more flexible. Cost reductions in cabi-

1001 30 40 60 ( 9®3 
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netry, circuitry and components are within easy 
grasp. Tube reliability is enhanced. Printed cir-
cuit techniques can be used advantageously. 
Here, then, are important advances in home 
radio design—made possible by the Sylvania 
100-mA All-American Five. 



Sylvan a-32E TS OPERATIONAL CHARACTERISTICS 

.00 

LOAD RE SeSTAKF 0.1105 

Named to the All-American Five are: 18FW6, semi-
remote cut-off pentode; 18FX6, pentagrid converter; 
18FY6 high mu triode-double diode; 32ET5, beam 
power pentode; and the 36AM3, half-wave rectifier— 
a tube complement with proven field experience. 

Lower ambient temperatures 
increase design flexibility and 
offer substantial economies. Ra-
dio cabinets utilizing this . care-
fully mated complement show 
temperature reductions of 20-
25%. The area of the power out-
put tube shows an even greater 
temperature decrease— as much 
as 30%. As a result, less expen-
sive plastics can be used. Vertical 
chassis can be designed without 
special heat shielding. Placement 
of the power output tube is no 
longer critical because of heat— 
wide, outside "berths" are un-
necessary—designs can be com-

pact. Printed circuit boards may be used without 
deterioration in set life and performance caused by 
high ambient temperatures. 

Tube reliability is increased. Sylvania heater design 
of the 100-mA line provides for more balanced dis-
tribution of the heater voltages in the heater string. 
Surge voltages across individual tubes are minimized. 

Sylvania 100-mA All-American Five can be used in 
existing 150-mA designs with a minimum of redesign 
time. The 100-mA tube complement presents many 
advantages that can be directly translated into con-
sumer benefits and increased home radio sales. 

Ef RATED VALUE 

Eb HO VOLTS 
110 VOLTS 

E0 1 =.- 75 VOLTS 

Esc. 53 VOLTS ( RAIS) 

New developments in the 100-mA line. Sylvania is 
developing further tube complements that will incor-
porate the inherent advantages of a cooler-operating 
100-mA line. These include a four tube line for home 
radio sets, a complement for FM radio receivers, and 
two new types that hold exciting possibilities for 
quantity-produced Hi-Fi. 

Your local Sylvania Sales Engineer will gladly give 
you the whole story on the Sylvania 100-mA line. 
Call him or write Electronic Tubes Division, Sylvania 
Electric Products Inc., Dept. 195, 1740 Broadway, 
New York 19, New York. 

SY1 VANT\, 
Subsidary of GENERAL TELEPHONE &ELECTRON/CS 

GENERAL 

VI ST E 11.) 



"Impact of the Recent International 
Radio Conference, Geneva, on USAF Com-
munications-Electronics Programs," C. W. 
Loeber, Dept. of Air Force, Washington, D. C. 

"Communication by Re-radiation from 
Chaff," B. V. Blom, Benson, Ariz. 

"Use of Faraday Rotations in Prediction 
of Ionospheric Disturbances," H. S. Marsh, 
Watkins Johnson Co., Palo Alto, Calif. 

"Digital Battlefield Communications," 
W. C. Slagle, Stromberg-Carlson, San Diego, 
Calif. 

Session 4.3—Reliability II 

Moderator: W. S. Marks, Jr. 
"Participation in the Fleet Ballistic Mis-

sile Weapon System Component Reliability 
and in the Interservice Data Exchange Pro-
grams," S. I. Pollock, U. S. Naval Ordnance 
Laboratory, Corona, Calif. 

"Application of an Environmental Probe 
Test Technique for Improving the Reliabil-
ity of a Guided Missile Fuze," B. W. Teres, 
Diamond Ordnance Fuze Lab., Dept. of the 
Army, Washington, D. C. 

"Reliability of a Parallel System Con-
sidering Load Redistribution." C. H. Tsao 
and H. L. Leve, Hughes Aircraft Corp., Culver 
City, Calif. 

"Understanding and Improving System 
Reliability and Maintainability, Using In-
formation in Engineering/Environmental 
Malfunction Data Samples," G. II. Allen, 
Raytheon Co., Maynard, Mass. 

"The Reliability of Hermetically Sealed 
Equipment," W. B. Rossnagel, Kearfolt Div. 
of General Precision, Little Falls, N. J. 

Session 4.4—Systems Ancillary 
to Missiles 

Moderator: To be announced. 
"Equipment Design Trends in Missile 

Scoring Devices," W. Firer:, A. H. Macis-
zewski, J. J. Pakan and K. Ringer, A. R. F. 
Products, Inc., River Forest, 

"System Integration Factors in V/Stol 
Launched Air-to-Surface Missile," I. II. 
Rubaii, International Business .1Iachines 
Corp., Owego, N. Y. 

"Electric Firing of Fully Combustible 
Ammunition," F. J. Dashnaw. Watervliet 
Arsenal, Watervliet, N. Y. 

"Airborne Instrumentation Systems 
Utilized in First and Second Generation Bal-
listic Re-entry Vehicles," L. E. Foster, 
General Electric Co., Philadelphia, l'a. 

"Flight Measurements on the JUPITER 
R&D Missile," C. T. N. Palada,,, Huntsville, 

Session 4.5—Simulation-Electronic 

Moderator: lo be announced. 
"Electromagnetic Environment Simu-

lation for System Trainers," F. P. Cullen, 
W. Helf, and J. K. Scully, The Marquardt 
Corp., Pomona, Calif. 

"The Development of a Dynamic Target 
and Countermeasures Simulator," R. L. 
Norton, U. S. Army Signal Missile Support 
Agency, White Sands Missile Range, N. M. 

"All Electronic Visual Flight Simulator," 
P. L. Fox, Aerojet-General Corp., Azusa, 

"Celestial Navigation Trainer," G. Ja-
quiss, U. S. Naval Training Device Center, 
Port Washington, N. Y. 

"ASW Submarine Target, Device 21B12, 
Type I, "R. H. Dickman, U. S. Naval Train-
ing Device Center, Port Washington, N. Y. 

"Tank Turret Trainer, Device 3T1," 
T. Monge//o, U. S. Naval Training Device 
Center, Port Washington, N. Y. 

Wednesday Afternoon 

Session 5.1—Instrumentation IV 
—(Confidential) 

Sponsor: Air Research and Development 
Command. 

Moderator: D. J. McLaughlin, U. S. 
Naval Res. Lab.. Washington, D. C. 

"Transmission of Electromagnetic Waves 
Through An Ionized Medium in the Presence 
of a Stroll Magnetic Field," T. I'. Harley, 
Boeing Airplane Co., Seattle, Wash. 

"The Exploitation of Millimeter Waves 
for Military Applications," H. N. Tate, Hq. 
U. S. Army Signal Res. and Dev. Lab., Fort 
Monmouth, N. J. 

"A Millimeter Wave Radar System," 
J. M. DeBel I, Jr., Allen B. Du Mont Lab., 
Inc., Clifton. N. J. 

"I nawseil Jamming and Reconnais-
sance Effectivity Through Polarization Di-
versity." E. F. Henry, Mel par, Inc., Falls 
Church, Va. 

"Countermeasures Techniques for Use 
Against Frequency-Jump Radars," G. E. 
Austin, Sylvania Electronic Defense Lab., 
Mountain View, Calif. 

Session 5.2—Space Technology 

Moderator: Dr. H. K. Ziegler, Chief 
Scientist, U. S. Armv .Signal Res. and Der. 
Lab., Fort Monmouth-, N. J. 

"Maintenance, Repair and Assembly in 
Space by Remote Means," J. W. Clark, 
Hughes Aircraft Co., Culver City, Calif. 

"The Able-4 Thor Deep Space Probe," 
P. F. Glaser, Space Technology Labs., Inc., 
Los Angeles, Calif. 

"Communication in Space by Deflected 
Sunlight," K. W. ()Urn, Wright Air Develop-
ment Div., Wright-Patterson A FB, Ohio. 

"Optimum Capacitor Charging Effi-
ciency for Space Systems," Dr. P. M. Mos-
ton, Dr. J. L. Neuringer and D. S. Rigney, 
Republic Aviation Corp., Farmingdale, N. Y. 

"Application of Inertial Techniques to 
Interplanetary Navigation," M. J. ilfinne-
man, Republic Aviation Corp., Farmingdale, 
N. Y. 

Session 5.3—Camera Display Devices 

Moderator: To be announced. 
"High Performance Camera Tube Pro-

gram," S. Gray, RCA Labs., Princeton, N. J. 
"High Speed Direct Electronic Printing 

Cathode Ray Tube," N. Fyler, D. Cone, 
R. Dorr, J. Wurtz, Litton Industries, San 
Carlos, Calif. 

"Extending the Dynamic Range of 
Camera Tubes Employing Return Beam 
Modulation," A. D. Cope and H. Borkan, 
Radio Corp. of America, Princeton, N. J. 

"Image Orthicon Tubes as Image In-
tensifiers," N. Swanson, U. S. Army En-
gineer Res. ata! Dey. Lab., Fort Belvoir, Va. 

"Three- Dimensional Direct-View Dis-
play Tube," R. D. Ketchpel, Ridges Aircraft 
Co., Culver City, Calif. 

Session 5.4—Vulnerability, Guidance 
and Control 

Moderator: W. S. Hinman, Jr. Technical, 
Director, Diamond Ordnance Fuze Lab., 
Ordnance Corps, U. S. Army, Washington, 
D. C. 

"Loran-C Navigation System," W. Dick-
inson, Jansky and Bailey, Inc., Washington, 
D. C. 

"Abstract of MATTS System ( Multiple 
Airborne Target Trajectory System)," W. J. 
Zable, Cubic Corp., San Mego, Calif. 

"A New Gyro for Autopilot Use," 
S. Dardarian, General Precisions, Inc., 
Little Falls, N. J. 

"Lightweight Inertial Systems," R. E. 
Marcille. Litton Industries, Beverly Hills, 
Calif. 

"Inertial Accelerometers—Their Nature, 
Character and Limitations," M. Manerer, 
General Precision, Inc., Little Falls, N. J. 

"Jamming Effectiveness Instrumenta-
tion," Capt. C. II. Redwin and C. H. Meyer, 
III, Rome Air Des'. Center, Griffiss A FB, 
N. Y. 

Session 5.5—Data Handling 

Moderator: To be announced. 
"High Speed Auto- Data System for 

Blast Studies," R. D. Jones and J. D. Smith, 
Sandia Corp., Sandia Base, Albuquerque, 
N. M. 

"Data Acquisition for a Research and 
Development Test Stand," T. Wong and 
R. L. Thomason, U. S. Naval Ordnance Test 
Station, China Lake, Calif. 

"The Handling of UDOP Data," D. H. 
Parks, Radio Corp. of America, Patrick 
A FB, Fla. 

"Description of Automatic Data Reduc-
tion Facility Combining Maximum Versa-
tility and Speed," W. R. Schumacher, U. S. 
Navy Underwater Sound Lab., New London, 
Conn., and H. M. Wilkinson, Epsco, Inc., 
Cambridge, Mass. 

"The Digitron—A High Speed Data 
Display System," P. J. Meredith, D. J. 
Griffin, and F. A. Paulus, The Marquardt 
Corp., Pomona, Calif. 
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Professional Groups*  

Aeronautical & Navigational Electronics 
(G-11)—L. M. Sherer, RTCA, Bldg. T-5, 
16 and Constitution Ave., NW., Wash-
ington 25, D. C.; H. R. Minmo, Harvard 
Univ., Cambridge, Mass. 

Antennas & Propagation (G-3)—A. Dome, 
Dome and \ largolin, Westbury, L. I., 
N. Y.  S. A. Bowhill, Pennsylvania State 
Univ., University Park, Pa. 

Audio (G-1)---H. S. Knowles, Knowles Elec-
tronics, 9400 Belmont Ave., Franklin 
Park, Ill.; Prof. A. B. Bereskin, E.E. 
Dept., Univ. of Cincinnati, Cincinnati 21, 
Ohio; M. Camras, Armour Res. Found. 
Tech. Ctr., Chicago 16, III. 

Automatic Control (G-23)—J. E. Ward, 
Servomechanisms Lab., M.I.T., Cam-
bridge 39, Mass.; G. S. Axelby, Westing-
house Air Arm Div., Friendship Airport, 
Baltimore 3, Md. 

Broadcast & Television Receivers (G-8)--
R. R. Thalner, Sylvania Home Electron-
ics, 700 Ellicott- St., Batavia, N. Y.; 
C. W. Sall, RCA, Bldg. 13-4, Camden, 
N. J. 

Broadcasting (G-2)—G. E. Hagerty, \Vest-
inghouse Elec. Corp., 122 E. 42 St., 
Suite 2100, N. Y. 17, N. Y.; W. L. 
Hughes, E.E. Dept., Iowa State College, 
Ames, Iowa. 

Circuit Theory (G-4)—S. Darlington, Bell 
Telephone Labs., Murray Hill, N. J.; 
W. Bennett, Bell Telephone Labs., Mur-
ray Hill, N. J. 

Communications Systems (G-19)—J. E. 
Schlaikjer, IT&T Co., 67 Broad St., N. Y. 
4, N. Y.; M. R. Donaldson, Electronic 
Comm. Inc., St. Petersburg, Fla. 

Component Parts (G-21)—J. J. Drvostep, 
Sperry Gyroscope Co., Mail Station IA 
36, Great Neck, L. I., N. Y.; G. Shapiro, 
Engineering Electronics Sec., Div. 1.6, 

*Naines listed are Group Chairmen and Trans-
actions Editors. 

NBS, Connecticut Ave. and Van Ness St., 
Washington, D. C. 

Education (G-25)—J. G. Truxal, Head, 
Dept. of E.E., Polytechnic Inst. of Brook-
lyn, Brooklyn, N. Y.; \V. R. LePage, 
Dept. of E.E., Syracuse Univ., Syracuse, 
N. Y. 

Electron Devices (G-15)—W. M. Webster, 
Semi-Conductor Div., RCA, Somerville, 
N. J.; E. L. Steele, Hughes Prods., Inc., 
International Airport Station, Los Ange-
les 45, Calif. 

Electronic Computers (G-16)—A. A. Cohen, 
Remington Rand Vnivac, St. Paul 16, 
Minn.; R. O. Endres, Rese Engrg. Co., 
Philadelphia, Pa.; H. E. Tompkins, Moore 
School of E.E., Univ. of Pennsylvania, 
Philadelphia. 

Engineering Management (G-14)--H. M. 
O'Bryan, Sylvania Elec. Prods., 730 3rd 
Ave., N. Y. 17, N. Y.; A. H. Rubenstein, 
Northwestern Univ., Evanston, III. 

Engineering Writing and Speech (G-16)— 
T. T. Patterson, Jr., RCA, Bldg. 13-2, 
Camden, N. J.; H. B. Michaelson, IBM 
Res. Center, Box 218, Yorktown Heights, 
N. Y. 

Human Factors in Electronics (G-28)— 
C. M. Jansky, Royal McBee Corp., Port-
chester, N. Y.; J. I. Elkind, Bolt, Beranek 
and Newman, Cambridge, Mass. 

Industrial Electronics (G-13)—J. E. Eise-
lein, RCA Victor Div., Camden, N. J.; 
R. \V. Bull, Armour Res. Found., Chi-
cago, Ill. 

Information Theory (G-12)—P. Elias, 
M.I.T., Rm. 26-347, Cambridge 39, 
Mass.; A. Kohlenberg, Melpar Inc., 43 
Leon St., Boston 15, Mass. 

Instrumentation (G-9)—C. W. Little, C-
Stellerator Assoc., Box 451, Princeton, 
N. J.; G. B. Hoadley, Dept. of E.E., 
North Carolina State College, Raleigh, 
N. C. 

Medical Electronics (G-18)—W. E. Tones, 
Airborne Instruments Lab., 160 Old 

Country Rd., Mineola, L. I., N. Y.; L. B. 
Lusted, Univ. of Rochester Medical 
School, Strong Memorial Hosp.,Rochester 
20, N. Y. 

Microwave Theory and Techniques (G-17) 
—A. A. Oliiler, Microwave Res. Inst., 55 
Johnson St., Brooklyn 1, N. Y.; D. D. 
King, Electronic Comm., Inc., 1830 York 
Rd., Timonium, Md. 

Military Electronics (G-24)—H. Randall, 
1208 Seaton Lane, Falls Church, Va.; 
D. R. Rhodes, Radiation Lab., Instru-
ment Div., Orlando, Fla. 

Nuclear Science (G-5)—A. B. Van Rennes, 
United Res. Inc., Tech. Div., 128 Alewife 
Brook Pkwy., Cambridge, Mass.; R. F. 
Shea, Dig Power Plant Engrg., Knolls 
Atomic Power Lab., General Electric Co., 
Schenectady, N. Y. 

Production Techniques (G-22)—L. M. 
Ewing, General Electric Co., HMEED 
CSP-3, Syracuse 1, N. Y.; A. R. Gray, 
Rte. # 1, ÉON. 940, Orlando Vineland Rd., 
Wintergarden, Fla. 

Radio Frequency Interference (G-27)— 
J. P. McNaul, U. S. Signal Corps., Hdqrs. 
Ft. 1\ lonmouth, N. J.; P. O. Schreiber, 
Technical \Vire Prods., Springfield, N. J. 

Reliability and Quality Control (G-7)— 
P. K. McElroy, General Radio Co., 22 
Baker Ave., West Concord, Mass.; E. J. 
Breiding, IBM Corp., Kingston, N. Y. 

Space Electronics and Telemetry (G-10)— 
C H. Hoeppner, Radiation, Inc., Mel-
bourne, Fla. 

Ultrasonics Engineering (G-20)—W. Roth, 
Roth Lab., 1240 Nlitin St., Hartford 3, 
Conn.; O. Mattiat, Aerophysics Dev. 
Corp., P.O. Box 689, Santa Barbara, 
Calif. 

Vehicular Communications (G-6)—A. A. 
1\lacDonald, Motorola, Inc., 4545 Au-
gusta Blvd., Chicago 51, Ill.; R. P. Gif-
ford, General Electric Co., Syracuse, 
N. Y. 

Sections*  

Akron (4)—C. D. Morrill, 2248 16th St., 
Cuyahoga Falls, Ohio; C. M. Kelly, 2915 
Silver Lake Circle, Cuyahoga Falls, Ohio. 

Alamogordo-Holloman (7)—M. \V. Jones, 
2302 Willow 1)r., Alamogordo, N. Mex.; 
A. F. La Pierre, 1500 Roosevelt Ave., 
Alamogordo, N. Nlex. 

Albuquerque-Los Alamos (7)—R. C. Spence, 
3020 \V. Sandia Dr., Sandia Base, Al-
buquerque, N. Mex. ; E. C. Davis, Neely 
Enterprises, 107 Washington St. S. E., 
Albuquerque, N.Mex. 

Anchorage (7)—R. O. Voight, HQ Alaskan 
Command, APO 942, Seattle, Wash.; 
J. T. Little, Star Route B, Box 3453, 
Spenard, Alaska. 

Atlanta (3)—\V. L. Fattig, 1643 N. Gate-
wood Rd., Atlanta 6, Ga.; R. L. Ellis, Jr., 
77 Karland Dr., N Ga. Ga. 

Baltimore (3)—B. Wolfe, 6112 Talles Rd., 

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

Baltimore 7, Md.; J. T. Wilner, 2610 No. 
Charles St., Sta. WBAL, Baltimore 18, 
Md. 

Bay of Quinte (8)—H. L. Blacker, Northern 
Electric Co., Ltd., 250 Sidney St., Belle-
ville, Ont., Canada; G. M. Turney, R.R.2, 
Carrying Place, Ont., Canada. 

Beaumont-Port Arthur (6)—A. L. Musick, 
Jr., 585 Sunbury Dr., Beaumont, Tex.; 
C. J. Hamilton, Jr., Route 2, Box 414, 
Port Arthur, Tex. 

Benelux— lierre Rinia, Parklaan 24, Eind-
hoven, Netherlands; B. B. Barrow, 
S.A.D.T.C., Box 174, The Hague, Nether-
lands. 

Binghamton (1)—B. H. Rudwick, 622 Lacey 
Dr., Johnson City, N. Y.; F. W. Schaaf, 
R.D. 1, Apalachiti, N. Y. 

Boston (1)—F. K. Willenbrock, Gordon 
McKay Lab., Harvard Univ., Cambridge 
38, Mass.; F. M. Dukat, 205 Bacon St., 
Waltham 54, Mass. 

Buenos Aires— Lirio A. Pereyra, 5 de Julio 
369, Vinrente Lopez_ Argentina: D. W. 

Gamba, 1337 Charcas, Buenos Aires, 
Argentina. 

Buffalo-Niagara ( 1)—J. P. Welsh, 544 Lisbon 
Ave., Bullalo 15, N. Y.; I). P. Saute. 30 
Greenbriar Rd., Williamsville 21, N. Y. 

Cedar Rapids (5)-1). M. Hodgin, Jr., 3206 
Vine Ave., S.E. Cedar Rapids, Iowa; 
G. M. Marner, R 3, Marion, Iowa. 

Central Florida (3)—W. S. Hines, 1320 In-
dian River Dr., Eau Gallic, Fla.; M. 
Gould, 8 Azalea Dr., Cocoa Beach, Fla. 

Central Pennsylvania (4)—C. R. Ammer-
man, 125 Grandview Rd., State College, 
l'a.; W. J. Ross, 105 Elec. Engrg. Dept., 
University Park, Pa. 

Chicago (5)—R. E. Bard, General Radio 
Co., 6605 \V. North Aye., Oak Park, Ill.; 
\V. B. McClelland, 7036 N. Tahoma, Chi-
cago 46, III. 

China Lake (7)—R. T. Merriam, 1501-B 
Smith Rd., China Lake, Calif.; L. D. 
Bryant, Box 333, Naval Ord. Test Sta., 
China Lake, Calif. 
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C 

Here five reiays,each contaiin-
ing two switches, are mounted 
on a primted circuit board. 
This assembly may be in-
serted directly into your equip-
ment or enclosed in a flat pazk 
container. 

These six switches 
are clustered to 
form the care of .a 
single electromag-
netic coil,, and en-
cased in a cyllindr.-
cal steel comtainer. 

A 

Basic element of 
CLAREED relays is 
this switch capsule. 
A pair of magneti-
cally operated con-
tactsis hermetically 
sealed ii an atmos-
phere of inert gas. 
The capsule com-
bines extreme sim-
plicity with high re-
liability and long 
life. It has excellent 
low-level charac-
teristics. 

FITS 
INTO 
YOUR 
DESIGN! 

CLAREED Sealed Contact Reed 

relays put you . . . the designer . . . 

un the driver's seat. They are simple 

in design, flexible in assembly. They 

are packaged and mounted to com-

ply with your mechanical design con-

figuration . . . even on your own cir-

cuit board. CLAREED relays are ideal 

components for transistor- drive ap-

plications, computers, data-process-

ing and other high speed equipment. 

Coltacts are hermetically sealed in 

inert gas. Tens of millions of opera-

tions are assuired since contact con-

tamination is completely precluded. 

Hundreds of millions of operations 

aire possible when operated up to 1/2 
rated load. 

If you use relays, it will pay you to Know 

all alaout CLAREED ... an entirely new 

concept in relay design. Address C. P. 

Clare & Co., 3101 Pratt Blvd., Chicago 45, 
Illinois. In Canada: C. P. Clare Canada 

Limited, Box 1;54, Downsview, Ontario. 

Cable Address: CLARELAY. Send for 

Bulletin CPC-5. 

CLARE 
When only the best is good enough 



Cincinnati (4)—H. E. Hancock, Box 52, 
R.R.4, Branch Hill, Loveland, Ohio; J. P. 
Meehan, American Tel. & Tel. Co., 138 E. 
Court St., Cincinnati 2, Ohio. 

Cleveland (4)—R. A. Dambach, 3881 \V. 
162, Cleveland 11, Ohio; R. J. Plaisted, 
Westinghouse Broadcasting, 6600 Broad-
view Rd., Parma, Cleveland 34, Ohio. 

Colombia—T. J. Meek, Apartado Aereo 
78-15, Bogota, Colombia; F. S. Garbrecht, 
Apartado Nal. 2773, Bogota, Colombia. 

Columbus (4)—D. F. Yaw, 2356 Farleigh 
Rd., Columbus 21, Ohio; F. A. Wolf, 354 
Chatham Rd., Columbus 14, Ohio. 

Connecticut (1)—A. R. Perrins, 951 Sperry 
Rd., Cheshire, Conn.; Ivan Flores, S. 
Huckleberry Dr., Norwalk, Conn. 

Dallas (6)—T. B. Moseley, 6114 Northwood 
Rd., Dallas 25, Tex.; Tom Prickett, Jr., 
805 Clearwater Dr., Richardson, Tex. 

Dayton (4)—D. G. Clute, 4424 Appleton Pl., 
Kettering 40, Ohio; R. J. Fratnme, 316 
Claranna, Dayton 9, Ohio. 

Denver (6)—W. G. Worcester, 748 10th St., 
Boulder, Colo.; H. S. Johnson, 1241 Mon-
aco l'kwy., Denver 20, Colo. 

Detroit (4)—L. J. Giacoletto, Ford Motor 
Co., Scientific Lab., Box 2053, Dearborn, 
Mich.; H. W. Hale, Dept. of Elec. Engrg., 
Wayne State University, Detroit 2, Mich. 

Egypt—H. M. Mahmoud, Faculty of Engrg., 
Fouad 1 University, Giza, Cairo, Egypt; 
El Garhi I. El KashIan, Egyptian Broad-
casting, 4, Shari Sherifein, Cairo, Egypt. 

Elmira-Corning (1)—D. F. Aldrich, 1030 
Hoffman St., Elmira, N. Y.; T. G. Keeton, 
611 McDowell l'1., Elmira, N. Y. 

El Paso (6)—W. A. Toland, 912 Brazil St., 
El Paso, Tex.; W. H. DeBusk, 3017 Daisy, 
El Paso, Tex. 

Emporium (4)-11. V. Kahner, Jr., 150 Elm-
wood Ctr., Emporium, Pa.; \V. H. Her-
bert, Sylvania Elec. Prods., Inc., Em-
porium, l'a. 

Erie (1)—P. E. Sterner, 322 Forest Dr., 
Erie, l'a.; Secretary to be advised. 

Evansville-Owensboro (5)—L. E. Roberts, 
Jr., 2516 Iroquois Dr., Owensboro, Ky.; 
K. G. Miles, 2105 E. Gum St., Evansville 
14, Ind. 

Florida West Coast (3)—R. Murphy, 12112 
N. Edison Ave., Tampa 4, Fla.; L. Swern, 
Sperry Microwave Electronics Co., Box 
1828, Clearwater, Fla. 

Fort Huachuca (7)—J. C. Domingue, 62506 
Barnes St., Fort Huachuca, Ariz.; A. S. 
Montasser, 368 Wolfe St., Sierra Vista, 
Ariz. 

Fort Wayne (5)—T. Major, 5355 Meadow-
brook Dr., Fort Wayne, Ind.; C. F. 
Nlason, 15194 Crescent Ave., Fort Wayne, 
luid. 

Fort Worth (6)—G. H. Robertson, 5749 
Tracyne Drive, Fort Worth 14, Tex.; 
W. D. Raymond, 2015 Valley Lane, Ar-
lington, Tex. 

Gainesville (3)—C. V. Shaffer, 113 N.W. 25 
St., Gainesville, Fla.; J. H. Neidert, 1811 
N.W. 11 Rd., Gainesville, Fla. 

Hamilton (8)—C. J. Smith, 43 Gilbert Ave., 
Ancaster, Ont., Canada; F. H. Edwards, 
United-Carr Fastener Co. of Canada 
Ltd., 231 Gage Ave., N., Hamilton, Ont., 
Canada. 

Hawaii (7)—M. S. Vittum, 218 Kuuhoa l'1., 
Kailua, Hawaii; G. Piety, 2030 Home 
Rule St., Honolulu 17, blitivaii. 

Houston (6)—R. J. Loofbourrow, The Texas 
Co., Box 425, Bellaire 101, Tex.; W. P. 
Schneider, 8417 Bluegate, Houston, Tex. 

Huntsville (3)-11. H. Hosenthien, 515 
Madison St., Huntsville, Ala.; W. FL 
Cook, Jr., 2702 Evergreen St., S.E., 
Huntsville, Ala. 

India—Officers to be elected. 
Indianapolis (5)—G. R. Fraser, U. S. Naval 

Avionics Facility, 21 St. & Arlington Ave., 
Indianapolis 18, Ind.; C. E. David, 6110 
E. 21 St., Indianapolis 18, Ind. 

Israel—Israel Cederbaum, 117-13, Ramot 
Remez, Haifa, Israel; Ephraim Weissberg, 
4 Shalom Aleihem St., Haifa, Nave 
Shaanan, Israel. 

Italy—Algeri Marino, Via Guido d'Arezzo 
14, Rome, Italy; Giuseppe P. Tarchini, 
Laboratorio Ricerche Elettr., Via Del 
Parlamento N. 33, Borgolombardo, Mi-
lan, Italy. 

Ithaca (1)—C. E. Ingalls, 106 Sheldon Rd., 
Ithaca, N. Y.; N. H. Bryant, School of 
Elec. Engrg., Cornell University, Ithaca, 
N. Y. 

Kansas City (6)—N. E. Vilander, 2509 W. 
83rd St., Kansas City 15, Mo.; F. A. 
Spies, Bendix Aviation Corp., Box 1159, 
Kansas City 41, Mo. 

Little Rock (6)—V. L. Dillaplain, 203 S. 
Pine St., Little Rock Ark.; R. V. Anders, 
1814 Wolfe St., Little Rock, Ark. 

London (8)—J. A. Fulford, Physics Dept., 
of Western Ontario, London, Ont., 

Canada; D. Moore, R.R. 3, Dorchester, 
Ont., Canada. 

Long Island (2)—J. G. Stephenson, Airborne 
Instruments Lab., Walt Whitman Rd., 
Melville, N. Y.; J. Sinnott, 65 Jester 
Lane, Levittown, N. Y. 

Los Angeles (7)—B. Dempster, Electronic 
Engrg. Co. of California, 1601 E. Chest-
nut Ave., Santa Ana, Calif.; J. Lewi, 
Packard- Bell, 12333 \V. Olympic, Los 
Angeles 64, Calif. 

Louisville (5)—W. J. Ryan, 4215 North-
western Pkwy., Louisville 12, Ky.; H. T. 
Smith, 2511 Saratoga Dr., Louisville, Ky. 

Lubbock (6)—J. J. Criswell, 511 50 Si., Lub-
bock, Tex.; J. P. Craig, Route 7, Lubbock, 
Tex. 

Miami (3)—J. \V. Keller, Jr., Miami Ship-
building Corp., 615 S. \V. Second Ave., 
Miami 36, Fla.; F. R. Macklin, 325 
Malaga Ave., Coral Gables, Fla. 

Milwaukee (5)—F. J. Lofy, 2258 S. 56 St., 
\Vest Allis 19, \Vis.; 1. I). Horgan, 1530 
N. Longwood Ave., Kim Grove, \Vis. 

Montreal (8)—R. B. Lumsden, 1680 Lepine 
St., St. Laurent 9, P.Q., Canada; H. H. 
Schwartz, 5212 King Edward Ave., 
Montreal 29, P.Q., Canada. 

Newfoundland (8)—M. I). NlacGrav, Ca-
nadian Marconi Co., 3 Prescott St., St. 
John's, Newf., Canada; F. A. Mulloy, 55 
Calver Ave., St. John's, Newf., Canada. 

New Orleans (6)—J. C. Spencer, 1524 
Shirley Dr., New Orleans 14, La. (Chair-
man and Acting Secretary). 

New York (2)—Joseph Reed, 52 Hillcrest 
Ave., New Rochelle, N. Y.; Herbert \V. 
Pollack, 300 Lennox Road, Brooklyn, 
N. Y. 

North Carolina (3)—W. G. MeAvoy, 500 
Magnolia St., Winston-Salem, N. C.; 
\V. E. Langford, 3260 Notingham Rd., 
Winston-Salem, N. C. 

Northern Alberta (8)—Roy Usher, St. Al-
bert, Alta., Callada; \V. L. Storms, 12907 
134 Ave., Edmonton, Alta., Canada. 

Northern New Jersey (2)—G. D. Hulst, 73 
Mt. Prospect Ave., Verona, N. J.; J. G. 

Kreer, Jr., 114 Mountain Ave., Bloom-
field, N. J. 

Northwest Florida (3)—W. F. Kirlin„312 
May Circle, Bens Lake Area, Eglin AFB, 
Fla.; H. H. Hufnagle, 1 Katherine Ave., 
Fort Walton Beach, Fla. 

Oklahoma City (6)—T. K. McDonald, 205 
\V. Coe Dr., Midwest City, Okla.; Elmo 
Black, 1701 N. \V., 35 St.. Oklahoma City 
18, Okla. 

Omaha-Lincoln (5)—R. H. Ralls, 5835 
William St., Omaha 6, Neb.; R. A. Strat-
bucker, University of Nebraska, College 
of Medicine, 42 & Dewey Ave., Omaha, 
Neb. 

Orlando (3)—A. E. Linden, 3001 Nancy 
Court, Orlando, Fla.; J. R. Matzinger, 
1825 Whitehall Dr., Winter Park, Fla. 

Ottawa (8)—F. V. Cairns, Radio Div., Na-
tional Res. Council, Ottawa, Ont., Can-
ada; M. Yurko, 1295 Wesmar Drive, Ot-
tawa, Ont., Canada. 

Philadelphia (3)—W. A. Howard, National 
Broadcasting Co., 1619 Walnut St., Phila-
delphia 3, l'a.; H. J. \Voll, 123 Third Ave., 
Haddon Heights, N. J. 

Phoenix (7)—E. S. Shepard, Sr., 5716 N. 
19th St., Phoenix, Ariz.; H. R. Hyder, 
2523 N. 57th St., Phoenix, Ariz. 

Pittsburgh (4)—A. E. Anderson, Westing-
house Res. Labs., Physics Proj. Labs., 
Beulah Rd., Churchill Borough, Pitts-
burgh 30, Pa.; W. P. Caywood, Jr., Box 
179, RD 2, Murrysville, Pa. 

Portland (7)—J. C. Riley, 2039 S.E. Yamhill 
St., Portland 14, Ore.; L. C. Hedrick, 35 
S.W. 88 Ave., Portland 25, Ore. 

Princeton (2)—Sylvan Fich, College of 
Engineering, Rutgers Univ., New Bruns-
wick, N. J.; R. D. Lohman, RCA, Somer-
ville, N. J. 

Quebec (8)—Paul Du Berger, 1267 Villars 
Ave., Sillery, P.Q., Canada; Theodore 
Wildi, 1365 De Longueitil, Quebec City, 
l'.Q., Canada. 

Regina (8)—L. E. McBride, 3211 Regina 
Ave., Regina, Sask., Canada; J. M. 
McNeil, 3147 Retallack St., Regina, 
Sask., Canada. 

Rio de Janeiro—H. Bonapace, Rua Nasci-
mento Silva 572, Ipanema, Rio de Janeiro, 
Brazil; Z. Fuzesi, Caixa Postal 2668, 
Rio de Janeiro, Brazil. 

Rochester (1)—F. A. NI itchell, Stromberg-
Carlson Co., 1400 N. Goodman St., 
Rochester 9, N. Y.; J. L. Wheeler, 535 
Rondo Lane, Webster, N. Y. 

Rome-Utica (1)—W. J. Kuehl, 5 Hoffman 
Road, New Hartford, N. Y.; R• A• Zach-
ary, Jr., 11 Arbor Drive, New Hartford, 
N. Y. 

Sacramento (7)—Xelis W. Godfrey, 3220 
Fulton Ave., Sacramento 21, Calif.; A. O. 
Rohde, 3160 Adams Road, Sacramento 
25, Calif. 

St. Louis (6)—R. L. Frazier, 9707 Willow 
Creek Lane, Rock Hill 19, Mo.; R. D. 
Hill, Jr., 363 Gray Ave., Webster Groves 
19, Mo. 

Salt Lake City (7)—R. \V. Haegele, c/o Eitel-
McCullough Inc., 1678 S. Pioneer Rd., 
Salt Lake City, Utah; A. W. Vodak, 
Sperry Utah Engrg. Labs., 322 N. 21 W. 
Street, Salt Lake City, Utah. 

San Antonio-Austin (6)—A. F. Hasbrook, 
Rt. 11, Box 207, San Antonio, Tex.; 
F. X. Bostick, Jr , 5002 Beverly Hills Dr., 
Austin 3, Tex. 

San Diego (7)—R. E. Honer, 5462 Mary 
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FROM 
DELCO RADIO 
NEW IDEAS 
FOR 
DEFENSE 

HIGH CAPACITY STATIC l'NVERTERS WITH NO MOVING PARTS 

Delco Radio's high capacity Static Inverters and Converters fill a critical 
need in missile guidance and control—offering extremely reliable, very 
highly regulated power of precise frequency. The Static Inverters use direct 
crystal-frequency control and digital logic circuits to produce accurate, 

ingle or polyphase power output. They have no moving parts. There is nothing 
that can get out of adjustment. Electrical characteristics are: High Capacity-
150 to 4.000 volt-amperes. High Efficiency-65 to 90% depending on power and 
control (precision and regulation) required. Accurate Phase Angle Control—to 

0.5 degree. Precise Frequency Control— up to 6 parts per million maximum variation under all load and 
environmental conditions. Voltage Amplitude Control—to ± 1% no load to full load. Low Distortion— 
typically 2% total harmonic distortion. Delco Radio has developed and produced power supplies for 

missiles such as the Air Force's Ballistic Intermediate Range Thor, Intercontinental 
Titan, and the pilotless aircraft Mace. For further information on military electronics, 
write to our Sales Department. Physicists and electronics engineers: Join Delco Radio's 
search for new and better products through Solid State Physics. 

DELCO 
PIOIERING PRECISION PRODUCTS THROUGH SOLID STATE PHYSICS RADIO 

Division of General Molars • i..o.o,n(4. Indiana 
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Lane Dr., San Diego, Calif.; E. W. Carl-
son, 2260 Clove St., San Diego 6, Calif. 

San Francisco (7)—V. B. Corey, 385 Gravatt 
Dr., Berkeley 5, Calif.; S. F. Kaisel, 
Microwave Electronics Corp., 4061 Trans-
port St., Palo Alto, Calif. 

Schenectady (1)—T. R. Hoffman, 1471 
Regent St., Schenectady 9, N. Y.; P. N. 
Hess, 1561 Clifton Park Rd., Schenectady 
9, N. Y. 

Seattle (7)—L. C. Perkins, Box 307, Des 
Moines, Wash.; H. H. Judson, Jr., 2006 
14 Ave., N., Seattle 2, Wash. 

Shreveport (6)—L. Hurley, 2736 Rose-
mont, Shreveport, La.; E. J. Culling, 3252 
Sarah St., Bossier City, La. 

South Bend-Mishawaka (5)—P. G. Cox, 
R.R.2, 10251 Harrison Rd., Osceola, Ind.; 
El L. Crosby, Jr., 400 S. Beiger St., 
Mishawaka, Ind. 

South Carolina (3)—W. R. Boehm, Charles-
ton Naval Shipyard, U. S. Naval Base, 
Code 210, Charleston, S. C.; H. L. Hunter, 
49 Fort Dr., Rte. 6, N. Charleston, S. C. 

Southern Alberta (8)—R. \V. H. Lamb, 
Radio Sta. CFCN, 12th Ave. & 6th St. E., 
Calgary, Alta., Canada; J. D. Moore, 
Dept. of Transport, 404 Public Bldg., Cal-
gary, Alta., Canada. 

Syracuse (1)—Donald E. Maxwell, 117 

Buffington Rd., Syracuse 10, N. Y.; R. E. 
Gildersleeve, 110 S. Burdick St., Fayette-
ville, N. Y. 

Tokyo—I. Koga, 254 8-Chome, Kami-
Meguro, Tokyo, Japan; F. Minozuma, 16 
Ohara-Machi, Meguro-Ku, Tokyo, Japan. 

Toledo (4)—K. P. Herrick, 2516 Fulton St., 
Toledo 10, Ohio; R. B. Williams, Jr., 5945 
Summit St., Sylvania, Ohio. 

Toronto (8)—R. J. A. Turner, 66 Gage Ave., 
Scarborough, Ont., Canada; G. T. Quig-
ley, Philips Industries Ltd., Vanderhoof 
Ave., Leaside, Toronto 17, Ont., Canada. 

Tucson (7)—A. M. Creighton, Jr., RCA 
Surface Comm. Systems, 2720 E. Broad-
way, Tucson, Ariz.; Ernest L. Morrison, 
Jr., 4557 E. Eastland St., Tucson, Ariz. 

Tulsa (6)—Robert Broding, 2820 E. 39th, 
Tulsa, Okla.; P. M. Ferguson, 1133 N. 
Lewis, Tulsa, 10, Okla. 

Twin Cities (5)—S. W. Schulz, 3132 Fourth 
St., S.E., Minneapolis 14, Minn.; H. D. 
Shekels, 1942 Beechwood, St. Paul 16, 
Minn. 

Vancouver (8)—T. G. Lynch, 739 Edgewood 
Rd., North Vancouver, B. C., Canada; 
H. A. Hoyles, 1846 Beaulynn Pl., West-
lynn Park, North Vancouver, B. C., 
Canada. 

Virginia (3)—Orville R. Harris, 908 Rosser 

Lane, Charlottesville, Va.; Warren L. 
Braun, 901 "C" St., Harrisonburg, Va. 

Washington (3)—J. E. Durkovic, 10316 
Colesville Rd., Silver Spring, Md.; Ben S 
Melton, 3921 Mayfair Lane, Alexandria, 
Va. 

Western Massachusetts (1)—A. K. Hooks, 
Sprague Electric Co., Union St., North 
Adams, Mass.; J. J. Allen, 29 Sunnyside 
Dr., Dalton, Mass. 

Western Michigan (4)—F. E. Castenholz, 
Police Headquarters, Jefferson & Walton 
Sta., Muskegon, Mich.; J. F. Giardina, 
1528 Ball, N.E., R. 4, Grand Rapids 5, 
Mich. 

Wichita (6)—J. W. D. Brown, 808 Go-
verneour Road, \Vichita, Kans.; R. F. 
Knowlton, 1200 North Derby, Derby, 
Kans. 

Williamsport (4)—N. C. Peterson, Sylvania 
Electric Products Inc., Special Tube 
Operations, 1891 E. Third St., Williams-
port, Pa.; W. H. Watson, Sylvania Elec-
tric Products Inc., Special Tube Opera-
tions, 1891 E. Third St., Williamsport Pa. 

Winnipeg (8)—R. A. Johnson, Dept. of Elec-
trical Engrg., The Univ. of Manitoba, 
Winnipeg, Man., Canada; H. T. Body, 
Siemens Bros. "Canada" Ltd., 419 Notre 
Dame Ave., Winnipeg 2, Man., Canada. 

Subsections  

Buenaventura (7)—J. E. Bossoletti, 2004 
South " K" St., Oxnard, Calif.; R. L. 
O'Bryan, 757 Devonshire Dr., Oxnard, 
Calif. 

Burlington (5)—P. D. Keser, Box 123, 
Burlington, Iowa; Cleo D. Cherryholmes, 
2072 Highland, Burlington, Iowa. 

East Bay (7)—D. O. Pederson, Elec. Engrg. 
Dept., University of Calif., Berkeley 4, 
Calif.; Eugene A. Aas, 2684 Kennedy St., 
Livermore, Calif. 

Eastern North Carolina (3)—W. J. Barclay, 
Dept. of Elec. Engrg., North Carolina 
State College, Raleigh, N. C.; W. J. Speed, 
2718 E. Rothgeb Dr., Raleigh, N. C. 

Fairfield County (1)—J. M. Hollywood, 
Fairfield House, 50 Lafayette Pl., Green-
wich, Conn.; R. Townsend, 60 Du Bois 
St., Darien, Conn. 

Kitchener-Waterloo (8)—George J. Dufault, 
44 Ellis Crescent, North, Waterloo, Ont., 
Canada; C. L. Barsony, 169 Chapel St., 
Apt. 4, Kitchener, Ont., Canada. 

Lancaster (3)—F. S. Veith, 366 Arbor Rd., 
Lancaster, Pa.; J. Evans, 2109 Lyndell 
Dr., Lancaster, Pa. 

Las Cruces-White Sands Proving Ground 
(6)—H. Coleman, Box 1238, Las Cruces, 
N. Mex.; Secretary to be advised. 

Lehigh Valley (3)—Leslie G. McCracken, 
Jr., 1782 \V. Union Blvd., Bethlehem, 
Pa.; Joseph H. Volk, 411 Grant St., 
Easton, Pa. 

Memphis (3)—Joseph J. Freymuth, 3205 
Guernsey Ave., Memphis 12, Tenn.; 
Brother I. John Haas, Christian Brothers 
College, Memphis 4, Tenn. 

Merrimack Valley (1)—P. N. Hambleton, 
382 Main St., Amesbury, Mass.; D. D. 
Sagaser, Bell Telephone Labs., 1600 
Osgood St., North Andover, Mass. 

Mid-Hudson (2)—R. R. Blessing, IBM 
Corp., Box 390, Dept. 569, Poughkeepsie, 
N. Y.; R. J. Domenico, IBM Research 
Lab., Poughkeepsie, N. Y. 

Monmouth (2)—C. A. Borgeson, 82 Garden 
Road, Little Silver, N. J.; Paul E. Griffith, 
557 Cedar Ave., West Long Branch, N. J. 

Nashville (3)—Paul E. Dicker, Dept. of 
Elec. Engrg., Vanderbilt University, 
Nashville, 5 Tenn.; R. L. Hucaby, 945 
Caldwell Lane, Nashville, 4, Tenn. 

New Hampshire (1)—W. J. l"hrich, 107 
Tones St., Nashua, N. H.; F. L. Striffler, 
Ponetnah Hill Rd., R.F.D.2, Milford, N. H. 

Northern Vermont (1)—L. M. Bundy, 
R.F.D. 1, Shelburne, Vt.; D. M. Wheat-
ley, 14 Patrick St., South Burlington, Vt. 

Orange Belt (7)—G. D. Morehouse, 3703 
San Simeon Way, Riverside, Calif.; W. G. 
Collins, 958 Dudley, Pomona, Calif. 

Panama City (3)—C. E. Miller, Jr., 603 
Bunkers Cove Rd., Panama City, Fla.; 
Robert C. Lowry, 2342 Pretty Bayou Dr., 
Panama City, Fla. 

Pasadena (7)—H. L. Richter, Jr., 4800 Oak 
Grove Dr., Pasadena, Calif.; Bertin N. 

Posthill, 56 Suffolk Ave., Sierra Madre, 
Calif. 

Reading (3)—F. L. Rose, 42 Arlington St., 
Reading, Pa.; Harold S. Hauck, 216 
Jameson Pl., Reading, Pa. 

Richland (7)—C. A. Ratcliffe, 1601 N. 
Harrison St., Kennewick, Wash.; P. 
Richard Kelly, 220 Delafield, Richland, 
Wash. 

San Fernando (7)—R. A. Lamm, 15573 
Briarwood Dr., Sherman Oaks, Calif.; 
Jack D. Wills, 6606 Lindley Ave., Reseda, 
Calif. 

Santa Ana (7)—T. \V. Jarmie, 12345 Cinna-
bar Rd., Santa Ana, Calif.; R. F. Geiger, 
Aeronutronic, A Div. of Ford Motor Co., 
Ford Rd., Newport Beach, Calif. 

Santa Barbara (7)—C. P. Hedges, 316 Cole-
man Ave., Santa Barbara, Calif.; J. A. 
Moseley, 4532 Via Huerto, Santa Barbara, 
Calif. 

South Western Ontario (8)—W. A. Ruse, 
Bell Telephone Co., 1149 Goyeau St., 
\Vindsor, Ont., Canada; G. L. Virtue, 959 
Rankin Blvd. Windsor, Ont., Canada. 

Westchester County (2)—M. J. Lichten-
stein, 52 Sprain Valley Rd., Scarsdale, 
N. Y.; Martin Ziserman, 121 Westmore-
land Ave., White Plains, N. Y. 

Western North Carolina (3)—L. L. Caudle, 
Jr., Box 2536, 1925 N. Tryon St., Char-
lotte, N. C., John 1. Barron, Southern Bell 
T. & T. Co., Box 240, Charlotte, N. C. 
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Convert 
1\AA, 

1\RA, 'MANI, 

Daven solves your solid-state power supply problems! 
Take advantage of Daven's experience in des gning extremely compact, light-weight, high temperature 

units, which can withstand the most severe altitude, shock, and vibration environments. Let us engineer 

solid-state supplies for your missile- borne, airbornE, 

Converters 

• DC input voltage from 6 volts to 230 volts 

• DC output voltage from 1 volt to 15 kilovolts 

• DC output current from microamperes to 100 
amps 

• Dynamic regulation, ripple, stability as required 

Inverters 

• DC input voltage from 6 volts to 230 volts 

el AC output from 20 VA to 2500 VA 

• 60 400-800 - 1600- 2000 cycles per second 

• One, two or three phase, any voltage level 

• Voltage and frequency regulation 0.1% to 
10% as required 

• Output waveform — sine or square wave 

H  E  DA VEN 

shipborne, underwater or ground support equipment. 

Frequency Changers 
• 20 VA to 2500 VA 

• Change to or from any of these frequencies: 
60-400-800 - 1600-2000 cycles per second 

• Voltage and frequency regulation 0.1% to 10% 
as required 

Write for complete information, including your 
application and requirement data. 

LIVINGSTON, NEW JERSEY 

TODAY, MORE THAN EVER, TFIE DeVEN 0 STANDS FOR DEPENDABILITY 
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New Products 
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New Cathode 
Ray Tubes 

Three years of research & development 
in the laboratories of Thomas Electronics 
Inc.., Passaic, N. J., have resulted in a new 
technique in the manufacture of industrial-
military cathode ray tubes used in instru-
ment and radar applications. The develop-
ment, involving new processes, techniques 
and materials, permits the aluminizing of 
cathode ray tubes operating with anode 
potentials of as low as 2 kilovolts. Previ-
ously tubes were aluminized only at high 
voltages greater than 5 to 6 kilovolts. 

Aluminized cathode ray tubes offer 
many advantages, one of which is a sub-
stantial increase in the screen brightness. 
Brightness can now be augmented by as 
much as 90% in low voltage cathode ray 
tubes, resulting in an increase in the writ-
ing rate, which is especially desirable in 
photographic and visual applications. 
Alternatively, the increase in brightnesss 
permits a reduction in the beam current 
for the average display which results in a 
consequent reduction in line width and 
better overall resolution. 

When the faceplate of an ordinary 
cathode ray tube is touched with the hand, 
the effect may be an impairment of the re-
solution of the display, or the display may 
shift its position. These adverse effects are 
eliminated with an aluminized screen, 
since its overall screen potential is macle 
uniform by the conductivity of the alu-
minum layer. 

Another advantage is the elimination of 
cathode glow and the back reflection of 
light from the walls of an aluminized cath-
ode ray tube resulting in a marked im-
provement in contrast for photographic 
and visual applications. Other improve-
ments include the reduction or elimination 
of ion burns for magnetic deflection types 
and significantly longer overall tube life 
and reliability. 

The aluminizing development can be 
incorporated into the manufacture of all 
existing JEDEC cathode ray tubes operat-
ing in the range between 2 to 8 kilovolts. 
Prototypes of the 5ADP- and 5AQP-types 
will be made available shortly. 

The first user of one of the low-voltage 
aluminized tubes is Analab Instrument 
Corp. which has worked jointly with 
Thomas in setting the specifications and 
has been evaluating performance of proto-
types for oscilloscope applications. 

In addition to oscilloscope applica-
tions, the tubes are suited for radar dis-
plays and any other display systems re-
quiring the ultimate in light output and 
screen stability. 

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

Pulse Transformers 
And Reactors 

Custom engineered pulse transformers 
and their associated charging reactors are 
now available from Manson Laboratories, 
P. 0. Box 1214, Stamford, Conn. Pulsed 
viewing transformers, mono-and billar 
types, and transformers for magnetron 
and klystron applications can be produced 
in quantity for circuits rated up to 250 kv. 
Illustrated in photo are two examples of 
this custom engineering: On the left a 
bifilar pulse transformer with recessed 
bellows providing a wide temperature tol-
erance, 30 kv rated output, step up ratio 
1:5, the Bifilar Secondary supplies a mag-
netron with 3 amperes heater current. On 
the right; a charging reactor (4.5 henry), 
high "Q," linear over a wide dc current 
range, insulated for operation at 10 kv dc 
supply voltage. All components will meet 
applicable MIL specs when required. 

Inquiries regarding special applications 
and specifications are invited. Brochure 
#XFR260 and data application forms are 
available upon request. 

CGS Laboratories Now 
Trak Electronics 

Elton T. Barrett, president, CGS Lab-
oratories, Inc., Wilton, Conn., announces 
that henceforth the company will carry on 
operations under the naine of Trak Elec-
tronics Co. The corporate name remains 
unchanged for the present, and the busi-
ness will be conducted under the name 
Trak Electronics Co., Division of CGS 
Laboratories, Inc. 

In announcing the change, Mr. Bar-
rett said: "The principal reasons for the 
change are the adoption of a name by an-
other company similar to our corporate 
naine, a desire to avoid the limitations 
implied by the word 'Laboratories,' and to 
facilitate promotion to the trade mark 
'TEAK,' which already has acceptance in 
the trade." 

Radar Beacon 
Telerad Manufacturing Corp., 1440 

Broadway, New York 18, N. Y., announces 
a new, compact radar beacon MODEL 
SET-3081. The outstanding features of 
this beacon are: 

Environmental conditions—Tempera-
ture: — 54°C to + 125°C. Vibration: 10 to 
100 cps at 25 G. Acceleration: 50 G. Alti-
tude: 60,000 It. Shock: 15 G. 

Receiver—Frequency range: 2750-
2950 mc. Bandwidth: 6-12 mc at 3 db 
points 35 mc maximum at 40 db down. 

Triggering sensitivity: — 41 db (min.). 
Interrogation: Single or double pulse. Fre-
quency stability: + 2 inc. Size 11"X27," 
X51". 

Transmitter—Frequency range: 2750-
2950 mc. Frequency stability: ± 2 mc. 
Pulse power: 100 watts peak (min.) Pulse 
repetition rate: 2000 pp. Pulse width: 
0.65 + 0.05 microsecond. Delay: 1.5 micro-
seconds. Range jitter: 0.1 microsecond. 
Size: 2' X3Z" X7 T9-6". Weight: 3.45 lbs. 
Power supplies available on special order. 

For more detailed information on this 
beacon and other Telerad products that 
embrace the L, S, C, X and K bands, write 
to the firm. 

Connector Catalog 
Automatic Metal Products Corp., 323 

Berry St., Brooklyn 11, N. Y., has pub-
lished a radio frequency connector guide 
and technical manual. 

Over two years of extensive research, 
development and preparation has gone 
into the production of this coaxial con-
nector volume. 

In addition to the connector illustra-
tions, diagrams, and numerical designa-
tions, this volume will contain technical 
information on the use of connectors, a 
comprehensive section devoted to coaxial 
cables, and contplete cable assembly in-
structions for all connectors listed. An 
additional section devoted to Automatic's 
coaxial relays and switches is also in-
cluded. 

Further information may be obtained 
by writing to the firm. 

(Contintli d on rage 192,1) 
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Creative Microwave Technology IV 

Published by MICROWAVE AND POWER TUBE DIVISION, RAY-NEON COMPANY, WALTHAM 54, MASS., Vol. 1, No. 9 

NEW RAYTHEON MAGNETRONS FOR A WIDE RANGE OF APPLICATIONS 

Designed for C-band systems  
requiring tunability, the 
RK-7156 magnetron has a min-
imum peak power output rat-
ing of 250 kilowatts over a 
frequency range of 5,450 to 
5,825 megacycles. Applica-
tions include a flight-
tested, revolutionary air-
borne weather radar system. 
The RK-7156 is in quantity 
production. 

* * 

X-band magnetron for air-
borne search radar provides 
one megawatt minimum peak 
power and 875 watts average 

power within a frequency 
range of 9,340 to 9,440 Mc. 
Designated QK-624, this 
pulsed-type tube is liquid 
cooled and should give at 
least 1,000 hours of reli-
able service. 

* * * 

For ground-based and air-
borneradarsystems, theRK-
7529 magnetron provides a 
2.0 microsecond pulse of 3.5 
megawattsminimampeakpower 
over 2,700 to 2,850 Mc. This 
liquid-cooled tube is in-
terchangeable with other 
fixed- frequency S- band 
tubes operating at similar 
power levels. 

* * * 

A one kilowatt beacon magne-
tron the RK-7578 weighs 
only 14 ozs., yet will with-
stand vibrations of 15 G's 
at 20 to 2,000 cycles and 
shock up to 100 G's. It is 

A Leader in Creative Microwave Technology  RAYTHEON) 

mechanically tunable and 
covers the 5,400 to 5,900 
Mc range. 

* * * 

Developed to withstand ex-
treme environmental condi-
tions the RK-7449 magne-
tron is a lightweight, com-
pact tube with a minimum peak 
power output of 45 kilowatts 
at the operating frequency 
of 24 kmc. The RK-7449 is 
required to withstand re-

peated shocks of 50G. Stable 
operation is guaranteed at 
vibration frequencies up to 
2,000 c.p.s. with 30G ap-
plied. 
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MARCONI 
INSTRUMENTS 
for Precise Measurement 

LOW CAPACITANCE BRIDGE 
Model 1342 
• Capacitance range: 0.002 p“F to 1,111 m“F, ± 0.2% accuracy. 
• Shunt-resistance range: 1 to 1,000 MR. 
• Suitable for in-situ measurements. 
• Decade switching and readout. 
• Independent indication of resistive component. 

Capacitances down to 0.002 umF can be measured with 
speed and precision by means of this three- terminal trans-
former ratio-arm bridge. Its exceptional discrimination and 
stability make it suitable for such applications as the meas-
urement of the temperature coefficient of capacitors or 
changes in tube interelectrode capacitance. The bridge 
measures the capacitance between any two terminals of 
a 3-terminal network and is virtually unaffected by the 
impedance between either of these terminals and the 
third point. Connection to the component under test can be 
made via long leads without affecting measurement accuracy. 
Remote or wired- in components can be measured in-situ 
without the need to disconnect associated circuits. 

20- MC SWEEP GENERATOR 
Model 1099 

Can be used in conjunction with any oscilloscope for direct 
display of video response characteristics up to 20 MC. 
Frequency is indicated by crystal-controlled marker pips, 
and a special circuit provides for differential amplitude 
measurements, enabling relative response to be determined 
with a discrimination better than 0.01dB. Frequency Swept 
Output: Frequency Range: Lower limit 100 ke, Upper 
limit 20 MC. Output level: Continuously variable from 
0.3 to 3 volt,. Output Impedance: 750. Time Base: 
Repetition Rate: 50 to 60 cps. Output for c.r.o. X deflec-
tion: 250 olt,. Frequency Markers: At 1 MC intervals: 

every fifth pip dis-
tinctive and crystal 
controlled. 

SHORT-FORM CATALOG OF MARCONI INSTRUMENTS 
Keeps you up to date. Facilitates the rapid identification of the 
Marconi instrument most suitable for a prescribed purpose. More 
detailed information freely available. 

e x 

4 

/ 
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Marconi Instruments wide range 

of test equipment covers VLF 

to EHF. The latest short-form 

Catalog is now freely available. 

Model 1064A,2 for MOBILE RADIO 

This FM Signal Generator provides RF outputs of 30 

to 50,118 to 185, and 450 to 470 MC, with FM at one 

fixed deviation and 0-15 kc variable: IF crystal outputs 

at five spot frequencies, ( vials not supplied) and also an 

AF output. High frequency stability, quick warm up 

and accurate FM have been obtained by use of modern 

semi-conductor components. FM is produced by a 

varactor and the power supply is transistor stabilized 

with zencr diode reference. 

MARCONI INSTRUMENTS 

Designers and Manufacturers of 

AM & Fm SIGNAL GENERATORS 

AUDIO & VIDEO OSCILLATORS 

FREQUENCY METERS • VOLTMETERS 

POWER METERS • DISTORTION METERS 

FIELD STRENGTH METERS 

TRANSMISSION MONITORS 

DEVIATION METERS • OSCILLOSCOPES 

SPECTRUM & RESPONSE ANALYZERS 

Q ME FERS & BRIDGES 

Q METER 
Model 1245 

Here for the first time is a 
single Q Meter covering 
the range AF to VHF. 
Frequency Range: I kc to 300 
MC. Measures Q : 5 to 1,000: 
accuracy 5% at 100 MC. 
Q Multiplier: x0.9 to x2. 
Delta Q: 25-0-25. Test Circuits: 
separate LF and HF test circuits 
have ranges of I kc to 50 MC 
and 20 to 300 MC. Capacitance 
Range: 7.5 to 110 ev.•F with I-0-1 
tit.F incremental, for either tee 
circuit; 20 to 500 ewF for LF test 
circuit. Shunt Loss: 12 MQ at 1 
MC,0.3 MO at 100 MC. External 
Oscillators: Model 1247, 20 to 
300 MC. Model 1246, 40 kc to 
50 MC. Model 1101, 20 cps to 
200 kc. 

III CEDAR LANE • ENGLEWOOD • NEW JERSEY 
Telephone: LOwell 7-0607 

CANADA: CANADIAN MARCONI CO • MARCONI BUILDING • 2442 TRENTON AVE 
MARCONI INSTRUMENTS LTD • ST. ALBANS • HERTS • ENGLAND 

MONTREAL 16 
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SPECIFICATIONS: 

200V 400 cps 3 phase 
200 CFM at 3/ 4" 5.P. 
Weight: 3 lb. 8 oz. 
Ambient: 85 °C 
Life: 5000 hrs. 
Environmental MIL-E-54220 
Material MIL-E-54008 
Class F Insulation 

Our Field Engineers will gladly assist you 
in your cooling problems 

Air-Marine motors and cooling units 
have been designed and tested to 
meet the specifications of both the 
military and industry. 

air • marine motors, inc. 
e „tAARI,_ 

'fre 
369 Bayview Ave. 2221 Barry Ave. 

Amityville Los Angeles 
N.Y.' (' S. ' California 

O,. se 
• oas• - 

in Canada AAE Limited, Weston, Ontario 

WRITE TODAY FOR OUR NEW CATALOG 
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Wayne D. Brodd (A'54), has been pro-
moted to the position of advisory engineer 
in the IBM 7070 Engineering Department 
of the IBM Product Development Labora-
tory at Poughkeepsie, N. Y., where he is 
engaged in the New Product Engineering 
effort on the 7070 Unit Record Equipment, 
and system coordination with Endicott 
and Rochester Engineering groups. 

He joined IBM in 1950 as a customer 
engineer trainee at Evanston, Ill. He was 
transferred to Poughkeepsie in 1953 as a 
technical engineer on the 702 input/output 
development and advanced to associate 
engineer in 1955 where he became engaged 
in work on the 774 Tape Data Selector. 
He attained the status of staff engineer 
in 1958, his position until his recent ad-
vancement. 

Mr. Brodd is a graduate of the Uni-
versity of Illinois, Urbana, in 1950 with 
the B.S.E.E. degree. 

Donald W. Burns (A'56), has been 
advanced to the position of technical 
assistant to Arthur J. Hatch, vice presi-
dent and general 
manager of Strom-
berg-Carlson's Com-
mercial Products 
Division, according 
to an announce-
ment issued by Mr. 
Hatch. Stromberg-
Carlson is a division 
of General Dynam-
ics Corporation. 

In this new posi-
tion Mr. Burns will 
be responsible for 
development and coordination of a variety 
of technical programs. Prior to this ap-
pointment he was chief engineer in the 
Commercial Products Division. 

He has been with Stromberg-Carlson 
since 1954, when he joined the firm as a 
staff engineer to the manager of quality 
control in the Radio and Television Di-
vision. Subsequently he served as an engi-
neer in the Research Division, as a senior 
design engineer in the Special Products 
Division, and as chief engineer of the Com-
mercial Products Group in the Special 
Products Division. Earlier he had been a 
design development engineer with Syl-
vania Electric Products Corporation in 
Buffalo. 

Mr. Burns attended the University of 
Buffalo and received the B.A. degree in 
mathematics from the University of 
Rochester. He is a member of the Roches-
ter Society for Quality Control, and is 
chairman of the Conunitttee on Sound Ap-
paratus of the Electronic Industries Associ-
ation. 

•:* 

D. A. BURNS 

Roy J. Sandstrom, Bendix Systems 
Division, General Massager, has an-
nounced the appointment of James A. 
Burns (A'54) as Director of Long Range 
Planning for the Bendix Systems Division. 
He will fill the position vacated by L. B. 
Young who recently because Assistant 
General Manager of the Division. Mr. 
Burns was formerly Head of Technical 
Planning under Mr. Young. 

As the new Director of Long Range 
Planning, he will direct the Technical 
Planning and Marketing activities of the 
division and will coordinate customer re-
quirements into the preliminary design 
studies as well as preparation and presen-
tation of proposals. He will also integrate 
the capabilities of other Bendix Divisions 
and potential subcontractors into major 
systems investigation. 

He received the B.S. degree in electri-
cal engineering from the University of 
Michigan, Ann Arbor, in 1952, majoring 
in electronics. After graduation, he joined 
the Willow Run Laboratories of the Uni-
versity of Michigan Engineering Research 
Institute where he participated in the 
fields of analog computation, weapons 
systems design and analysis, air defense 
system design, communication equipment 
design and test, and battle area surveillance 
system and equipment design and analysis. 
During this period, he was Project Engi-
neer on systems design for low-altitude 
defense and other weapons systems work. 

In the field of battle area surveillance, 
he served from 1953 to 1957 in various 
capacities on Project Michigan, a triser-
vice program to improve the intelligence 
gathering capabilities of the service, lie 

was engaged primarily in radar system 
design and analysis, particularly in the 
field of MTI and the processing and dis-
play of radar data, lie performed a survey 
of all existing or development radar equip-
ment to establish its application to battle 
area surveillance. In addition, he per-
formed detailed evaluation and test of 
several specific radar systems; particularly 
those employing MTI. 

In addition to his work in radar, he 
also participated in the establishment of 
requirements for battle area surveillance 
systems, including evaluation and test, 
using television, microwaves, infrared, 
acoustics, and optical devices as well as 
navigational subsystems of both the 
ground-based and self-contained types. 
In this connection, he performed system 
design involving sensory devices, data 
processing and display techniques, and 
communications. He also participated in 
the test of battle area surveillance and 
intelligence processing equipment in large-
scale Army maneuvers. He was a consult-
ant to the Bendix Systems Division on 
air defense and air traffic control prob-
lems in 1956. and joined Bendix in Janu-
ary, 1957. 

(Cantaibed ,n page 304) 
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SPACE AGE TV— 

WITH EIMAC 

CERAMIC TUBES 

Lockheed's new miniature TV 

transmitter and camera have 

special significance for a space-

curious world. They may one 

day help unravel some of the 

mysteries of the unknown as 

they soar through the outer 

reaches of space in a sophisti-

cated sattelite. 

At the heart of the tiny trans-

mitter is an Eimac ceramic Let-

rode, the 4CX300A. Eimac 

ceramic tubes can take tough 

assignments like this in their 

stride, with performance "ex-

tras" that mean outstanding 

reliability. 

Eimac advanced ceramic de-

sign makes possible a compact 

tube capable of maintaniing ex-

ceptional stability. Even under 

conditions of severe shock, vi-

bration and accelerations up to 

20g at frequencies from 20 to 

2000 cycles per second no tube 

damage will result. Rugged, re-

liable power in a small package. 

EITEL- AlloCULLOUGH, INC. • San Carlos, California 

Today, over 40 ceramic tube 

types pioneered by Eimac en-

gineering and research are 

available for use under adverse 

conditions. Whenever you have 

an application that requires 

compact tubes that can take it, 

investigate the many advantages 

of Eimac advanced ceramic-

metal construction. 
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FULL LINE OF HIGHEST BETA GER. 

New TI high- efficiency emitter 
gives you high beta 

germanium power transistors! 

Now minimum and max-
imum betas are guaran-
teed from 20 to 60 at the 
maximum current rating 

of lc = 25 amps in new TI 2N514 series tran-
sistors. New high efficiency emitter makes pos-
sible greatly improved specifications for TI 
2N456, 2N511, 2N512, 2N513, 2N514, and 
2N1021 series alloy-junction germanium power 
transistors. 

•  100 
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2N456- SERIES hFE vs lc 
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I  
GUARANTEED BETA SPREAD 1-- TEST CONDII TIONS 

  GUARANTEED end . hri 

V E 1 SV 
TA = 25 C 

COLLECTOR CURRENT I c IN AMPERES 
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TI gives you design leadership in quality germanium power 

INCREASED BETA 
THROUGH HIGH-EFFICIENCY EMITTER 

Emitter efficiency can be improved by increasing 
the ratio of resistivities between the emitter and 
base region. For example, when a 10 ohm-
centimeter resistivity germanium wafer is used 
as the base material, it is advantageous to have 
less than a . 01 ohm-centimeter resistivity emitter 
regrowth region. Since initial doping of the 
germanium crystal establishes base resistivity, 
the ratio can be changed only by varying the 
emitter material. TI utilizes an emitter material 
that results in a lower emitter resistivity and an 
increased emitter efficiency, plus providing the 
higher beta at high currents. 

TEXAS 

transistors 

Optimum reliability for all TI germanium 

power transistors is assured by . . . 100% 

testing ... 100% temperature cycling ... 

100% hermetic seal testing ... continuous 

and intensive quality assurance program. 

Write on your company letterhead for 

germanium power transistor specifications. 

GERMANIUM 

POWER SWITCHING/DEFLECTION CIRCUIT 

TRANSISTORS 

INSTRUMENTS 
INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY 
POST OFFICE BOX 312 • DALLAS. TEXAS 



MANIUM POWER TRANSISTORS 

1
 New high current 2N1046-A-13 give you 

high frequency/dissipation/voltage 
with high beta! 

New TI 2N1 046B 
germanium power 
transistors give you 
10 amp lc with 

typical 18 mc fT* . . . 130 volt BVcgo . . . 
guaranteed beta of 10 at 10 amp lc . . . 30 
watt dissipation ... high frequency , high cur-
rent operating characteristics. The 2N1046 
series alloy-diffused P-N-P transistors provides 
maximum reliability for your core driving, 
hi-fi amplification, and other high frequency 
power applications. 

f7,* Frequency at which common emitter current gain of 

the device is unity. 

f-2 50 

.340 

g 30 

2N1046 B hFE vs lc 

TEST CONDITIONS: 
VcE - - 1.0V 
Tx - 25°C 

GuAa4 TEED meihy 

0 05 -2 -4 -6 —8 

COLLECTOR CURRENT I c IN AMPERES 

Call on your nearest TI distributor or sales office for immediate 
delivery of TI germanium power transistors including the 1-amp 
2N1038 series and the :3- amp 2N1042 series power transistors. 

... —.   
TI GERMANIUM POWER TRANSISTOR CHARACTERISTICS AT 25°C — 

Type 

Dissipation 
at 25°C 
watts 

Collector 
to Base 

Voltage-v 
max 

Collector 
to Emitter 
Voltage 
nun 

"CEO 

Emitter 
to Base 

Voltage-v 
min 

BVEBO 

Collector 
Current 
Amps 
max 

hFE 
0,, 1c 

min max 

Collector 
Reverse Current 

'co 
max 

ma v 

TVI) 
RCS e!.. ic 
ohms 

Internal Cutoff 
Frequency 

avg 
f 1 

211456A 5U -40 -20 -20 -7 30 @ 5a 90 -0.5 -20 0.040 (a 5a 430 lic 1 2N457A 50 -60 -30 --ao -7 30 @ 5a 90 -0.5 -30 0.040 (et 5a 430 kc 2N458A 50 -80 -40 -20 -7 30 (9 5a 90 -0 . 5 -40 0.040 ei 5a 430 Sc 1 
2N1021 50 -100 —so -20 -7 30 @ 5a 90 -O. 5 -50 0.040 En 5a 430 Sc 2N1022 so -120 -50 -20 -7 30 0, 5a 90 -0.5 -60 0.040 @, 5a 430 Sc ; 
2N511 80 -40 -20 -30 -25 20 @ 10a 60 -2 -20 0.025 (q 10a 260 Sc 1 2N511A ao -60 -30 -30 —26 20 @ 10a 60 -2 -30 0.025 (0 10a 260 Sc 2N511B 80 -40 -40 -30 0 a., 10a 60 -2 -40 0.025 @ 10a 260 Sc 1 2N512 80 -40 -20 -30 (ji 

le 
-2 -20 0.033 ep 15a 280 Sc 2Nbl2A 80 -60 -30 -30 -1 @ a 3 

4 
-2 -30 0.033 @ 15a 280 Sc 1 

2N512B 80 -80 -40 -30 -25 20 @ 15a 60 -2 -40 0.033 0, 15a 280 Sc 1 2N513 80 -40 -20 -30 -25 20 @ 20a 60 -2 -20 0.038 (n. 20a 300 Sc 2N513A 80 -60 -30 -30 -2b k, 20a 60 -2 -30 0.038 Or 20a 300 Sc 1 2N5138 80 -80 -40 -30 -25 0 (.2 20a 
r 

60 -2 -40 0.038 (n, 20a 300 Sc 
r 

2N5I4 80 -40 -20 -30 -25 0 (Ei 25a 60 -2 -20 0.040 (ji . 25a 350 Sc 1 
i 2N514A 80 -60 -30 -30 -25 20 @ 25a 60 -2 -30 0.040 @ 25a 350 Sc 1 2N514B 80 -80 -40 -30 -25 20 (q 25a 60 -2 -40 0.040 @ 25a 350 Sc 2N1038 20 -40 -30 -20 -3 20 @ la 60 -125ma -20 0.150 Er la 8.0 Sc f,,e min 1 

2N1039 20 -60 -40 -20 -3 20 @ la 60 -12Srra -30 0.150 Eri, la 8.0 Sc f,,,p min 2N1040 20 -80 —so -20 -3 201! la 60 -1251.,a -40 0.150 0, la 8.0 Sc fae 
1 

1 2N1041 20 -100 -60 -X0 -3 e, a  li 
--Id 

, la 
min 

8.0 kc tae min 1 

1 
2141042 21 -40 -30 -20 -3 @ a le l . err. Ja v.0 1W roe min 2N104.3 ZO -60 -40 -20 -3 ZO @ 3a 60 -125ga -30 0.16/ (a 3a 8.0 Sc t_ge 1 

1 
2N1044 20 -oo -50 -20 -3 -26f -3a 60 -1254 -40 0.167 (y, 3a  

min 
8.0 Sc 2N1045 20 -100 -60—  =20 -3- 2210.13Iái 60 --1122b5,,a -50 0.167 (u 3a 

_4,41 e min 
8.0 Sc fo,e 1 

1 2NI046 30 -100 —so — 1.5 
- 1.5 

-10 
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—1 
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NOT 
NEW, 
but 

... proved by millions in use over several years! 

IERC TR type Heat-dissipating Electron Tube Shields are 

still the only effective heat- dissipating tube shield 

designed for retrofitting equipment having JAN bases. 

Present TR's are unchanged from the original version 

introduced — and over the years, nothing has equalled 

their cooling and retention qualities. The greatly extended 

tube life and reliability provided by IERC TR's is 

acknowledged by the entire industry. 

IERC's TR's have been right for the job— right from the 

start. For immediate, increased tube life and reliability— 

retrofit now with IERC TR Shields. 

R 
FrEe IERC Tube Shield 
Guide. listing TR Shields, 
is available by writing 
Dept. TR for your copy. 

International Electronic Research Corporation 
145 West Magnolia Boulevard, Burbank, California 

(Continued (noon page 46A) 

Mr. Burns is a member of Tau Beta Pi, 
Eta Kappa Nu, Sigma Xi and Phi Kappa 
Phi. He has authored several classified 
publications and technical articles in the 
electronics field. 

Jack G. Anderson (A'56) has been ap-
pointed vice president for government re-
lations at Stromberg-Carlson, Vice l'resi-
dent and General 
Manager Allan R. 
Shilts has an-
nounced. Strom-
berg-Carlson is a 
division of General 
Dynamics Corpora-
tion. 

Mr. Anderson 
comes to Strom-
berg-Carlson front 
Hoffman Electron-
K5 Corporation of 
Los Angeles, where 
he was vice president for marketing. Ile 
had been with Hoffman since 1954, first 
as manager of Air Force operations and 
later as director of military marketing. 

Front 1942 to 1954 he served with the 
U. S. Air Force in many assignments 
throughout the United States, Europe, 
Africa and the Pacific. He was a major 
when discharged. 

Mr. Anderson attended the University 
of Louisville and received the B.S. degree 
front the USAF Institute of Technology 
in Dayton, Ohio. 

Ile is a past president of the Dayton 
Wright Chapter of the Armed Forces Com-
munications and Electrimics Association 
and is a member of many other organiza-
tions, including the American Rocket 
Society, Institute of Aeronautical Sciences, 
Air Force Association, Air Traffic Control 
Association, American Ordnance Associa-
tion, Association of the U. S. Army, and 
the Navy League. 

J. G. ANDERSON 

Ralph J. Bahnsen (S'54-A'55-M'59), 
has been promoted to the position of ad-
visory engineer in the Systems Engineering 
Department of Advanced Computational 
Systems at the IBM Product Development 
Laboratory in Poughkeepsie, N. Y. He 
is in charge of analysis work on an ad-
vanced Data Processing System. 

He joined the company in June, 1954 
as a technical engineer working on the 702 
Computer. He was transferred to Kingston 
in 1955 and returned to Poughkeepsie in 
1956, attaining the status of associate 
engineer. He was engaged in the 738 mem-
ory and logical design of an advanced 
data processing system. He became a staff 
engineer in 1958, his position until his 
recent promotion. 

Mr. Bahnsen attended Queens College 
and received the B.E.E. degree from the 
College of the City of New York in 1954. 

•re 

Dr. Nicholas A. Begovich (S'41-A'48-
M'58), has been appointed assistant man-

(Continued on page 54A) 
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Reliability in volu 

CLEVITE 
TRANSISTOR 

WALTHAM, MASSACHUSETTS 



NEW! 

ADVANCED DESIGN POWER TRANSISTORS FROM CLEVITE 

Three new lines of germanium power transistors by 
Clevite feature new advances in controlled gain spread, 
fully specified collector-to-emitter voltage characteristics 
and low current leakage — even at maximum voltages 
and high temperatures. 

The new 8 ampere switching series can be used to 
replace the older, more costly ring-emitter types in 3 to 8 
ampere service. 

The new 25 ampere switching type offers excep-
tionally low saturation voltage and is available with 
either pin terminals or solder lugs. 

The new Sparesaver design not only affords im-
portant savings in space and weight, but its significantly 
improved frequency response means higher audio fidelity, 
faster switching and better performance in regulated 

power supply applications. Its low base resistance gives 
lower input impedance for equal power gain and lower 
saturation resistance, resulting in lower "switched-on" 
voltage drop. Lower cut off current results in better tem-
perature stability in direct coupled circuits and a higher 
"switched-off" impedance. 

CLEVITE NOW OFFERS THESE COMPLETE LINES 

Switching Types 
5 ampere 
8 ampere 

15 ampere 
25 ampere 

3 ampere Spacesaver 

All Clevite germanium power transistors are designed 
for low thermal resistance, low base input voltage, low 
saturation voltage and superior current gain. 

Amplifier Types 

2 watt 

4 watt 

2 watt Spacesaver 

For lui est data and prices or applieuti .., assistance. write for Bulletin . 

A DIVISION OF 

CLEVITE 
CORPORATION 

Reliability in volume . . 

CLEVITE TRANSISTOR 
254 Crescent Street Waltham 54, Mass. Tel: TWinbrook 4-9330 



ENGINEERING TEAMWORK IN SPACE EXPLORATION 

Engineers and scientists iriterested ir 
a wide range of activities will appreciate 
the advanced nature of research and 
development projects under way at JPL 
These projects include research, basic 
and applied, in Electronics, Solid State 
Physics, Propulsion, Aerodynamics. 
Structures and Materials and the de 
sign, development and analysis of space 
probes and satellites. Individually re-
sponsible engineers and scientists work 
together as a thoroughly integrated 

team in accomplishing the complete 
objective. 

Programs involve guidance, telemet-
ering, data recording and reduction, 
instrumentation, structures, propul-
sion, materials, sol Id state physics, 
components, heat t'ansfer problems 
and systems analysis and are constantly 
influenced by continuing JPL space 
exploration research providing individu-
als with charlenging assignments in 
almost every phase of engineering and 

o 

science. Staff progress in diverse fields 
of activity is constantly be ng made. 

Pioneering r basic research, applied 
research and develooment engineering 
in space exploration proves to be a 
stimulating attraction for engineers and 
scientists with innate curiosity and 
irtense inheres: in the future of space 
exploration. 

More men of this type are needed — 
if you believe you are qualified for the 
JPL team, send in your resume today. 

CALIFORNIA INSTITUTE OF TECF-NOLOG \ 

JET PROPULSION LABORATORY 
A Research Facility operated for the National Aeronautics and Space Administration 

PASADENA, CALIFORNIA 

Employment opportunities for Engineers and Scientists interested ;n basic and applied research in these fields: 

COMMUNICATIONS • MICROWAVE • SERVOMECHANISMS • COMPUTERS • LIQU D AND SOLID PROPULSION 

• STRUCTURES • CHEMISTRY • INSTRUMENTATION • MATHEMATICS • AND SOLID STATE PHYSICS • 
Send professional resume, with full qualifications and experience, for oui immediate consideration 
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G-20 8 G-21 MINIATURE 

ALL-GLASS 
HC-18/U TYPE 

CRYSTAL 
UNITS 

Possess all of the quality and dependability 
for which the McCoy line of metal encased 
crystal units is famous. 

Cheek tliese advantages: 

Excellent Long-Terni 
Stability 

Minimum Aging 

Choice of Leads — 
Pins or Flexible Wire 

Maximum Resistance to 
Shock and Vibration 
30 vector G's from 20 
to 2000 cps — vibration 
100 G's — shock 

True Hermetic Seal 
Altitude is no problem 

Meets new CR-73/U 
and CR-74/11 Specs 

Wide Range of 
Frequencies Available 
5000 KC to 
200,000 KC 

Extremely Small Size 

.435 

53 Cif 

-,r-
.040" 

..=.019 

  .192' 
Shown 
actual 
size. 

G-20—Wire leads - 11/2" or specify. 

G-21—Rigid pins - .040 dia. 1/4" long. 

Write today for our free illustrated catalog which includes 
complete listing of military specifications. For specific needs, 
write, wire or phone us. Our research section is anxioLs 
to assist you. 

f.01•1-

ErcoLA 
ELECTRONICS CO. 

Dept. P-5 

MT. HOLLY SPRINGS, PA. 

Phone HUnter 6-341 

(C ,ntinued fe,ni to)( 

ager of Hughes Aircraft Company's 
Ground Systems 
Group, C. Harper 
Brubaker, vice presi-
dent and Group 
manager, has an-
nounced. 

Dr. Begovich, 
formerly director of 
engineering at the 
Hughes plant, also 
will serve as direc-
tor of product line 
operations. 

He (level( ped 
the principle of radar frequency scanning 
which, as incorporated in Hughes' " Fres-
callar," provides pinpoint three-dimension-
al information (range, bearing and alti-
tude) using only one antenna, one trans-
mitter ;Ind one receiver. Fresca tsar is the 
"eyes - of Missile Monitor, an advanced 
mobile air defense developed by Hughes 
for the U. S. Army, 

Joining I lughes as a research physicist 
in 1948, he has also served as a consultant 
to the weapons system evaluation group 
for the Department of Defense, as a re-
search engineer for the \Var Metallurgy 
Committee and the War Production Board, 
and as an instructor in electrical engineer-
ing at California Institute of Technology. 

N. A. liEcovicit 

(Continued on page .56,4) 

STANDING 
WAVE 
DETECTORS 

—c.rrept jowl(' (Irclo•HI( 

You get the accuracy that results 
from perfect parallelism between 
slot and waveguide axis ... between 
probe travel and waveguide axis. 
Only 30 seconds needed to equip a 
D-B slotted line to measure adja-
cent frequency bands. Range: 5.8 
KMC to 140 KMC—covered by a 
minimum of units, to stretch your 
budget. Literature on request. 

BONARDI I 

DE MORNAY-BONARDI 
• PASADENA, C-

4A 



Distributed constant delay 
lines • Lumped- constant 
delay lines • Variable de-
lay networks • Continu-
ously variable delay lines 
• Pushbutton decade delay 
lines • Shift registers • 

Ed EXTRA 
Pulse transformers • Me-
dium and low-power trans-
formers • Filters of all 
types • Pulse-forming net-
works • Miniature plug-
in encapsulated circuit 
assemblies 

ESC DEVELOPS 
DELAY LINE WITH 

170 to 1 DELAY TIME/ 
RISE TIME RATIO 
Model 61-34 Perfected 

For Specialized 

Communications Application 

PALISADES PARK, N. J.—An entirely new 
Lumped-Constant Delay Line, with a proven 
170 to 1 delay time/rise time ratio, has been 
announced by the ESC Corporation, Palisades 
Park, N. J. The new delay line, known as 
Model 61-34, was specifically designed for a 
specialized communications application call-
ing for the exceptionally high delay time/rise 
time ratio. 

ESC, the world's leading manufacturer of 
custom built and stock delay lines, is already 

widely recognized in the electronics industry 
for its exceptional engineering advances. In 

October, 1958, ESC broke through an existing 
design barrier and produced a delay line with 

a 145 to 1 delay time/rise time ratio. It had 
been thought, prior to the announcement of 
the Model 61-34, that ESC had reached the 
ultimate in this type of delay line. 

SPECIFICATIONS OF NEW DELAY LINE 
MODEL 61-34 

Delay time/rise time ratio: 170/1 
Delay: 200 usec. 
Rise time: 1.16 usec. 
Attenuation: less than 2 db 
Frequency response: 3 db = 325 KC 
50 taps with an accuracy of ±0.2 usec. at 
each tap. 

Complete technical data on the new unit 
can be obtained by writing to 
ESC Corporation, 534 Bergen Boule-
vard, Palisades Park, New Jersey. 
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PROVEN RELIABILITY-
SOLID-STATE POWER INVERTERS 

over 260,000 logged hours— voltage-regulated, 
frequency-controlled, for missile, telemeter, ground-

support, 1350C all-silicon units available now— 

Interelectronics all-silicon thyratron-like gating elements and cubic-

grain toroidal magnetic components convert DC to any desired number 

of AC or DC outputs from 1 to 10,000 watts. 

Ultra-reliable in operation (over 260,000 logged hours), no moving 

parts, unharmed by shorting output or reversing input polarity. Wide 

input range ( 18 to 32 volts DC), high conversion efficiency (to 92%, 

including voltage regulation by Interelectronics patented reflex high. 

efficiency magnetic amplifier circuitry). 

Light weight (to 6 watts/oz.), compact (to 8 watts/cu. in.), low 

ripple ( to 0.01 mv. p-p), excellent voltage regulation (to 0.1%), precise 

frequency control (to 0.2% with Interelectronics extreme environment 

magnetostrictive standards or to 0.0001% with fork or piezoelectric 
standards). 

Complies with MIL specs, for shock ( 100G 11 misc.), acceleration 

(100G 15 min.), vibration ( 100G 5 to 5,000 cps.), temperature (to 150 

degrees C), RF noise ( 1-26600). 

AC single and polyphase units supply sine waveform output (to 2% 

harmonics), will deliver up to ten times rated line current into a short 

circuit or actuate MIL type magnetic circuit breakers or fuses, will start 

gyros and motors with starting current surges up to ten times normal 

operating line current. 

Now in use in major missiles, powering telemeter transmitters, radar 

beacons, electronic equipment. Single and polyphase units now power 

airborne and marine missile gyros, synchros, servos, magnetic amplifiers. 

Interelectronics—first and most experienced in the solid-state power 
supply field produces its own all-silicon solid-state gating elements, all 

high flux density magnetic components, high temperature ultra-reliable 
film capacitors and components, has complete facilities and know how 

—has designed and delivered more working KVA than any other firm! 

For complete engineering data, write Interelectronics today, or call 
LUdlow 4-6200 in New York. 

INTERELECTRONICS CORPORATION 
2432 Grand Concourse, New York 58, N. Y. 

SEAL PROBLEMS? A CASE 

PROBLEM: 
GTNFRAL ELECTRIC require.' 
development of a rugged. 
compact high current hermetic 
seal CONTROLLED RECTIFIER 
housing constructed of ina• 
terrais and processes to with. 
stand temperaturesabove soft 
solder range- design involves 
5 seals to dissimilar materials. 

IN POINT 

SOLUTION: 
b.,. , equirement clic• 

taten use of 3 metals: alloy 
4 52, OFHC and Gr " A'' Nr 
Br a ze material selected is 
above 1435°F, so that soli• 
sequent weldrng or brazing 
can be done wdluc,! 
mental effect Tam-. • 
eliminate costly crr, 

CERAMIC TO METAL ASSEMBLIES BY MITRONICS ARE: 
• More precise • More compact • More economical • More durable 

Why struggle with metallizing problems when Mitronics' 
complete engineering facilities are at your disposal. 

SPEr1/1/1S1'.,, it r ¡ fr. rho.," ol III jot te•tleturtil e. mallow 

mitrcDnics 
1292 f"..cut• 11 Ave., Hillside N. J. WAve:!., 

IRE People 

(C‘qtlinued 

Dr. Begovich received the B.S., M.S. 
and Ph.D, degrees from C'altech. He has 
published papers on high frequency 
vacuum tube theory, electro-magnet lc 
radiation problems ;ad radar detection 
theory. 

Carl W. Burrows, Jr., ( M'59), has 
been appointed director of headquarters 
sales at Stromberg-Carlson Division of 
General Dynamics 
Coporat ion, ac-
cording to an an-
nouncement by Al-
lan R. Shilts, vice 
president and gen-
eral manager of the 
division. 

Mr. Burrows 
comes to Strom-
berg-Carlson front 
Hoffman Electron-
ics Corporation 
where he was as-
sociated with the military products division 
as director of headquarters sales. Prior to 
this he was with the Bendix-Pacific Divi-
sion of Bendix Aviation Corporation. 

Front 1943 to 1955 he was on active 
duty with the Navy. For two and a half 
years during this time he served as an 
instructor at the U. S. Naval Postgraduate 
School, Monterey, Calif. ir communica-
, firms and anti-submarine warfare. He 
resigned front the Navy in 1955 as a lieu-
tenant comntander. 

He attended Pasadena City College 
and was graduated front the U. S. Naval 
Academy at Annapolis, Md., in 1943. 
He is also a graduate of the communica-
tions course at the U. S. Naval Postgradu-
ate School, Annapolis. 

He is a member of the Institute of 
Aeronautical Sciences and the American 
Rocket Society. 

Solomon Charp (A'43-M'44-SM'50), 
has been appointed Manager of Navigation 
and Control Electronic Equipment for 
General Electric's Missile and Space 
Vehicle Department, Philadelphia, Pa. 

He is responsible for three basic func-
tions: investigation of complete navigation 
and control electronic' systems; design and 
development of control components Sqltil 
as sensors and computers; and the design 
of electronic circuitry. 

He joined the company in July, 1959, 
as a Consultant in radiation and data 
comparison and electronic systems. For 
eleven years previous to that he was a 
member of the research staff of The Frank-
lin Institute. 
A native of Jersey City, N. J., he 

attended public schools in Philadelphia. 
He graduated from the University of 
Pennsylvania, Philadelphia, in 1940 with 
the B.S. degree in Electrical Engineering 
and received the M.S. degree from that 
university in 1941. 

He was an instructor and research 
associate at the University of Pennsyl-
vania for seven years previous to joining 

C. W. BURROWS JR. 

(ContInued on page 5S..-I) 
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PHU() MAT* TRANSISTORS 
are UNIVERSALLY APPLICABLE 

To All Logic Circuits Up To 5mc 

9.TV 

DIRECT COUPLED TRANSISTOR LOGIC FLIP-FLOP 

TY.CAL SWITCHING TIMES : = 12 m:4sec. ti= 15 m.4.sec 

0.39 

DIODE COUPLED TRANSISTOR LOGIC FLIP-FLOP 

-YPICAL SWITCHING TIMES: Ir=-20 mp.sec. If-=60 rmasec. 

OUTPUT - I 

39 354 

+1 5v 

4.3V 

OUTPUT 92 

RESISTOR COUPLED TRANSISTOR LOGIC FLIP-FLOP 

TYPICAL SWITCHING TIMES: tr= 40 mv.sec. 4=110 masec. 

RESISTOR CAPACITOR COUPLED TRANSISTOR LOGIC BINARY STAGE 

TYPICAL SWITCHING TIMES: t,.= 30 micsec. tf= 4.1 rntuec. 

high frequency performance... at medium frequency prices 

2N3,3 

The Philco 2N393 Micro Alloy Transistor 

(MAT) has proved its complete reliability 

in millions of operating hours in every type 

of computer logic circuit up to 5 mc. It 

combines all the advantages of high fre-

quency performance with low price. The 

2N393 is easily designed into any logic 

circuit and offers the designer these im-

portant advantages: 

Immedra:els arailable ir 
quantities I 999 from your 
local Pkiko Indr.strial Semi-
conde-to, Dieributor. 

• High beta • High VBE rating 
• Low saturation voltage • Low Ico 
• High speed • Low hole storage time 

When you can buy so much for so little . . . 
don't settle for less in your equipment. 

The 2N393 is also available in a military version. 
Mil 5-19500/77A (Sig.C.) 

Other Philco MATs to Meet Your Special Requirements: 
2N1122 . .. with 11 volt rating 
2N1122A . . . with 14 volt rating 
2N1427 . . . with additional parameter control 

For data sheers, write Department IR 560. 
'Reg. U.S. Pat. Off. 

PH I LCO 
e/rizome tier .Qaady Wreei Over-

<IL 
kopii 

o e-N-ree 
.) 

LANSDALE DIVISION • LANSDALE, PENNSYLVANIA 



Measure fractions of a microvolt...approaching the Johnson noise limit... 
with Beckman DC Breaker Amplifiers. These high gain, low drift amplifiers 
are insensitive to vibrations, provide fast response and feed outputs directly 

to standard recorders. This means you can measure dc and low frequency ac 
voltages which were impossible or too tedious with devices like suspension 
galvanometers. A few applications include use with ultra-precision bridge cir-

cuits for measurement of differential thermocouples, nerve voltages, and other 
extremely low voltages. For detailed specifications write for Data File 9-5-11. 

IN 

Beckman (i\‘  

Seienli.fie and Process Instruments Division YEARS 

*Note low noise level...less than .008 microvolt 

nu) 

AIRCRAFT TYPE 
TERMINAL BOARDS 

New series of Molded Terminal 
Boards available in three basic 
types—AN, NAS and MS. Special 
compoundings, backing strips and 
hardware on request. 

Gen- Pro Ail craft Type Terminal 

Boards -- soon available through 

distributors. Sales and service reps 

in key U. S. cities. Fast delivery 

WRITE NOW FOR FURTHER DETAILS 

Berkman Instruntente,  

r.500 Fullerton Road, Fullerton, California 

ALL TYPES 

FROM ONE SOURCE 

Gen- Pro's expanded line enables 

you to order all types of Termi• 

nal Boards from a single source; 

standard military, commercial, and 
others for special applications. 

GENERAL PRODUCTS CORPORATION 
Over 25 Years of Quality Molding 

UNION SPRINGS, NEW YORK TWX No. 169 

IRE People 

(Continued from page 56.4) 

The Franklin Institute in 1948. 
He has conducted research in naval 

anti-aircraft fire control systems, electro-
mechanics, statistical-type analogue com-
puters, radar reflections, and radar guid-
ance systems. 

Mr. Charp is a member of Tau Beta 
Pi, Pi Mu Epsilon, Sigma Xi, the Re-
search Society of America, and the AIEE. 
He is a member of the Executive Board of 
the Philadelphia Section of the AIEE and 
serves as Treasurer, 1960 International 
Solid State Circuits Conference. 

L. Berkley Davis (SNI'53), has been 
elected a vice-president of the General 
Electric Company. He is general manager 
of the company's 
electronic compon-
ents division which 
is made up princi-
pally of the Receiv-
ing Tube Depart-
ment (Owensboro, 
Ky., also site of 
division headquar-
ters); the Cathode 
Ray Tube Depart-
ment (Syracuse, 
N. Y.); the Power 
Tube Department 
(Schenectady, N. Y.); and the Semicon-
ductor Products Department (Syracuse, 
N. Y.) 

lie was born in Lewisport, Ky., Octo-
ber 27, 1911, and graduated front high 
school there. He attended the Engineering 
College of the University of Kentucky at 
Lexington, a member of the class of 1934. 

After starting work in 1934 as an 
engineer with the former Ken-Rad Tube 
and Lamp Corporation in Owensboro, Ky., 
subsequent advancements placed him in 
charge of tube production engineering and 
brought him the position of chief engineer 
for the Ken-Rad Transmitting Tube Cor-
poration. During World \Var II he became 
plant manager of the Owensboro Trans-
mitting Tube operation. General Electric 
acquired the Nets-Rad tube facilities on 
January 2, 1945, and near the end of that 
year Mr. Davis was made manager of the 
Owensboro operations. 

In December, 1949 he was appointed 
general manager of General Electric Re-
(-eking Tube operations, with headquar-
ters in Owensboro. He became general 
manager of the newly-created Electronic 
Components Division of the General Elec-
tric Company in June, 1956, and retains 
this position with his appointment as a 
vice-president of the company. 

•:* 

Warren C. Foin (S'53-A'54), has been 
promoted to the position of development 
engineer in the 7080 Engineering Depart-
ment of Advanced Data Systems Develop-
ment at the IBM Product Development 
Laboratory in Poughkeepsie, N. Y. He is 
now project manager, responsible for the 
design of the IBM 7080 Data Processing 
System. 

L. B. DA vis 

• it Iled ' ,a page 60A) 
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SUBMINIATURE 

SPECIFICATIONS 

POWER FACTOR: 1.5', Max. (,/ 1 KC 
(initial) 

WORKING VOLTAGE: 500 V.D.C. 

TEST VOLTAGE (FLASH): 1000 V.D.C. 

LEADS: No. 22 tinned copper (.026 dia.) 

INSULATION: Durez phenolic ( 4" max. on 
leads)—vacuum waxed 

STAMPING: RMC—Capacity—Z5U 

INITIAL LEAKAGE RESISTANCE: 
Guaranteed higher than 7500 megohms 

AFTER HUMIDITY LEAKAGE RE-
SISTANCE: Guaranteed higher than 1000 
megohms 

DISCAP 

CERAMIC 

CAPACITORS 

DISCAPS 

PAT ODUCII 

RMC Type SM DISCAPS are designed for appli-

cations in compact radios, testing products, com-

munication equipment and other products where 

space is of prime importance. These DISCAPS are 

rated at a working voltage of 500 volts and exhibit 

a minimum capacity change between +10° and 

+85° C. Type SM DISCAPS can be specified with 

the complete assurance of quality and reliability 

that is inherent in all RMC DISCAPS. 

RADIO MATERIALS COMPANY 
A DIVISION OF P. R. MALLORY .4 CO., INC. 

GENERAL OFFICE: 3325 N. California Ave., Chicago 18, III. 
Two RMC Plants Devoted Esicluslvely tc Ceramic Capacitors 

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. 
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. . Where there is no air 

to resist their motions, 

all bodies will move with the greatest freedom." 

SIR ISAAC NEWTON Principles of Natural Philosophy 

Today, almost three hundred years after Newton's Principia 
appeared, man is about to satisfy his centuries-old curiosity 
concerning space "where there is no air." First instruments 
went. Soon man himself will go. 

Prior to man's undertaking sustained space voyages pro-
pulsion systems with efficiencies far exceeding those presently 
available must be developed. 
The scientists and engineers at Electro-Optical Systems 

are in the advanced stages of research and development on 
what may well be a forerunner of practical space propulsion 
systems — the ion engine. 

Other advanced research and development programs in 
areas vital to technological progress in space, military weap-
onry and industry include: 
Energy Conversion Research and Advanced Power Systems 

heat Rejection in Space 
Molecular Electronics 

Optical Tracking and Guidance 
Spare ( omnumirations Systems 

Exploding U. ire Research 

EOS has professional opportunities for Physicists, Mathematicians and Engineers. 

E 
ELECTRO-OPTICAL SYSTEMS,INC. e 125 NORTH VINEDO AVE. 

S PASADENA, CALIFORNIA 

WW1, 
IRE People 

(Continued from page 58A) 

Mr. Foin joined IBM in December, 
1950 as a customer engineer and became a 
technical engineer on the IBM 770 in 1954. 
He has subsequently held positions as 
associate engineer and project engineer, 
his position until his recent advancement. 
Prior to his affiliation with the Company, 
Mr. Foin was associated with the Chance 
'ought Division of United Aircraft. 

Mr. Foin received B.S.M.E. degrees 
from the Universities of New Hampshire 
and Illinois in 1945 and 1947 respectively, 
and the NI.S.NI.E. degree from Columbia 
University, New York, N. Y., in 1950. 
Ile is a member of l'i Tau Sigma. 

Steve J. Gadler (SNI'59), Col. USAF 
(Ret.), has been elected a Vice President 
of Hitchcock & Estabrook, Inc., Consult-
ing Engineers and Architects. Mr. Gadler, 
who is director of the firm's newly estab-
lished Electronic Division, is a graduate of 
the University of Minnesota in Electrical 
Engineering, is a registered professional 
engineer, and is considered an authority 
in Electronic Communications Systems 
Engineering. 

He was decorated with the Legion of 
Merit for his outstanding contributions 
in the Communications Electronic field 
while he was Director of Electronics for 

(C,ntinued ,n page 641) 

send for this 

FREE 
EICO 
Electronics 
Catalog 

NO. ••••••NeeN• 

•••••••••••.ON 

you save 50% on Top- Quality 
Test Instruments 

Hi -Fi • Ham Gear 

KITS AND WIRED 
for professional and home use 

TEST INSTRUMENTS 
battery eliminators 
battery testers 
bridges 
decade boxes 
electronic switch 
flyback tester 
oscilloscopes 
probes 
signal and 

sweep generators 
tube testers 
transistor tester 
vacuum tube 

voltmeters 
volt-ohm-

milliammeters 
LIFETIME service and celebration guarantee. 
IN STOCK at your neighborhood EICO dealer. 

Send nów for FREE catalog IRE-5 

NI-F1 
stereo and monaural 
tuners 
preamplifiers 
power amplifiers 
Integrated amplifiers 
speaker systems 

HAM GEAR 
cw transmitter 
modulator-driver 
grid dip meter 

OVER 2 MILLION 
EICO instruments in 
use throughout 
the world. 

  3100 N. Blvd, L. I. C. 1, N. Y 

Lik:100 . . praised by the experts 
--   as BEST BUYS IN ELECTRONICS 

•t . r^1 OONIC INS111. CO., INC. 
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Arnold Pase7iernewnee 
Cores cue  470We/ere teted 

7372 C 

(melee mete/ pase coed/Woes 

Here's 
technical data on 

ARNOLD 
SILECTRON 
CORES 
Bulletin SC- I07 A 
. . . this newly-
reprinted 52-page 
bulletin contains 
design information on Arnold Tape Cores wound 
from Silectron (grain-oriented silicon steel). It 
includes data on cut C and E cores, and uncut 
toroids and rectangular shapes. Sizes range from 
a fraction of an ounce to more than a hundred 
pounds, in standard tape thicknesses of 1, 2, 4 
and 12 mils. 

Cores are listed In the order of their power-
handling capacity, to permit easier selection to fir 
your requirements, and curves showing the effect 
of impregnation on core material properties are 
included. A valuable addition to your engineering 
files—write for your copy today. 

ADDRESS DEPT. P-5 

The inset photograph above illus-
strates a special Arnold advantage: a 
10-megawatt pulse-testing installa-
tion which enables as to test-prove 
pulse cores to an extent unequalled 
elsewhere in the industry. 

For example, Arnold 1 mil Silectron 
"C" cores—supplied with a guaran-
teed minimum pulse permeability of 
300—are tested at 0.25 microseconds, 
1000 pulses per second, at a peak flux 
density of 2500 gausses. The 2 mil 
cores, with a guaranteed minimum 
pulse permeability of 600, receive 
standard tests at 2 microseconds, 400 
pulses per second, at a peak flux 

density of 10,000 gausses. 
The test equipment has a variable 

range which may enable us to make 
special tests duplicating the actual 
operating conditions of the trans-
former. The pulser permits tests at 
.05, .25, 2.0 and 10.0 microsecond 
pulse duration, at repetition rates 
varying anywhere from 50 to 1000 
pulses per second. 

This is just another of Arnold's 
facilities for better service on mag-
netic materials of all description. 
• Let us supply your requirements. 
The Arnold Engineering Company, 
Main Office & Plant, Marengo, Ill. 

RNOLD 
SPECIALISTS In MAGNETIC MATERIALS 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 

Find them FAST in the YELLOW PAGES 
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When it comes to SEMICONDUCTORS 
For the most complete line of solid state devices... 

e Westinghouse has perfected the widest selection of rectifiers, 
transistors, and special semiconductor devices available in the 

industry. In Silicon power rectifiers, Westinghouse is the 

acknowledged leader in the field. 

For the most dependable semiconductor devices... 

e Every Westinghouse semiconductor device has been carefully 
designed, manufactured, and thoroughly tested to assure long life, high 

reliability, and excellent stability. 

For true voltage ratings in silicon power transistors... 

• Only Westinghouse 2N1015 and 2N1016 silicon power transistors offer 
true voltage ratings, guaranteed by 100„ power testing—means they may be operated 

continuously at the VCE listed provided the power dissipation of the transistor is 
not exceeded. Other conventional power transistors derate the VcE voltage 

under comparable conditions. 

For new and unusual ideas in semiconductors... 

• Westinghouse is constantly pioneering in exciting new 
semiconductor devices. Among the latest: a new 50 ampere "TRINISTOR"* 

controlled rectifier; new thermoelectric cooling devices; an extremely 
rapid and sensitive infrared detector. 

For quality, reliability, performance, and availability... 

• Come to Westinghouse! For more 
information call your Westinghouse representative, 

or write directly to Westinghouse Electric 

Corp., Semiconductor Department, Youngwood, Pa. 

• 

YOU CAN BE SURE...IF ITtW estinghouse 
*Westinghouse Trademark Westinghouse Semiconductor Department, Youngwood, Pa. 
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SILICON RECTIFIERS 
LOW 
PCWER - 
RE01. 

1N1217 SERIES 

— 1N1227 SERIES 

P. R.V. 

50.1000 V. 

50-1000 V. 

Max. DC Current 
at T°C 

Resistive Load 

500 MA 0 110 C. AMB. 

1.6 A 0 140 C. CASE 

Max. One 
Cycle 60 

C.P.S. Surge 
Full Load 

15 AMPS. 

15 AMPS. 

Max. Rev. Peak 
Current ko Max. 
Temp. 8. P.I.V. 

1.5 MA 0. 150 C. 
JUNCTION 

MEDIUM 
POWER 
RECT. 

1N1341 SERIES 

1N1199 SERIES 

1N1191 SERIES 

1N1183 SERIES 

50-600 V. 

50.600 V. 

50.600 V. 

50-600 V. 

6 A 150 C. CASE 

12 A K 150 C. CASE 

18 A 0, 140 C. CASE 

35 A 0 140C. CASE 

160 AMPS. 

200 AMPS. 

220 AMPS. 

220 AMPS. 

10 MA 0 190 C. 
JUNCTION 

HIGH 
POWER 
RECT. 

1N1396 SERIES 

1N1660 SERIES 

1N1670 SERIES 

439 SERIES 

50-500 V. 

50-500 V. 

50-500 V. 

50-600 V. 

GERMANIUM TRANSISTORS 
2N59 
2N60 
2N403 
2N614 
2N616 
2N617 

SILICON POWER TRANSISTORS 
2N1015 SERIES-2 AMP. 

2N1016 SERIES-5 AMP. 

70 A (,/ 150 C. CASE 

160 A 6, 125 C. CASE 

240 A (a 125`C. CASE 

240 A 0 125 C. CASE 

1200 AMPS. 

2000 AMPS. 

3000 AMPS. 

3000 AMPS. 

30 MA kt, 190 C. 
JUNCTION 

40 MA 0, 190°C. 
JUNCTION 

50 MA (//.. 190 C. 
JUNCTION 

Class Typical Operation Maximum Ratings 

1..0 f VC E I. P. Ti 

ea hrE mcfs V ma mw eC 

AUDIO-PNP 10 100 1.2 20 200 180 85 

AUDIO-PNP 10 70 1.1 20 200 180 85 

AUDIO-PNP 10 33 0.85 20 200 180 85 

IF -PNP 3 5 3 20 150 125 85 

IF - PNP 3 20 9 20 150 125 85 

IF -PNP 3 14 7 20 150 125 85 

Type 

NPN 

hie 
or 

10 (V, = 4 V 
I = 2 A) 

famc 

ALPHA CUTOFF 
.300 

VC E 
Volts 

30-200 

Amps 

7.5a 

Ti 
°C 

150 

NPN 

50 AMPERE SILICON "TRINISTOR"* 
CONTROLLED RECTIFIER 

RECTIFIER 
ASSEMBLIES 

THERMOELECTRIC 
COOLING DEVICES 

INFRARED 
DETECTORS 

Jet* editltb 

7 

" 18.1 t • - Type 

812 

10 (V, —4 V 
L=5 A) 

Breakover 
Voltage 
1250C Ti 

ALPHA CUTOFF 
.300 

Reverse 
Blocking 
Voltage 
125°C T, 1 

TYPICAL 

30-200 

Turn-on 
Time 

7.5a 150 

Turn-off 
Time 

50-200 VOLTS 50-200 VOLTS 1.0 µ SEC. 15-20 SEC. 

Standard rectifier assemblies are available in all types of circuit 
configurations,and are designed for either forced airor natural 
convection cooling with a wide range of ratings. Nickel-plated 
copper plates and other materials used in these assemblies 
have been chosen to insure satisfactory performance in corro-
sive atmospheres and high ambient temperatures. 

Two types are available in commercial quantities: WX814 
(2.5 oz.) and WX816 (3.0 oz.). Both types measure about an 
inch and a half square and will find immediate application in 
cooling germanium transistors, infrared detectors, optical sys-
tems, mechanical and electric instruments, laboratory and 
portable medical equipment, and related fields where spot 
cooling below ambient is necessary. 

Noise Equivalent 
Power (NEP) Watts 

TYPICAL LIMIT 

5x10—ll 10— lo MAX. 

Wave-length 
Response. Microns 

1-12 

Time Constant, 
e SEC. 

TYPICAL LIMIT 
0.1 0.2 MAX. 

The types listed are just a small sampling of the complete line which can be supplied in volume quantities for prompt deliveries. 
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Now Available for the First Time... 

“ IMPERVOHM" silicone coating 

Ir'n==••--

SAGE RESISTORS 
with The Amazing New Moisture-Resistant 

WHAT IS " IMPERVOHM"?... It is a new non-porous silicone encapsul-
ant representing a significant moisture seal "break through," which 
has been developed exclusively for SAGE Characteristic "G" and "V" 
Power Resistors. 

WHAT ARE ITS ADVANTAGES? ... Because of its unusual characteris-
tics attributed to optimum balance of resin and precise filler particles. 
this new coating requires no compromise in offering: 

• Improved heat endurance (- 65°C to +350°C). 

• Superior resistance stability (0.1%) after severe moisture cycling. 

• Availability of all type "S" Resistors as reliable body insulated styles 
(1000 Volts mis min.), 

• New ruggedness in ultrasonic solvent wash not previously available. 

These features signify an insulating achievement unmatched in the 
power resistor field. 

WHERE DO SAGE "IMPERVOHM"-SEALED RESISTORS EXCEL? 
Component and Circuit Design Engineers will be wise to specify SAGE 
in all applications demanding critical sensitiveness to moisture and 
temperature extremes. They will also take advantage of the insulation 
ruggedness these Resistors offer for printed circuit assembly as well as 
for metal chassis contact mounting. Of special significance in all cases 
is long life environment protection. 

YOU PAY NO PREMIUM FOR "IMPERVOHM" PROTECTION ... This 
remarkable coating is now "Standard" on SAGE Resistors—conven-
tionally wound types "S" and "CS" and non-inductively wound types 
"NS" and NCS." 

Write for samples and engineering data 

SAGE 
ELECTRONICS CORPORATION 

COUNTRY CLUB ROAD • EAST ROCHESTER, N. Y. 

• IRE People 

(Continued tr,,m page ,— 

the Air Defense Command Headquarters 
at Colorado Springs, Colo. 

He is the author of many articles on 
technical matters and has several elec-
tronic developments to his credit. Mr. 
Gadler is a member of the American In-
stitute of Electrical Engineers the Nlinnes-
sota Society of Professional Engineers, the 
National Society of Professional Engineers. 
the North St. Anthony Park Business 
Men's Association and a Senior member of 
the Institute of Radio Engineers. Ile has 
been officially commended by the Nor-
wegian and Japanese Governments for his 
work in Electronics. 

Dr. Albert C. Hall (A'39-SNI'46-
F'58), director of research and engineering 
for The I\ la rt in Company. has lwen named 
the company's vice 
president of engi-
neering, George M. 
Bunker, chairman 
of the board, has 
announced. 

Dr. Hall was 
elected by the mis-
sile, electronic and 
nuclear tirm's board 
of directors at its 
regular monthly 
meeting last Friday. 
He will make his 

At II \ L 

(Continued en page 66:1) 

DEPENDABLE^"w 

--FREQUENCY-
--CONTROL--

WITH 

BASSETT 
CONTROL 
CRYSTALS 

for 

• CITIZENS BAND USE 

• AMATEUR and CAP 

• AIRLINE and AVIATION 

• TAXICAB and POLICE 

• MARINE RADIOPHONE 

• MILITARY and MISSILE USE 

plus all other requirements where 
precise and dependable frequency 
control insure successful, economi-
cal operation. 

Available for immediate delivery in any 
type, any frequency, any quantity 

Backed by Over 20 Years Experience 

Complete information and prices on request 
Engineering assistance available 

REX BASSETT, Inc. 
Subsidiary of Savoy Industries, Inc. 

BASSETT BLDG. FORT LAUDERDALE, FLA 
P. O. Box 7127 Phone LOgan 64416 
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NEW from RHEEM! 

MILLI-
MICRO. 
SECOND 

SWITCHING 
DIODES 

15 advanced types including IN903 
through IN908: IN251 • IN914 . 111916 

RHEEM OFFERS THE INDUSTRY'S 

BROADEST LINE OF SILICON DIODES These ne.w Millimicrosecond Diodes feature. 

RECOVERY TIME 
.004 ,usec. 

VERY LOW CAPACITANCE 
1 ,u,uf —6 volts 

RHEEM SEMICONDUCTOR CORPORATION 
A SUBSIDIARY OF RNEEM MANUFACTURING COMPANY 

Dept. El, P.O. Box 1:l27, Mourtain View, CWifornia, Phore YOrkshire :2-9211. Regional Sales Offices: LOS ANGELES, 5150 Wilshire Blvd. • SAN 
FRANCISCO. 327 Moffett Blvd.. Mountain View, Calif. • MINNEAPOLIS. 6519 Nicollet Ave. • DETRCIT. 18450 Livernois Ave. • CHICAGO, 1919 N. 
Harlem Ave. • ENGLEWOOD. N. J., 610 East Palisade Ave. Distribut3rs: NEW JERSEY. Eastern Radio Eorp., 312 Clifton Ave., Clifton, New Jevsey, 
Phone, GRegory 1-6600 • CHICAGO. Al'ied Radio Corp.. 100 Aortnwestern Ave.. Chicago, Illinois, Phone, HAymarket 1-6800 • PHILADELPHIA, 
Alien Radio Co.. 412-16 N. 6U, St.. Philadelphia. Penn., Phone. WA 2-5918 • SAN FRANCISCO, Aolet Electronics Corp. of Northern Calif.. 1262 N. 
Lawrence Station Rd., Sunnyvale, Calif., Phone, REgent 6-0:.00 • LOS .% NGELES, Avnet Corp., 5877 Rodeo Rd., Los Angeles, Calif.. Phone, UPton 
0-6141 or VErmont 7.7111 • Westees Electronics Corp., 11331 Maya St., Culver City, Calif., Phone. EXmont 1-6201. or UPton 0-4544. 
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AIRPAX 
CIRCUIT 
BREAKER 

ACTUAL SIZE 

POSITIVE PROTECTION 

Available in series, shunt and relay types, Airpax 
Miniature Magnetic Circuit Breakers are stocked 
in DC, 60 and 400 CPS models. Current ratings 

are from 0.05 to 10 amperes. Trip action can be 

instantaneous or delayed depending on the cir-
cuit requirement. lhese Circuit Breakers are also 

available in 2 and 3 gang assemblies, in any 
combination, for interlock-circuit protection. 

Ask for Bulletins B-07 and B-16 

CAMBRIDGE DIVISION 

Al RPAk 
ELECTRONICS 

CAMBRIDGE, MARYLAND 

'end> 
AVIV 

:Jr 
IRE People 

(Continued front page ( 4.4) 

headquarters in Denver, Colo. 
Since joining Martin in 1958, his major 

effort has been with the TITAN program. 
Martin is prime contractor for airframe 
design, fabrication and testing of the 
weapon system. 
A leading guidance and control systems 

scientist, he was general manager of the 
Bendix Aviation Corporation's Research 
Laboratories Division, Detroit, before he 
came to Martin as research director. He 
became engineering director for the 
TITAN in January, 1959. 

The new vice president founded the 
Dynamic Analysis and Control Labora-
tory at the Massachusetts Institute of 
Technology, where he was a faculty mem-
ber for 13 years. 
A native of Port Arthur, Texas, where 

he was born on June 27, 1914, Dr. Hall 
earned the B.S. degree in electrical engi-
neering from Texas & M. in 1936. He 
received the M.S. degree in 1938 and the 
D.Sc. degree in 1943, both from 

He joined the M.I.T. faculty in 1937 
as associate professor of electrical engineer-
ing. He founded and became the first di-
rector of the Dynamic Analysis and Con-
trol Laboratory in 1946. 

While at M.I.T., he helped to develop 
missile control design techniques and di-
rected the control system design effort for 
the \Vorld War II BAT, the first successful 
Navy air-to-surface guided missile. 

As laboratory director, he supervised 
the development of the first missile simu-
lator. He also was a Martin consultant for 
the Navy VIKING high altitude research 
rocket. 

He left M.I.T. in 1950 to become as-
sociate director of the Bendix Research 
Laboratories Division. He was named di-
vision technical director in 1952 and gen-
eral manager two years later. At Bendix, 
he directed research and development of 
electronic and hydraulic controls, includ-
ing guidance and control systems for sev-
eral guided missiles and automatic it 

tool controls. 
He was a member of the first Automa-

tion Exchange group sent to Russia in 
1955 under the auspices of the American 
Society of Mechanical Engineers. 

Dr. Hall holds the Naval Ordnance 
Development Award and the Eta Kappa 
Nu Outstanding Young Electrical Engi-
neer Award. Ile is a member of Tau Beta 
Pi, Sigma Xi and several engineering so-
ciet ies. 

Cecil S. Bidlack (A'35—VA'39—SNI'55), 
of Smith Electrimics, I lic. and formerly of 
the National Association of Educational 
Broadcasters has joined the finit of Carl 
E. Smith Consulting Radio Engineers, 
Brecksville, Ohio. He will be responsible 
for consulting work in Television and FM 
broadcast. 

His last assignment was with the sister 
firm of Smith Electronics, Inc., where as 

',trollied on page 68.4) 
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Other type numbers in the RHEEM Mesa line: 

2N497, 2N498 2N696, 2N697, 2N656. 2N657, 

2N699, 2N1252, 2N1253, 2N1420 

another RHEEM FIRST! 

NEW 
SILICON MESA 
1/2 AMP FAST 
SWITCHING 
TRANSISTORS 
RT50:_il RT5002 RT5003 RT5004 

SPECIFY RHEEM FOR RELIABILITY RHEEM'S new High Current Switching, transistors feature: 

LOW SATURATION VOLTAGE 
1.5 volts 500 mA 

HIGH COLLECTOR CURRENT 
1 amp 

CORE SWITCHING 
0.1 ,usec. 

RHEEM SEMICONDUCTOR CORPORATION 
A SUBSIDIARY OF RNEEM MANC,FACTURING COMPANY 

Dept. E...., P.O. Box 1327, Mountain View. California, Phone vOrkshire 8 9211. Regional Sales Offices: LOS ANGELES, 5150 Wilshire Bfvd. • SAN 
FRANCISCO, 327 Moffett Blvd., Mountain Vlew, Calif. • MINNEAPOLIS, 6519 Nisollet Ave. • DETROIT, 18450 Liyernois Ave. • CHICAGO, 1919 N. 

Harlem Aie. • ENGLEWOOD. N. J.. 610 East Palisade Ave. Distributors: NEW JERSEY. Eastern Radio Corp.. 312 Clifton Ave.. Clifton. New Jer ey, 
Phone, CRegory 1-6600 • CHICAGO. Allied Radio Corp.. 100 Norhwestern Ave., Chicago. Illinois, Phone, HAymairket ...- 6800 • PHILADELPHIA, 
Almo Radio Co., 412.16 N. 6th St., Philadelphia, Penn., Phone, WA 2-5918 • SAN FRANCISCO. Avnet Electronic'. Corp. of Nethern 1262 N. 

Lawrence Station Rd.. Sunnyvale, Calif., Phone. REgent 6-0300 • LOS ANGELES, Avnet Corp.. 5877 Rodeo Rd., Los Angeles, Calif.. Phone, UPton 
0-6141 VErmont 7-7111 • Westates Electronics Corp., 11334 Playa St., Culer City, Calif., Phone, EXmont 1-6201 or UPtcrn 0-4544. 
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Super-Temp 

for Fastest Delivery 
of HIGH TEMPERATURE 

AGNET 
WIRE 

You get the finest ... fastest from Super-
Temp. Magnet wire insulated with Teflon*, 
silicone or lsonel films. Ranges to +260°C. 
Mica films with ranges to + 350°C. Complete 
quality control. 

ALSO: Airframe Wire, Hook-up Wire, Tapes 
Coaxial Cables, Miniature & Jumbo Cables 

Teflon or Silicone Rubber Insulations 

• DUPONT'S TFE RESIN 

Saiiie Tate WITH Supefel&ftp 

American Super-Temperature Wires, Inc. 
10 West Canal Street, Winooski, Vermont • UNiversity 2-9636 
General Sales Office: 195 Nassau St.. Princeton. N. J. • WAInut 4-4450 

A Subsidiary of Haveg Industries. Inc. 

Free! Send for 1960 
catalog. 88 pages of 
valuable data. 

E 
TWT AMPLIFIERS.. 
cam,Le eehice Itepage ‘12/ed 
0.5 to ea elle 

The use of permanent 
magnet focused tubes 
in Menlo Park 
Engineering's microwave 
amplifiers represents a significant 
improvement over units using 
solenoid focused tubes...and 
results in three important 
advantages: 

• Lighter weight 

• More Compact 

• Less power consumption 

• • 

Frequency Model No. 

0.5- 1.0 KMC TA-36 

1.0- 2.0 KMC TA-31 

2.0- 4.0 KMC TA-29 

4.0- 8.0 KMC TA-28 

8.2-11.0 KMC TA-20 

10.0-16.0 KMC TA-49 

PLEASE WRITE FOR 

COMPLETE 
SPECIFICATIONS 

MENLO PARK ENGINEERING 
711 Hamilton Avenue Menlo Park, Calif. DAvenport 6-9080 

IRE People 

(Continued from rage O(-l) 

Supervisor of Systems Engineering he was 
charged with the design of audio and con-
trol circuitry for the Consolidated East 
Coast Facilities sites of the Voice of Amer-
ica at Greenville, North Carolina. With the 
NAEB at Urbana, Illinois, Mr. Bidlack 
served as engineering advisor to the execu-
tive director of the association. 

Mr. Bidlack's affiliations include the 
Society of Motion Picture and Television 
Engineers, the American Institute of 
Electrical Engineers and the Audio Engi-
neering Society. He is a registered Pro-
fessional Engineer in the State of Ohio 
and holds radiotelephone first-class and 
amateur radio class "A- licenses. 

Donald C. Bright (SAI'49), formerly a 
division sales manager with Radio Cor-
poration of America, has been appointed 
general manager of 
the new Industrial 
Electronics Divi-
sion of I loll man 
Electronics Corp. 

Before joining 
Hoffman, he was 
with RCA nine 
years and most re-
cently was manager 
of government con-
tracts and sales for 
its West Coast mis-
sile and surface ra-
dar division in Los Angeles. 

Mr. Bright's earlier experience included 
assignments as chief engineer of Liberty 
lanufacturing Co., Youngstown, Ohio; 

chief of the radio control section for the 
U. S. Air Force, Wright Field, Dayton, 
Ohio; and sales engineer with Westing-
house. 

D. C. B•nitur 

Earl H. Flath, Jr., (. \ ' 4-1- NI '54), has 
joined Temco Electronics division of 
Tellico Aircraft Corporation as a senior 
scientist to plan de-
velopments in the 
fields of radiation, 
antennas and mi-
crowave systems. 

He was gradu-
ated from Southern 
Methodist Univer-
sity with honors in 
1943 and received 
the M.S. Degree 
from the Univer-
sity of Cincinnati. 
He also studied at 
the University of Maryland. 

He served as an electronic scientist 
with the Naval Research Laboratory and 
as senior aerophysics engineer with Con-
vair prior to joining Chance 'ought in 
1952. With the latter company, he served 
in various supervisory positions in the 
fields of antenna development and elec-
tronics systems design, and finally as engi-

E. H. FLATH, JR. 

(Continued on Moe 72A) 
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IN 2512 

RAYTHEON 

MEDIUM POWER. LoDk into the 

Raytheon 1r12E3 ard the new 

1N2512 series. 

Raytheon diffused junction (upper photo) gives utmost 

uniformity, highest performance, greatest reliability. 

Compare with irreguiar fusion junction ( below). 

For reliable power . . . 

Depend on diffused 
Here are reliable Raytheon diffused junction silicon 
rectifiers spanning the complete semiconductor power 
spectrum! 
Raytheon manufacturing success in diffused junction 

rectifiers has long provided fast recovery, low forward 
voltage drop and extreme uniformity of device charac-
teristics. Outstanding mechanical design and produc-
tion under stringent quality control result in rectifiers 
with excellent ratings and characteristics. Utmost re-
liability is assured by constant life and environmental 
testing beyond the most stringent requirements of CMil 19500B, over the guaranteed temperature range of 
—65°C. to + 165°C. 

Of special interest in low current applications of the 
1N536 series are the excellent reverse recovery, fast start 

HIGH POWER. Note the all- new 

PO- 

- . 
. Raytheon 1N248A, 1N1191A 

,.  and 1N1195 series. 

junction rectifiers! 
and fast rise of Raytheon diffused junction rectifiers. 

In the four amp range, the Raytheon 1N2512 series 
features low reverse current and is available in three 
package styles: with insulated stud, stud connected to 
anode, or stud connected to cathode. 

In the higher current range, the new Raytheon dif-
fused junction silicon rectifiers offer ratings up to 22 
amps ( at 150°C.) —plus the important advantages of low 
forward voltage drop and high efficiency, for excep-
tional regulation in power applications. 

Further information on all these reliable Raytheon 
rectifiers is given on the following page. Semiconductor 
Division, Raytheon Company, 
215 First Avenue, Needham 
Heights 94, Massachusetts. RAYTHEON 

RAYTHEON SEMICONDUCTORS 



Raytheon diffused junction silicon rectifiers 

LOW CURRENT SERIES. The 

fast reverse recovery, low cur-

rent Raytheon rectifiers. Fea-

ture both fast start and fast 

rise. Temperature range 

-65' C. to 165°C. 

0.312 

0315 

0633" 
4444. 

0.125' 
NUS 

0 140 0.070" 
1144I 

1.500" 
nun. 

0340-

Type 

1N536 
1N537 
1N538 
1 N 539 
1N540 
1N1095 
1N547 

P. I.V. 

Ave. Rectified 
Current 

25°C 150°C 

mA 

1W 111,11111111 
Reverse Current (Max.) 

in AA at rated P.I.V. 

mA 25°C 150°C 

50 
100 
200 
300 
400 
500 
600 

750 
750 
750 
750 
750 
750 
750 

250 
250 
250 
250 
250 
250 
250 

2 
2 
2 
2 
2 
2 
2 

400 
400 
300 
300 
300 
300 
300 

MED UM CURRENT SERIES. 

Workhorse of the Raytheon 

rectiCer line. High efficiency 

and stability. Insulated or non-

insulated stud, standard or 

reverse polarity. Temperature 

range -65 C. to - 165' C. 

Ave. Rectified 
Current 

Reverse Current 
(max.) ,,A at 
rated P. I.V. 

Cathode Anode INSULATED P. I.V. 30°C 150°C 
to Stud to Stud Stud Volts amps. amps. 25°C 150°C 

1N2512 1N2512R 1N2518 100 4.0 1.0 2.0 250 
1N2513 1N2513R 1N2519 200 4.0 1.0 2.0 250 
1N2514 1N2514R 1N2520 300 4.0 1.0 2.0 300 
1N2515 1N2515R 1N2521 400 4.0 1.0 2.0 300 
1N2516 1N2516R 1N2522 500 4.0 1.0 2.0 350 
1N2517 1N2517R 1N2523 600 4.0 1.0 2.0 400 
1N253 95 1.0* 100* 
1N254 190 0.4* 100* 
1N255 380 0.4* 150* 
1N256 570 0.2* 150' 

•At 135 C. 

HIGH CURRENT SERIES. The 

heavy current family of re-

liable Raytheon rectifiers. 

Features low forward voltage 

drop, high efficiency, excep-

tional regulation. Tempera-

ture range-65 °C. to + 175°C. 

4.28 UN( 2A THO 

imiamilffifflommimmenammeh 

Type P. I.V. 

Ave. Rectified 

Current, Amps 
(g2 150°C. 

Reverse Current 
(Max.) at Rated 
Pit., mA 

(n) 150°C. 

1N248A 50 20 5 
1N249A 100 20 5 
1N250A 200 20 5 
1N1191A 50 22 5 
1N1192A 100 22 5 
1N1193A 150 22 5 
1N1194A 200 22 5 
1N1195 300 18 10 
1N1196 400 18 10 
1N1197 500 18 10 
1N1198 600 18 10 

Ail& 

Your local authorized Raytheon Distributors 

carry in-stock inventories for immediate delivery. 

SEMICONDUCTOR DIVISION g= 
SILICON AND GERMANIUM DIODES AND TRANSISTORS • SILICON RECTIFIERS • CIRCUIT-PAKS 

ENGLEWOOD CLIFFS, N. J.. LOwell 7 4911 (Manhattan Phone, Wisconsin 7.6400) • BOSTON, MASS., HIncrest 4 6700 • CHICAGO, ILL., NAtional 5 4000 • LOS ANGELES, 

CAL.. NOrmandy 5 4221 • ORLANDO, FLA., GArden 3.0518 • SYRACUSE, N. Y.. GRanite 2.7751 • BALTIMORE, MD.. SOuthfield 1 0450 • CLEVELAND, O., Winton 1-7716 

SAN FRANCISCO. CAL., Fireside 1 7711 • CANADA: Waterloo. Ont , SHerwood 5-6831 • GOVERNMENT RELATIONS: Washington. D C, MEtropolitan 8 5205 
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Output wave shapes under varying input and load condit ons. Sola Catalog No. 23-13-150 used in this test 

Sola's moderate-cost static-magnetic 
voltage regulator has sine-wave output 

Sola now offers sinusoidal output in every standard-type 
regulator with no price premium. This development — 
a result of major design and production innovations — 
greatly widens the field of use for static-magnetic voltage 
regulation. The new standard sinusoidal design is now 
ideal for use with electrical and electronic equipment 
requiring a regulated input voltage with commercial sine 
wave shape — especially where harmonic-free supply 
had previously been too costly . The sinusoidal output 
also contributes to ease of selection and ordering, since 
this Sola stabilizer is virtually universal in application. 

The Sola Standard Sinusoidal Constant Voltage 
Transformer provides output with less than 3% rms 
harmonic content. It automatically and continuously 
regulates output voltage within -±1% for line voltage 
variations of ±-15%. Average response time is 1.5 cycles 
or less > The new line includes nine dock output ratings 
from 60va to 7500va. 

Besides the improved electrical characteristics, these 
units are substantially smaller and lighter than previous 
models. Size and weight reductions were accomplished 
without any loss of performance or dependability. 

With the Sola Standard Sinusoidal Constant Voltage 

Transformer you also get all the proved benefits of a 
static-magnetic regulator. It is simple and rugged. 
There are no tubes . . . no moving parts. . no replace-
able parts. Maintenance and manual adjustment are 
not necessary. 

Its current-limiting characteristic protects against 
shorts on the load circuit. It is available in step-up and 
step-down ratios, allowing substitution for conven-
tional, non-regulating transformers. These units can be 
uK.4:1 in any electronic or electrical application requiring 
a regulated sinusoidal power source where the peak 
power demand does not exceed the capacity of the con-
stant voltage transformer. Circuit design formulae 
based on sinusoidal wave shape are directly applicable. 
Custom units to specific requirements are available in 
production quantities. 

Write for Bulletin CVS 

SOLA ELECTRIC CO. 

A Division of 
Basic Products 
Corporation 
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CLIMATE CONTROL EXPERIENCE: 

PRESSURIZATION 
DEHYDRATION 

Look to Eastern Industries for the advanced 

pressurization/dehydration packs required 
by the avionic and ground support systems 
of tomorrow. Whenever a precisely con-

trolled flow of dehydrated air is required, 
Eastern design and production experience 

team up to create compact, lightweight, 
reliable subsystems. Characteristics and 

performance range of existing units: 

Characteristics and performance range of 
existing units: 

 Alb% 

capacities: up to 1.5 FT3/Min. free air 

operating temperatures: from —67°F to 
+150°F, 100% R.H. 

operating altitudes: from 10,000 ft. to 
50,000 ft. 

weights: from 8 lbs. to 115 lbs. complete 

Smaller packs feature replaceable chem-

ical dehydrator elements — the larger 

subsystems are available with auto-

matic reactivating dehydrators. 

Let us quote on your next pressuriza-

tion/dehydration requirement. In the 
meantime, write for full information on 

the entire line of Eastern aviation 
products. Send for Bulletin 360. 

a wide range of units for specialized air control 
r— 

EASTERN 
• INDUSTRIES 

INCORPORATED 4* . 

100 SKIFF STREET 
HAMDEN 14, CONN. * 0N 0 e 
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'leering branch manager in charge of 
electromagnetic products. 

Mr. Flath holds memberships in sever-
al professional societies, including the 
American Institute of Electrical Engineers, 
Texas Society of Professional Engineers, 
Sigma Tau and Eta Kappa Nu. 

R. Karl Honaman (A'23-SW44), Di-
rector of Publication at Bell Telephone 
Laboratories, retired on March 1 af-
ter more than 40 
years of Bell Sys-
tem service. 

Since 1945 he 
had directed all 
public relations ac-
tivities of Bell Lab-
oratories, including 
press relations, em-
ployee information, 
advertising, tech-
nical and personnel 
magazines, techni-
cal libraries, and 
community relations. 
A native of Lancaster, l'a., he received 

the B.S. and M.S. degrees from Franklin 
and Marshall College in 1916 and 1917, 
respectively. 

(Contrutted pays 76A) 

Owen Type 210 A 
TRANSISTOR TEST SET 

Self-contained for measurement of 

"H" parameters, beta, and lcbo of all 

small transistors. A standard 

of the industry. $550. 

Other sets for power transistors, 

portable use, etc. 

wen 
A BORATORIES INC 

55 BEACON PL • PASADENA. CALIF. 
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TUNG-SOL/CHATHAM 6080 FAMILY 
All fit the same socket... 

But which fits your application 
Like most circuit designers, you're probably often confronted 
with a wide choice of tubes which meet the electrical re-
quirements specified by your design. But depending on other 
factors, such as the kind of environment in which the tubes 
are expected to operate, your choice may be limited. 

Consider the Tung-Sol/Chatham 6080 tube family, for 
example. The 6080, the 6080WA, the 6080WB and the 
prototype 6AS7G all fit the same socket. The electrical 
ratings of these series regulator tubes are the same. Would 
you know which to specify for your power supply? The 
differences are vital. Knowing them can make all the dif-
ference in the ultimate reliability of your design. 

If economy in original component cost is paramount and 
size not a factor, then the 6AS7G may be your choice. If 
size is a factor, the smaller 6080 would be used. The 6080WA 
is the right tube if more closely controlled characteristics 
are important, if environmental conditions are severe, and 
if greater assurance of long life is needed. Where the tube 
is expected to operate under high ambient temperatures and 

severe vibration, and if many tubes are to be operated in 
parallel, then the 6080WB is best. 

Of this you can be sure: Tung-Sol will recommend the 
"best" tube for your particular requirements. Once you 
have specified a Tung-Sol tube for your application, you'll 
be gratified by the superior performance and the highest 
operational reliability all Tung-Sol components provide. 
Every Tung-Sol tube is the product of the highest manu-
facturing standards and unexcelled quality control. 

Full technical details on the Tung-Sol/Chatham 6080 
family are also available to you on request. 
And if you would like prompt and able assistance in 

selecting the correct tube for your application, get in touch 
with Tung-Sol tube experts. They'll be glad to study your 
design and recommend the tubes best for you. Tung-Sol 
Electric Inc., Newark 4, N. J. TWX:NK193 
Technical assistance is available through the following sales offices: Atlanta, 
Ga.; Columbus, Ohio; Culver City, Calif.; Dallas, Texas; Denver, Colo.; 
Detroit, Mich.; Irvington, N. J.; Melrose Park, Ill.; Newark, N. J.; Phila-
delphia, Pa.; Seattle, Wash. Canada: Toronto, Ontario. 

TUNG-SOL 
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Here is Francis Alterman, Manager of General Mills 
Digital Computer Laboratory, checking one of our newest 
computers which he helped design. General Mills com-
puters, both analog and digital, are being used in missile 

guidance, bombing and navigation systems, automatic 
surveying and in industrial control. In future space travel, 
computers will help control navigational systems of space 
vehicles and will process data gathered in outer space. 

General Mills engineers work today 

General Mills has been producing computers 
for nearly 20 years. Exciting new concepts 
in high speed magnetic tape units, ultra- high 
precision analog to digital converters and 
optical keyboards are examples of continuous 
developments in our over-all computer 
program. We work to improve reliability, 
increase speed, cut cost. 

Our research activities cover broad areas in 
physics, chemistry, mechanics, electronics 

and mathematics. Some of the studies rep-
resentative of these activities are: ions in 
vacuum. deuterium sputtering, dust ero-
sion, magnetic materials, stress measure-
ments, surface friction and phenomena, 
trajectory data and infrared surveillance. 

In our engineering department, current 
projects include: specialized inflatable vehi-
cles and structures, airborne early warning 
systems, micro wave radar test equipment, 



Mars seen from one of its moons . . . illustration from book written for General Mills by Willy Ley. 

to help you explore space tomorrow 

antennas and pedestals, infrared and optics, 
inertial guidance and navigation, digital 
computers—and many other activities. 

Our entire manufacturing department is 
geared to produce systems, sub-systems and 
assemblies to the most stringent military 

requirements. Our people have a wealth of 
experience in complex military projects. 

Write for free booklets: ( 1) Complete research, 
engineering and manufacturing capabilities 
of the Mechanical Division (2) New booklet 
on General Mills computers. 

MECHANICAL DIVISION 
1620 Central Avenue, Minneapolis 13, Minnesota 

To wider worlds—through Intensive Research • Creative Engineering • Precision Manufacturing 

General 
• 

Mills 



Impressive savings in weight, space, and 

power have been effected by Huggins in a 

series of TWT's which substitute periodic 

permanent magnets for focussing solenoids. 

This adds greatly to aircraft and missile 

applications for TWT's. 

Huggins produces the industry's most complete line of 

PM focussed amplifiers 

e 4S 

monufccture 
... development 

enqjncerin,. 
de sin 

researck 

Frequency 

250-500 mcs 

.5- 1 kmc 

1- 2 kmc 

2- 4 kmc 

4- 8 kmc 

8.11 kmc 

10-16 kmc 

10 Milliwatts 1 Watt Pulsed 

HA- 51 

HA- 36 

HA- 31 

HA 29 

HA- 28 

HA- 20 

HA- 49 

HA- 30 

HA- 35 

HA- 21 

PA- 6 

PA- 8 

PA- 9 

Send for a copy of our " Engineering 
News" containing environmental infor-
mation on this line. Catalogues and OGGINS price lists are also available. 

LABORATORIES, I NC. 

999 East Argues Avenue Sunnyvale, California 

REgent 6-9330 

Mr. 
IRE People 

(C ontinned from page 7 2 A ) 

He began his telephone career in 1919 
with the Development and Research De-
partment of the American Telephone and 
Telegraph Company in New York. For the 
next 20 years his work dealt principally 
with the protection of telephone circuits, 
and a number of patents were granted to 
him for inventions in this field. As Assist-
ant Protection Development Engineer, he 
transferred with his group to Bell Labora-
tories in 1934. 

At the beginning of World War II, and 
at the request of the Army and Navy, Bell 
Laboratories instituted its School for \Var 
Training to instruct military personnel in 
radar and related developments. Mr. 
Honaman organized the school and served 
as its director until 1945. More than 4,000 
officers and men were trained during this 
period and extensive text material was pre-
pared for the program. At the end of the 
war, the school had a faculty of almost 100 
members. 

After the war, he was appointed Direc-
tor of Publication, with responsibility for 
all publication and public relations pro-
grams of Bell Laboratories. 

From October, 1954 to January, 1956, 
he was on leave from Bell Laboratories to 
serve with the Federal Government. Dur-
ing the first part of this period he was Con-
sultant to the Secretary of Commerce, and 
organized and served as Director of the 

ir ; It m1,1 taie 811.-1 

G. E. WARNER e 
MANAGER 

Engrave them all yourself 
with 

lormtgml 
It's tracer-guided 

for unskilled 
labor. 

Visit Booth 92 
I.R.E.—I.S.A. 
Tech. Exhibit  

Write for catalog YM-1 

new bermes 
ENGRAVING MACHINE CORP 

154 WEST 14TH ST.,NEW YORK 11, N Y 
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Standard types of Alite high 
voltage bushings are available in 
various saes and configurations. 

INSIDE LOOK AT ALITE-

RLITE MON ALUMINA 
Fact- parsed, illustrated 

Bulletin A-40 gives vital 

technical data crid product 

information. Wr te today. 

ALITE DIVISION 

12F-1 

In all phases of planning for ceramic-to-metal seals— 
from design to finished assembly—you can rely on 
ALITE for the know-how and "do-how" required to 
produce highest quality ceramic-metal components 
for critical applicatións. 

High alumina Alite is the ideal material for making 
rugged, high performance hermetic seals and bushings. 
It has superior mechanical strength, high temperature 
and thermal shock resistance, plus reliable electrical 
characteristics. Our complete high temperature 
metalizing and bonding facilities assure delivery of 
the finest seals available—mass-spectrometer tested 
for vacuum-tightness. 

Please contact us for valuable performance data 
and information regarding ceramic-to-metal 
applications. .. no obligation. 

Orrville, Ohio 

New York Office 

60 East 42nd St. 
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COMMUNICATION 

MEASUREMENT 

N EWS 
Another Example of ROHDE & SCHWARZ Contribution to Precise Measurement. 

Standard Time Systems 
Type CAA 

• Combine high precision crystal clocks 
with carefully designed auxiliary units for 
time measurement and distribution. 

• Are the most versatile and practical equipment 
for use in observatories, standard time institutes, 
hydrographic observatories, geodetic institutes, 
and all operations where precise time 
measurements are needed. 

• Can be supplied in several models differing 
in size and facilities. 

• 21 years experience in crystal chronometry. 

• Write for detailed 8 page brochure CAA. 

Write for 
New Catalog 

36-page catalog describes 
complete line of Rohde & 
Schwarz precision elec-
tronic measuring and 
testing equipment. 
Write for your free 
copy of Catalog-MT. 

ROHDE iSt SCHWARZ 
Ill Lexington Ave., Passaic, New Jersey 

Telephone: PRescott 3-8010 

4ROuND Cable Address: ROHDESCHWARZUSA 
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GUDELACE 
is engineered 
for 
problem-free 
lacing tRJLøote 

Pewee-

It's no accident that Gudelace is the 

best lacing tape you can buy. Excellence 

is engineered into Gudelace. A sturdy 

nylon mesh is meticulously combined 

with the optimum amount of special 

microcrystalline wax. Careful selection 

of raw materials and superior methods 

of combining them give Gudelace out-

standing strength, toughness, and sta-

bility. Gudelace is the original fiat lacing 

tape which distributes stress evenly over 

a wide area. It is engineered to stay flat; 

it will not stretch out of shape when 

pulled. Gudelace's nonskid surface pre-

vents slipping, eliminating the too-tight 

pull that causes strangulation and cold 

flow. Durability and dependability make 

Gudelace your most economic buy— 

with no cut insulation, fingers, or feelings. 

Write for Data Book with specifica-

tions on Gudelace and Gudebrod's com 

plete line of braided lacing tapes and 

dial cords—Temp-Lace, Stur-D-Lace, 

and Gude-Glass. 

GUDEBROD 
BROS. SILK CO., INC. 

Electronic Division 
225 West 34th Street, New York I, N.Y. 

Executive Offices 
12 South 12th Street, Philadelphia 7, Pa. 

BALLANTINE'S MODEL 305A VOLTMETER 

measures peak, or peak to peak 

113 
as short as 0.5ps 

AT PULSE RATES AS LOW AS 5 pps 

... VOLTAGES OF 1 my TO 1000 y 

Also measures 

Complex Waveforms 
having fundamental of 
5 cps to 500 kc with 
harmonics to 2 mc. 

Accuracy 
is 2% to 5% OF 
INDICATED 
VOLTAGE, depending 
upon waveform mid 
frequency. 

Scale 
is the usual Ballantine 
log-voltage and linear db, 
individually hand-
calibrated for optimum 
precision. 

Input Impedance 
is 2 meg, shunted by 
10 pf to 25 pf. 

Price: $395. 

THIS "A" MODEL is the result of improvements 
and new features AFTER 11 YEARS OF MANU-
FACTURING THE VERY SUCCESSFUL MODEL 305 

Write for brochure giving many more details 

1932 - 
BALLANTINIcer:ÁBORATORIES 

Boonton, New Jersey 
CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS, REGARDLESS OF YOUR PEQUIREMENTS FOR 
AMPLITUDE. FREQUENCY, OR WAVIFORM. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR ALSO AC DC AND DC,AC 
INVERTERS, CALIBRATORS, CALIBRATED MD( BAND AF AMPLIFIER, DIRECT•READING CMACITANCE METER, OTHER ACCLSSORIES. 
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LINE REGULATION: Less than 5.0 millivolts 
LOAD REGULATION: Less than 5.0 millivolts 
RIPPLE AND NOISE: Less than 200 p.v rms 

SERIES CONNECTED: 0-72 volts, 0-1.5 amperes 

OUTPUT CONTINUOUSLY VARIABLE 

REMOTE ERROR SENSING 

AUTOMATIC OVERLOAD PROTECTION 

CONVECTION COOLING: No moving parts 

True versatility in a terminal 
block. 30 modules (2 or 4 
tier) per foot. Twist of a 
screwdriver transforms 
quick-disconnect contacts to 
permanent connections. 

TELREX LABORATORIES 
Designers and Manufacturers of 

COMMUNICATION ARRAYS 

FOR THE ARMED FORCES 

and Commercial Service 

"TRI-BAND " 
MODEL 

I XCYST 
111420 

Power rating-

1.5 Kw.,100% A.M. 

Rotatable 

52 ohm 
Single-

Transmission-
line Array 

(Higher ratings 

available) 

Specifications: 

Gain 11Mc.-8.0 db, F B 24 db, E-Plane B-W V2Power-66° 
Gain 14MC.-8.4 db, F B 24 db, E-Plane B-W V2Power-60° 
Gain 20Mc.-8.6 db, F 24 db, E-Plane B-W V2Power-56° 
Wind surface- 13.36 sq. ft. Load at 100 mph.- 423 lbs. 
Turning radius- 23 ft. Container size- 12"x12"214' 
Antenna weight-160 lbs. Shipping weight 200 lbs. 
Antenna rated design with V2" radial ice- 110 mph. 

For information or 
to order, phone 

PRospect 5-7252 
or write 

Department SC. 

/ Communication and TV Antennas 

Calibrated for 
easy assembly to 
specifications and 
center frequency 
of your choice. 
Custom Quality 
construction 
throughout. Sug-
gested rotator for 
above - Telrex 
Model 500-RIS. 
Also available: 
Over 172 off- the-
shelf fixed or ro-
tatable high-per-
formance arrays. 
7Mc. to 600Mc. 
Mono, Duo, Tri 
and Multi- band 
individually fed 
or single line 
feed, and me-
dium to extra 
heavy duty rota-
tor- indicator con-
trol systems, ro-
tated masts, and 
towers. 

• Telrex is 
equipped to design 
and supply to 
our specifications 
or yours, Broad-
band or single 
frequency, fixed or 
rotary arrays for 
communications, 
FM, TV, scatter. 
propagation, etc. 

• Consultants 
and suppliers 
to communication 
firms, universities, 
propagation 
laboratories and 
the Armed Forces. 

rex LABORATORIES 
ASBURY PARK 25, NEW JERSEY. U S. A 

quick-disconnect 

or permanently connected 

MODULOK* 
terminal block 

sr,.ap.,n spr ,, j-icacej cc,ac . l aitilibità._ 

"trade mari 

For complete information, write: OMATON DIVISION, BURNDY-Norwalk, Connect 

59-2 

1-1A1R,R,ISON LABORATORIES. INC. 

IRE People 

(Continued trii pay, ) 

Office of Strategic Information. Front 
\;nil to December, 1955, he was Deputy 
4stant Secretary of Defense, having re-

sponsibility for the public affairs activities 
of the Defense Department. 

He was awarded the 1956 Alumni Cita-
tion of Franklin and Marshall College for 
"outstanding contributions to the greater 
community. - In 1958 he received the Cen-
tennial Medal of Seton Flail University. 

He is Chairman of the Committee for 
Engineering Information Services, an En-
gineers Joint Council sub-committee for 
cooperation with the National Science 
Foundation. 

Ile is a Fellow of the American Associa-
tion for the Advancement of Science and 
of the American Institute of Electrical 
Engineers. He is a past president of the 
New York Electrical Society. He is also a 
member of the American :Management 
Association, The Society for the Advance-
ment of Nlanagement, Public Relations 
Society of America, Public Relations So-
ciety of New York, The Commerce and 
Industry Association of New York, The 
New jersey State Chamber of Commerce, 
The Inerican Ordnance Association and 
the Armed Forces Communications and 
Electronics Association. 

He is a director of the Rand Develop-
ment Corporation, Cleveland, Ohio, of 
Floating Floors, Inc., New York, N.Y., 
and of the New Jersey Council on Eco-
nomic Education. 

Mr. Honaman was a member of a dele-
gation which N'isited Moscow in 1958 to 
discuss trade relations with the Soviet 
Union. In 1959 he visited a number of 
countries of Western Europe, where he 
discussed industrial and technological 
problems. 

Ark Engineering Company, established 
in July 1952 as a sole proprietorship un-
der the direction of Albert R. Kall 
M '55), announces 
its incorporation as 
of January I, 1960 
under the name 
of Ark Electronics 
Corporation. "The 
inain activities of 
the company, as 
before, are consult-
ing engineering spe-
cializing in the field 
of radio interfer-
ence studies and 
tests, interference-
susceptibility studies of complex weapons 
and communications systems, custom fil-
ter development and production, and cus-
tom electromagnetic shielding design. The 
personnel and policies of the company re-
main the same. Mr. Nall has been elected 
president; other executive positions will be 
announced at a later date. 

A. R. KALI. 

,e;.• 

E. H. Lockhart ( A'53-- N1'56) has been 
elected Vice- President of R. O. Roberts 

45 INDUSTRIAL ROAD • BERKELEY HEIGHTS, NEW JERSEY • CR 3-9123 (Col:hulled page N5A) 
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Engineering hints from Carborundum  

(:0iTeet techniques simplify productiolt 

ni KO\ ‘ Ir .‘ 110‘ drawn shapes 
KOVAR is an iron-nickel-Cobalt alloy with thermal expansion 
characteristics essentially matching those of several hard 
glasses. It is the ideal material for making high-quality drawn 
shapes required for vacuum- or pressure- tight glass-to-metal 
seals in equipment such as electron tubes and semi-conductors. 
KOVAR has deep drawing qualities similar to cold-rolled 

steel. Satisfactory results arc assured by observing a few simple 
precautions: 

1. On the initial draw, punch radius should be a mini-
mum cif four times the material thickness. Reduce 
successively on re-draws. 

9. Inside radii at the corners on the final draw should 
be not less than the thickness of the metal. 

3. Sharper radii, if absolutely essential, should be pro-
duced by a subsequent coining gperation. 

4. Hold-down pressures in drawing should be kept to a 
minimum to insure metal flow from the outside 
rather than stretching. 

For permanent vacuum and 
pressure- tight sealing count cn 

Obviously, to prolong tool life and simplify productkm, 
maximum permissible tolerances shodd be allowed. M.-:re 
detailed information on deep drawing of KOVAR alloy is sup-
plied in Tcchnical Data Bulletin 100 EB11. 
Carborundum maintains large stocks of KOVAR alloy in a 

wide variety of sizes and forms. This alloy can be welded, 
brazed, soldered and plated with other metals. It can be either 
oxide bonded to hard glass or brazed to metallized-ceramic 
insulators. Technical service is available to help you solve 
processing and application problems. Contact The Carborun-
dum Company, Refractories Division. Dept. P-50, Latrobe 
Plant, Latrobe. Pa. 

FIND OUT ABOUT KO VAR - 

WHERE IT IS USED AND WHY 

Bulletin 5134 gives data on composi-

tion. fabrication techniques and appli-
cations. Send for your free copy today. 

CARBORUNDUM 
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Catching Up with a Slippery Equation 

What goes on when two moving surfaces are separated by a film of oil? 

Simple question? Maybe, but engineers and mathematicians have 
been trying to answer this classic question of lubrication ever since 

Osborne Reynolds neatly stated the problem in equation form back in 1886. 

Unfortunately, analytical methods for solving Professor Reynolds' 

partial differential equation worked only for unrealistic oil bearings, 
bearings with widths approaching zero or infinity. And approximate 

methods were crude, requiring a complete recalculation for each slight 
change in the bearing. 

Recently, mathematicians at the General Motors Research Laboratories 

carne up with the most versatile and efficient method of solution 

yet made. Their analytical method for solving the two-dimensional 

Reynolds' equation applies to all finite journal bearings — as well as 
other hydrodynamic bearings — with no assumptions or approximations 
about boundary locations. The new method uses a long-neglected energy 

theorem recorded by Sir Horace Lamb instead of the force relationship 
tried by Reynolds and others. 

Besides being a valuable contribution to the theory of lubrication, this 
work has its practical side: namely, accurate, serviceable design 
curves for engineers. At GM Research, we believe delving into both 
the theoretical and applied sides of a problem is important to progress. 
It is a way of research that helps General Motors fulfill its pledge 
of "more and better things for more people." 

General Motors Research Laboratories 
Warren, Michigan 

Hydrodynamic analyses have 

led to specific answers about 

bearing operation. Shown 

here are the oil pressure 

distribution (main illustration) 

and load-carrying 

capacity for a non-rotating 

journal with a 

reciprocating load. 

10.000 

Load 100 

Capacity L/D=C0 

Only curve previously available. 

LID = 1.0 

LID = 0.1 

0.01 0.1 1.0 

I- Eccentricity 
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pen( Kr NO EXTRA COST WITH BENDix 

R'INS/s7. 
0/?s 

end)e? eatkiin 
Up-to-the-minute news about transistors 

NEW DRIVER TRANSISTORS 
SWEEPING THE FIELD 

Extra-versatile Bendix 
units beat high costs, 
design limitations 
over wide front 
Called the " workhorse of the 
transistor industry," the new 
Bendix* Driver Transistor series 
is winning the nod from more and 
more engineers daily. These men 
find it the answer to audio fre-
quency and switching applications 
requiring extra performance with-
out extra cost. 

Here is a special device for use 
where reliability, versatility, and 
low cost are primary requirements. 
The Bendix units combine higher 
voltage rating and high current 
gain with more linear current 
gain characteristics for low distor-
tion and more efficient switching. 

They're now in high production 
for rapid delivery in JEDEC TO-9 
packages. 
NEW BENDIX SEMICONDUCTOR 

CATALOG on our complete line of 
power transistors, power rectifiers, 
and driver transistors available 
on request. Write SEMICONDUCTOR 
PRODUCTS, BENDIX AVIATION COR-
PORATION, LONG BRANCH, N. J. For 
information about employment 
opportunities write personnel 
manager. *TRADEMARK 

ENGINEERS KNOW the new Bendix Driver Transistor line-up meets an unusually 
wide range of circuitry applications. Bendix Applications Engineering Department 
suggestions on circuitry problems ore helpful, too. 

APPLICATION, PERFORMANCE DATA INDICATE BROAD USAGE 

TYPE 
Vce 

NUMBERS 
Vdc 

2N1008 —20 
2N1008A —40 
2N 10088 —60 
2N1176 — 15 
2N1176A —40 
2N1176B —60 

MAXIMUM RATINGS 

lc Pc Tj T storage 

mAdc mW *C °C 

TYPICAL OPERAlION 

hfe I lab - Vce(Sat) 

lc = 10 mAdc lc = 100 mAdc 
lb= 10 mAdc 

300 
300 
300 
300 
300 

400 
400 
400 
300 
300 
300 

85 
85 
85 
85 
85 
85 

—65 to +85 
—65 to +85 
—65 to +85 
—65 to +85 
—65 to +85 
—65 to + 85 

90 
90 
90 
65 
65 

1.2 mc 
1.2 mc 
1.2 mc 
1.2 mc 
1.2 mc 
1.2 roc 

0.15 Vdc 
0.15 Vdc 
0.15 Vdc 
8.15 Vdc 
8.15 Vdc 
0.15 Vdc 

Ideal for such applications as: 

TRANSISTOR DRIVER • AUDIO AMPLIFIER ( CLASS A OR B) 
POWER SUPPLY • SERVO CONTROL • AUDIO OSCILLAT3R 
MOTOR CONTROL • RELAY DRIVER • POWER SWITCH 

SEMICONDUCTOR PRODUCTS 

Red Bank Division 
LONG BRANCH, N. J. 

w ane/ 
AVIATION CORPORATION 

West Coast Sales Office: 
117 E. Providencia Avenue, Burbank, California 

Midwest Sales Office: 
2N565 York Road, Elmhurst, Illinois 

New England Sales Office: 
4 Lloyd Road, Tewksbury, Massachusetts 

Export Sales Office: Bendix International Division, 
205 E. 42nd Street, New York 17, New York 

Canadian Affiliate: Computing Devices of Canada, Ltd., 
P.O. Box 508, Ottawa 4, Ontario, Canada 
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Simplified block diagram of Model CF-1. Amplitude and phase input functions are plotted on graph paper for 
presentation. Integration is observed on a dc oscilloscope. Absolute magnitude is recorded on any S-A Series 
121 or APR 20 Antenna Pattern Recorder with a logarithmic response. 

FUNCTION 
GENERATOR 

3600 RPM 

•Cal 

PHOTO 
ELECTRIC 
READER 

Vés TORL:c. 

PULSE POSITION 
TO 

VOLTAGE 
CONVERTER . PULSE POSITION 

TO 
VOLTAGE 

CONVERTER 

INTEGRATOR 

MO COS • * I•1 

A M •1 11 ,,It i[o. * 

FOURIER 

A INTEGRAL 
COMPUTER 

•:•• 

1000 CPS 
CHOPPER 
ANO 

FILTER 

1000 CPS 
CHOPPER 

AND 
FILTER 

0 0 • 
A- AXIS 

•AU1S 

C OSCILLOSCOPE 

A sophisticated solution to the vexing problem of solving bounded 
Fourier integrals quickly and accurately, Scientific-Atlanta designed 

the Model CF-1 especially for the antenna design engineer. 

The computer has broad general application including determination of 
the far fields of aperture antennas from the distribution of the field 

in the aperture, the far fields of arrays from the magnitude and 
phase of the currents in the elements, the frequency spectra of voltage 

pulses, and other physical problems involving Fourier transforms 

and their inverse transforms over finite limits. 

45° 
PHASE 
SHIFT 

-115* 
PHASE 
SHIFT 

Alo1 

'" 0 14 - to 
%um"; o; • - 

• • 

e - 

Model CF-1 

PRICES 

Model CF-1 

Fourier Integral 

Computer .... $9,000 

Model APR 22 

Antenna Pattern 

Recorder ( logarithmic 

response) ... $4,300 

Consult your nearby S-A engineering representative for more information. Or you 
may write directly to the factory for complete specifications. Address Dept. 86. 

SCIENTIFIC—ATLANTA, INC. 
2162 PIEDMONT ROAD, N.E. • ATLANTA 9, GEORGIA 

Tel. TRInity 5-7291 4 
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IRE PeopleL), 

(Continued from page 80A) 

Company, Inc., Santa Fe Springs, Calif. 
A veteran of 

over 20 years with 
the electronics in-
dustry, he most 
recently was vice-
president of Ra-
diatronics Incorpo-
rated, Van Nuys, 
Calif. He has also 
had engineering and 
nianagement experi-
ence with Hughes 
Aircraft Company, 
Stanford University 
Microwave Laboratory, Los Alamos Sci-
entific Laboratory, University of Cali-
fornia Radiation Laboratory, and Gen-
eral Electric Company. 

He has been active in the Western 
Electronic Manufacturer's Association for 
many years, serving on the Membership 
Committee in 1955, Greeters Committee 
Chairman 1956, Program Chairman 1957, 
and as a Director in 1958 and 1959. 

Mr. Lockhart served as Registration 
Chairman for the 1958 Wescon, and is 
Vice-Chairman of the All Industry Lunch-
eon Committee for the 1960 ‘Veicon. His 
affiliations include the Aircraft Electrical 
Society and AFCEA. 

E. H. LOCKHART 

(Continued on page 198A) 

ROBOTEC® 

SEMICONDUCTORIZED 
VOLTAGE REGULATED 

POWER SUPPLIES 
. . . electronically cuts off output in 

less than 30 microseconds with over-

load or short circuit. Permits safe con-

tinuous operation into dead short. 

Models up to 100 volts and 10 am-

peres. Write for literature RI. 

iol'outer Bee's: ilk.  
1700 SHAMES DRIVE 

WESTBURY, NEW YORK 
EDgewood 3-6200 

Wide-Range 
Self-Contained 

Precision 
Inductance Bridge 

MODEL 63A PRICE $1500 

Inductance Range: .002 Microhenry to 1.1 Henries. 

Series Resistance Range: .002 Ohm to 110K Ohms, 

Built-in 1 to 100 KC Oscillator — Detector. 

No False or Sliding Nulls. 

ALSO MANUFACTURERS OF THESE FINE INSTRUMENTS 

DC Mill ivoltmeter Capacitsnce Bridge RF Distortion Meter 

le • 

• • 4 

UHF Grid Dip Meter 

Boonton ELECTRONICS Corp. 
Morris Plains, New Jersey • Phone: JEfferson 9-4210 
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A pulse transformer. Wire wound in careful coils. Metals, magnetic materials and dielectrics 

combined in careful ratios, spacings and dimensions. The result: a device with precise param-

eters— pulse shape, rise, fall times, ripple, backswing, overshoot, life. What sets this one apart? A 

unique thing — Carad capability. Capability gained in designing and building hundreds of special 

pulse transformer types to exact specifications. Weights from ounces to hundreds of pounds. 

Ratings from 10 volts to 500 kv. None of these extremes are considered limits at Carad. For 

pulse transformers of any type you find it worth your while to investigate Carad capability. 

CARAD CORPORATION 2850 Bay Road • Redwood City • California 
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FROM Tran§iiron...INDusTRY's BROADEST LINE OF 

CR 0-0 ODES 
MICRO-MINIATURIZATION POSSIBLE NOW! 

YES — FASTEST DIFFUSED SILICON MICRO-DIODES AVAILABLE. They 

combine advanced diffusion techniques with ex-

tremely small size, to provide milli-micro-second 

switching speeds, excellent static, forward and 

inverse characteristics. 

YES — ONLY SERIES OF HIGH QUALITY MICRO-REGULATORS. Series 

of 8 diffused-sil:con micro-regulators provides stable 

voltage regulation and reference sources previously 

found only in considerably larger devices. Excellent 
dynamic resistance characteristics. 

YES — BASIC FAMILY OF MULTI PURPOSE MICRO-DIODES. Series of 

3 high quality diffused-silicon micro-diodes provides 

voltage ratings up to 2C0 volts, current rating up tc 
50 milliamperes. May be considered for switch:1-g 

app:ications. Ezceptional static, forward and ir verse 
characteristics. 

YES — EVEN A MIGRO-STABISTOR. 

This diffused-silicon stabistor is the micro-counter-

part of Tra.nsitron's universally-known SG-22. 

All of these new micro-diodes are COMPLETELY 

COMPATIBLE with present circuitry . . . provide 
the same excellent performance as larger Transitron 
d:odes in 1/10th the space! Here is your chance 

micro-miniaturize circuits TODAY! 

VERY FAST SWITCHING MICRO-DIODE 

TYPE FIV Ef 4 5 MA 
RECOVERY 
TIME 

TMD-50 52V 0.75V 4 mpsec 

FAST SWITCHING MICRO-DIODE 

TYPE PIV Ef é 20 MA 
RECOVERY 

TIME 

TM0•24 
TMD•25 
TMD-27 

50V 
100V 
200V 

0.85V 
0.85V 
0.85V 

0.3 µsec 
0.3 µsec 
0.3 µsec 

SILICON MICRO- REGULATOR 

TYPE 
VOLTAGE 
@ 5 MA 

e0WER RATING 
(,,, 15°C 

TMD-01 
TMD-03 
TMD-07 

51V 
6.2V 
9 1V 

100 MW 
100 MW 
100 MW 

HIGH CONDUCTANCE MICRO-DIODE 

TYPE 11V 
POWER RATING 

Ef @ ICe MA @ 25°C 

TMD-41 
TMD-42 
TMD-45 

50V 
100V 
200V 

1.0V 
1.0V 
1.0V 

100 MW 
100 MW 
100 MW 

SILICON MICRO-STABISTOR 

TYPE Ej€/t 1MA 
DYNAMIC 

RESISTANCE 

TMD-40 0.55V 60 OHMS 

For further information, 
write for Bulletins: 

PB-71A (High Conductance:, PB-71B (Fast Switching), 

PB-71C (Very Fast Switching), PB-71D CSta bistor), 

PB-71E F.egulators); AN 1358A Application Notes. 

See Transitron at the AFCEA Show, Bocths 1 57-1 58 

'Fro n ro n 
electronic corporation • wakefield, massachusetts 

ur . Leadership in Semiconductors,' SEE YOUR LOCAL AUTHORIZED TRANSITRON DISTRIBUTOR FOR QUANTITIES FROM 1-999. 



yOU want to 
make 0.1% strain, 

temperature, and 
other measurements 

... rescue microvolt 
signals from 
volts of noise... 

Consider a KIN TEL 
Differential DC Amplifier 

The KINTEL 114A virtually eliminates ground loop 
problems...amplifies microvolt level signals in 

the presence of volts of common-mode noise. 
Input is isolated from output and both are com-
pletely isolated from chassis ground. Common-
mode rejection is 180 db for DC, 130 db for 
60 cps with up to 1000 ohms input unbalance. 
Equivalent input drift <3 siv, input resistance 
5 megohms, output capability 10 volts at 10 ma, 
gain 10 to 1000, bandwidth 100 cps, gain sta-
bility 0.1%. There's no better way to measure 
strain, temperature and other phenomena to 
very high accuracies. Price: 114A $875, single 
amplifier cabinet $ 125, six amplifier module $295. 

Representatives in all major cities 

KIN TEL 
CDIVI sior, c:D• 

EL.OmROr-4ICS. 

5725 Kearny Villa Road, San Diego 11, California 

Phone: BRowning 7-6700 

6 1eNiLii Industrial 
Engineering Noted 

AIR TRAFFIC CONTROL 

The Federal Aviation Agency hopes to 
have air traffic control on a semi-auto-
matic basis by 1963 and fully automatic 
"as soon as possible thereafter," FAA 
Administrator E. R. Quesada said .Speak-
ing at a meeting of the National Society 
of Professional Engineers, Mr. Quesada 
said a 400-engineer staff is working on 
R&D connected with modernization of the 
airways and that one of the most pressing 
projects is the automation of the air 
traffic control system. Automation has, 
he said, "terrifically far-reaching implica-
tions. The key to the project is the de-
velopment of an air traffic control Data 
Processing Central that will remove many 
of the controller's bookkeeping chores and 
give him more time to analyze traffic situ-
ations and make control decisions... The 
Central's "most spectacular" function will 
be in probing, detecting, and predicting 
conflicts, he continued. It will warn of 
any unsafe situation and automatically 
suggest corrective alternatives. Present 
plans call for the Central to be controlling 
the New York, N. Y., area's air traffic in 
1963, with systems to follow at Cleveland, 
Washington, Chicago, Los Angeles, and 
Oakland. Other plans for airway modern-
ization call for increased installations of 
radar and other electronic equipment; im-
proving the communications systems and 
the aeronautical weather service; and de-
veloping new control procedures, the ad-
ministrator said. 

ENGINEERING 

Standards on resistors and capacitors 
have just been published by the American 
Standards Association. Publication 115 
applies to fixed resistors of types other 
than wire-wound, with a rate dissipation 
not exceeding 2 watts and a rated resist-
ance value between 10 ohms and 10 
rnegohms, suitable for use in circuits where 
high stability properties are essential. 
Publication 116 applies to fixed capacitors 
with a dielectric of mica with the elec-
trodes directly deposited on the mica sheets 
and intended for use in telecommunication 
receiving equipment and for similar appli-
cations in other electronic equipment. 
Copies of these publications are available 
from ASA Headquarters 70 E. 45th St. 
New York, N. Y., $3.20 per copy. . . . A 
two-part report of Air Force-sponsored 
research into magnetic amplifier circuits 
has been published for sale to industry 
through the Office of Technical Services, 
U. S. Department of Commerce, Wash-
ington 25, D. C. 

* The data on which these NOTES are based 
,ere selected by permission from Weekly Report 
1,, ties of February 23 and March 7, 1960, published 
1,y the Electroific Industrie. Association, who, 
helpfulness is gratefully acknowledged. 

11111 

M ILITARY ELECTRON ICS 

hi 
7.1 

The Army has shown members of the 
press a device which can, it was claimed, 
perform many of the functions of electronic 
devices—without electricity or moving 
parts. The device is a "pure fluid ampli-
fier." The unit demonstrated by its inven-
tors, scientists of the Army's Diamond 
Ordnance Fuze Laboratory in Washington, 
resembled a block somewhat larger than a 
pack of playing cards. It was airtight, ex-
cept for tiny apertures, and contained 
passageways. Attached to a source of 
pressurized gas or liquid, the device can 
amplify, digitalize, remember, feedback, 
and compute, the scientists said. The 
new device "makes possible a whole new 
class of amplifiers, computers, logic circuits 
and control systems, and will bring auto-
mation and control more into industrial 
and personal life," its developers said. 
The "revolutionary" system will not re-
place the electronics industry, they de-
clared, but in some specialized applica-
tions it "will do things better and more 
reliably than electronic systems." "Pure 
fluid amplifying and computing elements 
will take a place in hydraulic and pneu-
matic systems similar to the position that 
the vacuum tube and transistor occupy in 
the field of electricity," the scientists said. 
The amplifier works by injection into 
the internal passageways of one strong 
stream of gas or liquid and a second, 
weaker stream which displaces or redirects 
the main flow. The idea for the system is 
an old one—"an overlooked one," its de-
velopers said. Fluids in motion have been 
used in many applications, such as hy-
draulic systems, windshield wipers and 
autopilots. But those systems have moving 
parts. The advantage of the pure pent'. 
matic device is that it has none. Thus, the 
inventors claimed, it is trouble-free to an 
astonishing degree, easy to make and 
maintain, and as rugged as its few com-
ponent materials are. It can operate, for 
example, in white heat. The inventors said 
a unit could be produced for 2/10ths of a 
cent which would do the work of a vacuum 
tube costing 50 cents. A unit the size of a 
pea with an aperture 5/1000ths of an inch 
in diameter was displayed. It was said 
that the size of the device could be ad-
justed to fit almost any applications "up 
into the horsepower range." The prime 
advantage is the speed of the device. "They 
will never compete with electronic systems 
for very high speed applications," the 
scientists said. The pure fluid amplifier 
will be described in an engineering hand-
book now being prepared by the Army and 
in a series of technical papers to appear in 
trade magazines. A full technical report 
will be issued later. 

(COni niled loll raor 924) 
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PUTTING MAGNETICS TO WORK 

Open your eyes to new amplifier designs! 
See how to combine tape wound cores and transistors 

for more versatile, lower- cost, smaller amplifies 

Tie tape wound cores and transistors into a magnetic-
transistor amplifier, and open your eyes to new design 
opportunities. 

To start with, these are static control elements—no mov-
ing parts, nothing to wear or burn out. Next thing you 
find is that you reduce components' size—your amplifier 
is smaller and costs less. That's because between them 
the core and the transistor perform just about every cir-
cuit function ... and then some. 

For instance? The core has multiple isolated windings. 
Thus you can feed many inputs to control the amplifier. 
The core also has a square hysteresis loop, and thus acts 
as a low loss transformer. That means you save power. 
In addition, the core can store and remember signals— 
so time delay becomes simple. 

There's no need for temperature stabilization, either. 
The transistor acts only as a low loss, fast, static switch— 
and in this function it has no peer. 

How do you want to use this superb combination? As a 
switching amplifier—or a linear one In an oscillator? 
A power converter (d-c to d-c or d-c to a-c)? You'll have 
ideas of your own—and if they involve tape wound cores, 
why not write us? Ours are Performance-Guaranteed. 
Magnetics Inc., Dept. P-81, Butler, Pennsylvania. 

MRSI7ETICS inc. 
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NEW BORG MICRODIALS ADD RICHNESS AND STYLE 

TO CONTROL PANELS AND INSTRUMENTS 

Now from Borg, originator of famous Microdials, comes 

a fresh, new concept in turn-counting dial appearance 

. . . Series 1360 Microdials. These new Borg Microdials 
were specially developed to add style and color to elec-
tronic control panels and equipment. Available in five 
smart models of red, gray and black color 

variations. Colors are inlays of colored plastic 

. . . will never wear, scale or rub off. Quality 

mechanical features such as smoothness of action . . . 
absence of noise . . . fewer ambiguities in reading and 
setting assure accurate, reliable performance. Contoured 
brake arms lock settings in place, but do not interfere 
with reading and setting. Catalog data sheet BED-A137 

gives complete color combinations and specifica-

tions. See your Borg technical representative or 

distributor, or let us put him in touch with you. 

BORG EQUIPMENT DIVISION 

Am phenol - Borg Electronics Corporation 

Janesville, Wisconsin 

Micropot Potentiometers • Turns- Counting Microdials • Sub- Fractional Horsepower Motors • Frequency and Time Standards 
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OHMITE 
RESISTORS 

THE EXACT RESISTOR YOU NEED—WHEN 
YOU NEED IT— FOR EVERY INDUSTRIAL 
AND MILITARY REQUIREMENT 

Fixed ... adjustable ... tapped ... noninductive ... precision 
metal film and encapsulated wire-wound . . . thin type . . . 
high-current—practically any resistor you need, you can find 
in the Ohmite line. 

VVORLD'S LARGEST STOCK FOR IMMEDIATE DELIVERY—Chances 
are Ohmite's huge stock of several million resistors in 

more than 2000 sizes and types contains a unit that fits your 
requirements. Many types are also available through Elec-
tronic Parts Distributors located across the Nation. 

YOUR CUSTOMERS KNOW THE VALUE OF OHMITE QUALITY— 
When a purchaser sees Ohmite resistors in a piece of 

equipment, he knows that equipment is designed and built 
for dependability. 

OHMITE ENGINEERING ASSISTANCE ASSURES THE RIGHT UNIT— 

Selecting the right resistor for the job is sometimes a 
tough problem. Why not call on Ohmite application engi-
neers to help out. Take advantage of their specialized skills 
and background. 

Write on Company Letterhead for 
Catalog and Engineering Manual 58 

MUM 
LEAD 

ROWR.RIB" 

Ito MF AL e e 
FILM 

PRECISION 

BROWN 
DEVILS, 

DIVIDOPIAet 
ADJUSTABLE 
RESISTORS 

THIN RESISTORS 

ff : CAPS ULATEU 
FRIC ',ION 

,'010V  

MOLDED 
POWER 

PRECISION 

OHMITE Quality Components 
OHMITE MANUFACTURING COMPANY 

3617 Howard Street, Skokie, Illinois 

RHEOSTATS • RESISTORS • TAP SWITCHES 

RELAYS • R. F. CHOKES • TANTALUM CAPACITORS 

VARIABLE TRANSFORMERS • GERMANIUM DIODES 
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iliTOROŒOS POZLINGWOU? 
NETWORKS 

MAG AMPS 

DELAY LINES 

SATURABLE 

REACTORS 

Acvanced engineering, complete industry liaison and exclusive 

specialization in toroidal components are all part of a continuing 

program at C-A-C. Our unique equipment—designed and built 

by C-A-C—enables us to produce quality toroids of all types 

in high volume for fast delivery. 

Always Specify C-A-C Toroids 

COMMUNICATION 
ACCESSORIES 

COMPANY Lee's Summit, Missouri 

309 

CONTACT 
PINS 

TERMINALS 

JACKS 

FRICTION 
CONTACTS 

=CI 

C=12 

also PRINTED CIRCUIT 
MINIATURE PARTS 

Contact pins, terminals, jacks or 
any small tubular parts. Maximum 

1/4 " diameter x 11/4 " length. 

Send sketch for quotations. 

Low-speed positive drives or motion transfer 
... at for less cost! 

Send for Multi Swage or 
Bead Chain Drive Catalogs! 

MINIATURE 
PINS 

Ett= 

QUALIFIED 
BEAD CHAIN 

0=0.0,0.0 

No. 3-3/32" Dia. 

co 
No. 6- 1/8" Dia. 

No. 10-3/16" Dia. 

No. 13- 1/4 - Dia. 

THE BEAD CHAIN MFG. CO. 

  Industrial 
Engineering Notes 

:fed frm hwe . I, 

PRoPosm. 

El :t has submitted to the Labor De-
partment its proposed definition of the 
Electronic Equipment Industry and urged 
that it be used in the upcoming survey 
preliminary to a Walsh-I kale y wage deter-
mination for the industry. The El :\ pro-
posal defines the industry in terms of 
classes of products it manufactures, and 
limits the categories to those that are 
,pecilically electronic. It is intended to re-
place a more general definition proposed 
earlier by the Labor Department which 
identifies the industry as devoted to 
" . .. the manufacture of electrical ap-
paratus and sub-assemblies therefor in-
vols ing the use of electronic tubes and/or 

ht I state semiconductor devices." In a 
-tatement accompanying its definition, 
VIA pointed out that the prciposal would 
eliminate the possibility of including prod-
ucts of other electronic industries already 
covered by Walsh-llealey wage determi-
minations, such as the electronic com-
ponents and the tube and semiconductor 
industries. The definition proposed by 
El .\ is "" l'he manufacture of electronic 
equipment for the purpose of this survey, 
is defined as that industry which manu-
factures any of the following classes of 

C (ml rimedt hqp• IIP‘. I ) 

92A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE May, 1960 



An achievement in 
defense-nalectronics 

NEW THERMOPLASTIC RECORDING DISPLAY ACHIEVES 

Detection to Projection 
in Less than a Second 

Large-screen display of radar signals can be recorded and pro-
jected in less than a second. This advanced technique in in-
formation display is an example of one application of the new 
thermoplastic recording system developed by General Electric. 

The grainless, thermoplastic film eliminates processing delays 
and permits, with higher resolution, much greater enlargement 
than is practical with high-speed photographic film. Target 
delineation is also significantly improved by optical filtering used 
to increase the signal-to-noise ratio. 

Now undergoing final development in General Electric's Elec-
tronics Laboratory, the "thermoplastic display" is expected to 
find maximum application in the high-speed radar systems of the 
future. 176-03 

Progress /s Our Most important Prodict 

GENERAL ELECTRIC 
DEFENSE ELECTRONICS DIVISION 

HEAVY MILITARY ELECTRONICS DEPARTMENT 

SYRACUSE, NEW YORK 



— the time-tested standard of the resistor industry 

Evanohm> 
RESISTANCE ALLOY 

— for resistors and precision instruments 

Wherever exceptional stability over a wide tem-
perature range is essential, EVANOHM is the 
accepted standard of performance. This high-
reliability resistance alloy provides high specific 
resistance, low temperature coefficient, low ther-
mal EMF to copper. EVANOHM is especially 
recommended for use in resistors, aircraft in-
struments, for guided missiles, rockets and 
other precision equipment. Available in bare 
wire, enamel, formvar, polyurethane, silk, 
cotton, nylon and glass insulation. Write for 
complete electrical and mechanical data and 
recommendations on your specific application. 

'Patent:: 2,293,878-2,638,425 — Tradenainc Registered 

g: 
E. 0 

g 
g .3 

▪ An  50 
30 10 10 30 50 70 90 110 130 

TEMPERATUŒ IN.C. 

Percent change in resistan> of an ideal sarripe 
of Evanonm. Norma, production material (.002" 
and finer) is supplied within the range 1-.10 ppm 
(-65 to 25 C and 25 1,125 C. referred to 26.C.) 

WILBUR B. DRIVER CO. 
Main Office: NEWARK, N. J. — Tel. HUmboldt 2-5550 

Branch Offices and Warehouses in Principal Cities. Manufacturing Plants: 1875 McCarter Frway, 
Newark 4, N. J.; 2734 Industrial Way, Santa Maria, Calif. Canadian Wilbur B. Driver Co., Ltd., 

Rexdale (Toronto). Subsidiary: Western Gold and Platinum Co., 525 Harbor Blvd., Belmont, Calif. 

514 
VK 20 
432,000 parts 
per Cu. ft. 
Dimensions: 
.2" x .2" x . 1" 

VK 30 
192,000 parts 
per cu. ft. 
Dimensions: 
.3" x .3" x . 1" 

CERAMIC CAPACITORS 
• Decimal dimensioned case 

• Max. volumetric efficiency 

• Contiguous flush-mount 

• 47-10,000 mmf 

• 200 vdc without derating 

• — 55°C to 150°C operation 

"VK" capacitors are designed with square 
precision molded cases in only two sizes 
and a single standard 0.2" lead spacing 
for all values. Continuous life and envi-
ronmental testing, plus 100% tests for 
Dissipation Factor, Insulation Resistance, 
and Capacitance guarantee that each 
"VK" capacitor in your circuit will per-
form as predicted. 

ALSO UNCASED 

FOR COMPLETE 

ASSEMBLY 

ENCAPSULATION 

Same electrical characteristics as stand-
ard "VK" series. Each unit coated with 
a resilient protective compound. Dimen-
sions: 47-100 mmf, .100" square; 120-
270 mmf, . 130" square; 330-1000 mmf, 
.150" square; 1200-3300 mmf, .250" 
square; 3900-10,000 mmf, .265" square. 
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WITH ANY INSTRUMENTATION... 

CUBIC Digital systems 
speak for themselves 

An uncluttered, human-engineered front panel and internal engineering and construction demon-

strate to the eye that Cubic's is the superior digital instrument. Proof of this superiority is in the 
operation ... and side by side in independent evaluations of many instruments, Cubic again and again 
provides the instrumentation that is specified. 

Any phenomenon of science which can be converted 
to a usable DC Voltage can be measured with the 
Cubic 4 or 5-diet Voltmeter ( Models V-41, V-51) 
powered by the Model C-1 Control Unit. Addition 
of an AC Converter ( Model AC-1, manual ranging; 
Model AC-2, automatic ranging) or a Model PA-1 
Preamplifier extends the systems capabilities to the 
measurements of AC voltages or lower level DC 
voltages. 

Precise resistance measurement is possible with the 
0-41 and 0-51 4 and 5-digit Ohmmeters, powered by 
the C-1 or C-2 Control Unit. 

Multiple input channels may be sampled rapidly and 
accurately with the Model MS-2, a single unit for 
scanning up to 100 points, or the MS-1, AS-1 Master-
Auxiliary combination for scanning up to 1000 points 
with multiples of one, two, four or five-wire inputs. 

Voltage ratio measurements are made with the R-41 
and R-51 4 and 5-digit models operating only as 
Ratiometers or with the VR-41 and VR-51 models, 
which operate both as Ratiometers and Voltmeters. 
Measurements can be permanently recorded with 
the addition of a PC-Series Printer Control Unit, 
providing input for any quality printer on the market. 

AND NEW FROM CUBIC ... the Talking Meter, 
instrumentation that really does speak for itself, in-
strumentation that provides a new dimension in 
"readout," measurements or other parameters re-
ported to the ear by a clear human voice. 

Years-ahead engineering, factory production techniques inspired by pride in the 

end result, careful quality control and reliability testing . . . all these factors make 

Cubic's the truly fine instrumentation ... Digital Systems that speak for themselves. 

BIC CORPORATION 
INDUSTRIAL D.VISION 

5575 Kearny Villa Road, San Diego 11, California 
Electronic Engineering With a Dimension for tile Future 

MORE THAN "HARDWARE." CUBIC 
OFFERS FINE PRECISION INSTRU-
MENTATION AT MODERATE PRICES. 
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transistor and crystal diode tester... 

WHY IT WAS CHOSEN BY 

CURTISS-WRIGHT... 

THE PROBLEM: 
Curtiss-Wright needed an accurate and 
reliable transistor tester, for field 
testing and ma ntenance of their 
transistorized Propeller Synchronizer 
and its associated equipment. 

THE SOLUTION: 
After evaluating available test instruments, 
the PRECISION Model 960 was chosen 
o•-i the basis of its design suitability, 
reliability and low unit cost. 

The .' oie 
:omprehens.. 
designed for 
practical and reliable 
:.hecking of transistor ; 
:Ind crystal diddes • 
specialized circuitry 
operating para meters 
have been engineered in 
cooperation with 

leading sern.:-. •.m,ifacturers • self-contained AC 
power supply elirvitnates : he necessity ' or batter; $99.95 

PRECISION 

Perhaps you, too, have a production-line 
or servicing problem that can be solved by 
the PRECISION Model 960 ... 
If so, you will be interested to learn that 
the Model 960, and all other PRECISION 
test instruments, are available to you now 
for a free trial... in your plant ... under 
actual operating conditions . .. without 
obligation. 

For complete information ... plus a copy 
of the comprehensive, new PRECISION 
test Instrument catalog, write on your com-
pany letterhead to: 

PRECISION Apparatus Co., Inc. 
70-31 84th Street, Glendale 27, Long Island, N. Y. 
Export: 458 Broadway, New York 13, New York 
Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave..Toronto 19 

0 Scope 

\Mow 

Raster 

GCA Display 

417,. 
be Ku 
lb» 

.1111111111110e 

Elevat on 

Scope 

Character Display 

A YOKE FOR ANY SCAN 
to your Specifications 

elk 
%IF 

Composite Display: 

Horizon- Altitude- Airport 

Oat 

/Me\ 

'MOP 
Off Centered 

Sector Scan Linear Sweeps 

Loran 

Precision 

DF Scope 

COMPLETE LINE of deflection yokes for every 
military and special purpose—in production quan-
tities or custom designed to your exact require-
ment. 

For engineering assistance with your display 
problems, call on your nearest 

SYNTRONIC YOKE SPECIALIST today: 

New York Area: Jules J. Bressler Co. 
Phone: N.Y., OXford 5-0255; NJ., UNIon 4-9577 

Philadelphia Area: Massey Associates 
Phone: MOhawk 4-4200 

Washington-Baltimore Area: Massey Associates 
Phone: GRanite 4-2071 

Indianapolis: Joe Murphy 
Phone: Victor 6-0359 

Los Angeles: Ash M. Wood Co. 
Phone: CUmberland 3-1201 

svnironic 
11b/ 

INSTRUMENTS, INC. 
100 Industrial Road, Addison, Illinois 

Pbon,• KIngswood 3-6444 
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WHAT 
HAS 
THE 
7182 
S BAND MAGNETRON 
IN 
COIV1VON 
WITH 
THIS 
CAT? 

A good question! According to legend, a cat has nine lives — some-

thing that has yet to be proved. The 7182, on the other hand, has a 

proved life 8 to 10 times greater than any similar S-Band magnetron. 

The 7182 retains its remarkable stability and reliability during 

a life of 10,000 hours, and is one of a series of magnetrons now in 

production providing peak powers of 5 MW. These magnetrons 

operate at voltages and current densities usually associated with 

magnetrons rated at a fraction of the power output. 

A parallel development in L-Band ensures that attainments in 

this field equal the phenomenal successes already achieved with 

S-Band magnetrons. 

'ENGLISH ELECTRIC' 
Agents throughout the World 

ENGLISH ELECTRIC VALVE CO. LTD. CHELMSFORD, ENGLAND 

Telephone: Chelnqford 3491 
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BASIC 
BUILDING 
BLOCKS 
FROM KEARFOTT 

20 SECOND 
SYNCHRO 
This synchro. just one of a 
broad line offered by 
Kearfott, provides the 
extreme accuracy required 
in today's data trans-
mission systems. Kearfott 
synchro resolvers enable 
system designers to achieve 
unusual accuracy without 
the need for 2-speed servos 
and elaborate electronics. 
By proper impedance, 
matches up to 64 resolver 
control transformers can 
also operate from one 
resolver transmitter. 

TYPICAL 

CHARACTERISTICS SIZE 25 

Control 
Type Resofver Transmitter Transformer 

Part Number Z5161-001 Z5151-003 

Excit. Volts 
(Max.) 115 90 

Frequency ;cps) 400 400 

Primary ' rued. 400/80° 8500/80' 

Secondary Imped. 260/80° 14000/8C° 

Transform. Ratio .7826 1.278 

Max. Error fr. E.Z. 20 seconds 20 seconds 

Primary Rotor Stator 

Write for complete data. 

Tachometers 

BASIC 
BUILINNG 
BLOCKS 
FROM KEARFOTT 

low am. 

PRECISE 
ANGLE 
INDICATOR 
Consisting of an angle po-
sition indicator, motor and 
servo amplifier, this small, 
versatile, rack panel mount-
ed unit provides angular 
position indications for 
laboratory, production and 
field use. Input signals pro-
portional to unknown ang-
ular position of synchro de-
vice being measured are re-
solved as an error voltage, 
which is amplified and used 
to drive an internal servo 
loop to null. Counter mech-
anism then provides direct 
visual readout of angular 
position. 

TYPICAL 

CHARACTERISTICS 

Input Signal: Si, S2, and S, of 
external synchro transmitter. 

Repeatability: Within 0.6 minute 
in either a clockwise or coun-
terclockwise direction for any 
angular position. 

Readability: 0.5 minute through 
full range from zero to 360° 
Rotation is continuous. 

Accuracy: ± 6 minutes in the 
standard unit. Other accuracies 
available on request. 

Sensitivity: 0.5 minutes maximum. 
Slewing Speed: Phase sensitive, 

180° in 7 seconds. 
Input Voltages: 115 volts, single 

phase, 400 cycles, 23 VA max. 
Size: Standard Rack Mounting-
13/4 " x 91/2 " x 81/2 " 

Write for complete data. 

Ferrites 

BASIC 
BUILDING 
BLOCKS 
FROM KEARFOTT 

FLOATED RATE 
INTEGRATING 
GYROS 
Specifically designed for 
missile applications, these 
Kearfott miniature gyros 
operate efficiently at 
unlimited altitudes. Their 
outstanding accuracy and 
performance make them su-
perior to any comparably-
sized units on the market. 
Hermetically sealed within 
a thermal jacket, these gy-
ros are ruggedly designed 
and completely adaptable 
to production methods. Per-
formance characteristics 
that are even more precise 
can be provided within the 
same dimensions. 

TYPICAL CHARACTERISTICS 

Mass Unbalance: 
Along Input Axis: 1.0°/ hr 
maximum untrimmed 

Standard Deviation (short term): 
Azimuth Position: 0.05°/hr 
Vertical Position: 0.03°/hr 

Drift Rate Due to Anisoelasticity 
Steady Acceleration: 

.015°/hr./g2 maximum 
Vibratory Acceleration: 

.008°/hr./g2 maximum 
Damping: 

Ratio of input angle to 
output angle is 0.2 

Characteristic Time: 
.0035 seconds or less 

Weight: 0.7 lbs. 
Warm-Up Time: 

10 minutes from —60°F 
Life: 1000 hours minimum 

Write for complete data. 

KEARFOTT DIVISION 

GENERAL PRECISION INC, 
LITTLE FALLS NEW JERSEY 

Midwest Office: 23 W Calendar Ave., La Grange, 
South Central Office. 6211 Denton Drive, Dallas, Texas 

West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 

Engineers: Kearfott offers challenging opportunities in advanced component and system development. 
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NEW Ete 

50'AM ID. 
RANSISTOFL 

HIGHER CURRENT THAN EVER BEFORE FOR MILITARY AND COMMERCIAL USE 

2N1518 2N1519 2N1520 r 2N1521 2N1522 2N1523 

Maximum Collector Current (Amps.) 25 25 35 35 50 50 

Maximum Collector to Bese Volts, 
Emitter Open, Max lc o 4ma 50 80 50 80 50 80 

Minimum Open Base Volts 
(1- Amp. Sweep Method) 40 60 40 60 40 60 

Maximum Saturation Vols at 
Maximum Collector Current 0.7 0.7 

i 
0.6 3.6 0.5 0.5 

Gain at lc at 15 Amps. 15-40 15-40 17-35 17-35 22-45 22-45 

Minimum Gain at Maximum 
Collector Current 12 12 12 12 12 12 

, 

Thermal Resistance Junct on 
to Mounting Base (°C/Watt) 0.8 0.8 0.8 0.8 0.8 0.8 

Newar4, New Jersey 

1180 Raymond Boulevard 
Te': Mitchell 2-6165 

Characteristics at 25°C Maximum junction Temperature 95°C 

Chicago, Illinois 

5750 West 51st Street 

Tel: Portsmouth 7-3500 

A new family of high current transis-

tors featuring the 50-ampere 2N1522 

and 2N1523. Two 25- and two 35. 
ampere types round out the line. All 

thoroughly tested and completely re-
liable. Available in production quanti-

ties. Call or write your nearest Delco 

Radio sales office for full product in-

formation and applications assistance. 

DELCO 
RADIO 

Division of General Motors 
Kokomo, Indiana 

Santa Monica, California 

726 Santa Monica Boulevard 

Tel: Exbrook 3-1465 

Detroit, Michigan 

57 Harper Avenue 

Tel: TRinity 3-6560 

PROCEEDINGS OF THE IRE May, 1960 99A 



PlOPFEEeING TM! FUTURE 

advancement 
in instrument 

design 

SEALED 
RUGGEDIZED 
PANEL METERS 

HERMETICALLY SEALED ... GLASS-TO- METAL 

MIL 21/2 " ( MR26) and MIL 31/2 " ( MR36) sizes. 
Also 11/2 " Ruggedized and 41/2 " Sealed 
Models. ua, ma, amp, mv, volt, kv, ac rectifier 
types for voltage, decibel and VU measure-
ment. Standard ranges. Bulletin on request. 
Marion Instrument Division, Minneapolis-
Honeywell Regulator Co., Manchester, N. H., 
U.S.A. In Canada, Honeywell Controls Limited, 
Toronto 17, Ontario. 

Honeywell 
--Fmt 

SyAlTRON 

POWER RECTIFIERS 
Silicon and Selenium 

Reliable Performance 

SYNTRON RECTIFIER DIVISION 
SUBSIDIARY OF LINK BELT COMPANY 

242 Lexington Ave. Homer City, Penna. 

CAPITOL 
RADIO 

ENGINEERING 
INSTITUTE 

Advanced Home Study and Residence Courses 
in Electronics, Automation and 

Industrial Electronics Engineering Technology 

NI ', our liorr,r r,r1 y 

HI Nei ' by riiiro!1 to: 

Pioneer in Electronics Engineering Instruction 
Since 1927 

ECPD Accrediled 
Te,hmeal loshIrde 

Cu•yieedrt 

3224 16th St., N. W. Washington 10, D. C. 
Approreg for Velerün Training 

....... ..  

dis 

"A' BAllesi 
MORS 

for 

Demonstrating and 

lesting Auto Radios 
ittes‘sioit OR VIDRA1OR OPERATED 

f. Volt or 12 Volt,. 

Blew teoaeis • .. D.C. 

esigned lot testing D.C. 

Electrical Apparatus on FtegUlar A lines. 

Equipped With Full-Wage Dry Disc Type — 
Rectitier, Ang Noiseless, Inter t 

ference 

ssuri 
free Operation and Extreme too 

Life and Reliability. 

TYPE 

610C-Ellf 

620C.EL IT 

INPUT 
A.C. Volts 
60 Cycles 

110 

110 

0.C. OUTPUT 

VOLTS AMPERES 

Cont. Int. 

6 

12 
6 

12 

10 201 

6 12 
20 41 

10 20 

SNIP. 
WT. 

22 

33 

USER 
PRICE 

$49.95 

$66..15 

SEE YOUR JOBBER OR WRITE FACTORY 

y NEW MODELS NEW DESIGNS it/NEW LITERATURE 
. -A rumuutors • DC- AC Inverters • Auto Nacho Vealors 

AMERICAN TELEVISION Li RADIO CO. 

Zratety PladrtelJ Settee /931 

SAINT PAUL 1, MINNESOTA, U. S. A. 
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TOP IBEI MEETING 
IN , , a 

NATION'S CAPITAL Sc 

Washington, D.C., April 4 th 
(AFCEA). The Armed Forces in 
Communications and Electronics P, 
Association will hold its 1 Ith Na- ,' 

tional Convention and Exhibit in "n 
the nation th 's capital on M ay 24-26. 

of 
Because the Convention is a COW 11101I, 

e ground meeting place, it affords you 
the perfect opportunity to get to know 

most important members e 
• e a 

This bulletin is news for you 

if you're looking for big military contracts 
The annual AFCEA National Convention and Exhibit 
really is a top level meeting, where you join the upper 
sales echelons as your own ambassador, and introduce 
your products in the most strategic of all areas. 

Here you mingle with the cream of the electronics and 
communications industry, and the top representatives 
of the Armed Forces and government. Your firm and its 
products will be on display for a large, exclusive audi-
ence of market V.I.P.'s — all of whom are prospective 
customers. 

Because the Convention is a common ground meeting 
place, it affords you the perfect opportunity to get to 
know the most important members of the Armed Serv-
ices and your industry. 

You meet with military purchasers and manufacturing 
colleagues; personal contact with those in the know 
keeps you up to date on the latest needs and projects of 
the military, as well as current industry research and 
developments. 

The Exhibit is a must for manufacturers who want to 
sell in the most profitable of all markets. It serves as a 
big, bright showcase which attracts buyers from all over 
the country, and you as an exhibitor identify yourself in 
the most practical way as being a supplier in the market. 
Remember, almost all of the viewers of your display are 
prospective purchasers. A good, working display makes 
the contacts for you, and can mean on-the-spot sales! 

The AFCEA Convention and Exhibit are both held in 
Washington's Sheraton-Park Hotel, where for three 
days you are kept busy and stimulated by: 

Panel discussions which feature carefully-pre-
pared professional papers on timely military-
electronics subjects, presented by well-known 
engineers and scientists. 

Interesting speeches on significant themes, 
given by famous military and industry per-
sonalities. 

A tour, conducted by the U.S. Army, through a 
large military installation. 

Banquets, receptiGns and luncheons which pro-
vide still more occasions for profitable contacts. 

And, of course, the 94 displays set 
exhibition hall of the famous hotel. 

up in the 

"Communications and Electronics—the arm of control, 
the voice of command." is the theme of AFCEA's 1960 
Convention and Exhibit. The Exhibit will reflect the 
amazing progress this young industry is making; 
wouldn't you like to show what your own .firm has 
accomplished? 

As a service to each exhibitor advertising in SIGNAL, 
the official publication of the AFCEA, a free ad in the 
exhibit listings of both SIGNAL and the official program 
is offered. Such wide advertising coverage gives added 
sales impact. The May issue of SIGNAL gives full cover-
age to the AFCEA Convention and Exhibit. In itself an 
"Exhibit in Print," this issue will be out in advance of 
the big event, spotlighting your products and serving 
to direct visitors to your display at the Exhibit. The 
issue will be indispensable as a guide to this year's Con-
vention and Exhibit, since it will contain a complete list 
of exhibitors and the products to be displayed, as well 
as advance data about all technical papers, meetings, and 
other special activities. 

For a complete and effective, year-round sales piogram that will make 
you a front- rank competitor in this $4 billion market, inquire about 

AFCEA's profitable package p'an. 

SIGMA 
OFFICIAL JOURNAL JF AFCEA 

Wm. C. Copp & Associates 
72 West 45th Street, Rew York 36, N. Y. 

MUrray Hill 2-6606 

BOSTON • CHICAGO 
MINNEAPOLIS • LOS ANGELES • SAN FRANCISCO 



Now Check these Proofs of Reliability... 
12,000-hour life tests... 

long term in-circuit performance... 
RCA-2N404 

Time— Thousands of Hour 

2 3 4 

Yaration in h„ during a 35-mw life test at 55'C 

The transistor that helped build an industry 
...designed, built and introduced by RCA... 
chosen by top manufacturers for the finest 
computers...the RCA-2N404 has set new stand-
ards of reliability for transistorized computers 

Outstanding new achievements of operating reliability, long life, 
and stability are being made by the RCA-2N404 germanium 
p-n-p medium-speed switching transistor. Stringent long-term 
life tests and dynamic in-circuit performance checks, both at 
maximum ratings, provide additional proof of the bedrock re-
liability of the RCA-2N404. 

Here are the results: 
(1) Representative samples of the RCA-2N404 computer tran-
sistor have now passed 12,000 hours of operating life at maxi-
mum ratings. The curves at the right show the remarkable 
stability of transistor parameters over this exceptional time 
period. 

(2) Samples from every lot of RCA-2N404 transistors are 
tested at maximum ratings for 1,000 hours. During 1959, al-
most 6,000,000 transistor test:hours at 85°C junction tempera-
ture were logged. 

Why not call your RCA Field Representative today for the 
full story on the RCA-2N404 and the RCA-2N404 designed to 
meet military specification MIL-T-19500 20 USAF. For tech-
nical information write RCA Commercial Engineering. Section 
E-35-NN, Somerville, N.J. 

5 — 
_ 

3 
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g 

Variation in 41 during 12.000 hours storage lile test at 85 °C 

Maximum 

Median 

Minimum 

I 3 3 4 5 6 7 8 9 10 11 12 

  Time —Thousands of Hours   

Va, ration in Ica° during 12,000 hours storage life test at 85°C 

Maximum 

Median 

Minimum 

2 3 4 5 6 7 8 9 10 11 12 

3 " 2 - a z.; 

o 

Time Thousands of Hours 

Variation in Icao during a 35-mw life test at 55 'C 

Maximum 

Median 

Minimum 

0 1 2 3 4 5 6 7 8 9 10 11 12 

  Time Thousands of Hours   

RADIO CORPORATION OF AMERICA 
SEMICONDUCTOR AND MATERIALS DIVISION SOMERVILLE, N. J. 

— 

ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS 

East: 744 Broad St., Newark, N. 1., HUmboldt 5-3900 • Northeast: 64 " A" St , Needham Heights 94, Mass., HIlIcrest 4-7200 • East Central: 714 New Center Bldg., Detroit 2, Mich., 

TRinity 5-5600 • Central: Suite 1154, Merchandise Mart Plaza, Chicago, Ill., WHitehall 4.2900 • West: 6355 East Washington Blvd., Los Angeles, Calif., RAymond 3-8361 • Southwest: 

7905 Empire Freeway, Dallas 7, Texas, Fleetwood 7-8167 • Gov't: 224 N. Wilkinson Street, Dayton, Ohio, BAldwin 6-2366; 1625 " K" Street, NW,, Washington, 0.C., DIstçict 7-1260 

AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 
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Poles and Zeros 

71' 
Ile 

11111 )110 /a\ 
niss 

eio Section Publications. The 
issuance, in March, 1960, of a 
new edition of the " Manual for 
IRE Section Publications" re-

calls again the local Section phase of IRE "information 
processing." Poles and Zeros tossed a bouquet ( Roses to Ve 
Editors) to the Section publications in April, 1959. It can now 
report a little over a year later, not only that old standbys are 
flourishing but also that two new infants are born. The new 
additions are the " Denshi Tokyo" and "The Benelux Bridge" 
of the Tokyo and Benelux Sections, respectively. We wish the 
newcomers well and trust that they will take their rightful 
place in the sun. Sections that contemplate a publication 
venture should acquire a copy of the Sections Publication 
Manual; it is filled with pertinent and helpful information. 

Feedback. The Editor of any publication receives mail 
from readers containing both constructive criticism, and de-
structive diatribe. Fortunately, the distribution of mail ( to 
this Editor, so far) is weighted on the constructive side. Every 
letter has received, or is receiving, attention from the Editorial 
Board. Occasionally, the sequence of correspondence is in it-
self helpful. On two successive days letters were recently re-
ceived. The first letter suggested that all issues of the PRO-
CEEDINGS should be "Special Issues" and contain only ma-
terial of general interest ( twelve per year—what would we 
call them?). The same correspondent suggested that specific 
interest material be published in the TKANsArrioNs. The 
second letter deplored the use and existence of the TRANsAc-
Ttoxs and, the writer felt, all material should be published in 
the PitocEEruNcs. Perhaps the present plan is the compromise 
which meets the need of most people! 

Another correspondent struck a most responsive chord. lie 
made an impassioned plea for the use of a consistent set of di-
mensional units for all PRocEE 1M Ncs papers. A glance through 
several issues of the PkocEEmxt:s validates his protest. As 
engineering writers we are certainly careless about dimen-

sionality. In a given paper, on occasion, the same author 
mixes the English and the metric systems. This carelessness 
does not contribute either to smooth reading or to ease of 
continuity of interpretation. Without entering into the larger 
question of the ultimate adoption of the metric system in the 
United States (see, for example, page 584 of the April. 1959 
issue of the PRocEE DI NCS), it does seem that at least for scien-
tific and technical articles, uniformity would be advantageous. 
Since the MKS system has been officially adopted, and all 
college and university text books have accepted the system, 
why not use it consistently in all engineering writing? 

Another letter to the Editor has pointed out certain in-

consistencies, to be deplored, in the use of abbreviations. 
What excuse is there, queries this communicator, for the 
small case "m," as an example, in " mc" as an abbreviation for 
megacycle and in "ms" as an abbreviation for millisecond? 
This complaint recalls the interesting article by Arnold P. G. 
Peterson, in the TRANSACTIONS ON ENGINEERING WRITING 
AND SPEECH, for December, 1959, in which he suggests a 
rational system for naming the prefixes for both positive and 
negative powers of ten, and he associates with each a sug-
gested symbol. These suggestions avoid the difficulty quoted 
above by using capital letters as symbols, for positive values 
of the exponent of ten, and lower case letter symbols for the 
negative exponent. 

These rambling comments, engendered by recent corre-
spondence, emphasize the necessity for such a Professional 
Group as that on Engineering Writing and Speech; it be-
hooves all IRE authors to make use of the opportunities this 
Professional Group offers for the improvement of their liter-
ary efforts. The Editorial Board is presently considering the 
revision and subsequent reissuance of the IRE document 
titled " Information for Authors." This brief document might 
well be supplemented ultimately by a more complete "style 
manual" produced in cooperation with the PGEWS. 

Aftermath. Poles and Zeros in March took notice of the 
1960 International Convention and Radio Engineering Show. 
In those comments attention was called to the Panel Session 
"Electronics—Out of This World" and now that the conven-
tion is history one reflects that much of it was "out of this 
world." To this observer a small sample of such reflections 
might be listed thus: opening ceremonies at the Coliseum 
contacted Pioneer V. already 1.449,000 miles from earth and 
going away at the rate of 6,000 miles an hour; components 
Si) minute that their containers must be labeled "This Box Is 
Not Empty;" solar powered electric automobile ( 1912 model), 
which prior to the convention operated in Central Park; 
the announcement of a search for intelligence coming from 
outer space at distances so great that the initiators may have 

been extinct for milleniums; passive satellite balloons ten 
stories high; eyes and brains too tired to take in more; possible 
clues to the diagnosis of muscular disease based on new 
ability to measure extremely weak high frequency electrical 
signals; miracles of microminiaturization—a one hundred 
tube digital computer the size of a cigarette box; the im-
plantation of electronic equipment in the human body for 
periods up to five years; the use of electronic devices for 
prenatal diagnosis; etc., etc.; the largest attendance of 
all time totaling 69,760, exceeding 1959 by 15 per cent.— 
F. H., Jr. 
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Ferdinand Hamburger, Jr. (A'32—M'3)—SW43—F'53) 
was born in Baltimore, Md., on July 5, 1904. He received 
the degrees of Bachelor of Engineering in 1924, and Doctor 
of Engineering in 1931, from The Johns Hopkins Univer-
sity, Baltimore, Md. He was a Charles A. Coffin Fellow in 
1930-1931. 

During the period between the undergraduate and 
graduate degrees he participated in a program of dielectric 
research at The Johns Hopkins University. In 1931 he was 
appointed instructor in electrical engineering, in 1947 pro-
fessor of electrical engineering, and in 1954 chairman of the 
Department of Electrical Engineering, and in addition, in 
1958 Director of the Radiation Laboratory of The Johns 
Hopkins University. He served as chief test engineer for 
Bendix Radio Division from 1942 to 1945, while on partial 
leave of absence from the University. He has acted as con-
sultant for the Research and Standard Section, Bureau of 
Ships, Navy Department; U. S. District Court; RCA. and 

Ferdinand Hamburger, Jr. 
Editor, 1960 

others. He has served as Research Contract Director of a 
number of research investigations supported by the De-
partment of Defense at The Johns Hopkins University. 

Dr. Hamburger was IRE Regional Director of the Cen-
tral Atlantic Region in 1950-1951, and a Director-at- Large 
in 1959. He has served on the Nominations, Appointments, 
Policy Advisory, and Education Committees. He has been 
a member of the Editorial Board since 1956 and was Vice 
Chairman in 1958-1959. He was IRE representative at The 
Johns Hopkins University from 1941 to 1955. He was 
largely responsible for the formation of the Baltimore Sec-
tion of the IRE in 1939 and its reorganization in 1944; he 
served as its Chairman in 1940-1941. 

He is a Fellow of the American Institute of Electrical 
Engineers and is presently serving as Vice Chairman of its 
Instrumentation Division. He is a member of Sigma Xi, 
Tau Beta Pi, and Eta Kappa Nu, and is a registered Pro-
fessional Engineer in the State of Maryland. 
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Scanning the Issue 
Some Notes on the History of Parametric Transducers 

(Mumford, p. 848)—One would be hard put to name a subject 
which has caused more excitement in recent years than the 
parametric amplifier. What started as a small flurry of article 
writing a few years ago has since grown to near blizzard pro-
portions. Well over 100 papers have been written on this sub-
ject in the last two years alone. Yet the parametric principle 
has been with us for many decades. Zenneck and Alexanderson 
described magnetic frequency doublers and magnetic ampli-
fiers to IRE audiences 44 years ago. Indeed, this subject can 
be traced as far back as 1831 to Faraday's observations of the 
double period oscillation of surface waves of liquids. The his-
tory of the development of parametric principles and devices, 
from 1831 to the present, is briefly summarized in this excel-
lent review of the subject. The chronology presented here, 
supported by 200 selected references, is little known and will 
do much to help readers orient in their minds the recent rash 
of new amplifiers having a common underlying principle. 

Low-Noise Tunnel-Diode Down Converter Having Con-
version Gain (Chang, et al., p. 854)—A new and important use 
has been found for a device which is currently one of the most 
talked about components in the electronics field. As reported 
last July in the PROCEEDINGS, the tunnel, or Esaki, diode is 
a semiconductor device with negative resistance characteris-
tics which give it exceptional high-frequency low-noise ampli-
fication capabilities. It is now shown that the nonlinearity of 
this negative resistance characteristic can be used for low-
noise high-gain frequency conversion—from a high frequency 
to a lower frequency. This down-conversion capability is most 
significant. Although good up-converters have been developed 
recently, there is at present no mixer device capable of down-
conversion that does not exhibit either a conversion loss or a 
poor noise factor. Thus the tunnel diode becomes the first de-
vice which can convert UHF or microwave signals to a lower 
frequency with low noise and conversion gain. 

Noise Limitations to Resolving Power in Electronic 
Imaging (Coltman and Anderson, p. 858)—In recent years an 
increasingly large segment of the electronics profession has 
become concerned with the recognition of patterns on tele-
vision and other cathode-ray-tube displays in the presence 
of noise. The study presented here of the limiting effects of 
noise on image resolution will be of fundamental interest to 
this group of readers. The authors show that the resolution 
limit can be accurately predicted in quantitative terms from a 
knowledge of noise power per unit bandwidth and the sine 
wave response of the system. 

Packaged Tunable L-Band Maser System (Arams and 
Okwit, p. 866)—A maser normally requires cumbersome and 
highly precise supplementary equipment which limits its use 
to laboratory and a few other special types of installations. 
This paper describes a tunable maser system that has been 
packaged into a sufficiently compact form to make it suitable 
for field operational use without detriment to its low- noise 
performance. This "reduction to practice" of one of the im-
portant new developments in electronics will be of wide inter-
est, especially to radio astronomers because its frequency 
range makes it suitable for studying the Doppler shift of the 
21-centimeter hydrogen line in receding galaxies. 

Cadmium Sulfide Field Effect Phototransistor (Bocke-
muehl, p. 875)—Cadmium sulfide has previously achieved 
fame as a photoconductive material. The author has now ex-
tended its utility by fabricating a cadmium sulfide transistor 
and obtaining useful power gain from it. This represents the 
first time that field effect amplification has been reported for 

any material in which virtually all the carriers are generated 
photoelectrically. Although CdS will never compete with ger-
manium for general transistor applications, this work opens 
the door to many novel photocircuit functions which are not 
practicable with conventional circuit elements. 

The Optimum Formula for the Gain of a Flow Graph, or a 
Single Derivation of Coates' Formula (Desoer, p. 883)— 
During the seven years since the first paper on the subject 
appeared in the PROCEEDINGS, signal flow graphs have become 
a popular and useful tool for analyzing a wide variety of 
engineering problems. This paper provides an important re-
finement of this tool—a new and simpler derivation of the 
gain formula for flow graphs. It has the added blessings of 
being a self-contained discussion of the subject and, in the 
author's words, being so simple " that even seniors can grasp 

A Broad-Band Cyclotron Resonance RF Detector Tube 
(Turner, p. 890)—A novel method of detecting RF signals 
has been developed which utilizes the spiral motion of elec-
trons as a tunable system which will become resonant when 
the frequency of spiraling is the same as that of an incoming 
signal. The tube is in essence a complete TRF receiver (less 
video amplifier) within one vacuum envelope. Its rapidly vari-
able tuning and wide bandwidth ( 10 to 1) will make this de-
velopment of considerable interest to engineers concerned 
with microwave systems for search, analysis and reception of 
signals over wide frequency ranges. 

Anomalies in the Absorption of Radio Waves by Atmos-
pheric Gases (Straiton and Tolbert, p. 898)—This paper will 
be of great interest to anyone concerned with propagation 
above 10,000 megacycles. The authors have gathered the re-
sults of recent propagation measurements in the millimeter 
range to shed new light on losses due to atmospheric absorp-
tion. They find that the measured losses in this relatively new 
part of the spectrum do not entirely agree with the losses pre-
dicted by classical theory developed over a decade ago, espe-
cially with respect to losses due to water vapor. 

Interaction Impedance Measurements by Propagation 
Constant Perturbation (McIsaac and Wang, p. 904)—This 
paper is concerned with a technique for measuring the inter-
action impedance characteristics of microwave circuits by 
determining the change produced in the propagation constant 
when a rod is inserted in a waveguide. The technique is 
broadly applicable to various types of microwave structures, 
such as slow wave structures for traveling-wave tubes, and 
the results developed here will no doubt be regarded as a 
primary reference on the subject. 

Taylor-Cauchy Transforms for Analysis of a Class of Non-
linear Systems (Ku, Wolf and Dietz, p. 912)—Since this paper 
is a companion to the paper that follows, the discussion of both 
papers have been combined below. 

Laurent-Cauchy Transforms for Analysis of Linear Sys-
tems Described by Differential-Difference and Sum Equa-
tions (Ku and Wolf, p. 923)—This and the companion paper 
that precedes it describe a novel type of transform for solving 
problems described by linear and nonlinear differential and 
difference equations. The first paper, on Taylor-Cauchy trans-
forms, deals with continuous nonlinear processes, while the 
second paper, on Laurent-Cauchy transforms, deals with dis-
crete processes. They provide engineers with another tool of 
considerable usefulness in the analysis of a variety of physical 
systems. 
Scanning the Transactions appears on page 965. 
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Some Notes on the History of Parametric Transducers* 
W. W. MUMFORD t , FELLOW, IRE 

Summary—This paper summarizes briefly the chronology of the 
development of parametric transducers. The early works of Michael 
Faraday (1831), F. Melde (1859), and Lord Rayleigh ( 1883) are cited 
as mechanical examples and the pioneering work of L. Külm, 
J. Zenneck, E. F. W. Alexanderson and R. V. L. Hartley are cited as 
electrical examples. A very brief résumé of selected contributions 
follows, dating from the work on H. Q. North's diodes in 1945 to the 
present flurry of excitement beginning in 1954, created by the de-
velopment of the Signal Corps-Bell Laboratories Task 8 varactor 
diodes. A list of 200 selected references is included. 

T
HE recent interest in amplifiers which derive their 
gain from variable reactance circuit elements 
stems chiefly from the development of low-loss 

variable-capacitance diodes. There are two reasons for 
this interest. One reason is the fact that such amplifiers 
have low noise and the other is that the diodes are ex-
pected to have extremely long life. Either one of these 
properties is adequate justification for the excitement 
currently rampant throughout the world concerning the 
exploitation of this " new" type of amplifier, but, with 
two good reasons readily apparent, this excitation is 
doubled. 

Mystery seemed to invade the thoughts of people 
when the scientists announced this new type of ampli-
fier which was called a variety of names, such as: 
"Parametric Amplifier," " Reactance Amplifier" and 
"MAVAR" (Modulator Amplifier by Variable React-
ance).' Some of this mystery could have been avoided 
had the modern men known or mentioned that the prin-
ciple underlying the mechanism whereby electrical am-
plification was effected was an old principle. This prin-
ciple may be broadly stated thus: The energy of an oscil-
lating system may be increased by supplying energy at a 
frequency which differs from the fundamental frequency of 
the oscillator. One mechanical illustration of this prin-
ciple is the simple pendulum. The child in the swing 
learns that he can "pump up" the amplitude of the 
oscillation of the swing by lowering his center of gravity 
on the down swing and raising it on the up swing. He 
thus "pumps" at twice the frequency of the swing. Who 
knows when this was invented? Could it have been in 
prehistoric times by a monkey swinging by his tail from 
the branch of a tree? 

Faraday, Melde and Lord Rayleigh have published 
observations and calculations concerning this principle. 
Quoting Lord Rayleigh, " Faraday, . . . with great in-
genuity and success (upon examining) . . . the crispa-
tions upon the surface of water which oscillates ver-
tically, arrived at the conclusion experimentally that 

* Original manuscript received by the IRE, November 17, 1959; 
revised manuscript received, February 1, 1960. 

t Bell Telephone Labs., Whippany, N. J. 
These three names are considered herein to be synonymous and 

to apply to any device which derives its gain from the pumping of a 
variable reactance. 

there were two complete vibrations of the support for 
each complete vibration of the liquid. Crispations (may 
be) observed upon the surface of liquid in a large wine 
glass or finger glass which is caused to vibrate in the 
usual manner by carrying the moistened finger round 
the circumference. All that is essential to the produc-
tion of crispations is that the body of liquid with a free 
surface be constrained to execute a vertical vibration. 
Faraday's assertion that the waves have a period double 
that of the support has been disputed, but it may be 
verified in various ways." Faraday's work was pub-
lished in 1831 and Lord Rayleigh verified his conclu-
sions sixty years later, also with considerable ingenuity. 
The double period oscillation of the water is not readily 
proven by casual observation. 
The following example of the principle, reported by 

Melde in 1859, is, however, readily observed and under-
stood. Quoting again from Lord Rayleigh, " Perhaps the 
best known example is that form of Melde's experiment 
in which a fine string is maintained in transverse vibra-
tion by connecting one of its extremities with a vibrat-
ing prong of a massive tuning fork, the direction of mo-
tion of the point of attachment being parallel to the length 
of the string. Under these circumstances . . . the string 
may settle down into a permanent and vigorous vibra-
tion, whose period is the double of that of the fork." 
Lord Rayleigh analyzed and experimented with this 
and other similar mechanical phenomena in 1887. This 
led to analogous experiments with electrical circuits. 
The electrical principle is readily understood by the 

following simple explanation. Suppose that we have a 
capacitor formed by two metal plates separated by air. 
Assume that a charge exists on the capacitor. The plates 
will be attracted to each other because of the equal and 
opposite charges so that to separate the plates requires 
work. Upon separating the plates, say to twice the origi-
nal distance, the capacitance will be reduced to half its 
original value and, hence, the voltage must be twice the 
original value, since the charge upon the plates remains 
the same. The electrostatic energy, however, has been 
doubled, since it is proportional to the square of the 
voltage and directly proportional to the capacitance. 
The energy required to separate the plates now appears 
as electrostatic energy in the capacitor. 
Now suppose that the capacitor is combined with an 

inductor to form an oscillating circuit. The voltage on 
the capacitor will reach a maximum value twice each 
cycle. Now if, on each half cycle, the capacitance is de-
creased when the voltage is maximum and increased 
when the voltage is zero, net energy will be imparted to 
the oscillations since no electrical energy is used to re-
store the capacitor to its original value when the voltage 
is zero. 
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Similarly, it is apparent that energy could be im-
parted to the circuit had the inductance been varied in 
the appropriate phase. This electrical principle was ex-
panded to include frequencies other than the two-to-one 
ratio and the resulting device was used successfully in 
radio telephone communication between Berlin and 
Vienna prior to World War I. This was described by 
L. Kühn in 1915. Prof. J. Zenneck, E. F. W. Alexander-
son and R. V. L. Hartley pioneered with theoretical and 
experimental contributions within the next few years. 
Alexanderson called these devices " Magnetic Ampli-
fiers," a name which remains with us today. The objec-
tive then was to modulate a continuous wave arc trans-
mitter by means of a nonlinear inductance or saturable 
reactance. Here the voice currents constituted the sig-
nal, and the carrier was the pump. The resulting side-
bands were radiated, together with the pump (or its har-
monic in some cases). 

I quote the following from a paper delivered by 
E. F. W. Alexanderson at an IRE meeting in New York 
City on February 2, 1916: 

The name "Magnetic Amplifier" has been given to a device for 
controlling the flow of radio frequency currents because this name 
seems to describe its function when it is used for radio telephony 
better than would any other. As the same device can be used for a 
variety of other purposes, the above name may in some cases not 
seem too appropriate. However, the essential part of the theory that 
will be given refers to the amount of amplification which is possible 
of attainment and the methods of securing a higher ratio of amplifi-
cation than would be given by the device in its simplest form.... 

The ratio of amplification is proportional to the ratio between 
the frequency of the radio current and that of the controlling current. 

(This conclusion was verified by R. V. L. Hartley and 
subsequently by Manley and Rowe.) 

Alexanderson, in the discussion, also suggested am-
plification of incoming signals by cascaded stages of up-
conversion, rectification and up-conversion, etc. The 
name of Alexanderson's device withstood the rigors of 
time. Currently, however, we recognize its radio fre-
quency version as a type of parametric amplifier, re-
actance amplifier, or MAVAR. 

In Alexanderson's magnetic amplifier, the chief inter-
est resided in the mode of operation in which the input 
signal was in the voice frequency band and the useful 
output power was taken in some radio frequency band. 
Thus it was a modulator or up-converter. 

Alexanderson presented curves to show that negative 
resistance effects could exist. Quoting again from his 
1916 paper: Under some conditions "instability and 

generation of self-excited oscillations" can exist. "This 
is a condition that must be avoided for telephone con-
trol; whereas it may have useful applications for other 
purposes." (One useful application, pointed out by 
Eugene Peterson in 1930, was the negative resistance 
straight-through amplifier, in which the negative re-
sistance effect was enhanced by the suppression of fre-
quencies higher than the pumping frequency.) 

Louis Cohen, in a communicated discussion of the 
paper, said: 

It appears to me that the fundamental principle ... will find its 
application to other problems in connection with radio frequency 
circuits. One that suggests itself immediately is the amplification of 
incoming signals. 

Alfred N. Goldsmith pointed out the advantages of 
Alexanderson's magnetic amplifier over the direct-cur-
rent-controlled frequency doubler employed by Kühn. 

Lee De Forest commented that the magnetic amplifier 
was far more practical as a high-power modulator than 
the ensemble of over 500 audion amplifiers used to ob-
tain 11 kw at Arlington by the Western Electric Com-
pany. " No one can say, however, that the situation will 
not be altered very materially in one, two or three years 
after we learn how to build oscillions for large power 
outputs, say 5 or 10 kw each. That will create a very dif-
ferent situation." 

Thus, there appears to be very old prior art on 
MAVAR, both as modulator and amplifier. How-
ever, the interest in magnetic amplifiers as radio fre-
quency modulators subsided quickly with the advent 
of the high-power vacuum tube modulators. The "dif-
ferent situation" predicted by Lee De Forest in Febru-
ary, 1916, did, indeed, come to pass. 

In the 1920's and '30's, interest developed in sub-
harmonic oscillations in electrical circuits containing a 
variable reactance. These "parametric" oscillations 
could exist at any one of f/n frequencies, where n is the 
subharmonic fraction of the fundamental frequency. In 
1954 Von Neumann and Goto independently recognized 
that a phase ambiguity existed in the subharmonic 
oscillations and that this ambiguity could be utilized in 
logic circuits. Goto calls this device a "parametron." 
About thirty years after the pioneering work of 

Kühn, Zenneck, Alexanderson, and Hartley on inductive 
reactance modulators, interest developed in capacitance 
reactance modulators at microwave frequencies. The 
failure of reciprocity in some crystal converters ob-
served in the middle 1940's by L. Apker of General 
Electric Co., Schenectady, N. Y., and R. N. Smith of 
Purdue University, Lafayette, Inc., and the peculiar 
behavior of welded contact germanium diodes made by 
H. Q. North of General Electric Co., Schenectady, 
N. Y., was interpreted to mean that the contact capac-
ity varied with bias. H. C. Torrey of the Massachusetts 
Institute of Technology Radiation Laboratory, Cam-
bridge, Mass., gave a thorough discussion of the theory 
of nonlinear capacity converters. 

M. C. Waltz and R. V. Pound at the MIT Radiation 
Laboratory observed negative IF conductance when 
units like North's were used. Pound gave many inter-
esting details about measured power and gain and also 
measured negative IF conductance. He obtained a 10-
db gain and reasoned that such a receiver should have 
a better noise fikure than that of a conventional con-
verter which has conversion loss. He was unable, how-
ever, to achieve this. 

In 1948, A. van der Ziel and, in 1949, V. D. Landon 
also derived the MAVAR gain relationships; the former 
also pointed out the low-noise figure possibilities. 
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In 1952, C. F. Edwards observed nonreciprocal be-
havior in converters when he used R. S. Ohl's bom-
barded silicon diodes which exhibited variable capaci-
tance as well as variable resistance characteristics. This 
observation again triggered a sequence reminiscent of 
the North diode sequence of the 1940's in which Apker, 
Smith, Pound, and Waltz reported the experimental re-
sults and Torrey, van der Ziel, and Landon derived the 
theory. Corresponding names for the early 1950 se-
quence are Ohl, Edwards, Manley, and Rowe. 

However, in neither of these sequences was a very 
low-loss variable capacitance diode available and hence 
the gain was limited and the noise figure was not es-
pecially good. 

In 1954, the United States Signal Corps sponsored a 
project at Bell Telephone Laboratories, Murray Hill, 
N. J., to develop semiconductor devices. In the second 
interim report of this now famous "Task 8," A. E. Baka-
nowski published his derivation of the nonlinear capac-
itor as a mixer. The work of Bakanowski, Cranna and 
Uhlir led to the discovery of a technique for making 
low-loss units. 
The technique of making low-loss silicon diode varac-

tors or varicaps advanced rapidly and interest in these 
new units began to expand. 

In the meantime, H. Suhl discovered that variable 
reactance in the microwave range was obtained in fer-

rite materials when properly excited by a pumping fre-
quency. He proposed using this effect to obtain para-
metric amplification and discussed suitable materials in 
the paper published in 1957. M. T. Weiss verified Suhl's 
proposal experimentally. 
M. E. Hines and H. E. Elder succeeded in demon-

strating gain and oscillations in a reactance amplifier 
which used silicon varactors and suggested several mi-
crowave circuits for up-converters and negative resist-
ance amplifiers. Their work stimulated activity in mi-
crowave applications of "varactor" diodes.2 

In 1957, Heffner and \Vade considered theoretically 
the noise, gain and bandwidth of parametric amplifiers. 

Early in 1958, the low-noise properties predicted by 
theory were verified experimentally at the Bell Tele-
phone Laboratories at 6000 mc by Uenohara and at 380 
mc by Engelbrecht. Salzberg at Airborne Instruments 
Laboratory, Mineola, N. Y., and Heffner and Kotzebue 
at Stanford University, Stanford, Calif., also achieved 
low-noise performance working at 1 mc and 1200 mc, 
respectively. 
Miyakawa in Japan, Cullen in England and Tien and 

Suhl in America considered the amplification and fre-
quency conversion in propagating circuits in which the 

variable reactors were distributed along a transmission 
line while Bloom, Chang and Wittke of RCA Labora-
tories, Princeton, N. J., took up the theory of parametric 
amplification and discussed the new approaches to am-

It should be pointed out that, unknown to Hines and Elder, 
Kita and Fujii in Japan had been successful in demonstrating gain 
and oscillations at microwave frequencies independently while work-
ing with variable capacitance diodes in 1954. 

plification of microwaves. Bloom and Chang also dis-
cussed the case of low frequency pumping. 

R. S. Engelbrecht at Bell Telephone Laboratories de-
signed a traveling wave UHF parametric amplifier using 
varactor diodes and achieved over 200-mc bandwidth 
at UHF with 8 to 10 gain. Measurements indicated an 
"astronomy" noise figure of one db, corresponding to a 
"radar" noise figure of about 3.5 db. (This compares 
favorably with the best commercially available vac-
uum tube, whose noise figure is about 5 db.) 

In the meantime, Adler of Zenith, Chicago, Ill. 
(in June, 1957), suggested a novel principle of signal 
amplification using a pumped electron beam, and 
Bridges (in February, 1958) suggested and constructed 
a parametric amplifier using the variable reactance of a 
floating drift tube klystron. Louisell and Quate discussed 
the capabilities of this type of amplifier, and Adler 
demonstrated that the conclusions concerning the low-
noise capabilities were indeed correct. He achieved a 
noise figure capability of 1.4 db, of which 0.4 db repre-
sented the loss in the input coupler. 

The development of the vacuum tube in Alexander-
son's time curtailed the interest in radio frequency par-
ametric transducers. Thirty or so years later, the inven-
tion of the transistor then diminished the interest in 
vacuum tubes. But the interest in radio frequency 
parametric transducers was resurrected by the develop-
ment of the low- noise variable capacitance diode, and 
this resurrection, in turn, has stimulated the interest in 
vacuum tubes as parametric transducers. 
What is the next cycle in this see-saw pattern? 
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Low-Noise Tunnel-Diode Down Converter Having 
Conversion Gain* 

K. K. N. CHANGt, G. H. HEILMEIER t, STUDENT MEMBER, IRE, AND H. J. PRAGERt 

Summary—This paper describes the use of the new tunnel diode 
in a down converter. An experimental UHF circuit converting from a 
signal frequency of 210 mc to an intermediate frequency of 30 mc 
is used to illustrate the feasibility of this new converter. Conversion 

power gain of 22 db with less than 3 db noise has been achieved with 
gallium arsenide diodes. The circuit analysis proceeds from the basic 

nonlinear resistance of the tunnel diode I-V characteristic. Equations 
are developed for conversion gain, bandwidth and noise figure. From 
these equations, criteria are derived for the choice of diode character-

istics and circuit parameters to obtain optimum performance. 

INTRODUCTION 

I r 1 HE low-noise, high-gain, conversion of a high-fre-
quency signal to a lower-frequency signal has not 

  been possible with previous mixer devices. Ordi-
nary crystal mixers, which make use of the nonlinearity 
of their positive resistance, exhibit a conversion loss and 
a poor noise factor. The recently introduced parametric 
converters, which operate on a nonlinear capacitance or 
inductance basis, have achieved good noise factors with 
up-conversion gain. The parametric down converters, how-
ever, have poor noise factors. For such down converters, 

it is found that the excess noise factor (i.e., the noise 
factor minus unity) varies roughly as the ratio of the 
input frequency to the output frequency. Thus, for a 
ten-to-one frequency down-conversion, the noise factor 
is around 10 db. Because of this frequency dependence, 
it is almost impossible to convert a microwave frequency 
into a low intermediate frequency with a reasonable 
noise factor by parametric converters. 
The purpose of this paper is to report on a down con-

verter using a tunnel diode ( Esaki diodel ,2) as the non-
linear resistance element. The fact that the negative re-
sistance characteristic of a tunnel diode can be utilized 
to achieve low-noise amplification has already been 
demonstrated.' It is now shown that the nonlinearity of 

this negative resistance characteristic can be used for 
frequency conversion. Since the nonlinearity of a resist-
ance, not a reactance, is utilized for frequency conver-
sion, the noise factor is independent of the ratio of the 
input frequency to the output frequency. Thus, by using 
a tunnel diode, a low-noise down converter with con-
version gain has been achieved. 

* Original manuscript received by the IRE, December 14, 1959; 
revised manuscript received, February 16, 1960. This research was 
sponsored in part by the Electronic Res. Directorate, AF Cambridge 
Res. Center, under Contract AF 19-(604)-4980. 
t RCA Laboratories, Princeton, N. J. 
L. Esaki, "New phenomenon in narrow Ge p-n junctions," 

Phys. Rev., vol. 109, p. 603 (L); 1958. 
2 H. S. Sommers, Jr., "Tunnel diodes as high-frequency devices," 

PROC. IRE, vol. 47, pp. 1201-1206; July, 1959. 
3 K. K. N. Chang, "Low-noise tunnel diode amplifier," PROC. 

IRE, vol. 47, pp. 1268-1269; July, 1959. 

ANALYSIS 

The converter circuit to be analyzed is shown in Fig. 
1, which also establishes the notation to be used in the 
following analysis. The three tank circuits which reso-
nate at col, the input signal frequency; coz, the difference 
frequency; and co3=coi+co2, the local oscillator fre-
quency, are coupled together by the tunnel diode. 
The analysis proceeds in a manner entirely similar to 

that for the small signal nonlinear reactance case.4 The 
I-V characteristic of the tunnel diode ( Fig. 2) at the 
operating point P can be represented by a quadratic 
relation: 

SIGNAL 
cot 

/ = Goy — V'. 

TUNNEL DIODE 

I. F. OUTPUT 
(02 

DL 

PUMP 
4/ 3 

13 

I2 

Fig. 1—Schematic diagram of converter circuit. 

V(mv) 

Fig. 2—Tunnel-diode I-V characteristic. 

(1) 

An operating point in the positive resistance region is 
chosen for reasons to be discussed later. The currents at 
the three frequencies are: 

Ii = vi(Ci +j1) — 

/2 = 1702 iTi2) — 9 Vi* V3 

/3 = V3(3) — 111172 (2) 

S. Bloom and K. K. N. Chang, "Theory of parametric amplifica-
tion using nonlinear reactances," RCA Rev., vol. 18, pp. 578-593; 
December, 1957. 
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where 

= G1+ G,-1- Go 

G.2= G2 -I- GL -I- Go 

G3= G3+ GO 

co COI) 

B1 = Wei ( COI CO 

B. = co2C. (CO3 — CO COI ) 

co2 CO3 — CO 
(3) 

The small signal analysis neglects the effect of the non-
linear interaction on the local oscillator current. Hence, 
9 17, V2 is neglected in the third equation of ( 2). 

In (3), GI, G2 and G3 are the loss conductances of the 
respective circuits. These loss conductances consist of 
the circuit and the tunnel diode ohmic losses. The ca-
pacitances, C'1 and C2, similarly consist of the circuit and 
tunnel diode capacitance, CD. 

A. Conversion Power Gain 

The conversion power ratio under matched conditions 
is defined as 

V22GL 
(4) 

/12 

4G, 

Solving ( 2), one obtains 

492 v32G„GL  
ge = _ 

[GIG2 — 02 V.12J2 
(5) 

Eq. (5) is a general expression for the conversion 
power ratio. When Go is positive, the ratio can be either 
greater or less than unity, depending on the I-V charac-
teristic of the nonlinear conductance. In order to obtain 
a conversion gain (i.e., Vg,>1) with a positive Go, it 
follows from (5) that 

Since 

ill Fig. 2) must exhibit a maximum value, and that the 

local oscillator voltage 173 must be sufficiently large so 
that it swings the current below the value of the current 
at the operating point. In the case of an ordinary crystal 

detector, the I-V characteristic exhibits no such maxi-
mum and ( 1) and (8) can never be satisfied simul-
taneously. It is important to note that (8) can be satis-
fied when the operating point is chosen in the region 
where V< VA and where GO is positive. 

For the region V> VD, (8) still applies. In this region, 
however, the diode current is due to minority carriers 
and so it is probably not suitable for high frequency 
conversion. 

For the region V,I < V< VA, the Go is negative and 
stable biasing becomes critical. It is difficult to find a 
stable operating point without having the device break 
into spurious oscillations, because of the large voltage 
swing of the local oscillator. 

In order to normalize the conversion power ratio (5), 
let: 

S2V32 
X = _ 

Ge2 

co,ci 
Qa — 

QL = 
GL 

CO2C2 

wici 
Q-1 = 

w2c2 
Q-2 = 

-a, 

QL 
gc = .=•qe. 

(Qi Q2 

V3 
2 --

Go 

1 f(G, Gc)(G + Gt) 
G ± + G2 + Go(1 

%/G0GL O 

./GL 

V G, 

G,AI  > 2 

GL 

when Go is positive, (6) is satisfied if 

9 V3 
GO 

(7) 

(8) 

Eq. (8) is the necessary condition for gain. This equa-
tion shows, together with ( 1), that the I-V character-
istic whose origin is at the operating point (such as P 

92V32\ 
GO2 

A/GL 

V G, 

   > 1. (6) 
G, 

GL 

Eq. (5) then becomes 

4X 1 C=(1)2 (15) 

B. Bandwidth 

Assuming that the half-power frequencies are near 
the resonant frequency, the following approximation 
can be made: 

COI 

= — A 2 (CO —WI WI COI)C1 (16) 
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B2 = W2C2 
(W3 — W2  ) 

co)C2. (17) Eq. (2) 
W2 W3 — 

By defining the relative bandwidth as B1=-Aft/fi and 
defining 

and 

one obtains 

= 2Q1/31 (18) 

Q2(0 1 

C =   

Q1(02 

(19) 

can then be written as: 

1 g112 = — 9172*V312 

1g2 12 = 1 112U2 gv,*v3 

1 /3 12 = 1 V3C3 V2 12. (24) 

From the definition for the noise figure, one obtains 

F = 
Pin Nout 1 1 1 172 12GL 

= Nout    • (25) 
PootNio e kToAf goleToàf 

52 [2c(1 — X) — ( 1 ± c)21 V[2c(1 — X) — ( 1 ± c) 212 4c2(1 — X)2 
=   

2c2 
(20) 

After solving (24) for 117212 and substituting, (25) be-
comes 

T G. G1 (GL ± G2 ± Gel 
F = 1 + — — + ± 

To[ Go G, GoC2 

1 

1 2(V1+ Re- 1) 

Re 

For the case of high gain, i.e., X 1, ( 20) becomes 

1 — X 1 2[\/1 -FR, — 1] 
si A   

1+ c 1+ c 

and the voltage gain-bandwidth product is 

1/ke BI 
1 1 

(21) 

(22) 

C. Noise Figure 

The noise figure can be found by considering the cur-
rents in ( 2) to be due to the thermal noise sources of the 

circuits: 

I 9112 = 4kAf(G„To GiT GeT) 

s212 = 4kaf(GLT T GeT) (23) 

where 

k= Boltzmann's constant, 
To= reference temperature (290°K), 
T = ambient temperature, 
G„ =equivalent shot noise conductance of the tunnel 

diode, 
G, = eI0/2kT, Io=dc current of the tunnel diode, and 
gI = equivalent noise currents. 

EXPERIMENTAL RESULTS 

(26) 

An experimental circuit based on Fig. 1 and using co-
axial lines has been built. The operating frequencies 
were ft = 210 mc, f2=30 mc, and f3= 240 mc. Repre-
sentative results are shown in Table I, and compared 
with computed values. 

Figs. 3 and 4 show typical curves of the I-V charac-
teristic of the germanium and gallium arsenide tunnel 

diodes that were used in the experiments in Table I. 
The germanium diode had a peak current of 35 ma at 
62 mv; its operating point was chosen at 18 ma and 29 
mv yielding a positive G0=0.42 mho. The gallium ar-

senide diode had a peak current of 23.6 ma at 100 mv; 
the operating point was at 20 ma and 60 my with a 
positive Go = 0.20 mho. 

To complete the calculations according to ( 15), ( 22), 
and (26), it is necessary to know the values of certain 
circuit parameters. For the case of the experimental 
circuit of Fig. 1, the following values were measured. 
The values of X were chosen to give agreement with 

measured gain ratios. 

Germanium Diodes: X=0.43 c= 0.1 Qi-= 100 G9= 
G'. = 4 mhos Gi ir G2 0 G, 204 0.36 mho: 
G0=0.42 mho. 

Gallium Arsenide: X=0.88 c = 0.1 Qt = 100 G9= 
G L= 4 mhos G1 G2 0 Ge= 0.40 mho G0=0.21 

mhos. 
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Diode Power Gain Bandwidth Noise Figure Sensitivity 

Germanium 
Gallium arsenide* 

Measured Computed Measured Computed Measured Computed 

4.4 db 
3.8 db 

Measured 

1.5 mv 
0.25 ivv 

6.0 db 
22.7 db 

6.0 db 
22.7 db 

0.9 mc 
0.15 mc 

0.6 mc 
0.26 mc 

5.2 dl) 
2.8 db 

* The gallium-arsenide diode is an experimental sample developed by A. Wheeler of the Advanced Development Group of RCA Semi-
conductor Division, Somerville, N. J. 

20 40 60 80 100 120 140 160 mv 

Fig. 3—Germanium tunnel diode. 

DISCUSSION 

It is noted from Figs. 3 and 4 that the operating 
points for the diodes were chosen at a region where the 
slope of the I-V characteristic is positive. These operat-
ing points were established by the initial dc current from 
the bias supply and the rectified RF current of the 
local oscillator. 

Conversion gain will result for positive Go when the 
requirements of ( 1) and (8) are met simultaneously (see 
Fig. 5). 9V3 will be larger than Go when the RF voltage 
swing of the local oscillator is large enough to drive 
across the peak of the I-V curve and into the negative 
slope region until the instantaneous values of the cur-
rent are smaller than the dc current at the operating 
point. 

However, any appreciable voltage swing into the 
negative slope portion will make the system unstable, 
particularly when the negative slope is very steep. For 
this reason, it is more difficult to obtain high gain with 
germanium diodes, where the negative slope is much 
steeper, than for gallium arsenide. Had it not been for 
this stability problem, the germanium diodes would 
have yielded the same low-noise figure as the gallium 
arsenide diodes. 

40 60 610 100 120 140 160 mv 

V 

Fig. 4—Gallium arsenide tunnel diode. 

qc 

db 

Fig. 5—"Normalized" conversion power ratio. 

Further consideration of (22) and (26) will show the 
theoretical approach to optimum bandwidth and noise 
figure ( Figs. 6 and 7). For improved bandwidth, the pa-
rameter c should be made small and the circuit's Q values 
should also be made small. Since Qi =wiCi/Gi, this im-
mediately suggests that the circuit capacitances and 
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10 

Fig. 6—Gain times bandwidth vs circuit Q for various 

wt 

Qi  tos 

especially the diode capacitance CD should be made as 
small as possible. For a similar reason, G, should be 
made larger than G, to yield a low-noise figure. 
The possibility of obtaining conversion using a lower 

pump frequency is to be noted. In this case, the non-
linearity of the diode characteristic could be used to 
produce the desired harmonic of the lower pump fre-
quency for mixing. It is also noted that the possibility 
of making the diode-pump circuit self-oscillatory exists. 
Thus, direct down conversion can be obtained without 
a separate local oscillator. 
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Fig. 7—Noise factor as a function of diode and 
circuit conductances. 

P.O 

CONCLUSIONS 

The present experiments have demonstrated that the 
tunnel diode can be utilized as a low-noise, high-gain 
down converter in the UHF range. It seems feasible to 
extend the operating frequencies into the microwave 
region. The diodes for such applications should be de-
signed with as low a capacitance as possible. The associ-
ated circuits, and especially the input circuit, should 
have high conductance and low Q's in order to realize 
optimum bandwidth and noise figures. 

Noise Limitations to Resolving Power 
in Electronic Imaging* 

J. W . COLTMANt AND A. E. ANDERSONt 

Summary—A theoretical derivation, verified by experiment, 
shows that the maximum visible line number of a displayed bar pat-
tern is directly proportional to the signal-to-white-noise ratio. The 
constant of proportionality and the effect of finite screen boundaries 
have been experimentally determined. It is found both theoretically 
and experimentally that the masking effect of white noise depends 
only on the noise power per unit bandwidth, and is independent of 
the upper frequency limit of the noise spectrum, provided that this 
exceeds the frequency limit set by the eye. 

These results can be used together with the aperture response of 
any imaging system to predict in quantitative terms the resolution 
limit as a function of the signal and noise levels. As an example, the 
theorems postulated are used together with the measured amplitude 

response function of the 5820-image orthicon to obtain a universal 
resolution vs signal-to-noise ratio curve for beam-noise-limited 
tubes of the image orthicon type. The predicted performance is in 

*Original manuscript received by the IRE, November 17, 1959. 
t Westinghouse Res. Labs., Pittsburgh, Pa. 
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which system noise interferes with image resolution. In 
the first section, there are derived, from pure scaling 
arguments, some completely general relationships be-
tween visual image detectability and noise intensity. 
These relationships are then particularized to the case 
of television presentation, and some experimental data 
in verification of the theory are presented. In the second 
section, it is shown how deterioration of the signal for 
fine patterns, together with the previously established 
demands on signal-to-noise ratio, combine to set a quan-
titative limit on resolving power. 

It NOISE CONSIDERATIONS 

A. Signal-to- Noise Ratio Required for Detection of an 
Image 

The ability of the eye to distinguish a pattern in a 
noisy signal has been previously investigated" for 
cases in which the noise was assumed to result from the 
quantum nature of the signal itself. The formulation is 
ordinarily in terms of pattern contrast and population 
of events (light or X-ray quanta) giving rise to the noise. 
In the case being treated here, and indeed in essentially 
all cases of television presentation, one deals with a dif-
ferent situation, where there is an additive noise inde-
pendent of the signal strength, and the final image con-
trast, brightness, and magnification can be adjusted at 
will by the observer. This paper establishes image de-
tection limits which are independent of these last named 
quantities. Limiting resolutions are expressed solely by 
the signal-to-noise ratio as measured at some critical 
point in the system. 

It is possible to derive certain relationships between 
image detail and signal-to-noise ratio required without 
recourse to any experiment. The argument which fol-
lows is not restricted to television-type displays, but, 
subject to the postulates given, applies to any display 
whatever. 

This thought experiment is best conducted by first 

postulating a viewing screen, infinite in extent, produc-
ing light at an average brightness B, which fluctuates 
in time and space. Let the nature of this fluctuation 
correspond to "white" noise, that is, the light flux 
L per steradian from any area A has an average value 
AB and is distributed in a Gaussian fashion with a 
standard deviation .à.L=m-VAB. (This kind of "noisy" 
illumination is typified, for example, by an area emitting 
light in the form of uniform flashes, randomly distrib-
uted in time and space.) No particular value of m need 
be assumed, i.e., it is permissible to subtract a constant 
value Bo from the average brightness or to change the 
gain of the system, provided that the occurrence (mathe-
matically speaking) of a negative value of light flux is a 
very rare event in any area of practical interest. 

' A. Rose, "Sensitivity of the human eye on an absolute scale," 
J. Opt. Soc. Amer., vol. 38, pp. 196-208: February, 1948. 
* J. W. Coltman, "Scintillation limitations to resolving power," 

J. Opt. Soc. il nier., vol. 44. pp. 234-237: March, 1954. 

A viewer stands before this screen, and an operator 
superimposes on the noisy background described above 
a signal image of specified form and size. The operator 
then slowly reduces the signal strength until the image 
is no longer visible to the observer. During this process, 
the observer is free to change his viewing distance, add 
or subtract a constant brightness Bo (subject to the con-
dition mentioned above) and change the "gain" of the 
system, which operates on both the signal and noise 
alike. These are the operations known as "contrast en-
hancement" in a television system. Eventually, a value 
of signal will be reached which no longer permits the 
image to be distinguished in the noise, in spite of opti-
mum adjustments on the part of the viewer. This is the 
threshold signal for the particular image and noise 
chosen, which we call Condition I. 
Now three changes are made. The operator makes the 

image larger by a factor g, while the signal strength is 
left constant. He also increases the strength of the noise 
m-VA B by a factor g, to gm-VAB. The viewer meanwhile 
is asked to increase his viewing distance by the same 
factor, g, and to leave all other parameters fixed. This 
is Condition II. 

It is evident that the signal image is unchanged as far 
as the viewer is concerned; the increased viewing dis-
tance exactly compensates for the increase in pattern 
size, while the average apparent brightnesses, being in-
dependent of viewing distance, are fixed. What about 
the apparent fluctuation? This is unchanged also. In 
Condition I, an area A on the screen is projected to 
some area A' on the observer's retina. Under Condition 
II, this same element A' encompasses an area g2A on 
the screen, because of the increased viewing distance. 
The operator has also changed the strength of the noise 

by a factor g, so that the standard deviation in the light 
flux per steradian corresponding to the area A' is now 
gm Veil g2 m N/A B. The solid angle subtended by the 
observer's pupil is, however, less by a factor g2, so we 
find that the fluctuation in brightness for any area A' on 
the observer's retina is exactly as in Condition I. 
Thus, the visual effect received by the observer in 

Condition II is identical in all respects to that of Con-
dition I. Since Condition I was an optimum as far as 
viewing distance, gain, and background brightness were 
concerned, then Condition II must also be an optimum, 
and represents again a threshold. Referring back to the 
changes made by the operator at the screen, we infer: 
The strength of white noise required to mask an image 
signal is directly proportional to the linear size of the 
image. 

Because it is assumed that the viewer can change at 
will the gain, background brightness, and viewing dis-
tance, it is apparent that only the signal-to-noise ratio 
is important in determining the threshold. We may thus 
restate the results: The signal-to-white-noise ratio re-
quired for detection of an image is inversely proportional 
to the linear dimension of the image. 

A corollary of the above may also be inferred from the 
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same argument: The optimum viewing distance for detec-
tion of an image in white noise is directly proportional to 

the image size. 

B. Signals and Noise in Television Displays 

In deriving the theorems of Section II-A, noise was 
specified only by the constant m in the expression 
mN/A B and the image size by a linear dimension. In the 
television case, it is more convenient to measure the 
signal and noise in the electrical channel prior to con-
version to a pattern, and to use for a standard of length 
the width of the frame of the picture. For convenience in 
the derivations which follow, it is assumed that the 
light produced on the kinescope face is directly propor-
tional to the impressed signal. While this is not the case 
in practice, the threshold signals with which we deal are 
small, and since the "gamma" of the kinescope acts on 
signal and noise alike, the effect of the kinescope non-
linearity is equivalent, in the first order, to a simple 
change in system gain. 
Assume a television image of a vertical sine wave bar 

pattern, having enough lines showing in the picture so 
that the effect of the finite frame size may be ignored. 
The theorem proposed states that the threshold signal-
to-noise ratio is inversely proportional to the linear di-
mension of the image, or proportional to the number of 
lines N per cm. 

(screen signal) 
Nthreshold = const   lines/cm. 

screen noise! 
(1) 

In ( 1) the screen noise is measured by the brightness 
fluctuation on some small area of the screen. It remains 
to relate this fluctuation to the noise impressed on the 
scanning beam. 

Let the scanning beam current be io and let it fluctu-
ate with a noise of rms value in, measured over the band-
width Af . Consider an area A on the picture, small com-

pared to the frame size but large enough to contain 
several resolution elements. In a time t larger than 
several frame times, there will be deposited in this area 
a total charge q=(A/A o)iot, where Ao is the frame area, 
or, more accurately, an extended frame area which takes 

account of the blanking and return times of the scans. 
This value of q will vary due to the fluctuation in i, but 
the fractional variation will be much smaller than that 
of i, because there are many samples of the beam cur-
rent going to make up q. In measuring the noise current 

over a bandwidth Af, we have effectively sampled the 
beam current by collecting charge over short ti nies 1/2Af 
in duration. In measuring q, however, the beam spends 
a time (A /.4 0)t in the area A, so that q contains 
(A / A0)2Aft independent samples of the beam current. 
The fractional variation in q compared to that in the 
beam is reduced by the square root of this number. Thus 

dq/q = (2WIA/A 0)—"inlio. (2) 

The screen signal is related to q by a modulation 
factor which is the same as that for the beam current. 
Therefore 

screen signal ¡signal 
  = (23,f1A /A0)112   
screen noise noise ) 

(3) 

where both the signal and noise in the right-hand mem-
ber are measured as currents or voltages in the electrical 
channel. It should be emphasized here that Af is not 
necessarily the bandwidth of the system, but represents 
merely the frequency interval over which the noise was 
measured. It will be recognized that for white noise, the 
noise is directly proportional to VAL so that N/if/noise 
is a constant independent of the bandwidth chosen, and 
is a measure of the spectrum level of the noise. 

Combining ( 1) and (3), 

(signal) 
Niinenien, = const (2AftA/A o)in   (4) 

noise 

If the width of the displayed picture is W cm, the 
number of lines per picture is NW, and if A o is replaced 
by HW/even, where H is the height and e„ and eh are 
the sweep efficiencies, then (4) can be written as 

(A tehenàf\i/2 signal 
(5)Nlines/picture = k   

R noise 

where R is the aspect (height to width) ratio. Note that 
only this factor and the sweep efficiencies enter; the ex-
pression is independent of the number of scanning lines 
or the frame rate of the system. 

It will be noted that in the derivation of ( 2) it was re-
quired that the minimum sample area A extend far 
enough to encompass several independent samples of in; 
i.e., in terms of the television scan it must be several 
times wider than the resolution element set by the band-
width. If the pattern detail is sufficiently large so that 
the eye can integrate over such an elemental area with-
out decreasing the pattern contrast, then (5) can be ex-
pected to hold. 
Now, if the noise in question arises, as is usually the 

case, from a white noise source located prior to the 
bandwidth-limiting circuits of the system, the noise cur-
rent is itself proportional to N/f. Eq. (5) in this case 
implies that the threshold value for signal recognition is 
independent of 'the system bandwidth. 
The requirement on the sample area A noted above, 

and the use of an integrating time t larger than the 
frame time, is essentially equivalent to assuming that 
the eye, and not the system, sets the bandwidth. Since 
it is probable that the eye does not curtail the band-
width sharply, pattern detectability may decrease some-
what as the bandwidth is gradually increased over the 
minimum required. Eventually, however, pattern de-
tectability will become constant and independent of 
further increases in bandwidth. 
The fact that the spectrum level of white noise re-
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quired just to perceive the noise itself is independent 
of the noise bandwidth, is discussed by Mertz.' In that 
work, he finds a square "sampling area" for the eye of 
about 5 minutes of arc in linear dimension; this is con-
sistent with the optimum viewing distance indicated in 

Fig. 3. 

C. Experimental Determination of the Visibility Thresh-

olds for a Bar Pattern 

To test the relationships derived in the previous sec-
tion, an experimental investigation of the visibility of 
sine wave bar patterns was carried out using a television 
monitor displaying accurately-measured sine wave sig-
nals and white noise. It should be noted that television 
kinescopes do not, in general, respond linearly (in light 
flux) to the voltage applied to the grid, so that we depart 
in this respect from the conditions postulated in the 
theory. For small signals and noise, this lack of linearity 
is of no consequence, as it merely introduces an extra 
gain in the system. For large signals, the noise will no 
longer be Gaussian. The extent of the departure from 
theory is left for experimental determination. 
A block diagram of the equipment is shown in Fig. 1. 

I Noise 
Diode 

Sine Wove 
Oscillotor 

Sync a 
Sweep 
Generator 

Amplifier 

RivIS 
Meter 

Attenuotor 
0-50db 

Adder 
Circuit 

Amp 

II 

Usplay 

Fig. 1 Arrangement for displaying measured signals and noise. The 
synchronized sine wave oscillator produced a vertical sine wave 
bar pattern of variable intensity on the display, while a fixed 
measured white noise was superimposed. 

The noise source was a temperature-limited thermionic 
diode, operating into a high-gain video amplifier. The 
amplifier characteristic was such as to give a noise power 
uniformly distributed within + 1 db from a few kilo-
cycles to about 4.5 mc, with a rapid drop-off to a few 
per cent at 5.5 mc. The total curve could be approxi-
mated by a rectangular distribution extending to 5.0 mc. 
A coherent sine wave oscillator generated a sinusoidal 
bar pattern variable over the entire frequency band. An 
rms milliammeter with response flat to 8 mc was used 
to measure either the noise or the signal, which were 
then mixed and fed to the display kinescope. An attenu-
ator was provided in the oscillator circuit to reduce the 
signal to any desired value. Brightness and contrast 
could be controlled on the monitor after the signals were 
measured and mixed. 

3 P. Mertz, " Perception of television random noise," J. Soc. Mo-
tion Picture and Television Engrs., vol. 54, pp. 8-34; January, 1950. 

The experimental procedure was to seat the subject 
before the television screen at a chosen distance, select 
a bar pattern of the desired number of lines (the number 
of line pairs per picture was taken as the number of 
cycles of the oscillator between blanking pulses, not all 
of which were visible on the screen because of masking) 
and set the noise and signal power equal by means of the 
noise meter. Correction was made for blanking periods, 
so the signal-to-noise ratios quoted represent those dur-
ing the active period. The signal attenuator was then 
set to a value near the threshold of pattern visibility. 
The subject was asked whether or not he could discern 
the presence of the pattern, and after a "yes" or " no" 
response, the attenuator was reset to a neighboring 
value. At each condition, some 18 to 24 responses were 
requested, the attenuator being varied at random among 
three or four settings separated by 2 db. The setting (or 
interpolated setting value) at which the observer re-
sponded "yes" 50 per cent of the time was taken as the 
threshold of visibility. In almost all cases, a clean divid-
ing line could be made, a typical situation being that in 
which six out of six responses were "yes" at 20 db, three 
out of six were "yes" at 22 db, and all were "no" at 
24 db. Signal-to-noise ratios used in this paper are based 
on current rather than power, so that a 2-db step repre-
sents a 26 per cent change in signal current. 

While an unequivocal result could usually be obtained 
in a single test, it was evident that an individual's 
threshold for a given set of conditions was not constant, 
but could vary by 50 per cent or more with time. Varia-
tions among individuals were also apparent. The 
amount of data taken was limited, and conditions of 
surround brightness, time interval between tests, etc., 
were not carefully controlled, so that the data presented 
here do not constitute a definitive study of this particu-
lar visual parameter. They suffice, however, to demon-
strate the relationships derived above, to provide a nu-
merical value of the constant k in (5), and to outline the 
area of validity of the theoretical treatment. 

D. Experimental Results 

Since the theory presupposes an optimum viewing 
angle for a given pattern, an attempt was made to es-
tablish this angle. With a fixed pattern, a single subject 
was tested at viewing distances ranging from I to 7 
meters. Several repeats at two meters were taken to 
check for uncontrolled shift of the threshold. Evidence 
of a considerable shift is given in Fig. 2, where threshold 
attenuator settings are plotted, not against distance, 
but against order number of the trials. The circled 
points are all for two meters. The points are labeled 
with the distance. In an attempt to extract some infor-
mation, it was assumed that the threshold shift was 
gradual, and could be represented by the dotted line 
through the two-meter points. Deviations from this line 
by the other points were taken as representing a dis-
tance effect. 
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Fig. 2—Threshold readings taken at various distances as labeled on 
the points. Drift of the threshold is evident front the curve 
through the 2-meter points. All readings are with N=58. 
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Fig. 3—Relative threshold as a function of viewing distance. Data 
are taken as the departure of points from the curve of Fig. 2. 
The extreme broadness of the optimum is evident. 

The results are plotted in Fig. 3. There is some sug-
gestion of an optimum near 1.5 meters, where one line 
pair subtends about 10 minutes of arc, but the most 
striking result is the broadness of the distribution. The 
effect of changing distance over a range of 30:1 is hardly 
outside the experimental error in determining the 
threshold. Thus, in succeeding tests, the subject as-
sumed viewing distances roughly proportional to the 
pattern line width, but no attempt was made to control 
this factor rigidly. 

The results of a series of runs using varying numbers 
of line pairs (cycles) per picture are given in Fig. 4. The 
solid line drawn with a 45-degree slope demonstrates the 
expected proportionality between line number and 
signal-to-noise ratio. It is of great interest to note the 
extremely small signal-to-noise ratios required, clearly 
showing the great extent to which integration takes 
place in the eye. From the position of this line and the 

5.0-mc bandwidth used, we can evaluate the constant in 
(5) and write: 

Nthreshold = 615 .Vi.=f• (signal/noise), (6) 

where af is measured in megacycles, and N is line pairs 
per picture width. 

The earlier work on scintillation limited square wave 
bar patterns by Coltman' can be reformulated in terms 
of signal-to-noise ratio by calculating the noise power 
which the scintillations would generate in a circuit of 
bandwidth af, and taking account of blanking times and 
picture aspect ratio. When this is done, we arrive at the 
expression: N= 640N/Af • (signal/noise), which is in good 
agreement with (6). The constant in both cases is inde-
pendent of the number of scanning lines and frame 
times, but will depend on the aspect (height to width) 
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Fig. 4—Threshold signal-to-noise ratio as a function of number of 
cycles of the sine wave bar pattern displayed. The linear relation-
ship extends over two decades, and departure is observed only for 
very small line numbers. 

ratio and the fraction of the time spent in blanking, in 
the manner expressed by (5). 

It is clear that while the scaling argument predicts a 
straight-line relationship over all values, the finite size 
of the screen will introduce departures for large line 
spacing. In order to determine the shape of the curve 
for very low numbers of line pairs per picture, a separate 
experiment was run. Here, the displayed picture was 

left fixed, and a series of cardboard aperture masks were 
employed to vary the number of lines seen by the 
observer. 
The results, plotted in Fig. 5, show that the observer 

probably uses no more than seven line pairs in making 
an identification. As the number which he is permitted 
to see is decreased, the signal required rises rapidly, 
being greater by a factor of four when only one line pair 
is presented. The curve of Fig. 5 was used to draw the 
dotted lower portion of the curve of Fig. 4 by applying 
to the extension of the straight line the measured in-
crease in signal required. A lower limit to the threshold 
signal-to-noise ratio for the largest complete sine wave 
pattern which can be shown is thus found to be about 
1/300, where the noise is measured over 5 mc. 
A fourth experiment was made to demonstrate the 

effect of bandwidth. A capacitor was arranged to be 
switched across the input circuit so as to reduce the 
bandwidth from 5 mc to about 600 kc. The total inte-
grated noise power was thereby reduced by a factor of 
7.6, and the rms noise current by a factor of 2.8. An 11-
line pattern, whose frequency was so low as to be essen-
tially unaffected by the bandwidth change, was dis-
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Fig. 5— Effect of frame limitation on signal-to-noise ratio required. 
These data were used to extend the curve of Fig. 4 to low line 
numbers. 

played. Threshold measurements were taken while the 
capacitor was switched in and out at random intervals. 
It was found that the observer required 25 per cent less 
signal when the narrow bandwidth was used. While the 
shift was not zero, it was small compared to the large 
factor in noise current. This indicates that the over-all 
bandwidth was being set primarily by the eye, though 
it was still being affected somewhat by the system. A 
more carefully arranged experiment with sharp cutoff 
filters and optimum viewing distance for the observer 
would delineate more clearly the manner in which the 
eye can ignore high frequencies when looking for a low-
frequency pattern. 

III. ESTABLISHING THE RESOLUTION LIMIT 

The theoretical and experimental information pre-
sented in Section II establishes the signal-to-noise ratio 
required to perceive a given line number. In many types 
of imaging systems, it is possible to determine by calcu-
lation what signal-to-noise ratio will be obtained, and 
this is also a function of line number. With these two 
pieces of information, one can determine quantitatively 
the resolution limit—the line number which can no 
longer be perceived by the eye—as a function of the in-
put conditions and system parameters. A few cases 
which represent basic situations are discussed below. 

A. Noise Independent of Signal 

The signal current in the information channel will, 
of course, be a function of many system parameters. In 
particular, as a result of finite scanning apertures, elec-
tron-optical aberrations, etc., the signal response will 
diminish for fine patterns. It is convenient to describe 
this effect by the sine wave response function,' which 

' J. W. Coltman, "The specification of imaging properties by re-
sponse to a sine wave input," J. Opt. Soc. Amer., vol. 44, pp. 468-471; 
June, 1954. 
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Fig. 7—Calculated resolution limit for a typical image orthicon as a 
function of the signal-to-noise ratio for large patterns. 

gives the relative signal strength as a function of the 
space frequency of a sine wave test pattern. Such a re-
sponse curve for a typical image orthicon is plotted as 
the upper curve in Fig. 6. The intercept at a signal-to-
noise ratio of 0.22 is arbitrarily chosen for an example. 
The value is maintained essentially unchanged for low 
line numbers, and is called here the coarse-pattern sig-
nal-to-noise ratio. At higher line numbers the signal 
(and therefore the signal-to-noise ratio) diminishes as 
shown. Also plotted in Fig. 6 is the previously derived 
curve of Fig. 4 which establishes for each line number 
the threshold of signal-to-noise ratio. The abscissa of 
the intersection of the two curves gives the resolution 
limit corresponding to the coarse-pattern signal-to-noise 
ratio chosen. 
By making a series of such choices, the curve of Fig. 

7 is derived, which gives the resolution limit as a func-
tion of the coarse-pattern signal-to-noise ratio. The 
curve approximates over a decade a direct proportion 
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between signal-to-noise ratio and resolution limit; it 
drops rapidly at the lower end due to the inability of the 
finite picture to display enough lines, while at the upper 
end it flattens out as the effects of finite focal spots re-
duce the available signal. 

It should be noted that these curves assume an elec-
trical channel of flat response and wide bandwidth. The 
5-mc band over which the noise is measured is used only 
to establish a numerical value for the signal-to-noise 
ratio. Both noise (assumed white) and signal may ex-
tend well beyond this limit. 

For an image orthicon operated at low light levels, the 
noise is essentially fixed, so that the signal-to-noise 
scale can be replaced by a properly established scale of 
scene illumination. The conversion factor will be a 
function of the photo-surface response, the optics used, 
and the object contrast, but the shape of the curve will 
remain fixed. Experimental confirmation is afforded by 
some data taken by Hannam5 on two image orthicons 
employing different target materials, giving the ob-
served resolution as a function of illumination. These 
data have been plotted in Fig. 8 with the illumination 
scale shifted for each tube to obtain the best fit to the 
theoretical curve. Considering the semi-subjective na-
ture of such measurements, the agreement is satis-
factory. 
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Fig. 8—Comparison of experimental and calculated 
resolution for two image orthicons. 

B. Noise a Function of Signal 

Optical imagining systems will finally be limited in 
detectivity by the quantum noise inherent in the light 
itself. The relationship between highlight illumination 
and resolution limit will no longer have the form of 
Fig. 7, since the noise is a function of the signal strength. 
The case of a signal pattern of 100 per cent contrast 
and a pickup system where no noise is introduced other 
than that associated with the quantum nature of the 
light represents the ultimate in detectivity. The coarse-
pattern signal-to-noise ratio now becomes proportional 
to the square root of the signal itself. Rather than work-
ing in terms of a signal-to-noise ratio which remains to 
be measured on the particular equipment at hand, the 
results can be generalized by employing as an inde-
pendent variable the number of quanta registered per 

6 El. f. Hammitt, "Development of New Thin Film Targets for the 
Image Orthicon," U. S. ER D1„ Fort Belvoir, Va., Third Quarterly 
Rept., Contract DA-44-009 ENG-3652. 

unit time. This number will be directly proportional to 

the illumination on the scene, the constant of propor-
tionality being determined by the effective size of the 
optical aperture and the dimensions and quantum ef-
ficiency of the receiving photosurface. 

Let n be the number of photoelectrons ejected per 
second from the entire photosurface when it is uniformly 
illuminated at the level corresponding to the highlight 
scene brightness. If a sine wave pattern of 100 per cent 
contrast is then used as a test object, the peak-to-peak 
signal current during the scan is ne/ehe„ where e is the 
electronic charge and eh and er the horizontal and verti-
cal scan efficiencies. The corresponding rms signal cur-
rent is ne/Vkiehe,.. The average current i, which is just 
half of the peak current, gives rise to an rms noise current 
equal to V2egf. The signal-to-noise ratio during the 
active portion of the scan is then: 

SNR = /n/8ene„,Cif. (7) 

In order to use the curves of Fig. 6 and Fig. 7, the 
values of Af = 5 X 106 and (»her= 0.79 corresponding to the 
test conditions are substituted, to yield 

SNR = 1.80 X 10-6 \fez-. (8) 

The validity of this procedure may be questioned for 
values of n such that less than one impulse is received 
in a half-cycle of the upper frequency of 5 mc. It is 
necessary again to point out that the 5-mc bandwidth 
assumed for the calculation of Figs. 6 and 7 is an ar-
bitrary means of specifying the noise power per unit 
bandwidth of a white noise spectrum. Because the eye 
integrates in time and space, ( 7) is a valid transforma-
tion factor for relatively small values of n, even though 
it does not predict the result which would be obtained 
by measurement in the electrical channel with a wide-
band noise meter. The correctness of this argument is 
borne out by the visual experiments by Coltman,2 which 
show that the relationship (6) is followed for values of 

n at least as low as 1000 per second. 
Using (8) and the curve of Fig. 7, it is possible to cal-

culate the performance of a hypothetical imaging system 
whose optical fidelity is the sanie as that of the image 
orthicon, but which has no noise other than the inherent 

shot effect of the initial photoelectric surface. The rela-
tion between the resolution limit and the photoelectron 
emission rate for this case is shown as curve 1 of Fig. 9. 
It is extremely broad and extends to the remarkably low 
limit of about 400 flashes per second. 

In practice, complete freedom from extraneous noise 
is an ideal rarely to be expected. For example, at room 
temperature, thermionic emission from the photo-
electric surface will contribute a fixed electron emission 
rate which should be included in j in calculating the 
signal-to-noise ratio. If no is the fixed emission rate 
which must be added to the rate n/2 due to the signal, 
we obtain as a modification of (8) the expression 

SNR = 1.8 X 10-6   (9) 
Vn 2no 
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solely in the photocathode of an image orthicon type tube. 

The effect of a fixed background emission of 10' 
electrons per second is illustrated by curve 2 of Fig. 9. 

C. Effect of Contrast Reduction 

While a 100 per cent contrast test pattern makes a 
convenient test object for specifying system perform-
ance, the scenes to be viewed in practice may often 
have relatively low contrast values. Contrast is defined 
here in terms of the highlight brightness, i.e., for a 
sinusoidal test pattern, as follows: 

C = (Bmax Bmin)/Bmax• 

In the case where the noise is independent of the signal, 
loss of contrast simply means a corresponding loss of 
signal, so that the curve of Fig. 7 retains its shape while 
the scale of illumination is appropriately altered. Thus, 
in going from a 100 per cent to a 10 per cent contrast 
test pattern, the illumination must be increased by a 
factor of 10 to achieve the same resolution. 
When the noise is due purely to the shot effect in the 

photosurface, a loss of contrast is attended by a similar 
loss of signal, but an increase of illumination to counter-
act this loss will also increase the noise. By a procedure 
similar to that used in the derivations of ( 7) and (9), a 
general expression is obtained which takes account both 
of fixed noise no and contrast C, both referred to the 
maximum emission rate n due to the light alone, as 

follows: 

nC 
SNR = 1.8 X 10-4   • (10) 

N/n(2 — C) 2no 

Curve 3 of Fig. 9 shows the relatively drastic effect of 
contrast reduction in the case of quantum noise only. A 
reduction of contrast from 100 per cent to 10 per cent 
now requires for compensation not tell times the illumi-
nation but 190 times. It will be appreciated, however, 
that the quantum noise is always present, and that the 
fixed noise case represents merely the situation where 
the additive noise is so large that it swamps out the 
quantum noise. When no>>n, (10) reduces to the case 
where the signal-to-noise ratio is directly proportional 
to the illumination and the contrast. 

D. Effect of Integration in Time 

The integration time of the eye is generally accepted 
to be approximately 0.2 second, a value which can be 
determined by comparing still photographs taken with 
various exposure times with impressions received of live 
pictures of noisy material. While this was not done 
quantitatively in the above work, some remarks on the 
expected effect of time integration may be appropriate. 
In a conventional television pickup system, light is 
collected for a time r (1/30 second) before the informa-
tion is scanned off and presented. If this time is length-
ened to T the signal may be enhanced (in a properly 
operating storage medium) by a factor T/r. If the noise 
arises solely in the subsequent system, it need not be 
presented to the eye during storage, and the visual 
signal-to-noise ratio is improved by a similar factor. 

In the case of noise arising solely from the photo-
electric shot noise, the situation is quite different. As 
long as the frame time is short compared to the integra-
tion time of the eye (0.2 second) the visual signal-to-
noise ratio will be independent of the frame time or the 
duration of the individual flashes. Integration by storage 
means or by a long persistence phosphor will be effective 
only if it extends the integration time beyond that of the 
eye. The exact effect of added integration can be calcu-
lated only through a convolution of the decay character-
istic of the eye with that of the storage system employed. 
However, a rule-of-thumb frequently employed in con-
volution processes indicates that the effective total inte-
gration time will approximate the square root of the 
sum of the squares of the two individual times. Thus 
the illumination required to achieve a given resolution 

will vary as 
[(T/0.2)2 1]-112, 

where T is the system integration time in seconds. For 
values of T much less than 0.2 second, the illumination 
required is independent of T; for large values it is in-
versely proportional to T, so that the product of the 
illumination and the time, i.e., the exposure, is constant. 

CONCLUSIONS 

For imaging systems whose output is viewed by the 
eye, and which are limited by white noise, the resolution 
limit can be predicted from a knowledge of two parame-
ters, the noise power per unit bandwidth, and the sine 
wave response of the system. Because the demands on 
signal-to-noise ratio increase linearly with the line num-
ber, and the sine wave response usually falls off with at 
least the square of the line number, the resolution limit 
varies only slowly with signal input. The range of object 
illumination over which the resolution is appreciably 
varying may extend over several decades. In specifying 
the performance of systems designed to operate in the 
noise-limited region, it is thus highly desirable to give 
the entire resolution vs illumination curve, since neither 
the large-object detection limit nor the resolving power 
in the absence of noise (the two most frequently used 
characteristics) is a well-defined quantity. 
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Packaged Tunable L-Band Maser System* 
F. R. ARAMSt, SENIOR MEMBER, IRE, AND S. OKWITt ASSOCIATE MEMBER, IRE 

Summary—A low-noise tunable L-band maser system is de-
scribed. The maser uses a pink ruby crystal oriented at 90° and is 

tunable from 850 to 2000 mc. The voltage-gain bandwidth product 
is as high as 37.5 mc at a liquid helium bath temperature of 1.5°K. 
An L-band circulator has been developed for use with the maser. 
It has an insertion loss of 0.3 db, operates over a 200-mc frequency 

range at L-band, and determines the usable tuning range of the 
circulator-maser system. The maser and circulator have been pack-
aged into an operational unit that includes all auxiliary components, 
and has a system noise factor of 0.5 db (35°K). Electrical and mechan-

ical features of the system are described and performance data are 
given. 

I. iNTRoDucTioN 
TI I E low- noise characteristic of the three-level 

solid-state maser amplifier has stimulated the in-
terest of workers in a number of fields where the 

ultimate in receiver sensitivity is required. Radio astron-
omers, for example, are particularly interested in using 

a maser as a preamplifier for a 21-cm interstellar hydro-
gen-line receiver. Because of the Doppler shift in the 
frequency of the hydrogen line in receding galaxies, an 
L-band maser amplifier, which covers 1420 mc and tunes 
down in frequency, is of great practical interest. A 
packaged tunable maser system is described that tunes 
over a 200-mc frequency range at L-band. 

Fixed-frequency L-band masers have been operated 
using chromium-doped potassium cobalticyanide.' '2 
Furthermore, gadolinium-doped hydrated lanthanum 
ethyl sulfate with cerium impurity" and chromium-
doped aluminum oxide (ruby) had given satisfactory 
operation at higher microwave frequencies. 4-7 Ruby was 
chosen for our maser, because of its excellent physical, 
mechanical, and chemical characteristics, even though it 
had not previously to our knowledge been used as a 

*Original manuscript reuek cd by the IRE August 19, 1959; re-
vised manuscript received, I ' enember 21, IOÇO This . work was sup-
ported by the 1 S. Department of Defense, and was presented at the 
1959 PGMTT Symposium, I larvard University, Cambridge, Mass.; 
June 2, 1959. 

Airborne Instruments l.ab., Cutler- Hammer. Inc., Melville, 
L. I., N. Y. 
' J. O. Art unan, N. Bloembergen, and S. Shapiro. "Operation of a 

three-level solid-state maser at 21 cm," Phys. Rev., vol. 109, pp. 
1392-1393; February 1.5, 1958. 

2 S. Antler and N. MeAvoy, "21-centimeter soli(l-stale maser," 
Phys. Rev., vol. 110, pp. 280-281; April, 1958. 
" IL E. I). Semi!, G. Feher, and II. Seidel, "Operation of a solid-

state maser," Phys. Rev., vol. 105, pp. 762 763; January 1, 1957. 
I G. Makhov, C. Kikuchi, J. Lambe, and R. W. Terhune, "Maser 

action in rubv," Phys. Rm., vol. 109, pp. 1399-1400; February IS, 
1958. 

R. W. DeGrasse, E. O. Schulz- DuBois, and H. E. I). Scovil, 
"Three-level solid-state traveling wave maser," Bell Sys. Tech. J., 
vol. 38, pp. 305-334; March, 1959. 

T. H. Maiman, "Solid-state masers—design and performance," 
Proc. NSIA-ARDC Conf. on Molecular Electronics, Washington, 
D. C.; November 13, 195.8. 

7 J. A. Giordmaine, L. E. Alsop, C. II. Mayer, and C. H. Townes, 
"A maser amplifier for radio astronomy at X-band," Pine. IRE, vol. 
47, pp. 1062-1069; June, 1959. 

material for L-band maser operation. Its characteristics 
include favorable "zero- field" splitting of the energy 
levels, good crystal line width, favorable relaxation 
times, low dielectric loss, machinability to accurate 
dimensions, resistance to cracking upon repeated tem-
perature cycling, chemical inertness, and availability. 

It was found 5 that L-band maser operation using ruby 
could be achieved, and satisfactory gain-bandwidth 
products obtained. In our design we placed emphasis on 
the feature of tunability. A tuning range from 850 to 

2000 mc was obtained. Since a low-loss four-port L-band 
circulator was not available, such a unit, having a 200-
mc frequency range for use with the maser, was de-
veloped. 9 

The maser and circulator were then packaged with 
the necessary auxiliary equipment to form a complete 

low- noise L-band preamplifier having a system noise 
factor of 0.5 db (35°K). 

. Sl ST EN1 DES( RI PTION 

A schematic diagram of 
Fig. 1. The signal received 
the four-port circulator 
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Fig. 1—Schematic diagram of maser system. 

" F. R. Arams, S. Okwit, and A. Penzias, "Maser action in ruby 
at 21 cm," Bull. Amer. Phys. Soc., ser. II, vol. 4, p. 21; January 28, 
1959. 

9 F. R. Aratns, G. Krayer, and S. Okwit, "Low-loss S- and L-
band circulators," 1959 IRE NATIONAL CONVENTION RECORD, pt. 3, 
pp. 126-133. 
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port and is directed by the circulator to the second stage. 
A low-pass filter having a cutoff frequency of 4000 mc 
is placed at the output of the maser system to prevent 
feed-through of pump power into the receiver. At this 
location, the filter will not adversely affect system noise 
factor. 
A matched load is connected to the fourth port of the 

circulator. This load can be refrigerated if it is necessary 
to reduce its noise contribution caused by antenna mis-
match (which reflects load noise into the maser). 
The maser cavity (which is described more fully in 

Section III) is located near the bottom of a 2-inch inner 
diameter stainless-steel double Dewar flask. The inner 
portion of the Dewar flask is filled with 21 liters of liquid 
helium, which is allowed to enter the maser cavity. One 
charge of liquid helium yields approximately 16 hours 
of operation. The outer jacket of the Dewar flask is filled 
with liquid nitrogen to reduce liquid helium evaporation. 
The Dewar flask is constricted at the bottom to a 21-
inch outer diameter to keep the dimensions of the maser 
electromagnet to a minimum. The maser electromagnet 
employs a 5-inch diameter pole-face and provides a mag-
netic field that is homogeneous within + 5 gauss out of 
2000 gauss over the volume occupied by the ruby 
crystal. 

Liquid level indicators are provided for the refriger-
ants. These use three carbon resistors connected in 
parallel and located at various heights in the Dewar 
flask. Liquid levels are displayed on two ammeters. A 
relay-actuated warning light indicates when a new 
charge of liquid helium is required. 
The X-band pump power circuitry (shown in Fig. 2) 

consists of 1) a Varian X-13, 100-mw, klystron with a dial 
mounted on its tuning shaft that is directly calibrated 
in frequency, 2) an isolator that helps to stabilize the 
klystron by protecting it from load variations, 3) a vari-
able attenuator that allows for pump power level adjust-
ment, and 4) a 20-db bidirectional coupler to sample the 
pump output that is detected and displayed on a micro-
ammeter (this monitors the pump power level). The 
power reflected from the maser cavity is also sampled by 
the bidirectional coupler, detected, and fed to an oscillo-
scope to permit observation of the maser cavity reso-
nance. For this purpose, the klystron is frequency-
modulated using sawtooth modulation from the klystron 
power supply. A reaction frequency meter is included to 
permit accurate determination of pump frequency. 

III . TUNABLE MASER CAVITY DESIGN 

For maser operation, it is desirable that the cavity 
containing the paramagnetic material (ruby) be reso-
nant at both the signal and pump frequencies. Further-
more, it is desirable that 1) these two cavity resonances 
be independently tunable, 2) the tuning be accomplished 
from the top of the Dewar flask while the cavity is in 
the liquid helium, and 3) the cavity coupling at the 

signal frequency be adjustable so that gain and band-
width can be varied during operation. 
The cavity design used, which meets all of these re-

quirements, is shown in Fig. 3. This structure has the 
additional feature of simple mechanical design for 
making the required tuning and coupling adjustments. 
The signal-frequency mode consists of a quarter-

wavelength TEM-mode resonator.' This resonator is a 
thin-rod center conductor between parallel ground 
planes provided by the broad walls of a small X-band 
waveguide. This type of structure has the advantages 
that 1) resonant wavelength is proportional to rod 
length, 2) cavity coupling remains reasonably constant 
with frequency, and 3) the RF magnetic field distribu-
tion over the paramagnetic material remains essentially 
unchanged while the cavity is tuned. Because the TEM 
mode is dominant, the problem of spurious responses is 
minimized. A tuning range of more than one octave is 
obtained simply by varying the length of the center-
conductor rod. The rod length is reduced by a factor of 
about three because of the high dielectric constant of the 
ruby. This is desirable at L-band to keep physical di-
mensions small. The unloaded Q of this structure is 550 
at room temperature and increases to 1100 at 4.2°K. 
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Fig. 2—Schematic diagram of X-band pump power supply. 
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The waveguide region not occupied by the rod is be-
yond cutoff for the signal frequency. Therefore, a con-
tacting plunger located in this region can serve as the 
tuning element for the X-band pump resonance (which 
operates in a TE107 mode) without affecting the L-band 
resonance ( Fig. 3). The X-band pump power is loop-
coupled into the cavity, through the backplate of the 
X-band tuning plunger, by means of a coaxial line 
having a bead-supported center conductor. Such a line 
has an X-band dissipative loss of only a few tenths of 
a db, has a much smaller cross section compared with 
waveguide, and the coupling remains reasonably con-
stant over a broad tuning range. The X-band cavity is 
conveniently tuned from the top by a tuning rod di-
rectly connected to the tuning plunger. All low-tempera-
ture moving joints (except where electrical contact is 
required) consist of metal-to-teflon bushings. 

Two factors were considered in choosing the 0.086-
inch diameter of the L-band tuning rod: 1) the diameter 
should be as small as possible to minimize its effect on 
the X-band resonant frequency, and 2) the diameter 
dimension should yield a high unloaded Q at the L-band 
signal frequency. Measurements showed that the X-
band resonance goes through a cyclical variation of only 
+3 mc when the L-band resonance is tuned. The X-
band tuning plunger is, as previously stated, in a region 
beyond cutoff for the L-band mode. Thus, the two 
resonances are independently tunable. 
The coupling to the L-band mode is accomplished by 

means of a loop that penetrates into a thin slot in the 
ruby. The loop is oriented in a plane parallel to the 
broad waveguide dimension to minimize coupling to the 
X-band pump resonance. The coupling is variable from 
the top of the Dewar flask by means of a micrometer 
head that moves the L-band coaxial line in the vertical 
direction. This varies the penetration of the coupling 
loop into the maser cavity. Two other micrometer 
heads located at the top of the Dewar flask are used to 
tune the L- and X-band cavity resonances. The cavity 
assembly and the superstructure are shown in Figs. 4 
and 5, respectively. 

IV. MASER PERFORMANCE 

The relationship between the pump and signal reso-
nant frequencies of the cavity and the external magnetic 
field required for maser operation are determined by the 
inherent quantum-mechanical properties of the para-
magnetic crystal. These quantum-mechanical properties 
(energy levels, RF transition probabilities, and relaxa-
tion times) are strongly dependent upon the external 
magnetic field II and the angular orientation O between 
the external magnetic field and the crystal C-axis. 

Best L-band maser performance was obtained for an 
angular orientation O of 90° at high magnetic fields 
(H.-- 2000 gauss). The energy level diagram for ruby 

Fig. 4—Maser cavity assembly. 

Fig. 5—Cavity superstructure. 

when O is equal to 90° is shown in Fig. 6. It shows four 
(low-lying) energy levels, since Cr+++ in Al2O3 has a spin 
S=3/2. The L-band signal transition and X-band pump 
transition that were used are between levels 1 and 2, and 
levels 1 and 3, respectively. The high-field 90° operating 
point is attractive on theoretical grounds because the 
calculated signal and pump transition probabilities are 
high."'" At this operating point, the signal transition 
probability is maximum when the microwave signal 
magnetic field is nearly perpendicular to the external 
magnetic field and parallel to the ruby C-axis. This con-
dition is realized to a fair degree in our design, since the 
ruby crystal that we utilized had its C-axis oriented in a 
plane parallel to the broad face of the X-band wave-
guide, and at 60° to the L-band tuning rod (see Fig. 3), 
and the signal magnetic field is elliptically shaped for 
slabline TEM mode employed. 

to W. S. Chang and A. E. Siegman, "Characteristics of Ruby for 
Maser Applications," Electron Devices Laboratory, Stanford Uni-
versity, Stanford, Calif., Tech. Rept. 156-2, Figs. 14 and 15; Sep-
tember 30,1958. Also, J. Weber, " Masers," Rev. Mod. Phys., vol. 31, 
pp. 681-710; July, 1959. 

1, E. O. Schulz- DuBois, H. E. D. Scovil, and R. W. DeGrasse. 
"Use of active material in three-level solid-state masers," Bell Sys. 
Tech. J., vol. 38, pp. 335-352; March, 1959. 
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Fig. 6—Energy levels utilized for L-band maser. 

Measurements of the voltage-gain bandwidth product 
at high magnetic fields were made at liquid helium bath 
temperatures of 4.2°K and 1.5°K. The results of these 
measurements are listed in Table I. 
Table I shows that a voltage-gain bandwidth product 

of 37.5 mc was measured at 1750 mc for a temperature 
of 1.5°K. Thus, for a half-power bandwidth of 3.75 mc, 
a gain of 20 db will be obtained. Furthermore, operation 
was also obtained at an operating temperature of 4.2°K, 
where a voltage-gain bandwidth product as high as 20 

mc was measured. 
The gain-bandwidth products measured were used to 

calculate the effective magnetic Q. For such calculations, 
Fig. 7 and (3) (Appendix I) can be used, under the con-
dition that the cavity unloaded Q is much greater than 
the external Q. The effective magnetic Q calculated at 
1200 mc (Table I) is 140 and 210 for operation at 1.5°K 
and 4.2°K, respectively. The magnetic Q is approx-
imately constant over the L-band region. There is a 
deterioration in magnetic Q at the low-frequency end 
that is probably due to cross-relaxation effects." The 
pump power that was required varied between 5 and 

150 mw for the various measurements. 
A four-level experiment was also performed for O equal 

to 90° at high magnetic fields. Here, pumping was done 
between levels 1 and 4, with the signal transition again 
between levels 1 and 2. Maser operation at a liquid 
helium bath temperature of 4.2° K was readily obtained 
at frequencies from 850 to 1750 mc (Table II). However. 
the measured voltage-gain bandwidth product did not 
show the expected improvement of greater than 100 
per cent (assuming equal relaxation times between all 
levels) over the three-level arrangement. This may have 
been due in part to the limited pumping power available 
from the 20-kmc klystron that was used. Of the 50 mw 

12 N. Bloembergen, S. Shapiro, P. S. Pershan, and J. O. Artman, 
"Cross-relaxation in spin systems," Phys. Rev., vol. 114, pp. 445-459; 
April 15, 1959. 

TABLE I 

SUMMARY OF L-BAND MASER PERFORMANCE (THREE-LEVEL 

OPERATION) 

Liquid 
Helium 
Bath 

Tempera-
ture 
(°K) 

Voltage-Gain 
Voltage- Bandwidth 

Signal Gain Product 
Fre- Bandwidth Determined Pump 

quency Product from Frequency 
(inc) Measured External Q (111c) 

(inc) Measurement 
(inc) 

4.2 
4.2 
4.2 
4.2 
4.2 
1.5 
1.5 

2000 
1815 
1200 
1010 
850 
1750 
1200 

Magnetic 
Field 

(gauss) 

* * 12,150 
20 22 11,860 
11 13 10,950 
9 12 10,700 
* * 10,460 

37.5 37.5 11,795 
19 20 10,845 

2260 
2150 
1740 
1650 
1510 
2100 
1740 

* Not measured. 
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Fig. 7—Relationship of external Q to gain-bandwidth product and 
magnetic Q for cavity maser [when the cavity unloaded Q(9.) 
is much greater that the external Q(Q,)]. Curve A: Correction 
factor, due to finite gain, on gain-bandwidth product determined 
from external-Q measurement. Curve B: Relationship of external 
Q to magnetic Q as a function of gain. 

TABLE II 

SUMMARY OF L-BAND MASER PERFORMANCE (FOUR-LEVEL 

OPERATION) 

Liquid Helium 
Bath 

Temperature 
(°K) 

Signal 
Frequency 

(mc) 

Voltage-Gain 
Bandwidth 
Product 
Measured 

(mc) 

Pump 
Frequency 

(mc) 

4.2 
4.2 
4.2 

1750 
1005 
855 

13 
6 
5 

21,750 
19,180 
18,420 

available from a Raytheon QK306 klystron, only an 
estimated 10 mw reached the maser cavity. This power 
level was insufficient to saturate the 20-kmc pump 
transition, which has a low calculated transition proba-
bility.° 
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For convenient reference, we have plotted the energy 
levels in ruby in a manner that is particularly suitable 
for three-level tunable maser operation [Fig. 8(a) and 
8(b)]. By plotting pump frequency as a function of 
magnetic field, with angular orientation O and signal 
frequency as parameters, the variation in pump fre-
quency and magnetic field for a given signal tuning 
range are readily determined. The region of operation 
used in our maser is indicated by a heavy line in 
Fig. 8(b). 

This form of plotting the energy levels brings out an 
interesting and useful point, namely, that the ruby 
crystal can be readily oriented to 90° by varying the 
crystal orientation until the dc magnetic field required 
for resonance absorption is maximized. As Fig. 8(b) 
shows, this alignment technique can be applied to either 
the pump or signal transition. 

V. Low-Loss CiRct-LAToR 

This is a four-port circulator having an insertion loss 
near 0.3 db and isolations greater than 23 db over a 
200-mc frequency range. 9 Fig. 9 shows the circulator. 
Electrically, it consists of dual 90° non-reciprocal phase-
shift sections connected to two hybrids." Our unit used 
strip-transmission-line hybrids with transitions to a 
MgMnAl-ferrite-loaded L-band waveguide, which was 
reduced in height to one inch to keep the electromagnet 
dimensions at a minimum and to reduce the ferrite ma-
terial requirements. 

The strip-transmission-line hybrids are shown in de-
tail in Fig. 10, with the top ground plane removed. The 
ring hybrid is equivalent in its operation to the wave-
guide folded tee, and the other hybrid is equivalent to 
the waveguide short-slot hybrid. The use of the strip-
transmission-line hybrids results in reasonable physical 
size. 

VI. PACKAGE DESCRIPTION AND PERFORMANCE 

A. Description of Package 

The over-all maser system is housed in two standard 
relay cabinets ( Fig. 11). The smaller cabinet contains the 
maser cavity structure, stainless-steel Dewar flask, and 
maser magnet. The larger cabinet contains the associ-
ated auxiliary equipment, including (from top to bot-
tom in Fig. 11): 

1) oscilloscope to view either the pump or signal fre-
quency cavity resonance and to observe and opti-
mize maser action; 

2) current-regulated power supplies to drive circu-
lator and maser electromagnets; 

D-G MAGNETIC FIELD IN GAUSS 

(a) 

0-G NAMMT.0 FIELD IN ((AU 

(b) 

Fig. 8—Frequency relationships for three-level ruby maser as a 
13 C. L. Hogan, "Elements of non-reciprocal microwave devices," function of magnetic field and angular orientation. (a) Upper 

PROC. IRE, vol. 44, pp. 1345-1368; October, 1956. three energy levels. (b) Lower three energy levels. 
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Fig. 11—Packaged maser system. 

•••11f....10* 

e 

Fig. 9—Low-loss L-band circulator. 

(a) (h) 

Fig. 10—Strip transmission line hybrids used in L-band circulator. (a) 180° 3-db hybrid. (b) 90° 3-db hybrid. 

65' • 

r•tput.e.• om,{4% 

Fig. 12—Pump power circuitry. 

3) pump power circuitry, including klystron, isolator, 
variable attenuator, frequency meter, bidirectional 
coupler, and detectors (shown in detail in Fig. 12); 

4) klystron power supply; and 
5) liquid level indicators for the refrigerants. 
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The circulator (which cannot be seen in Fig. 11) is 
located in the rear of the larger cabinet and is connected 
to the maser by a low-loss strip transmission line having 

11-inch ground-plane spacing. The input to the maser 
system consists of lkinch coaxial line. 

B. General Performance 

The maser is easily tuned to any operating frequency 
over the 200-mc range by adjusting the dc magnetic 

field, the pump frequency, and the two cavity reso-
nances. All the adjustments necessary for tuning the 

maser to a specific operating frequency have been cali-
brated. The signal-frequency cavity-resonance adjust-
ment can be set to any specified frequency within + 2 

me with the calibrated micrometer head. One of the 
required adjustments, the dc magnetic field, is critical 

and requires fine tuning. The other two adjustments 
(pump cavity resonance and 1)111111) frequency) are not 

critical; maser operation can be obtained with the pump 

cavity resonance and pump frequency detuned as much 
as 75 mc. 

The angular orientation O of the ruby-loaded maser 

cavity with respect to the dc magnetic field is not criti-

cal. Maser operation has been obtained, without serious 
degradation in gain-bandwidth product, at angular de-
viations of several degrees from 90° throughout the tun-

ing range. Consequently, controls for fine-tuning the 
alignment of the maser cavity were deemed unneces-
sary. A mechanical feature ensures that the maser 
cavity structure is correctly oriented when it is inserted 
into the system. 

C. System Noise Temperature 

Noise-temperature measurements were made on the 
maser system using the technique described in Appendix 
I. The noise generators used for the measurement con-

sisted of two matched loads—one at room temperature 
and one at liquid nitrogen temperature (Appendix II). 

A series of measurements, made with the maser operat-
ing at high gains, yielded a noise factor of 0.5 + 0.1 db, 
which is equivalent to a noise temperature of 35°K. 

The main contributing noise sources are: 

1) The dissipative losses of the circulator and input 
coaxial feed lines; these give a noise temperature 
of approximately 28°K (0.4 db). 

2) The second-stage amplifier and other components 
at the output of the maser having an over-all 

noise factor of 7.2 db ( 1230°K). The amplifier con-
sists of a balanced mixer utilizing 1N21EMR crys-
tals and a 30-mc IF amplifier. Its measured noise 
factor was 6.6 db. With a net maser system gain 
of 23 db, this contribution is 6.15°K. 

3) The maser signal frequency spin temperature, 
which is calculated to be 1.5°K, for a bath tem-

perature of 4.2°K, assuming equal idler and signal 
spin-lattice relaxation times. 

Thus, good correlation is obtained between the calcu-
lated and measured noise temperatures. 

D. Maser Saturation Characteristics 

A saturation curve that was measured on the maser 

system is shown in Hg. 13. As can be seen, the gain 

drops 3 db at a power output of — 35 (11)111. This yields a 
dynamic range of 68 (lb for a post-receiver bandwidth 
of 1 mc. 

Susceptibility of the maser to nearby CW signals is 

shown in Fig. 14. The power level of the interfering 

signal, at which the maser gain drops 3 ( 11) at its center 
frequency, is plotted as a function of the frequency of 
the interfering signal. The shape of the measured re-
sponse can be closely determined from the frequency re-
sponse of the active maser cavity. The measurement was 
made with a three-cavity filter between the maser and 

the second m age receiver to ensure that the interference 
effect measured was primarily due to the maser proper. 
The filter had a 3411) bandwidth of 15 mc and an inser-

tion loss of 25 db at 15 me from center frequency. 

It is essential that the input level of interfering signals 

be kept below the inicrowatt range ( Figs. 13 and 14). 
To insure this, it is desirable to use a preselector cavity 

and 'or passive ferrite limiter that has its limiting 
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Fig. 13—Maser saturation characteristic due to main signal. 
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threshold at microwatt power levels." These can be 
placed in the low temperature bath to minimize their 
noise contribution. The relatively low saturation power 
level (and relatively long recovery time) of the ruby 
maser is a result of the relatively long spin-lattice relaxa-
tion time of the idler transition, which (for O equal to 
90°) is in the tens of milliseconds at 4.2°K. Future 
masers will show marked improvements in saturation 
level and recovery time by using new materials or "im-
purity-doped" ruby to reduce the idler relaxation time. 
To prevent maser saturation effects due to the local 

oscillator in the second-stage receiver, a balanced mixer 
should be used. A balanced mixer provides a local-
oscillator isolation of 30 db, which, in combination with 
the circulator isolation and maser cavity selectivity, is 
more than sufficient to prevent maser saturation effects 
due to local-oscillator power leakage. 

E. Gain Stability 

The results of a number of stability measurements at 
a helium bath temperature of 4.2°K and a maser gain 
of 22 db yielded a long-term peak-to-peak drift of + 0.55 
db, and a short-term peak-to-peak stability of ± 0.1 to 
+0.2 db over a period of several hours. These figures 
represent the fluctuations of a complete receiver with 
the maser front end fed by a standard signal generator. 
Hence, a portion of the output variation must be as-

cribed to parts of the measurement setup rather than 

the maser. 
Turbulence in the liquid helium appears to be respon-

sible for some of the short-term gain variations observed 
in the maser. This effect is reduced by the use of poly-
foam loading of the microwave structure. The fluctua-
tions are also significantly reduced by reducing the 
helium bath temperature below the X-point (2.2°K), 
where the liquid helium becomes a superfluid. 
The parameter having the greatest detrimental effect 

on long-term gain stability was found to be the maser 
magnetic field, which is controlled by a current-

regulated power supply. This is evident when it is noted 
that the regulation must be substantially better than 
the magnetic line width of the ruby, which is about 1 
per cent of the external magnetic field that was used. 
The electromagnet is designed to permit maser opera-
tion over the entire 850 to 2000 mc tuning range of the 
cavity. Improved stability can be obtained by using a 
permanent magnet employing an adjustable mechanical 
shunt or bucking coils for tuning, since a variation in 
magnetic field of about 6 per cent is needed to cover the 
200 mc tuning range of the maser system. 

VII. CoNcLusioN 

It can be concluded that a cavity maser can be satis-
factorily operated over frequency bands greater than 

one octave. In packaging such a maser together with a 
circulator for field operational use, the usual 12-inch 
diameter laboratory magnet and other highly precise 
supplementary equipment have been eliminated without 
detrimental effect on gain-bandwidth product, noise 
figure, and other system parameters. The resulting 
equipment is reasonably compact and easily operated by 
semi-skilled personnel. 

APPENDIX I 

TECHNIQUES FOR MEASURING MASER GAIN-

BANDWIDTH PRODUCT 

The voltage-gain-bandwidth product was determined 
by two methods. In the first method, gain and half-
power bandwidth were measured directly, using the 
setup shown in Fig. 15. Maser gain is measured by not-
ing the increase in generator output required to main-
tain a constant output meter reading when the maser is 
disconnected from the circuit and replaced by a short-
circuit at point A of Fig. 15. 

In the second method, the external Q of the maser 
cavity was measured with the pump power and mag-
netic field turned off. The voltage-gain bandwidth 
product Gu2B can then be calculated since, for the condi-
tion of high gain (Gw>>1), it is approximately 

2f GI/2B 

Qe 

where! is the signal frequency and Qe is the external Q. 
The more exact expression" for Q,.»Q, is 

2f r 
Qel_ G' 12 ± 1 i• 

The bracketed terni in ( 2) is the correction factor on the 
approximation. It is plotted in Fig. 7, and is seen to 
be less than 10 per cent for gains greater than 20 db. 

For comparison with theoretical computations of 
maser performance, it is desirable to determine Q., the 
magnetic Q, which is a measure of the negative resist-
ance introduced by the paramagnetic maser material. 

(1) 
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Fig. 15—Measurement setup for maser gain and bandwidth. 

(2) 

14 R. W. DeGrasse, "Low-loss gyromagnetic coupling through 14 J. O. Artman, "The Solid-State Maser," Prnc. Symp. on Role 
single crystal garnets," J. Ape Phys., vol. 30, suppl. 4, pp. 155.S— of Solid-State Phenomena in Electric Circuits, Polytechnic Inst. of 
I56.S; April, 1959. Brooklyn, Brooklyn, N. Y., sec. 3, p. 77; April, 1957. 
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The magnetic Q is related to Q. by the expression 

Q, Gu2 — 1 
•=.   

Gu2 + 

and is plotted in Fig. 7. Obviously, '2, Q„, for high 
gains. The correction factor is less than 20 per cent for 
gains greater than 20 db. 

APPENDIX Il 

(3 ) 

M EASUREMENT OF SYSTEM NOISE TEMPERATURE 

Of the several methods used for the measurement of 
noise temperature, 16 the Y-factor method appeared to 
be most satisfactory for low noise temperatures. In this 
method, the output noise power of the receiver, when 
the input source resistance is at a high temperature 7'2, 
is compared with the output noise power of the receiver 
when the input source resistance is at a lower tempera-

ture T1. The ratio of these two noise powers is called the 
Y-factor, which is related to the noise temperature, Te, 
by the expression 

7'2 — 
=   T1. 

— 1 
(4) 

The accuracy with which Te can be determined depends 
upon how accurately T1, 7'2, and Y are known. 

Fig. 16 shows the experimental arrangement used for 
the noise measurement. The available noise power from 
the two loads (one maintained at a liquid nitrogen 
temperature of 77.3°K, and the other at room tempera-
ture) is alternately coupled to port 1 of the circulator 
through a coaxial switch. These noise powers are directed 
by the circulator into the maser (port 2) and from the 
maser into a second-stage amplifier consisting of a mixer 
and an AIL Type 130 Test Receiver. The Y-factor is 
then accurately determined by using a precision cali-

brated attenuator that is part of the AIL Type 130 
Test Receiver. 

It is estimated that the absolute temperature of the 
two loads can be determined to within + 1°K and that 
the Y-factor can be measured to within + 0.5 per cent. 

16 M. Win(l, " Handbook of Electronic Measurements," Micro-
wave Res. Inst. ' Polytechnic Inst. of Brooklyn, Brooklvii, \ . Y., 
ch. 13; 1954-1955. 
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Fig. 16—.Measurement setup for maser system noise temperature. 

Application of these errors to a variational form of (4) 
yields a calculated over-all measurement accuracy of 
better than + 3°K. 

In measuring low noise temperatures, the following 
precautions were taken. 

1) The two noise generators (ambient temperature 
load and the liquid nitrogen load) were well 
n a tched. 

2) Linearity measurements of the second-stage am-
plifier were made over a 40-db range. The linearity 
was found to be within ± 0.05 db. In addition, the 
bandwidth of the second stage was made narrower 
than that of the first stage, to eliminate band-
width corrections from the noise-factor measure-
ment. 

3) The over-all receiving system was tested for spuri-

ous responses. Since broad-band noise sources were 
used, all spurious responses must be known to re-
duce the measurement data accurately. All spuri-
ous responses were found to be negligible. 
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Cadmium Sulfide Field Effect Phototransistor* 
R. R. BOCKEMUEHLt 

Summary—The experimental evaluation of cadmium sulfide 
field effect transistors indicates that, although the material does not 
compete with germanium for general transistor application, useful 
power gain was achieved and certain advantages exist for CdS in 
phototransistor applications. Many unique circuit functions can be 
performed by the device. The active electronic properties vary 
greatly with the intensity and wavelength of incident light, and with 
photoconductivity quenching infrared radiation. Voltage gains greater 
than 500, mutual transconductances up to 20 ;mho and input resist-
ances near 100 megoluns have been observed. Electron-hole pairs 
are generated photoelectrically in the highly pure, single crystal 
CdS. The holes are virtually immobile and form a space charge when 

an applied electric field removes the mobile electrons from a region. 
Modulation of the space charge boundary by application of a poten-
tial to one terminal of the device produces modulation of the con-
ductance between two other terminals and signal amplification re-
sults. Attempts to correlate the illumination sensitivity of the termi-
nal characteristics with theoretical field effect parameters indicates 
the carrier distribution in the crystal is complex and varies with illu-

mination wavelength and quenching intensity. 

INTRODUCTION 

1
 r- 11-1E group II—VI compound semiconductors have 
potential advantages as specialized electronic 
components with transistor configurations. For 

example, the utility of photoconductive materials may 
be extended when fabricated as a transistor. Further-
more, transistor configurations facilitate observation of 
additional material properties and mechanisms which 
may extend theoretical understanding of semiconduc-
tors. The group II—VI compounds are not expected to 
compete with elemental or group I I I—V compounds as 
general-purpose transistor materials, inasmuch as those 
studied possess a prohibitively low carrier mobility, or 
low band gap, or high "intrinsic" carrier concentration.' 
The study of group II—VI transistors is important, how-
ever, on the basis of improvement of understanding and 
utilization of specialized properties, particularly photo-
electric properties. 
Cadmium sulfide was selected for transistor experi-

mentation because its properties are probably the best 
known of the II—VI compounds and because it is avail-
able in sufficiently pure, single-crystal form." The rela-
tively low mobility of CdS 200) requires an exces-
sively thin base layer in a junction transistor configura-
tion. However, the unipolar field effect transistor con-

* Original manuscript received by the IRE, October 22,1959. 
t Res. Labs., General Motors Corp., Warren, Mich. 
' D. A. Jenny, "The status of transistor research in compound 

semiconductors," PROC. IRE, vol. 46, pp. 959-968; J une, 1958. 
2 D. R. Boyd and Y. T. Sihvonen, "Vaporization-crystallization 

method for growing CdS single crystals," J. Appl. Phys., vol. 30, pp. 
176-179; February, 1959. 

figuration permits practical device dimensions even 
though mobility is relatively low. 
The field effect transistor was first given detailed con-

sideration by Shockley.3 Modulation of the conductance 
of a unipolar semiconductor slab is achieved by apply-

ing an electric field, perpendicular to the current flow, 
creating a space charge region which effectively reduces 
the conducting cross section of the slab. In practice, the 
transverse field is applied through an intimate, but non-
carrier-injecting contact such as a p-n junction. Applica-
tion of the transverse field through an insulating medi-
um does not produce an appreciable space charge in the 
semiconductor slab because of trapped charges which 
develop on the slab surface.3 

Experimental field effect transistors have been fabri-
cated from Ge' and Si,' and the effect has been observed 
in I n l' and GaAs.' However, no previous observation of 
field effect amplification has been reported for any 
group II—VI compound, nor for any material in which 
virtually all of the carriers are generated photoelec-
trically. 

FABRICATION 

The experimental field effect phototransistors were 
cut from thin single-crystal plates with a special air-
abrasive cutting machine to dimensions of 3 mm X3 mm 
square. Thickness was not modified and ranged from 
0.15 to 0.5 mm in various units. The thin CdS crystal 
plates were grown by the vaporization-crystallization 
method by Boyd and Sihvonen.2 The placement of the 
contacts is illustrated in Fig. 1. The contact nomencla-
ture is consistent with that proposed by Shockley.3 The 

gate contact is vacuum deposited copper, a few hun-
dredths of a micron thick. The necessary rectifying char-
acteristic is obtained by heating at 400°C for ten min-
utes in room air. The gate contact is transparent and 
back resistance is greater than 107 ohms. The formation 
of the rectifying junction is similar to that described by 
Reynolds, et al. ;7 however, the presence of air was found 
to be necessary during the heating process. 

3 W. Shockley, "A unipolar ' field effect' transistor," PROC. IRE, 
vol. 40, pp. 1365-1376; November, 1952. 

4 G. C. Dace). and T. M. Ross, "Unipolar field effect transistor," 
PROC. IRE, vol. 41, pp. 970-979; August, 1953. 

G. L. Pearson, " High impedance field effect silicon transistors," 
Phys. Rev. vol. 90, p. 336; April, 1953. 

A. Herczog, R. R. Haberecht, and A. E. Middleton, " Prepara-
tion and properties of aluminum antimonide," J. Electrochem. Soc., 
vol. 105, p. 535; September, 1958. 

7 D. C. Reynolds, L. C. Greene, and L. L. Antes, "Properties of a 
cadmium sulfide photo-rectifier," J. Chem. Phys., vol. 25, pp. 1177-
1179; December, 1956. 
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The ohmic source and drain contacts were prepared 
by electroplating indium from an indium fluoroborate 
solution after the gate contact heat treatment. All sur-
faces were cleaned and etched in NCI before contact ap-
plication. Leads were connected to contacts with silver 
conducting paint. The units were mounted first on 
special printed circuit boards, and later in standard 
transistor headers with transparent cover as shown in 
Fig. 2. 

Fig. 1—Field effect phototransist ir terminal relationship and com-
mon source connection. Source and drain are ohmic; gate is diodic 
and semitransparent. 

(a) (h) 

Fig. 2—Cadmium sulfide lick' effect phototransistors. (a) Mounted 
for detailed evaluation. ()) Mounted in transparent transistor 
header. 

TERMINAL CHARACTERISTICS 

The penetration of the space charge layer into the 
semiconductor slab, and the resulting decrease in the 
slab conductance is determined by the magnitude of the 
reverse bias voltage across the gate junction. Consider-
ing the grounded source terminal configuration, Fig. 1, 
the gate bias voltage is the difference between the po-
tential applied to the gate terminal and the potential in 
the semiconductor slab. The latter is a function of the 
drain terminal potential. Thus, the slab conductance is 
a function of both gate and drain potentials. 
The drain terminal voltage-current characteristic at 

various values of gate voltage (common source) is 
shown in Fig. 3. A "constant" current region of opera-
tion exists when the gate-to-drain potential difference is 
sufficient to cause the thickness of the space charge layer 

to approach that of the slab. This bias voltage is desig-
nated "pinch-off" voltage V,. An increase in drain volt-
age above the V, value alters the space charge distribu-
tion in such a manner to keep the pinch-off current es-
sentially constant. The gate potential determines the 
value of the pinch-off current; thus an active gate-to-
drain mutual transconductance G„, exists. The mutual 
transconductance, together with the high dynamic out-
put impedance of the device, permits a large voltage 
gain to be realized. Furthermore, the high gate terminal 
impedance of the device permits useful current and pow-
er gains to be realized. 
The terminal characteristics of the field effect photo-

transistor are dependent on the carrier density within 
the slab, which is determined by the intensity and wave-
length of the incident light excitation. Therefore, these 
characteristics vary greatly with illumination param-
eters. 

Typical characteristics of a unit when illuminated 
with an incandescent lamp at an intensity of the order 
of 200 foot-candles are as follows: 

Pinch-off current ( V5=0): 200 .sa, 
Pinch-off voltage: 30 volts, 
Mutual transconductance: 20 µmho, 
Short circuit current gain: 400, 
Open circuit voltage gain: up to 1000, 
Output impedance (resistive): up to 50 meghoms, 
Input impedance: 20 to 100 megohms depending on 

load resistance. 

A finite gate-to-drain resistance exists which produces 
feedback resulting in the dependence of input imped-
ance on load resistance and of output impedance on 
source resistance. 

Several experimental phototransistors were operated 
in a temperature range from — 50°F to 150°F with a 
negligible change in terminal characteristics when il-
luminated with an incandescent lamp. However, a con-
siderable temperature dependence was observed when 
illuminated with monochromatic wavelengths greater 
than 5300 angstroms. 

Frequency response varies greatly with operating con-
ditions but extends from dc throughout the audio range. 
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High-frequency attenuation results from the junction 
capacity of the gate and from stray capacities in the 
drain circuit in conjunction with the high dynamic drain 
impedance. 

PHOTOELECTRIC CHARACTERISTIC'S 

The pinch-off current of the cadmium sulfide field ef-
fect phototransistor is much more sensitive to illumina-
tion intensity and wavelength than are the other elec-
trical parameters of the device. The photoconductivity 
of cadmium sulfide exhibits a sharp peak between 5100 
and 5200 A. The wavelength dependence of pinch-off 
current of the transistor, and the photocurrent when 
connected as a two-terminal photoconductor is shown in 
Fig. 4. Under certain operating conditions, the pinch-off 
current has been observed to be proportional to the 
square of the illumination intensity. Sensitivities of the 

8 M. Balkanski and R. D. 1VitIdron, " Internal photoeffect and 
exciton diffusion in cadmium and zinc stiltides. - Phu. Rev., vol. 112. 
pp. 123-125; October 1, 1958. 

DRAIN VOLTAGE 

Fig. 3—Typical drain terminal chara('terist n a ith ontinon 
source connection and 20(1 foot-candle illumination. 
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Fig. 4—Pinch-off current A), and two-terminal photocurrent 
B), as a function of incident wavelength. 

order of 10-8 amperes per foot-candle squared have been 
observed with incandescent illumination. 
The pinch-off current is also very sensitive to infrared 

quenching wavelengths.9 Certain discrete wavelengths 
in the 1- micron region, when applied in combination 
with excitation wavelengths, cause a reduction in the 
conductivity of cadmium sulfide and produce other ef-
fects which sharply reduce the pinch-off current. This 
wavelength dependence of the pinch-off current and 
two-terminal photocurrent is shown in Fig. 5. Pinch-off 
current sensitivities of the order of 1 pa µw/cm2 have 
been observed. The variat ion il pinch-off current and 
two-terminal photocurrent with infrared quenching in-
tensity is shown in Fig. 6. The pinch-off current is many 
times more sensitive to infnired quenching intensity 
than is the two-terminal photocurrent. 

" R. II. Rube, " Infrared quell( hint!, and unified dr,i ript km of 
phi di iconductivity phenomena in cadmium su Hide and -alum ide. - lits. 
Rev., vol. 99, pp. 1105-1116; August, 1955. 

c 
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WAVELENGTH - MICRONS 

8 10 1.2 1.4 1.6 1.8 

Fig. 5— Infrared qui'lich1 ait!, wit nIH nuit ii ,a-lant excitation 
illumination from tungsten sotircci \) pin( current, B) two-
terminal photocurrent. 

.01 
RELATIVE QUENCHING INTENSITY 

Fig. 6—Infrared quenching vs quenching intensity, A) pinch-off cur-
rent, B) two-terminal photocurrent. 9uenching source: 1200°K 
black body; excitation situt-ct.: 2850 K tungsten source with 
quenching wavelengths filtered out. 

10 



878 PROCEEDINGS OF THE IRE May 

FIELD EFFECT PARAMETERS 

Field effect theory in a photoconductor differs in de-
tail from that in a doped semiconductor, although gen-
eralizations common to both cases can be derived. The 
parameters used in deriving theoretical relationships are 
common to both cases but some which are constant in 
doped semiconductors are variables when photoconduc-
tors are considered. 

The electrical characteristics of a field effect transis-
tor are dependent on the physical dimensions and the 
bulk properties of the semiconductor slab. The impor-
tant dependent and independent parameters are sum-
marized: 

V„= pinch-off potential, volts, 
= pinch-off current, amperes, 

a = thickness, cm, 
c= width, cm, 
L = length, cm, 
p = charge density, coulombs/cma, 
k =dielectric constant, farads/cm, 
µ = carrier mobility, ce/volt-second. 

The following relationships are based on the gradual 
approximation defined by Shockley.' The potential 
within the semiconductor slab 1/(y), the field E„ and 
the charge density p(y) are related by Poisson's equa-
tion: 

— d2V(y)/dy2 dEy/dy = p(y)/k, ( 1) 

where (y) is the distance from the gate surface. The in-
duced charge is contained in the spaee charge layer and 
an increase in junction bias voltage increases the total 
space charge by extending the boundary of the space 
charge layer. The relationship between bias voltage and 
space charge layer thickness is dependent on the man-
ner in which the space charge is distributed in the ma-
terial. However, considering a general charge density 
distribution, the pinch-off potential can be derived from 
(1) in the following form: 

V, = (poa2/2k)[Dr], (2) 

where [Dr] is a function of the charge distribution, and 
Po is the charge density at y = O. 

Inasmuch as a potential gradient exists in the direc-
tion of current flow (x), the potential in the conducting 
channel and the resulting space charge boundary are 
both functions of (x), the distance from the source con-
tact. Therefore the current density in the conducting 
channel is a function of (x). Furthermore, if free carrier 
distribution in the conducting channel is a function of 
(y), the conductivity u(y) and the current density J will 
be a function of (y): 

J(x, = Eer(Y). (3) 

Integration of ( 3) over suitable limits yields pinch-off 
current, 

1 „ = (a3cap02/6kL) [D1], (4) 

when the gate-to-source voltage equals zero. 

The bulk conductance of the semiconductor slab 
with no space charge layer is 

a 

GO = (c/L) f g(Y)dY = (poacu/L)[D9], (5) 
o 

where [D„] is another function of carrier distribution. 
The mutual transconductance G,„ of a field effect 

transistor with zero bias between gate and source termi-
nals is theoretically equal to the bulk conductance Go 
of the slab. 
The portions of ( 2), (4), (5) which are in parentheses 

are independent of the charge distribution. The brack-
eted portions are dependent on charge distribution and 
are always dimensionless. The distribution functions 
will generally include the thickness parameter (a). The 
distribution functions for an exponential charge distri-
bution are derived in the Appendix. 

FIELD EFFECT IN A PHOTOCONDUCTOR 

The principal differences encountered in considera-
tion of field effects in a photoconductor and in a doped 

semiconductor result from the differences in the mech-
anisms which determine the space charge distribution 
and the carrier distribution in the material. In the anal-
yses made by Shockley and by \Varner, et al.,e semi-
conductor materials such as Ge and Si were sufficiently 
activated with donors or acceptors to permit minority 
carriers to be neglected. The application of an electric 
field which removes the majority carriers from a region 
creates a space charge in that region with polarity oppo-
site to that of the removed carriers. The distribution of 
the charge density in the space charge region is equal to 
the difference between donor and acceptor density in 
that region. Furthermore, the distribution of the carrier 
density in the conducting channel is equal to that of this 
activation density in the channel. 

In an insulating photoconductor, however, electron-
hole pairs are generated photoelectrically. In CdS and 
other n-type photoconductors, free holes produced by 
pair excitation are captured quickly by imperfection 
centers." The resulting free hole mobility and lifetime 

have extremely low values; the holes can be assumed to 
be immobile in a first-order approximation. Application 
of an electric field to illuminated CdS, which removes 
the free electrons from a region, creates a positive space 
charge in that region in the form of trapped holes. 

R. M. Warner, W. H. Jackson, E. I. Doucette, and H. A. 
Stone, "A semiconductor current limiter," PRoc. I RE, vol. 47, pp. 
44-56; January, 1959. 
" R. H. Bube, " Photoconductivity of the sulfide, selenide, and 

telluride of zinc or cadmium," PROC. IRE, vol. 12, pp. 1836-1850; 
December, 1955. 
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Inasmuch as the space charge and carrier distribution 
in a doped semiconductor correspond directly to the ac-
tivation distribution, these values can be evaluated and 
applied to field effect equations. Furthermore, the dis-
tribution functions do not have first-order dependence 
on external parameters. In a photoconductor, however, 
the space charge and carrier distribution is an inter-
dependent function of illumination intensity and wave-
length, crystal inhomogeneities and electric field. The 
distribution functions are not only difficult to predict 

but also vary greatly with external parameters. 
The carrier density in a photoconductor is equal to 

the rate at which the free carriers are generated per unit 
volume (excitation density) times the mean carrier life-
time in the conduction band before recombining with a 
hole. The carrier density distribution within the pho-
toconductor slab is dependent on the distribution of the 
excitation density and on the manner in which the car-
riers may diffuse or drift from their generation sites. The 
excitation density at a particular point is proportional 
to the rate at which light is absorbed at that point. The 
light intensity distribution is a function of the incident 
light intensity Jo and the absorption coefficient a and is 
related by Lambert's law: 

.1(y) = Jo exp (— ay), (6) 

where (y) is the distance from the illuminated surface. 
The excitation density f(y) is proportional to the rate of 
absorption: 

f(y) = — dJ(y)dy = Joa exp (— ay). (7) 

The absorption coefficient a is a function of wavelength" 
and may vary over a range from 10 to 10 cm'. Thus il-
lumination wavelength is important in determining the 
excitation density distribution. 

Because of their very short lifetime as a carrier and 
low mobility, the generated holes do not drift an ap-
preciable distance from their point of generation. The 
drift may not be entirely negligible at illumination 
wavelengths which yield a very high absorption coeffi-
cient, inasmuch as all of the carriers may be generated 
in an extremely narrow region near the surface. In addi-
tion, exciton diffusion lengths in CdS have been reported 
to be of the order of one cm and exciton production has 
been found to exceed pair production at certain wave-
lengths. Excitons maydiffuse into unilluminated regions 
of the crystal and dissociate into electron-hole pairs, 
thereby influencing charge distribution. 

Carrier lifetime is probably nonuniform throughout 
the crystal, especially in the presence of infrared 
quenching radiation. Near-infrared radiation in the 
0.89- and 1.35- micron regions cause a reduction of the 
photoconductivity of ('(IS, as shown in Fig. 5, by effec-
tively reducing the carrier lifetime. A mechanism has 
been proposed whereby the infrared shifts the popula-
tion density of certain recombination centers with a re-

suiting increase in recombination rate.' The quenching 
effect is a function of the ratio of quenching intensity to 
excitation intensity.' Most excitation radiation is ab-
sorbed in relatively short distances in the crystal, while 
the absorption of the infrared quenching radiation is 
very slight. Thus, the ratio of quenching to excitation 
wavelengths increases with distance (y) from the illumi-
nated surface, and the free carrier lifetime may be ex-
pected to decrease with (y), with a corresponding de-
crease in free electron and trapped hole density. The in-
fluence of quenching radiation on the charge distribution 
may be great and would account for the significantly 
greater effect of infrared on the pinch-off current than 
on the two-terminal photocurrent as shown in Figs. 5 
and 6. The two-terminal photocurrent is proportional 
to the bulk conductance of the semiconductor slab. The 
bulk conductance (5) is proportional to the area under 
the charge distribution curve, independent of its shape, 
while the pinch-off voltage and current are extremely 
sensitive to the distribution characteristic. 

All of the factors discussed so far affect the charge 
distribution in a perfectly homogeneous semiconductor 
slab. Additional factors exist in a practical device. For 
example, the carrier lifetime, mobility and infrared ef-
fects may be significantly different at the crystal sur-

face than in the interior of the slab, effecting a charge 
distribution discontinuity near the surface. Further-
more, inasmuch as the gate is formed by heating a cop-
per contact, the copper is diffused a small but finite dis-
tance into the crystal. The excitation density, carrier 
lifetime, mobility, infrared effects and the resulting 

charge distribution will be different in this "doped" re-
gion than in the bulk of the slab. 

EXPERIMENTAL CORRELATION 

Qualitative correlation of the experimental results 
with theoretical relationships is possible if an assump-
tion of the charge distribution is made. Quantitative 
correlation is not possible because of incomplete knowl-
edge relating the many factors which influence the 

charge distribution. Because of the exponential decrease 
of light intensity within the crystal, a simple first as-
sumption is that the charge distribution decreases ex-
ponentially with distance from the illuminated surface. 
Then, if the gate surface is illuminated, 

p(y) = Po exp (--"" My), (8) 

where m is a factor which represents the combined ef-
fects of all the mechanisms producing the exponential 
reduction. With this distribution, the distribution func-
tions in ( 2), (4), ( 5) are, as derived in the Appendix, 

p ria = mae,  _ (9) 

11)11G = (3/2m"a")[(2ma 3)e-2 " — 4e-"" -I- 11, ( 10) 

[D„] = (1/ma)(1 — (11) 
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If the surface opposite the gate junction is illuminated, 
the charge distribution is reversed: 

P(Y) = Po exp m(y — a), (12) 

[Ddo = (2/m2a2)(ma e— "° — 1), (13) 

[A]0 = (3/2m3a3)[(2ma — 3) ± 4e-ma — e-2ma]. ( 14) 

Inasmuch as the bulk conductance is proportional to the 
area under the p(y) curve, [DA is not dependent on 
which surface is illuminated. 
The ratio of the pinch-off current with opposite sur-

face illuminated to that with the gate surface illumi-
nated is equal to the ratio of the corresponding distri-
bution functions: 

(4)0/(4)G = [DrIel[Dr]a. (15) 

Pinch-off current ratios were obtained experimentally 
at several illumination wavelengths and quenching in-
tensities. When the illumination was changed from the 
gate side to the opposite side, the illumination intensity 
was adjusted to yield a common value of bulk conduct-
ance. This partially compensates for the reduction of in-
tensity by the semitransparent copper gate. Pinch-off 
current ratios in the range from 1 to 4 were observed, in-
dicating a variation in the value of (ma) from 0 to 3.1. 
Thus, a qualitative variation of the charge distribution 
with both illumination wavelength and quenching in-
tensity is indicated. 

The measured value of pinch-off current ratio is sub-
ject to error inasmuch as the semitransparent gate re-
duces the effective incident illumination on only that 
portion of the surface beneath the gate. When illumi-
nated from the gate side, the relative intensity is greater 
on the end portions than beneath the gate. However, 
when illuminated from the opposite side, the incident 
intensity is uniform over the entire surface. Inasmuch as 

the portions of the slab outside of the gate region act as 
degenerative feedback resistances,4 the resulting feed-
back ratio will also change with direction of illumina-
tion. For this reason, the measured values of the pinch-
off current ratios will be slightly lower than the ratios 
of their distribution functions. 

The distribution functions [D1]G and [D,] from ( 10) 
and ( 12), are plotted as a function of (ma) in Fig. 7. The 
experimentally obtained relationship between pinch-off 
current and two-terminal photocurrent as a function of 
infrared quenching intensity, Fig. 6, is qualitatively 
similar to the theoretical curves, Fig. 7. The similarity 
between the experimental and theoretical curves indi-
cates that the assumed exponential distribution may 
not differ greatly from the actual distribution and that 
the exponent (m) increases with infrared quenching in-
tensity. 
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Fig. 7—Theoretical relationship between distribution function and 
the exponent (ma) with exponential charge distribution, for A) 
pinch-off current with gate side illuminated, B) two-terminal 
photocurrent. 

PRACTICAL APPLICATIONS 

The unique characteristics of field effect phototran-
sistors allow them to perform new and combined circuit 
functions which are not practicable with conventional 
circuit elements. Furthermore, they are solid state de-
vices having the small size, high efficiency and rugged-
ness common to semiconductor components. 

Direct connection of the gate-to-drain terminals 
yields a two-terminal current limiter similar to that de-
scribed by Warner, et al.,w but whose limiting current 
is a function of light intensity. Because of its high ratio 
of dynamic-to-dc impedance, the device can be applied 
to conventional two-terminal photoconductor circuits 
(i.e., bridges and divi(lers) and produce a considerably 
greater output voltage change for a given supply voltage 
than would a simple two-terminal photoconductor. Fur-
thermore, the dependence of pinch-off current on the 
square of the light intensity has particular advantage 
ill detecting small changes in relatively large light levels. 
When connected in a conventional photocell circuit, 

application of suitable signals to the gate will perform 
switching and modulating functions. A reference volt-
age can be applied to the gate terminal which will deter-
mine the light intensity required to produce a particular 
output current for use in illumination control systems. 
Furthermore, suitable feedback networks between the 
gate and drain terminals can be used for frequency or 
temperature compensation, or for arbitrary shaping of 
the device characteristics. 

Inasmuch as the field effect phototransistor has use-
ful power gain, it can be used as an oscillator or as a sig-
nal amplifier. Phase shift oscillators employing one pho-
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totransistor have been constructed whose amplitude is 
a function of light intensity or which will oscillate only 
within a narrow range of incident light intensity. Signal 
amplifiers have been made which have light dependent 
gain, and which can be gated on or off with light inten-
sity. Neon lamp relaxation oscillators using the cad-
mium sulfide transistor in place of the conventional re-
sistor produce a very linear, constant amplitude saw-
tooth signal whose repetition rate can be varied with 
gate voltage and light intensity. 

Unusual circuit functions can be performed by the de-
vice when signal information is contained in both the 
light modulation and gate voltage. For example, if the 
device is connected as a marginal oscillator, a discrete 
output occurs when the incident light intensity is modu-
lated at the oscillator frequency. Furthermore, if the 
light modulation frequency is the same as that of the 
gate signal, synchronous phase discrimination results. 
Other specialized circuit functions can be performed by 
circuits which include two or more field effect photo-
transistors or by combining with other active circuit 
elements. The combination of this amplifying photo-
conductive device with electroluminescent devices may 
extend the utility of photoelectric circuits.'2 

PRACTICAL LIMITATIONS 

The CdS field effect transistor does not compete with 
conventional junction transistors or vacuum tubes for 
general amplification applications. The major difficul-
ties encountered in design of practical circuits using the 
device result from the relatively low mutual trans-
conductance and high output impedance. 
The mutual transconductance with zero gate voltage 

is approximately equal to the bulk conductance of the 
semiconductor slab, (5), and is a function of the carrier 
charge density, mobility and slab dimensions. Carrier 
density is the only parameter sufficiently flexible to per-
mit a significant increase in transconductance. In-
creasing carrier density by a factor of 10 will increase 
Gm by that factor but will also increase pinch-off voltage 
by 10, pinch-off current by 100 and quiescent power dis-
sipation by 1000. This results in impractical values for 
pinch-off current and voltage, and the power dissipation 
and electric field in the semiconductor slab may reach 
destructive limits of the material. Thus, G„, is limited to 
values of the order of 10 gmho in a CdS field effect 
transistor. 

Both the output and input resistances of the C'dS 
transistor are higher than are normally encountered 
with junction transistors and vacuum tubes. Efficient 
coupling to other active circuit elements is difficult and 
its advantageous use as an amplifying element is limited 
to low-frequency applications requiring high impedance 

12 S. K. Ghandhi, " Photoelectronic circuit applications," Pitoc. 
IRE, vol. 47, pp. 4-11; January, 1959. 

levels (i.e., photomultiplier or ion chamber signal 
ait plification). 

Improvement of the practical amplification charac-
teristics can be achieved by increasing the carrier mo-
bility of the slab material. This requires selection of a 

different material and would ultimately lead to an ele-
mental or a group 111-V compound semiconductor. How-
ever, CdS is very likely the best material for phototran-
sistor application. 

APPENDIX 

A more general mathematical formulation is required 
to derive field effect equations for exponential charge 
distribution than is necessary for uniform" or linear 
graded'° distributions. If the charge distribution is 
known, a relationship V„ =f(h) can be derived from the 
gate potential as a function of the thickness of the space 
charge layer. Subsequent operations are simplified if the 
relation h = g(1 .„) can be found. This can be done for the 
uniform or linear graded case but is not possible for the 
exponential charge distribution case. 
With exponential charge distribution of the form, 

p(y) = poexp (— my), (16) 

the field in the y direction is assumed to be zero in the 
conducting channel (h < y <a) using Shockley's gradual 
approximation." 

E„ = ( I/ K) f p(y)dy = 0 at y = h 

= — (po/mk)(e--"'Y — e").(17) 

The maximum field E, required to pinch-off the con-
ducting channel (h = a) exists at y=0: 

E. = (— po/mk)(1 — (18) 

The potential in the space charge region V(y) is equal 
to the gate voltage 1; at )1 = 0: 

V(y) = — f Eydy = V, at = o 

= (Po/ m2K)(1 — em0 — mye-'") -H Vs. (19) 

With finite channel current, the potential in the con-
ducting channel is a function of x, the distance from the 

source. The potential V(x) cannot be derived directly 
for the exponential case but can be solved for l'(h) where 
h is a function of x: 

V(h) = V(y) at y = h 

= (po/m2K)(1 — e-"— mhe-") ± V.. (20) 

With a gate-to-source potential 170, a finite space charge 
layer thickness II, will exist at x=0. Furthermore, 
V(h) =0 at x=0, so from (20), 

V, = (po/m2K)(e-mH• mH„e-"'". — 1). (21) 
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The space charge layer thickness HD at the drain end of 
the channel (x=L) is related to the gate voltage and the 
drain voltage VD: 

V° — VD = (— po/m2K)(1 — e-'nHD — ml-/De'D). (22) 

The potential V, required to pinch off the conducting 
channel is equal to Vo— VD at H0 = a: 

V, = (po/m2K)(1 — — (23) 

The current in the conducting channel is constant at 
all values of x. The charge density represented by the 
free electrons in the conducting channel is assumed to 
be equal to —p(y) in that region. The immobile holes 
generated in that region do not contribute to the channel 
conductivity. Additional free electrons forced into the 

conducting channel by the transverse field are rapidly 
distributed throughout the conducting system of the 
circuit and do not contribute significantly to the steady 
state channel current. Although the channel current is 
not a function of x, the current density J in the channel 
is a function of both x and y because of its dependence 
on h(x) and p(y): 

f(x, = — ExiiP(Y). (24) 

The channel current is obtained by integrating (24) 
and inserting the slab width c and the relationship 
Ex= —d17(x)/dx: 

a 

I =-- cg(dV/dx) f p(y)dy 
h 

= (cppo/m)(e-mh — e-")(dV/dx). (25) 

Then, by substituting d V(x)/dx = (d V /dh)(dh/dx) where 
(d V /dh) = (pok/h) exp (— mh) from (20), 

Ceip02 DD 

I f dx = — (he-2eh — (26) 
o mK 

At pinch-off, IID=a and with zero gate voltage, 
Hs = 0. The current /„ existing with these conditions is 

The mutual transconductance from gate to drain is 

G„, = (al /avg) = (al /8118)(av„/His)-1 

+ (al /aHD)(av9/alID)-`• (28) 

The partial derivatives are obtained from (21), (22), 
(26): 

Go, = (ci.ipo/mL)(e--mes — II 0) . 

The bulk conductance of the slab is 

(29) 

Go = ( 1c/L) f P(Y)dY = (cmpo/mL)(1 — e- m). (30) 

Note that with zero gate voltage, (H8 =0), and with 
VD = V p, (H I) = a) , then Go, = Go. 
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The Optimum Formula for the Gain of a Flow Graph 
or a Simple Derivation of Coates' Formula* 

C. A. DESOERt, SENIOR MEMBER, IRE 

Summary—Starting from the definition of a determinant and us-

ing a few of its elementary properties, this paper gives an independ-
ent derivation of the optimum formula for the gain of a flow graph. 

Thus, a simpler path is shown to Coates' important result. This paper 
is self-contained, so that no previous knowledge of flow graphs is re-
quired. For motivation, the reader is referred to some well known 

papers and books. 

I. INTRODUCTION 

S signal flow graph M ASON' S" constitute a very 
useful tool for analysis of engineering problems, 
linear problems especially. The reason for their 

popularity and usefulness is that they display in a very 
intuitive manner the causal relationships between the 
several variables of the system under study. Many 
people have successfully used flow graph ideas in various 
fields." Therefore, the publication of Mason's second 
paper2 giving a systematic method for writing down al-
most by inspection the gain of a linear system was an 
important addition to the flow graph literature. Pres-
ently the state has been reached where a great many 
engineering schools include signal flow graphs in one of 

their senior courses.' 
More recently, C. L. Coates3 has shown that Mason's 

general gain formula is not the simplest expansion and 
has given a rigorous and lucid derivation of a new gain 
formula that is optimum in the sense that, in general, 
1) no cancellations can occur between common factors 
of the numerator and denominator, and, 2) no cancel-
lation can occur among the terms of the algebraic sums 
of the numerator and of the denominator. 

* Original manuscript received by the IRE, August 10,1959; re-
vised manuscript received, December 7,1959. This research was sup-
ported by the U. S. Air Force, through the Air Force Office of Scien-
tific Research, Air Research and Development Command. 
t Dept. of Elec. Engrg., University of California, Berkeley, Calif. 
S. J. Mason, "Feedback theory—some properties of signal flow 

graphs," PROC. I RE, vol. 41, pp. 1144-1156; September, 1953. 
2 S. J. Mason, "Feedback theory—further properties of signal 

flow graphs," Paoc. IRE, vol. 44, pp. 920-926; July, 1956. 
" C. L. Coates, "Flow Graph Solutions of Linear Algebraic Equa-

tions," G. E. Research Lab., Schenectady, N. Y., Rept. No. 58-RL-
1997; October, 1958. Also IRE TRANS. ON CIRCUIT THEORY, vol. 
CT-6, pp. 170-187; June, 1959. 

F. E. Hohn, " Elementary Matrix Algebra," The MacMillan Co., 
New York, N. Y.; 1958. 

David K. Cheng, "Analysis of Linear Systems," Addison Wesley 
Publ. Co., Reading, Mass.; 1959. 

6 O. Wing, " Ladder network analysis by signal flow graph. Ap-
plication to analog computer programming," IRE TRANS. ON CIRCUIT 
THEORY, vol. CT-3, pp. 289-294; December, 1956. 

7 W. H. Huggins, "Signal flow graphs and random signals," 
PROC. IRE, vol. 45, pp. 74-86; January, 1957. 

8 L. A. Zadeh, "Signal flow graphs and random signals," [' Roc. 
IRE, vol. 45, pp. 1413-1414; October, 1957. 

O. Wing, "Cascade directional filter," IRE TRANS. ON MICRO-
WAVE THEORY AND TECHNIQUE, vol. MTT-7, pp. 197-201; April, 
1959. 

The purpose of this paper is to present an independent 
derivation of Coates' formula. The author's hope is that 
this derivation is so simple that even seniors can grasp 
it!" The only required background is the definition of a 
determinant. For the reader's convenience, this defini-
tion and the properties of determinants used in the 
derivation are listed in the Appendix. 

For further background, motivation and examples, 
the reader is referred to the literature.i-3.5 The present 
paper is self-contained in that it can be read independ-
ently of Mason's and Coates' papers." 
A word about the organization of the paper: There is 

a difference between Mason's and Coates' procedure for 
drawing the flow graph of a linear system. The differ-
ence, however, is very slight. The first five sections con-
stitute an independent derivation of Coates' formula; 
they use exclusively Coates' procedure for associating a 
flow graph to a system of equations. Section VII dis-
cusses the difference between Mason's signal- flow 
graphs and Coates' flow graphs; it shows how, given one 
of them, the other may easily be obtained. 

II . THE SET OF EQUATIONS AND ITS 
ASSOCIATED FLOW GRAPH 

Our purpose is to solve by topological methods the 
set of linear algebraic equations 

akix; — bk = O (k = 1, 2, • • • , n). (1) 

To this set of equations we shall associate a flow graph 
which is defined as follows: 

Definition 1—A flow graph is a set of weighted 
oriented branches which connect at nodes. That is, 
each branch has a positive direction and a weight, the 
branch gain. 

The flow graph associated with ( 1) has n nodes and one 
source node. The case n=2 is illustrated in Fig. 1. The 
process of associating a flow graph to a set of equations 
is as follows: 

1) To the source node is associated an input variable 
that is taken to be unity. 

2) To each of the other nodes is associated one of the 
variables s,, s2, • • • , x„ of the set. 

16 Some school will insist that the word "seniors" be replaced by 
"sophomores." More power to them! 
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NO DE 0 

022 

Fig. 1—Flow graph for the case of 2 equations with 2 unknowns. 

3) Each node is labelled by one of the integers from 
1 to n such that the node labelled k is associated 
with xk. The source node is labelled O. 

4) If aik00, there is a branch directed from node k 
to node j with gain aik. 

5) If bk 0, there is a branch connecting the source 
node 0 to node k. This branch is directed from 0 to 
k and its branch gain is —bk. 

This process describes how one goes from the equa-
tions to the graph. The reverse process, to obtain the 
equations from the graph, is very simple. 

Consider Fig. I and concentrate on node 1. In order 
to write the equation associated with node 1, first con-

sider all the branches coming into node 1; they are all, 
an and — b1. The equation is obtained by equating to 
zero the sum of the products of their branch gains times 
the variables these branches originate from, viz: 

an x1 + ai2x2 — bl• 1 = O. 

Physically, we may think of these nodes as high gain 
operational amplifiers whose feedback loop is open. Be-
cause, in that case, if the output voltage is in the linear 
range of the amplifier, the sum of the currents into the 
input node must be very nearly zero. 
At this stage an important point should be brought 

up. It is clear that to every set of equations such as ( 1) 
corresponds a flow graph and conversely. If, however, 
the order in which the equations appear in ( 1) is 
changed, the corresponding flow graph changes in a non-
trivial manner. For example, to the set of equations 

f ax2 + ex, = o 
sx„ = 

+ nx, = b2 
corresponds the flow graph of Fig. 2. 

Rearranging them as follows, we get a new set of equa-
tions 

7.1-1 + 8.ra b1 

5.1'1 71X2 =  b2 

oix2 + 13.1.3 = 

and the flow graph of Fig. 3. 

Fig. 2—Flow graph of the system ( 2). 

3 

Fig. 3— Flow graph of the system ( 3). 

Thus, once a system of linear homogeneous algebraic 
equations, such as ( 1), has been ordered in a fixed way, 
there is a one-to-one correspondence between the equa-
tions and the flow graph. 

III . ALGEBRAIC SOLUTION OF ( 1) 

If the matrix of the coefficients of the xls in ( 1) is 
nonsingular, the solution is given by 

xl =  

where 

ft 

E Aklbk 

k=1 

à 
(/ = 1, 2, • • • , n) (2) 

à is the determinant of the coefficient matrix (ai1). 
àkl is the cofactor of the element of the kth row and 

/th column. 

In the following we shall devise a topological method for 
evaluating à and products of the form bkàk:. 

IV. TOPOLOGICAL EVALUATION OF 

In order to evaluate by topological means, we re-
quire a few topological ideas; hence we define: 

G to be the flow graph of the system ( 1), where the 
equations are taken in the order in which they ap-
pear; 

Go to be the flow graph obtained from G by deleting 
the source node O. 

Definition 2—:1 connection of the flow graph G is a 
subgraph of G such that 

I) each node of G is included, 
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2) each node has only one branch terminating to it 
and one branch originating from it. 

Definition 3—A directed loop is a connected subgraph 
whose branches b1, b2, • • • , bi can be ordered in such 
a way that 

1) The tip of bk is the origin of bk (k = 1, 2, • • • , 
l-1). 

2) The origin of b1 is the tip of b,. 
3) Each node along the directed loop is encountered 

only once. 

Thus, a directed loop is precisely what is meant by a 
loop in the ordinary language. Fig. 4 illustrates the con-
cept. Fig. 5(a) shows a flow graph G and Fig. 5(b) its 
five connections. It is clear that a connection is either a 
directed loop or a collection of nontouching directed 
loops (they are nontouching because of 2) in definition 2). 

In addition, we shall need this definition: 

Definition 4—The connection-gain of a connection of G 
is the product of the branch gains of the branches of 
that connection. It is denoted by C(G). 

The first link between the determinant à and the flow 
graph G is obtained by referring to the definition of a 
determinant :4 

à = E (szn P)a ti,a2i, • • • a„;„ 

where the summation is taken over all the n! permuta-
tions P= i2, • • • , i„) of the integers, 1, 2, • • • , n 
ancl (sgn P) is + 1 or — 1 depending on whether the per-
mutation P is even or odd." 

Lemma I: A product appears in (3) if and only if it is a 
connection-gain C(Go) of the flow graph Go. 

Proof: Recall that Go is the graph G with the source 
node deleted. Consider a particular product. [ lin the 
sum (3). Let be the set of all branches whose gain 
appear in the product II• Since ri is a product of 
factors /44, with k running from 1 to n, there is one and 
only one branch of H' that terminates at each of the n 
nodes of Go. Since il. i2, • • • , i„ is a permutation of 
1, 2, • • • , n, there is one and only one branch of 
originating from each node of Go. Hence H' is a connec-
tion of Go. 

Conversely, given an arbitrary connection of Go, since 
it contains by definition one branch terminating in each 
of the nodes of Go and one branch leaving each one of 
the same nodes, then its connection-gain can be writ-
ten as 

(4.02;2 • • • ao,„ 

where it, i2 • • • , i„ is a permutation of the numbers 
1, 2, • • • , n. Hence, it will appear as one of the products 
of the expansion (3). 

" The Appendix lists the three properties of determinants that 
will be used later. 

2 

(h) (c) 

Fig. 4—(a) Example of a directed loop. ( b) This is not a directed 
loop; when traversing the loop in the positive direction, node 3 is 
encountered more than once. (e) This is not a directed loop be-
cause it is not a connected subgraph. 

2 

034 0 31 0 ° 13 0420° 24 
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022 °II 
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oil 

3 

0 

033 

4 

(I)) 

Fig. 5—(a) Flow graph associated with the matrix A. (b) The five 
connections of the flow graph shown in Fig. 5(a). 

Thus by simply listing all the connections of Go, as is 
done on Fig. 5, one obtains all the terms of the sum (3). 
The question of the signs remains. First let us make two 
rather obvious statements: 

Statement 1— If, in a determinant, such as the one of 
the matrix A, any two rows are interchanged and the 
corresponding columns are also interchanged, the 
value of the determinant is not affected. (See Ap-
pendix, Property 3.) 

Statement 2--Consider the system of equations ( 1) 
and its associated flow graph G. Suppose any two 
equations, say the ith and the kth, are interchanged 
and also the two variables located in the correspond-
ing columns (i.e., xi and xk): then to the resulting set 
of equations ( 1') corresponds a new flow graph G'. A 
little thought will show that G and G' are identical 



886 PROCEEDINGS OF THE. IRE May 

except for an interchange of the labels of the ith and 
kth node. 

The method required for specifying the sign of each 
term of (3) is obtained by the following reasoning: 

Consider again a particular product H of the sum 
(3) and its associated connection ir of the graph Go. 
It is a collection of directed loops; for simplicity let us 
assume that fl' consists of three nontouching directed 
loops having respectively n1, n2, n3 nodes. Clearly, 
ni+ n2+113= n, since all nodes of Go are included. 
As a consequence of Statements 1 and 2 we can, with-

out affecting any of the ternis of the determinant expan-
sion (3), relabel the nodes of rp so that along the first 
directed loop of fi' as it is traversed in the positive 
direction one traverses the nodes 1, 2, • • • , n1 in that 
order; and similarly for the other two directed loops. 
The branch gain product of the first directed loop is then 

ain,ana32 • • • an,..1-1. 

Note that the factors of this product are ordered so that 
their row subscripts occur in their natural order as re-
quired by (3). Hence, the sign assigned to H is that 
assigned to the permutation, defined by the column 
subscripts: 

1, 2, 3, • • • , — 1; ni -I- 112, n1 ± 1, • • • (n1 ± n — 1); 

(ni + n2 + n2), (n1 ± n2 + 1), • • • ( nt + n2 + n2 — 1). 

To rearrange this permutation in the natural order, 
(ni — 1) -F (n2 — 1) + (n3— 1) = n — 3 interchanges between 
adjacent symbols are required. Hence, the sign of the 
permutation is (- 1)"= ( — 1) n( — 1) +3. Note that 
there are three directed loops- in the product H. It is 
clear that if the connection H' had L directed loops the 
sign would have been (- 1)n+L. 

Thus, we obtain the general 

Theorem 1: The determinant A of the system ( I) can be 
evaluated from its flow graph G by the formula 

à = (— E (- 1)4C(G0), (4) 

where 

L, is the number of directed loops in the pth connec-
tion. 

C(G0) „ is the connection gain of the pth connection. 
Go is the flow graph G with the source node 0 deleted. 
The summation of the connection gains C(Go) is taken 

over all connections of Go. 

Example: The determinant of the matrix associated 
with the graph of Fig. 5. From the graph G of Fig. 5, we 
obtain the matrix 

au an am 

0 a O a24 

am a33 

0 11 12 a43 ar4 

From the five connections of G shown on the figure, 

det A = — al2a24a43a31 anama42a24 — ana22a42a24 

— (122(441:Ian alia22a22a44. 

This expansion can also be obtained by :\ lason's method, 
but his general formula will give 25 terms which will 
eventually reduce to the five listed above. 

V. EVALUATION OF THE NUMERATOR OF (2) 

The numerator of ( 2) is a sum of terms all having the 
sanie form. Consider one of them in particular; say, 
àribk. In other words, we are going to evaluate the nu-
merator of ( 2) assuming that there is only one branch, 
with gain —bk, connecting the source node 0 to the rest 
of the graph, as shown on Fig. 6(a). Since we know how 
to evaluate an nXn determinant by topological means, 
let us note that Aktbk is equal to the determinant ob-
tained by replacing the /th column of à by a column of 
zero except for the element of the kth row, which is bk. 

O 

O 

bk 

o 

o 

O 

't /th column 

kth row 

This determinant will not change if all the elements of 
the kth row, with the single exception of bk, are replaced 
by zero. The result is the determinant A'. 

= 0 0 • • • 

o 

O 

0 bk 0 • • • 0 

o 

o 

/th column 

kth row 

In order to evaluate A' by topological means, let us note 
that the flow graph G' associated with A' is obtained 
from Go by: 1) deleting all branches leaving node 1 (the 
node with which the variable xi, being sought, is asso-
ciated); 2) deleting all branches coming into node k; 
and 3) adding the branch bk oriented from node / to 
node k. This operation is illustrated on Figs. 6(a) and 
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(h) 

Fig. 6—(a) Flow graph G. (b) Flow graph G' obtained from G by de-
leting all branches leaving node 1, deleting all branches coming 
into 110de k and adding branch b,. oriented from node / to node k. 

6(b). From (4), 

bkàki = à' = (— E (- 0/-c(e) 

where 

C(G'), is the connection gain of the rth connection of 
G'. 

L, is the number of directed loops of the rth con-
nection. 

The summation is taken over all connections of G'. 

In order to interpret this result in terms of the graph G, 

let us define as follows: 

Definition 5--:1 one-connection from p to q of a flow 
graph G is a subgraph of G which includes all the nodes 
of G, and such that 

1) no branch terminates at p and only one branch 
of the subgraph originates from p, thus: 

2) no branch originates from q and only one branch 

of the subgraph terminates at q, thus: 

3) all other included nodes have exactly one incom-
ing and one outgoing branch. 

An example of a set of one-connections is shown on Figs. 
7 and 8. It is apparent from Fig. 8 that, in general, a 
one-connection is a forward path together with some 

directed loops. 
Consider Fig. 6(b). Each one of the connections of G' 

33 44 

Fig. 7—Flow graph associated with the set of equations (6). 

031 

4 

04 4 

022 

2 

044 

Fig. 8—The one-connections from 0 to 3 of the flow graph of Fig. 7. 

3 

042 

4 

° 24 

includes the branch bk because it is the only branch that 

leaves the /th node. In each one of these connections let 
us remove the origin of branch bk from node 1 and place 
it at the source node 0 where it was originally in graph 
G. Finally, let us change the branch gain from bk to 
—bk. In each case the resulting configuration is a one-
connection from 0 to F of flow graph G. Since by displac-
ing the branch bk one directed loop has been "opened," 
the number of directed loops in the one-connections of 

G is one less than that of the original connections of G' ; 
this will result in a change of sign which will cancel the 
one caused by the change of sign of the branch gain bk. 
Consequently, 

bkàkr = à' = (— I)' E (— I) L‘re(G; 0 — 1), 

where 

C(G: 0—/),, is the one-connection gain (i.e., the prod-
uct of the branch gains) of the «th one-
connection from 0 to I of the flow graph 

G. 
L, is the number of directed loops in the crth 

one-connection. 

The summation is taken over all one-connections 

from 0 to I of G. 
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VI. GENERAL FORMULA 

In general, there is more than one branch connecting 
the source node to the rest of the graph; obviously, in 
such cases the individual contributions of each such 
branch must be summed and the result takes this form: 

Theorem 2: In order to solve .for the variable xl defined by 
the set of equations 

E akix; = bk (k = 1, 2, • • • , n) (1) 
i-1 

1) Set up the associated flow graph G as specified in 
Section II. 

2) Draw all the connections of the flow graph Go 
(=graph G with source node 0 (leleted) and list 
their connection gains: C(G0)1, C(G0)2, • • • 

3) Draw all the one-connections from the source node 
0 to the node / of the graph G and list their one-
connection gains: C(G; — 1) i, C(G; 0-1)2, • 

4) 

where 

E (- 1)L.c(G; o — 
xl = 

E (- 1)4,c(c.), (5) 

L0= number of directed loops in the eh one-
connection from 0 to / of the flow graph G. 

L,--- number of directed loops in the pth connec-
tion of Go. 

the summations are taken over all connections 
and one-connections from 0 to / of graphs 
Go and G respectively. 

Example: Consider the system of equations, 

anxi al2x2 aux3 

auxt 

= b1 

a22s2 a24s4 = 

a33x3 = b3 

a42X2 = a43x3 a44x4 = 0. 

(6) 

Let us solve for x3. The graph G is shown on Fig. 7. All 
the connections of G are listed in Fig. 5(b). The one-
connections from 0 to 3 of G are shown on Fig. 8 Then, 
by (5), we have 

= 

b3ana22a44 — b3ana42a24 — biamana44 btana24a42 

A 

where 

= ana22a33a44 — at2a2043a31 anana42a24 — ana33a42a24 

— a22a 4 4 anaa. 

The general expression (5) calls for two important 
comments. 

Comment 1—In general, there can be no cancellation 
of terms in the algebraic sums of either the numerator 
or the denominator of (5). 

The reason for this is quite obvious: Since each term is 
a connection gain (a one-connection gain) of a connec-
tion (one-connection) distinct from all the other connec-
tions (one-connections) there can, in general, be no can-
cellations; for it would imply the existence of special 
relationships between the gains of various branches. 
There is, however, one simplification that any en-

gineer worth his salt would instinctively take advantage 
of. Suppose x1 is to be computed and suppose there are 

some node variables xk„ xk„ • • • , xk„, that have no 
effect on xi, then these nodes may be deleted from the 
graph when xl is computed. 

This idea can be expressed precisely if the following 
definition is introduced: 

Definition 6  forward path from p to q of the flow 
graph G is a connected subgraph whose branches bb 
b2, • • • , b1 can be ordered such that 

1) the tip of bk is the origin of bk+1 (k = 1, 2, • • • , 
I-1) 

2) each node of the forward path has only one 
branch terminating to it and one branch orig-
inating from it, with the exception of p and q 
which, respectively, have only one branch orig-
inating and terminating to them. 

A forward path from p to q can be obtained from each 
one-connection from p to q by deleting from the one-
connections all the directed loops. 
The second comment takes the form 

Comment 2—When solving for x1, delete from the 
graph G all the nodes xk„ xk,, • • • xk„, which have 
the property that there is no forward path that con-
nects each one of them to 

Example: Consider the system 

anni. ai2x2 

anxi a22X1. 

= o 

= b2 

a32X2 a33X3 a34X4 = 

a43X3 a4 4X4 = 

The corresponding flow graph is shown in Fig. 9. It is 
obvious in this simple example, from the graph and 
from the equations, that the variables x3 and x4 may be 
disregarded in solving for x1; also, there is no forward 
path from 3 to 1 and from 4 to 1. 
A straightforward analysis shows that if the nodes 

xk, • • •xk,. are not deleted, all the connection gains and 
the one-connection gains of (5) will have a common 
factor which will cancel from numerator and denom-
inator. This leads to the very important conclusion that, 
provided the precaution of Comment 2 is taken into ac-
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Fig. 9-- Illustration of a flow graph that has no forward 
path from nodes 3 and 4 to node 1. 

count, Theorem 2 gives the optimum gain formula for a 
flow graph. 
Thus, the following important conclusion is reached: 

Given the problem of solving ( 1) by topological meth-
ods then, provided the Comment 2 is taken into ac-
count, the expression given in Theorem 2 is the simplest 
expression for the solution in ternis of the bk's and 

VII . THE R Fi.\TI()NsH [I' BETWEEN SIGNAL-FLOW 

GRAPHS ( NI ASON) AND FLOW GRAPHS (COATIS) 

The process of association of a flow graph (Coates) 
to a set of equations has been described in detail in Sec-
tion II. For reference let us note that the equations are 
written 

Eakisi = bk (k = 1, 2, • • • , n) (1) 

where 

(h.; is the gain of the branch, directed from j to k, 
connecting node j to node k, and 

—bk is the gain of the branch connecting the source 
node to node k. 

Mason,2 on the other hand, writes his equations thus: 

Egkixi = .vk bk (k = 1, 2, • • • , n) (7) 
where 

gi,-; is the gain of the branch, directed from j to k, 
connecting node j to node k, and 

—bk is the gain of the branch connecting the source 
node to node k. 

Simply by looking at the equations we can see clearly 
that ( 1) and ( 7) will be identical if and only if 

= aki if k j and gkk — 1 = akk. 

This gives the following rules: 
1) To obtain a flow graph (Coates) from a given sig-

nal- flow graph ( Mason), simply subtract one from the 
gain of each existing self loop and to each node of the sig-
nal-flow graph devoid of self loop, insert one with gain 

—1 
2) To obtain a signal-flow graph ( Mason) from a flow 

graph (Coates), add unity to the gain of each existing 

self loop and to each node of the flow graph devoid of 
self loop, insert a self loop of gain + 1. 

Physically, we can interpret both graphs in terms of 
analog computer concepts: 

A. Signal- Flow Graphs 

Node variables xi: potential of node j with respect to 
ground. 

Gain gki: admittance of the branch connect-
ing j to k, thus gkix; is a current 
entering node k. 

Node: electronic summing amplifier: its 
output voltage is equal to the sum 
of the input currents: 

= E — bk• 1. 

Note that this summing amplifier 
does not invert the sign as is usu-
ally the case with analog computer 
amplifiers. 

B. Flow Graphs 

Node variables xi: potential of node j with respect to 
ground. 

Gain aki: admittance of the branch connect-
ing j to k. 

Node: operational amplifier with its feed-
back loop open; thus if the output 
voltage xk is in the linear range, the 
sum of the input currents is neg-
ligibly small in view of the high 
gain of the amplifier: hence 

E (kg; — 1 = O. 

APPENDIX 

By definition, the determinant' of a matrix A is 

det A = = E (sgn P)aii,a2,., • • • 
I. 

where denotes that the summation is taken only 
over the n! permutations • • • , i„ of 1, 2, • • • , n 
and (sgn P) is + 1 or — 1 depending on whether the per-

mutation j j2,• • • , j,, is even or o(1d. 
The key properties that are used in the paper are the 

following: 
1) The interchange of any two adjacent symbols of a 

permutation changes the permutation into one of the 
opposite parity. 

2) Exactly one element from each row and one ele-
ment from each column appears in each term of the ex-

pansion of à. 
3) If any two parallel lines (rows or columns) of A are 

interchanged, the determinant of the resulting matrix is 
—det A. 
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A Broad-Band Cyclotron Resonance RF 
Detector Tube* 

FRANKLIN M . TURNERt, MEMBER, IRE 

Summary—A tube is described which utilizes the cyclotron mo-
tion of electrons to provide a resonant system which is tuned by 
variation of the magnetic flux density. The amplitude of the cyclotron 
motion depends upon the relationship of the applied signal frequency 
and the electron cyclotron frequency; at resonance, the amplitude is 
maximum. Resonance is detected by shooting the spiraling electrons 
through a honey-comb type mesh grid; the current intercepted by 
the grid is greatest at resonance and is proportional to the RF signal 
power. 

The tube is a complete TRF receiver (less video amplifier) within 
one vacuum envelope. The resonant frequency is a linear function of 
solenoid current; the tube can be tuned over a wide frequency range 
(at least 10:1) with a single control. The characteristics of the device 
have been investigated for resonant frequencies from 65 to 650 mc; 
the sensitivity and 3-db RF bandwidth can be varied within limits; 
typical signal sensitivity is — 45 dbm (500-kc video bandwidth) with 
a 4-mc 3-db RF bandwidth. 

The measured characteristics and the theoretical predictions are 
in reasonable agreement. 

INTRODUCTION 

AN electron beam, a static magnetic field parallel to 
the beam, and a perpendicular RF electric field 
may be combined to form a resonant system 

which can be tuned electronically over a wide frequency 
range. The application of this resonant system to the de-
tection and frequency determination of RF signals had 
been explored by several investigators1-3 and some 
tubes were constructed at Stanford University4,5 prior 
to 1950. The sensitivity of these tubes was extremely 
poor, but it was nevertheless encouraging enough to 
support further efforts. From 1950 to 1954, tubes with 
much improved sensitivity were developed. Until re-
cently, information concerning these tubes could not 
be widely disseminated due to security restrictions. 

* Original manuscript received by the IRE, August 4, 1959; re-
vised manuscript received, December 14, 1959. The work described 
here was sponsored by the U. S. Air Force under contract AF 33(600)-
27784, with Stanford University. This work is also based on previous 
research made possible through support extended to Stanford Uni-
versity by the U. S. Air Force, U. S. Army Signal Corps, and the 
U. S. Navy (Office of Naval Research, Bureau of Aeronautics, and 
Bureau of Ships). 

l• Stanford Elect. Labs., Stanford University, Stanford, Calif. 
J. Weber, "Some Notes on Indicators for Non-Scanning Radio 

Receivers," Internal Memorandum, Navy Dept., Bureau of Ships, 
Washington, D. C., September 6, 1946. 

2 5. F. Kaisel, "Analysis of a Proposal for a Non-Scanning Radio-
Frequency Spectrum Analyzer," Electronics Res. Lab., Stanford 
University, Stanford, Calif., N6onr 25107; September 1, 1947. 

3 W. A. Harman, "An Electron Optical System for a Non-Scan-
ning Radio-Frequency Spectrum Analyzer," Elec. Engrg. thesis, 
Stanford University, Stanford, Calif.; 1948. 

4 S. F. Kaisel, "An Investigation of Non-Scanning Techniques 
for RF Spectrum Analysis," Electronics Res. Lab., Stanford Uni-
versity, Stanford, Calif., Tech. Rept. No. 15, N6onr 25107; August 
30, 1949. This was also a Ph.D. dissertation under the same title. 

6 E. C. Stelter, " Radio Frequency Circuits for a Non-Scanning 
Ultra-High-Frequency Spectrum Analyzer," Elec. Engrg. thesis, 
Stanford University, Stanford, Calif.; 1954. 

The cyclotron resonance detector tube, or cyclon 
detector tube, as it is sometimes designated, is essen-

tially a nonamplifying resonant system followed by a 
detector; the resonant frequency of the system is the 
"cyclotron frequency"; the detector is a grid through 
which an electron beam is shot. 
The cyclotron frequency is determined by the magni-

tude of the static magnetic field in which the electron 
beam is immersed. In one type of cyclotron resonance 
tube (the Spanatron) developed at Stanford,6-" the 
magnitude of the static magnetic field is made to vary 
spatially, in a known manner, across a sheet electron 
beam so that electrons in different sections of the beam 
have different resonant frequencies. The other, histori-
cally more recent, type consists of a pencil electron beam 
immersed in a uniform static magnetic field. Both types 
utilize the same basic phenomena. In the Spanatron, 
however, the frequency of an unknown signal is ob-
tained by determining (with a detector grid) the section 
of the sheet beam that is in resonance with the unknown 
signal. Signal frequency is determined in the pencil 
beam tube by adjusting the magnitude of the uniform 
static magnetic field until resonance is indicated. This 
paper is concerned with the latter type of tube. 
A photograph and a functional schematic representa-

tion of the cyclotron resonance detector tube to be 
described is shown in Figs. 1 and 2. A pencil electron 
beam is directed between the inner and outer conductors 
of a 50-ohm coaxial line. When an RF signal is applied 
to the coaxial line, an alternating electric field perpen-
dicular to the beam is excited. If the RF frequency and 
the cyclotron frequency are nearly equal, the mutually 
perpendicular RF electric field and the uniform static 
magnetic field will cause individual electrons to spiral 
about axes parallel to the beam. The path radius of the 
spiralling electrons will be greatest when the RF fre-

6 W. G. Worcester, "All-Metal Spanatron Tube and Magnet," 
Electronics Res. Lab., Stanford University, Stanford, Calif., Tech. 
Rept. No. 21, Nonr 22510; August 1, 1954. 

7 M. M. McWhorter, "Performance of a Cyclotron- Detector 
Microwave Spectrum Analyzer Tube (Spanatron)," Electronics 
Res. Lab., Stanford University, Stanford, Calif., Tech. Rept. No. 22, 
Nonr 22510; August 8, 1954. 

8 W. H. Kohl, "Construction of a Sealed-Off, All-Metal Cyclotron 
Resonance Tube," Electronics Res. Lab., Stanford University, Stan-
ford, Calif., Tech. Rept. No. 23, Nonr 22510; August 15, 1954. 

9 L. A. Roberts, The Extension of the Design for a Non-Scan-
ning Microwave Intercept Receiver," Electronics Res. Lab., Stanford 
University, Stanford, Calif., Tech. Rept. No. 1, N6onr 25132; May 15, 
1951. This was also a Ph.D. dissertation under the same title. 

10 W. G. Worcester, "An Investigation of Electrical Detection 
Methods for a Non-Scanning Microwave Spectrum Analyzer," 
Electronics Res. Lab., Stanford University, Stanford, Calif., Tech. 
Rept. No. 2, N6onr 25132; February 15, 1952. This was also a Ph.D. 
dissertation under the same title. 
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quency, as viewed by an observer moving at the axial 
velocity of the electrons, is equal to the cyclotron fre-
quency. To detect the spiral motion of the electrons, the 
beam is passed through a grid which is composed of 
many honeycomb-like cells ( Fig. 3); some electrons are 
captured by the grid. If the path radii of the spiralling 
electrons are relatively small, most of the beam will 
pass through the detecting grid to the collector. If the 
path radii of the electrons are increased, fewer of the 
electrons in the beam will reach the collector. Thus, a 
current whose amplitude is sensitive to the path radii 
of the electrons may be obtained either from the detect-
ing grid or from the collector. 
The characteristics of a detecting grid were first in-

vestigated by Roberts's and Worcester:''" Stewart sub-
sequently completed a statistical theory of detector 

Fig. I -Cyclotron resonance detector tube. Over-
all dimensions, 14 >on inches. 

Cathode 

50 ohm 
( termination Static magnetic held 

R- Fi 
signalt 

!Anode 
L Interaction Structure 

50 ohm coaxial line 

Beam Axis 

9_ Detecting 
grid 

,-Collector 

Fig. 2—Cyclotron resonance detect ï t the, functional schematic. 

Fig. 3—Honey-comb detecting grid. Hexagonal cell diameter 
and depth, approximately 10 mils. 

" Subsequent to his work at Stanford, Worcester and his asso-
ciates at the Engrg. Exp. Sta., University of Colorado, Boulder, have 
continued the study of cyclotron resonance, with particular emphasis 
on the Spanatron.- Tech. Repts. 1-7, Nonr-11 ,17-01, describe their 
work during the 1953-1958 period. 

grid behavior. Stewart"-'5 also proposed and built cyclo-
tron resonance detector tubes utilizing a coaxial line 
interaction structure. The tubes described here are re-
finements of Stewart's early models. 

In the following portions of this paper a simplified 
analysis of the energy transfer from the RF electric 
field to the spiralling electrons will be presented, the 
mechanical details of the tube will be outlined, and the 
electrical characteristics, both predicted and measured, 
will be discussed. The theory of the detecting grid is 
presented elsewhere; only the observed characteristics 
of one particular grid are reported here. 

DESCRIPTION OF CYCLOTRON RESONANCE 
DETECTOR TUBE 

This section describes the mechanical details of a 
cyclotron resonance detector tube and typical opera-
tional procedures. 

Construction of the tube is not difficult; many of the 
parts can be purchased commercially and those requir-
ing fabrication are not complex. The tube is rugged, re-
liable, and simple to operate. 
A major component of the tube is the 10-inch coaxial-

line interaction structure. It is nonmagnetic stainless 
steel tubing; the inside diameter of the larger tubing is 
0.36 inch, while the outside diameter of the smaller tub-
ing is 0.15 inch. The outer coaxial cylinder is supported 
within the glass envelope by two support rings. Each 
support ring contains three synthetic sapphire balls 
(one of which is spring-loaded) which bear against the 
glass envelope. The tubing forming the inner coaxial 
conductor is supported at the gun end of the tube by an 
Aquadag coated glass bead. The glass bead, visible in 
Fig. 1, serves not only as a mechanical support, but also 
as the 50-ohm termination for the coaxial line. 
The external RF connection to the tube is made at a 

coaxial Kovar seal near the collector. A short section 
of internal coaxial transmission line connects the inter-
action structure to the Kovar seal. RF is brought in at 
the collector end of the tube, not only to reduce the over-
all diameter of the tube, but also to keep the magnetic 
Kovar as far from the beam as possible. 
A standard RCA cathode-heater assembly with a flat 

0.12-inch oxide-coated cathode button provides the 
electron source. Both the anode and the detecting grid, 
which are mounted perpendicular to the beam, are of 
the type shown in Fig. 3. These grids, made available 

j. L. Stewart, "The Analytical Theory of Cyclotron Resonance 
Video Detectors and Mixers with Examples," Electronics Res. Lab., 
Stanford Unversity, Stanford, Calif., Tech. Rept. No. 17, N6onr 
25123; September 25, 1952. This was also a Ph.D. dissertation under 
the same title. 
" J. L. Stewart, "The Theory of Cyclon Detectors and Mixers," 

Electronics Res. Lab., Stanford University, Stanford, Calif., Tech. 
Rept. No. 19, N6onr 25132; April 10, 1953. 
" J. L. Stewart, "New Cyclon Detectors," Electronics Res. Lab., 

Stanford University, Stanford, Calif., Tech, Rept. No. 23, N6onr 
25132; June 26, 1953. 
" J. L. Stewart, " Electron flow through small tubes with mag-

netic focusing," J. Appt. Phys., vol. 24, pp. 1236-1240; September, 
1953. 
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through the courtesy of Varian Associates, have a cell 
diameter and depth of approximately 0.010 inch. 

Typical applied potentials and resulting currents are: 
coaxial interaction structure, zero volts dc (outer con-
ductor grounded); useful cathode voltage range, —3 to 
—15 volts; cathode current, 50-60 µa; collector current 
(in the absence of RF), 5-15 µa; dc collector potential, a 
few volts above ground (not critical); detecting grid, 
ground potential. 
The beam voltage at which the tube is to be operated 

is chosen on the basis of RF bandwidth and sensitivity 
considerations (see Figs. 8 and 9); the anode potential 
is set one volt positive with respect to the cathode, and 
the tube's position in the magnetic field is adjusted to 
secure maximum collector current in the absence of a 
signal. A slight spatial re-alignment of the tube in the 
magnetic field, and adjustment of the anode potential, 
may be required to obtain maximum sensitivity when a 
test signal is applied. 
The required magnetic field was generated by a wire-

wound solenoid 161. inches in length and 441 inches in 
outside diameter. A reasonable amount of care must be 
exercised during construction of the solenoid to obtain 
winding uniformity. At a cyclotron frequency of 650 mc 
(232 gauss), the solenoid dissipated approximately 40 
watts; a 1-ma change in the solenoid current varied the 
cyclotron frequency 3 mc. 

DETECTION OF SPIRALLING ELECTRONS 

The most satisfactory method discovered so far for 
detecting spiralling electrons is a honey-comb grid of the 
type shown in Fig. 3. It appears from geometrical con-
siderations that, as a first approximation, the probabil-
ity of electron interception by the detecting grid would 
be directly proportional to the radius of the electron's 
helical path. Observations indicated that this was not 
true; grid detection is more complicated than one might 
suspect. Consideration of the random phenomena cre-
ated by the electrostatic field near the grid, and by 
thermal factors, suggested that a statistical approach 
to the problem might be fruitful. Both Worcester" and, 
more recently, Stewart'2."." have analyzed detecting 
of grid behavior from a statistical viewpoint. Both 
these analyses correctly indicate that the change in 
intercepted current will be nearly proportional to the 
square of the signal-induced radius under small-signal 
conditions. That this is so may be inferred from Fig. 6 
and (9). The actual sensitivity realized by the detecting 
grids is within a few db of that which is theoretically 
possible according to Stewart's analysis. For more de-
tails on the theoretical behavior of the honey-comb 
grids, the reader is referred to the references cited. 

Theoretically the signal is negative at the detector 
grid (grid intercepts electrons) and positive at the col-
lector; thus, it would seem, one would have a choice of 
video signal polarity. In practice, however, some detec-
tion occurs in the interaction structure; i.e., some elec-
trons spiral into the conductors of the RF transmission 

line. Near the lower frequency limit of the tube de-
scribed, the detected signal at the grid may change 
polarity—due to interception of electrons in the interac-
tion structure. Since the polarity of the signal at the 
collector is always the same, it was used rather than the 
grid signal. 

ENERGY TRANSFER MECHANISM 

An electron entering the coaxial interaction structure 
with only an axial velocity would, in the absence of an 
RF signal, follow a straight-line trajectory parallel to 
the beam axis. However, should the electron acquire a 
velocity component transverse to the axial magnetic 
field, due to thermal emission effects, the RF field, or 
from any cause whatsoever, the electron trajectory will 
not be a straight line. The electron will instead spiral 
about a line parallel to the beam axis; in addition to its 
axial velocity, it will have acquired an angular velocity. 
Thus, the electron trajectory may be visualized as a 
helix of constant pitch with an axis parallel to the static 
axial magnetic field. The number of revolutions the 
spiralling electron completes each second (the cyclotron 
frequency) is uniquely determined by the magnetic 
flux density. 

If the frequency of the RF field, as viewed by an ob-
server moving at the axial velocity of the electron, is 
equal to the cyclotron frequency and if the phase rela-
tionship of the spiralling electron and the RF field is 
optimum, the electron will continuously gain energy 
from the transverse electric field. The radius of the 
spiralling electron will continuously increase as the 
electron moves through the interaction structure. If the 
observed RF frequency differs from the cyclotron fre-
quency, the electron gains less energy, its path radius 
is less, and the current intercepted by the detector grid 
is less. Hence, the spiralling electrons form a resonant 
system. It is the purpose of the ensuing analysis to de-
termine the characteristics of this resonant system. 

In order to simplify the analysis, the terminated co-
axial line structure used in the actual tube is replaced 
by a lossless, terminated parallel-plate transmission 
line in which all fringing fields are neglected. The 
parallel-plate structure and assumed coordinate system 
are shown in Fig. 4. The RF electric field is entirely in 
the y direction and independent of the x coordinate; the 
uniform static magnetic field is in the +z direction only. 
A partial list of the symbols used follows (mks units are 
used unless otherwise noted). 

13 = axial magnetic flux density, 
e= electronic charge, 
= instantaneous RF electric field 
= E0 cos(cot +az +0), 

Eo= maximum value of RF electric field, 
m = electron mass, 
uo=z-directed electron velocity, 
y = RF phase velocity, 

RF phase constant, 
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4= phase angle relating value of RF electric field 
and angular position of electron at t=0, i.e., 
—Eoe cos cl) is force acting on electron at t=0, 

co = angular frequency of RF input (co-- 2rf), 
co, --cyclotron angular frequency (co,. = 27rf,), 
cok =angular frequency of RF input viewed by mov-

ing electron, and 
r = electron transit time through interaction space. 

Neglecting the effects of other electrons, i.e., space 
charge, it is well known that an electron having a 
velocity component perpendicular to a static magnetic 
field will, under equilibrium conditions, perform a circu-
lar motion having an angular velocity: 

co, -= 2/rf, = 
e B 

where f,=cyclotron frequency in cps. 
The incremental energy gained by the orbiting elec-

tron from the RF electric field (see Figs. 4 and 5) is: 

&IV = F • ds = — Eerco, cos <41 dl. (1) 

R-F In 

R F 
V z 

z  

zz z r J— 

E 

z 

Cathode Collector 

(a) (b) 

Fig. 4—Parallel-plate interaction structure, side and end views. 

••, 

d(Wct) 

Fig. 5—Electron force diagram. 

F=- E e Y 

Since the energy of a spiralling electron is 

IV = Imr2w,2, (2) 

then 

dW = mrwc2dr. 

Eliminating dW from ( 1) and (2), 

E„ Eo 
dr = — cos (4,l dt = — cos (cot az 4,) cos wet di. (3) 

The electron enters the interaction structure at z=t 
=0. The z coordinate of the electron is z= not, so that 
Oz=co/v(uot). Eq. (3) may be written 

where 

Eo 
dr = — cos (wit ± ck) cos wet dl, 

à lip 
Wk W (1 + —). 

V 

(4) 

If the amount of energy absorbed by the electron is 
small, Eo can be assumed constant. Integrating (4) over 
the time interval 0 to r, where r is the electron transit 
time, one obtains 

r = 
Eor (sin (we 

2B \ 

— WkT — <te) ± sin 4, 

(wc — wk)r 

sin (coo- ± coo. ± (1)) — sin 0) 
ro 

(co, -I- wk)r 

r,. (5) 

In this equation, 

r = total electron path radius at t=r, 
ro =initial electron path radius prior to electronic 

interaction, and 
r, = component of electron path radius due to elec-

tronic interaction with RF field. 

The absolute magnitude of (5) is taken since a negative 
value of r has no physical significance. 

If the assumption is made that (co,--kok)>>1co,, 
(5) can be written 

r 
Eor 

2B 

Acur 
sin — 

2 Acor 
2n7r) + ro 

2 Acor 

2 

n = 0, 1, 2, • • •, and Aco w — wk. (6) 

Application of the assumption noted invalidates (6) 
near the zeros of the (sin Acor/2)/(Awr/2) term. The 
equation can be used, however, to describe the maxi-
mum value of Id as a function of the pertinent vari-
ables. 

Presumably all values of q5 are possible in an actual 
tube so that the maximum possible electron path radius 
as a function of Acor is observed by the detecting grid. 
This radius is 

r — 
Eorí 

213 .Acor 

Acar 
sin   

2 

2 

+ To (7) 
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Maximum radius is obtained at .deo = 0; resonance, there-
fore, occurs when co,=cok, i.e., when 

(8) 

The factor ( 1 +zto/v) represents the increase in the sig-
nal frequency (f) as "seen" by the electron due to the 
Doppler effect. If the RF wave on the parallel-plate 
transmission line were a standing-wave rather than a 
traveling-wave, resonance would occur at f =f„. 
The electron path radius at resonance is 

= 
Eor 

+ ro 
2B 

(9) 

Taking the ratio of ( 7) and (9) gives the relative 
electron-path radius with respect to the resonant radius. 
Assuming that the initial radius ro is small compared to 
the signal induced radius, this ratio becomes 

— = 

Awr 
sin — 

2 

Acor 

2 

(10) 

Both experimental and theoretical considerations 
indicate that the detecting grid output varies as the 
square of the electron path radius. Squaring ( 10), there-
fore, gives the relative response curve of the device as 
the signal frequency varies. If the signal frequency is 
held constant, and the magnetic field (cyclotron fre-
quency) is varied, the response curve is given by the 
square of ( 10) provided aco/resonant angular frequency 
«1. 

Eq. ( 10) has decreased to 0.707 of its maximum value 
when Acor/2 = 1.39; the 3-db bandwidth is, therefore, 

Aco 2.78 
— = 

ir IFT 

Since the energy transferred to a resonant electron is 
given by '4m(Eor/2B)2co„2, the power transferred to a 
beam is 

e (Eel-) 2 

8 
(12) 

where /= beam current, and P,.= power transferred to 
the beam. 

It will be noted from the preceding analysis that the 
resonant electron path radius is proportional to the 
product of the peak value of RF field and electron 
transit time [see (9)]. Once one has decided upon an 
interaction structure, the peak value of the transverse 
electric field is fixed for a given signal power input. 
Transit time, however, can be controlled by adjustment 
of the beam voltage. 

Increasing the electron transit time (decreasing the 
beam voltage) decreases the signal power required to 

attain a given resonant radius, and at the saine time, de-
creases the 3-db bandwidth [see ( 11)]. As one might 
suspect, there is a practical limit as to how far the 
transit time may be increased. Experimentally, the 
minimum useful beam voltage has been determined to 
be approximately 3.5 volts for the 10-inch coaxial-tube 
line. This corresponds to a minimum 3-db bandwidth 
of about 4 inc. The 3-db bandwidth, as indicated by 
(11), has been found to be essentially independent of 
the resonant frequency, at least over the 10:1 frequency 
range investigated. Similarly, the power coupled to the 
beam at resonance is independent of frequency. Eq. ( 12) 
also indicates that the frequency range over which 
power can be satisfactorily coupled to the beam is de-
termined only by the frequency characteristics of the 
interaction structure. 

In arriving at ( 10), which describes the relative elec-
tron path radius, it was assumed that all values of ck 
are possible because the time-relationship of electron 
entry and the peak RF field is random. Some electrons 
will, therefore, always acquire the maximum possible 
energy as the signal frequency varies about the cyclo-
tron frequency. The response for off-resonance fre-
quencies would, under these conditions, decrease in 
relative amplitude at the slowest possible rate; i.e., the 
response given by ( 10) has the worst possible selectivity 
for this resonant system. 
One is therefore led to inquire as to the possibility 

of obtaining a more selective response characteristic. 
Such a possibility exists; for 4)=0, ( 10) becomes: 

sin &or 
=   

r„, acor 
(13) 

where r„, is given by (9). The 3-db bandwidth obtained 
for ck = 0 is exactly one-half of that given by (11). 

CHARACTERISTICS OF THE CYCLOTRON RESONANCE 
DETECTOR TUBE 

The tube responds to CW, AM, and FM signals; for 
convenience, however, pulsed signals were generally 
used in determining the characteristics described in this 
section. 
The relative amplitude of detected RF pulses as a 

function of the peak RF power input is shown in Fig. 6. 
The detection is square law over the region where the 
slope of the curve is one, i.e., over a power input range of 
20 db. Saturation occurs at approximately 1/10 of a 
milliwatt; the input RF power dynamic range is ap-
proximately 35 db. The data for Fig. 6 were taken at 
resonance with a beam voltage of 4.0 volts at an RF 
input frequency of 230 mc. The detector characteristic 
observed at other frequencies ( 100 and 500 mc) is not 
significantly different from that shown in Fig. 6. 
The relative response curve for the tube is shown in 

Fig. 7; the solid curve represents the actual response, 
while the dashed curves are the envelopes of the two the-
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oretical response characteristics obtained from (10) and 
(13), assuming the detector grid responds to the square 
of the relative electron path radius. Due to the assump-
tion noted in connection with (6), only the envelope of 
the theoretical responses (curve through maximum 
values of ¡ r/r„,1 2) is shown in Fig. 7. The outer dashed 
curve is ( 10) squared and represents the envelope of the 
response one would expect to obtain; the inner, more 
sharply resonant, dashed curve is shown merely to indi-
cate a more desirable response which is, at least the-
oretically, obtainable. Inspection of Fig. 7 shows that 
the agreement between experiment and theory is rea-
sonable, but by no means perfect. Assumptions in-

volved in the analysis and the experimental error prob-
ably account for the discrepancy. 
The characteristic shown in Fig. 7 is typical of the 

response curves observed for resonant frequencies 
greater than 100 inc. In the region of 100 inc and below, 
the response becomes noticeably asymmetric for reasons 
not clearly understood. 
The selectivity of the resonant system is not particu-

larly impressive: the 30-db/3-db bandwidth ratio is 
only about 14. One obvious means of improving the 
selectivity is to provide RF pre-selection ahead of the 
tube. For operation over an extensive frequency range, 
as well as for ease in tracking, the pre-selector also prob-
ably should be a device which utilizes the cyclotron 
resonance phenomena. Perhaps a device patterned after 
the Cuccia electron coupler"."—but with wide-band 
transmission line input and output interaction-struc-
tures—would be an effective pre-selector. 
The 3-db RF bandwidth as a function of beam volt-

age is shown in Fig. 8. The solid curve is plotted from 
measured data; the clashed curve is calculated from 
(11). The electron transit-time required for substitution 
in ( 11) was calculated on the basis of a 10-inch interac-
tion length and an average axial velocity, uo, given by 
the relation Imuo2 = eV, where V is the cathode voltage. 
The predicted and measured curves are nearly parallel 
for beam voltages greater than 3.5 volts, thus, at least 
qualitatively, providing verification of ( 11) in this 
region. 
The abrupt change in the general trend of the solid 

curve in Fig. 8 at beam voltages of 3.5 volts and less is 
correlated with a similar change in the sensitivity-beam 
voltage characteristic (see Fig. 9). 

Since the electron path radius at resonance is propor-
tional to the transit time [see (9)1, it is to be expected 
that sensitivity will decrease with an increase in beam 
voltage. In Fig. 9 the tangential signal sensitivity for a 
1-psec pulse (500-kc video bandwidth's) is plotted as a 
function of beam voltage. At beam voltages of 3.5 volts 
and less, the general trend of the curve is reversed: in 
this region the tube also becomes acutely sensitive to 
minor changes in operating conditions. It is customary, 
therefore, to operate the tube at a beam voltage of four 
or even five volts when maximum sensitivity is desired. 
The sensitivity-beam voltage characteristic is es-

sentially independent of frequency, at least over the 65-
650-mc range examined. The ordinate (sensitivity) will 
change with resonant frequency. The shape of the curve 
and of the abscissa, however, remain intrinsically un-
changed. 

id C. L. Cuccia, "The electron coupler—a developmental tube for 
amplitude modulation and power control at ultra-high frequencies— 
Part I," RCA Rev., vol. 10, pp. 270-303; June, 1949. 

" C. L. Cuccia, "The electron coupler—a developmental tube for 
amplitude modulation and power control at ultra-high frequencies— 
Part II," RCA Rev., vol. 14, pp. 72-99; March, 1953. 

18 The post-detection ( video) amplifier bandwidth must be chosen 
so as to amplify the detected modulation with satisfactory fidelity. 
This bandwidth will in turn affect the video amplifier noise and there-
by the minimum detectable RF signal. 
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The wide frequency range over which the cyclotron 
resonance detector tube can be operated is indicated in 
Fig. 10. The resonant frequency was varied by changing 
the current in the solenoid windings; no other adjust-
ment was made. The sensitivity gave no sign of decreas-
ing above 680 111c; data were not taken at higher fre-
quencies because of solenoid dissipation. The sensi-
tivity shown in Fig. 10 is for an RF bandwidth of 5 mc 
(5-volt beam) and for a 1-psec pulse (500-kc video band-
wi(lth). 
The poor sensitivity of the tube at the lower fre-

quencies appears to be clue primarily to beam trans-
mission difficulties. At 56 mc, for example, the axial 
magnetic flux density required for resonance is only 
about 20 gauss. The useful low-frequency limit for these 
tubes would appear to be about 65 mc; operation near 
this low frequency limit requires that the solenoid be 
carefully shielded from the earth's magnetic field. 
RF pre-amplification can be used to improve ut on 

the basic sensitivity of the cyclotron resonance tubes. 
Low- noise, wide-band distributed amplifiers have been 
employed to obtain tangential signal sensitivities of 
—90 to — 95 dbm over wide frequency ranges. 
One of the unusual features of these tubes, possibly 

unique, is the electronically variable RF 3-db band-
width. Fig. 8 would indicate that one need only vary 
the beam voltage to attain a desired 3-clb bandwidth. 
It is true that the beam voltage controls the band-
width, but usually a slight adjustment of anode voltage 
(and possibly of the tube's spatial alignment) is re-
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Fig. 10—Tangential signal sensitivity vs resonant frequency, 
500-kc video bandwidth and 5-nie RF bandwidth. 

quired to obtain maximum sensitivity following a 
change in the beam voltage. At most, the adjustments 
would take a few minutes; it might, however, be useful 
if one were able to change the bandwidth rapidly. This 
can be accomplished by distorting the axial magnetic 
field so as to achieve an effect analogous to staggered 
tuning. 
The interaction structure of the cyclotron resonance 

tube and the magnetic field in which the tube is im-
mersed are analogous to a resonant circuit which is 
tuned by varying the magnetic flux density. If the mag-
netic flux density over one-half the length of the inter-
action structure is different from that of the other half, 
the situation is analogous to that of two tuned circuits 
of different resonant frequencies connected in series. 
(In bandpass-amplifier theory. this combination would 
be called a "staggere(l pair.") Perhaps the simplest way 
to achieve a staggered magnetic field is to add a second 
winding to the solenoid which is wound clockwise for 
half the length of the solenoid and counter-clockwise 
for the remaining half. A current flowing in this winding 

will produce. ideally, an axial magnetic field which adds 
to the main field over one-half the length of the solenoid 
and subtracts from the main field over the other half. 
Since the added winding need only produce a magnetic 
field on the order of one or two gauss, the additional 
power required is negligible. 
With the proper current flowing in the additional 

solenoid winding, a response curve with three peaks is 
obtained (see insert of Fig. 11). This response is nearly 
independent of the resonant frequency, as long as the 
beam voltage and the current in the additional winding 
remain unchanged. -ro change from the response of Fig. 
7 to the three-peaked response of Fig. 11, one need only 
throw a switch to send a predetermined current through 
the additional winding. If the beam voltage is changed 
by more than 10 per cent, it is necessary to adjust the 
value of this current to obtain maximum results. 

In Fig. 11 the 3-db bandwidths for the uniform and 
staggered magnetic fields are compared. The bandwidth 
is increased lw a factor of approximately 3 ( theoreti-
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uniform and "staggered" magnetic field. 

cally, 2.8) when the magnetic field is staggered. The in-
creased bandwidth is acquired at the expense of sensi-
tivity; the reduction of sensitivity (see Fig. 12) varies 
between 3 and 5 db depending upon the beam voltage. 
The cyclotron resonance tubes are relatively immune 

to damage by high RF powers. Permanent damage is 
most likely to occur first at the terminating resistance. 
A small change in the value of the coaxial line termina-
tion is not detrimental. However, a large VSWR on the 
coaxial line would narrow the frequency range over 
which satisfactory sensitivity could be obtained. RF 
power of a magnitude far less than that which could 
cause any possible physical damage does, however, pro-
duce undesirable spurious responses. 
If the RF input is sufficient to saturate the tube, that 

is, if it is greater than — 10 dbm, spurious responses.— 
which have no apparent relationship to the applied sig-
nal frequency—appear over a wide frequency range. 
These responses are at least 30 (lb below the peak of the 
main response and are easily identifiable. A second type 
of spurious response—which may have more serious 
consequences—is observed when the input power ex-
ceeds approximately — 20 dbm. This response occurs 
when the cyclotron frequency is approximately half of 
the signal frequency: its amplitude is also at least 30 
db below the main response, but the shape of its re-
sponse-curve appears to be very similar to that of the 
main response ( Fig. 7); hence, it can be mistaken for a 
weak legitimate signal. 

4 6 10 

Beam voltage ( volts) 

Fig. 12—Tangential signal sensitivity vs beam voltage, 
uniform and "staggered" magnetic held. 

12 14 

CONCLUSIONS 

The idealized and simplified theory of energy transfer 
presented in this paper—along with the results from an 
analysis of detecting grid behavior"—is sufficient to 
predict many of the characteristics of a cyclotron 
resonance detector tube. 
The cyclotron resonance tubes are characterized by 

an extremely broad frequency range (at least 10:1) 
over which operation is possible. Resonance may be 
electronically varied; tuning is linear and may be ac-
complished either with a single manual control, or by 

periodic variation of the solenoid current (automatic fre-
quency scanning). The sensitivity, RF bandwidth, dy-
namic range, and selectivity of this device should prove 
adequate for many purposes. 
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Anomalies in the Absorption of Radio Waves 
by Atmospheric Gases* 

A. W . STRAITON t, FELLOW, IRE AND C. W . TOLBERTt, SENIOR MEMBER, IRE 

Summary—This paper summarizes recent measurements of the 
attenuation of radio waves by atmospheric gases and compares the 

measured losses with those predicted by Van Vleck. Reasonably 
good agreement has been noted between the predicted and measured 
losses for oxygen, but the measured loss for water vapor is consider-
ably in excess of that predicted. Various factors which may influence 
this discrepancy are discussed. 

I NTkorn -cruiN 

I
IV two classic papers in 1947, Van Vleck" evaluated 
the experimental evidence available on the absorp-
tion characteristics of atmospheric gases and pre-

dicted the magnitude of the attenuation of radio waves 
due to oxygen and water vapor. These papers have 
served as the starting point for most subsequent work 
in the field and the numerical predictions have been 
used frequently to estimate propagation losses. 
The absorption of energy from a radio wave by 

atmospheric gases is due to the transition from one 
molecular rotation energy level to another caused by 
the electromagnetic wave. For gases at very low pres-
sures, this energy change is associated with a very nar-
row band of frequencies. For increased pressures, the 
energy is absorbed over a wider range. The frequency 
dependence of microwave absorption was given by Van 
Vleck and Weisskopr and the Van Vleck-Weisskopf 
equation as given in the Appendix has been the most 
commonly used means of predicting atmospheric losses. 
Two critical constants are involved in each energy 

level transition. The first of these is the frequency asso-
ciated with the energy transition. This may be deter-
mined from a knowledge of the energy levels or from 
direct measurement. Since the energy differences are 
very small for absorption lines in the microwave spec-
trum, the error involved in taking the difference of two 
nearly equal values is large. For this reason, direct 
measurement of resonant frequency is preferable where 
possible. 
The second critical number is the line breadth con-

stant associated with the frequency spread of the ab-
sorption. This value should be determined by direct 
measurement for the most reliable results. 

* Original manuscript received by the IRE, August 11, 1959; re-
vised manuscript received, December 14, 1959. This work was 
sponsored by the Office of Naval Research under Contract Nonr 
375(01). 

Electrical Engineering Research Lab., University of Texas, 
Austin. 

'j. Fl. Van Vleck, "The absorption of microwaves by oxygen," 
Phys. Rev., vol. 71, pp. 413-424; April 1, 1947. 

2 II. Van Vleck, "The absorption of microwaves by uncoil-
densCd water vapor," Phys. Rev., vol. 71, pp. 425-433; April 1, 1947. 

3 J. H. Van Vied: and V. F. Weisskopf, "On the shape of collision-
broadened lines," Rev. Mod. Phys., vol. 17, pp. 227-236; April-July, 
1945. 

VAN VI.ECK'S CHOICE or LINE BREADTH CONSTANT 

At the time of Van Vleck's papers, no propagation 
test had been made through the actual atmosphere in 
the millimeter wavelength region, and only a very few 
quantitative data were available in the centimeter re-
gion. On the basis of infrared studies, it had been possi-
ble to establish the molecular energy levels and the fre-
quencies associated with their differences. 
Oxygen losses in the millimeter spectrum result from 

the interaction of the magnetic moment of the 0, mole-
cule with the electromagnetic field. Transitions to the 
ground state occur with corresponding wavelengths 
grouped around 0.5 cm, and with one transition wave-
length at 0.25 cm. In addition, nonresonant or Debye 
absorption provides a continuous spectrum of loss. 

For line breadth constants of 0.05 or greater, the lines 
in the 5-mm wavelength band blend together to form a 
single line. On the basis of measurement of oxygen 
losses near 5 mm in waveguides by Berringer,4 Van 
Vleck concludes that the appropriate line breadth con-
stant should be 0.02 cm-' at one atmosphere. The losses 
calculated, using this constant, were plotted in Fig. 1. 
The attenuation curve is somewhat irregular at the first 
peak but the details are masked by the log-log scale. 

Measurements by Lamont5 of oxygen losses around 5 
min through the actual atmosphere were found to be 
adequately explained by the use of the line breadth of 
0.02 cm-4. Laboratory measurements by Strandberg, 
el al.,6 on pure oxygen and oxygen- nitrogen mixtures 
agreed with a line breadth constant between 0.015 and 
0.0? cm-I. 

For water vapor, one line occurs near 1.35 cm and one 
at 1.63 mm. In addition, there are a vast array of lines 
in the near millimeter region. Ghosh and Edwards.' have 
listed 588 of these absorption lines. Of these, 149 with 
significant line strength have wavelengths between 0.05 
and 1.0 mm. The direct measurement of the line breadth 
constant has been possible only for the 1.35-cm line. 
Van Vleck concluded, on the basis of resonant cavity 
measurements by Becker and Autlers at Columbia Uni-

' E. R. Beringer, "The absorption of one-half centimeter electro-
magnetic waves in oxygen, Phys. Rev., vol. 70, pp. 53-57; July, 1946. 

5 H. R. L. Lamont, "Atmospheric absorption of microwaves," 
Pin's. Rev., vol. 74, p. 353; August, 1948. 

'8 M. W. P. Strandberg, C. Y. Meng, and I. G. Ingersoll, "The 
microwave spectrum of oxygen," Phys. Rev., vol. 75, pp. 1525-1528; 
May, 1949. 

S. N. Ghosh and H. D. Edwards, " Rotation Frequencies and 
Absorption Coefficients of Atmospheric Gas," Geophys. Res. Direc-
torate, AF Cambridge Res. Ctr., Bedford, Mass., Rept. No. 82; 
March, 1956. 

8 G. E. Becker and L. H. Antler, "Water vapor absorption of 
electromagnetic radiation in the centimeter wave-length range," 
Phys. Rev., vol. 70, pp. 300-307; September 1 and 15, 1946. 
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Fig. 1—Attenuation due to oxygen at one atmosphere. 

versity, that this line breadth constant should be ap-
proximately 0.1 The assumption was made that 
this line breadth constant was the saine for all water 
vapor lines and the spectral distribution of the water 
vapor losses was calculated. This theoretical attenua-
tion as a function of frequency is shown in Fig. 2 for the 
line breadth constant of 0.1 cm-' and also for a line 
breadth constant of 0.27 cm-1. 

DIFFICULTIES IN DIRECT TRANSMISSION 
Loss MEASUREMENTS 

It is rather surprising that there are very few reports 
in the technical literature of quantitative measurements 
of absorption by atmospheric gases on actual transmis-
sion paths. Dicke's9 radiometric measurement of the 
sun at 1, 1.25 and 1.50 cm provided estimates of the 
water vapor loss, but required a knowledge of the water 
vapor distribution with height which can only be ap-
proxinmted. 
The problem in millimeter measurements has been 

the lack of generators of sufficient power to make actual 
transmission tests. In recent years, however, improve-
ments in millimeter techniques have extended the range 
over which propagation measurements could be made, 
and data are available at a good many frequencies. 

9 R. H. Dicke, R. Beringer, R. L. Kyhl, and A. B. Vane, "At-
mospheric absorption measurements with a microwave radiometer," 
Phys. Rev., vol. 70, pp. 340-348; September 1 and 15, 1946. 
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Fig. 2—Water vapor attenuation for 7.5 g/m3. 

In addition to the equipment problems, there are a 
number of difficulties encountered in the propagation 
tests that require them to be made with a great deal of 
care. 
The general procedure for making the tests is to ob-

serve the signal level on a number of days and to plot 
this signal strength as a function of water vapor content 
in the atmosphere. The slope of this line provides the 
water vapor losses and the ordinate or y-axis intercept 
provides the oxygen loss. 

nhomogeneity in the water vapor content is known 
to exist both on small and large scales. In practice, the 
water vapor concentration is measured at both ends of 
the path and compared to data available from the U. S. 
Weather Bureau. The process of time averaging of the 
measurements and the use of many samples gives a 
measure of the variation of loss with water vapor con-
centration which is felt to be quite reliable. 

Another annoyance in the measurement is the fact 
that considerable scintillation in the signal level may 
occur. The magnitude of these fluctuations is greater 
than can be explained by variations in the mean water 
vapor density and therefore must be attributed to re-
fraction effects. The signal chosen as representative of a 
given sampling period is the mean level. 
A third problem in propagation measurements is the 

presence of precipitation along the path. Care must be 
taken that the absorption measurements are made at a 
time when the atmosphere is free of rain or solid, par-
ticulate matter. 
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SUMMARY OF RECENT MEASUREMENTS 

During recent years, improvements in generators 
and components have made possible a number of ab-
sorption measurements through the actual atmosphere. 
Such measurements have been made by Bell Telephone 
Laboratories" at wavelengths in the 5- to 6- min region 
and at 4.3 and 3.7 mm. Similar measurements have been 
made by The University of Texas Electrical Engineer-
ing Research Laboratory at wavelengths in the range 
from 1.2 to 1.7 cm, at 8.6 mm, 4.3 mm, 3.35 min, 
2.15 nun, and at a number of wavelengths in the region 
from 2.5 to 3 111111.1' The results of all these measure-
ments have been plotted on Figs. 1 and 2 for compari-
son with the Van Vleck curves. 
The points plotted on the log-log curves tend to give 

the impression of a closer agreement between the meas-
ured and theoretical values than actually exists. Some 
details of the spectrum will be considered later. 
From Fig. 1, it is seen that the agreement between 

the measured and calculated values of absorption for 
oxygen are reasonably good, but for reasons pointed 
out later, care should be exercised in extrapolating the 
data to points very far from the frequencies at which 
they were measured. 
• From Fig. 2, it is seen that the water vapor losses are 
consistently larger than those predicted by Van Vleck 
for a line breadth constant of 0.1 These deviations 
will be discussed in greater detail in the following sec-
tions. 

RESIDUAL EFFECT OF SUBMILLIMETER WATER 
VAPOR LINES 

In those sections of the microwave spectrum far re-
moved from a water vapor absorption line, the attenua-
tion is primarily controlled by the skirts of the submilli-
meter lines. This effect is shown in Fig. 3. 12 The line 
numbers are in the order of increasing frequency. It is 
noted in the frequency range from 50 to 130 kmc that 
the first 12 lines make a relatively small contribution to 
the total absorption and that line numbers 21 through 76 
make approximately the same contribution as the first 
20 lines. 
The curves of Fig. 3 are based on the assumption that 

the line breadth constant is 0.1 cm-' for all of the lines. 
Recent evidence has indicated that the line breadth 
may vary from line to line. Such variations could cause 
the attenuation curve to rise much more rapidly with 
frequency than is shown in Fig. 3. 

1" " Millimeter Wave Research-Final Report," Bell Telephone 
Laboratories, New York, N. Y., ON R Contract 687(00), Rept. No. 
24261-15; Ma, 1955. 
" C. W. rased, A. \V. Straiton, and J. H. Douglas. "Studies of 

2.15 MM Propagation at an Elevation of 4 KM and the Millimeter 
Spectrum," Elec. Engrg. Res. Lab.. The University of Texas, Austin, 
Rept. No. 104; November 1, 1958. 
" W. E. Patterson, "Absorption of Microwaves of Millimeter 

Wavelength by Atmospheric Water Vapor," Master's Thesis, The 
University of Texas, Austin; June, 1957. 
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All of the water vapor loss measurements made prior 
to September 1958 could be approximately accounted 
for by the expediency of increasing the line breadth 
constant for the infrared residual lines from 0.1 to 0.27 

Recent measurements at The University of Texas, 
however, have uncovered several anomalies which have 
thrown out this simple panacea. These newer measure-
ments are described in the following sections. 

MEASUREMENTS AROUND THE 1.35-CM LINE 

In spite of the fact that the frequency of the 1.35-cm 
line has been known with precision for sonie time, quan-
titative measurements of the magnitude of its absorp-
tion through the actual atmosphere are very scarce. For 
this reason, data were recently taken by the Electrical 
Engineering Research Laboratory at a number of wave-
lengths in this region.' 
These recent data are plotted in Fig. 4 together with 

the three points reported by Dicke, et al." The curve is 
plotted on a linear basis for one grain of water vapor per 
cubic meter instead of for the standard atmosphere con-
dition of 7.5 grams. Neither the Van Vleck-Weisskopf 
curve for the 0.1 cm-1 nor for the 0.27 cm-' line breadth 
constant adequately represents the measured data 
even in the vicinity of the absorption line. 

13 C. W. Tolbert, A. W. Straiton, and C. O. Britt, " Propagation 
Studies Between 18.0 and 25.5 KMCS," Elec. Engrg. Res. Lab., The 
University of Texas, Austin, Rept. No. 110; July 10, 1959. 
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Fig. 4—Water vapor losses in 18.0- to 25.5-kmc spectrum. 

MEASUREMENTS IN THE 2.5 TO 3.0-mm REGION 

Water Vapor Losses 

The University of Texas has recently completed a 
series of measurements in the wavelength region from 
2.5 to 3.0 mm." Sufficient data were taken to obtain the 
slope of the water vapor line at frequencies of 100, 
104.75, 110, 113 and 117.5 kmc, and these five points 
are shown in Fig. 2. Two anomalies are seen from these 
data. In the first place, the level of the attenuation is 
approximately 50 per cent higher than would be indi-
cated by the Van Vleck-Weisskopf equation even for a 
line breadth constant of 0.27 cm'. In the second place, 
the loss at 110 kmc is greater than the loss at the other 
four frequencies. Although no water vapor line has been 
predicted at 110 kmc, the increased attenuation at this 
frequency indicates that such a line may exist. 

In addition to the five frequencies at which sufficient 
data were taken to obtain the water vapor slope, one or 
more soundings were made at 23 other frequencies in 
this region. The data were adjusted to the 7.5-grams-
per-cubic- meter atmosphere by using a water vapor 
line slope obtained by interpolating between the values 
measured at the five frequencies. This may be done 
with some confidence since the correction applied was a 
function of the deviation from the standard atmosphere 
condition. The attenuation adjusted to the standard 
atmosphere is then shown in Fig. 5. 

Oxygen Losses 

From the shape of the smooth curve drawn through 
the higher frequency points, an oxygen absorption line 
may be fitted. It was found that a line with a resonant 
frequency of 118.75, a maximum attenuation of 1.7 

14 C. W. Tolbert, C. O. Britt, and J. H. Douglas, " Radio Propaga-
tion Measurements in the 110 to 118 KMCS Spectrum," Eke. 
Engrg. Res. Lab., The University of Texas, Austin, Rept. No. 107; 
April 15, 1959. 

Fig. 5—Attenuation adjusted to standard atmosphere. 

db/km and a line breadth constant of 0.05 cm-4 would 
give the measured shape. 
The line breadth constant at this frequency had been 

found by Anderson, et al.,'5 to be 0.12 cm-' at one at-
mosphere by laboratory methods. These measurements 
were made at a temperature of 190° K. A temperature 
correction to 300° K may be made using the line breadth 
as inversely proportional to temperature as measured 
by Hill and Gordy," but the corrected value is still con-
siderably greater than that determined by the propaga-
tion measurements. 
A similar discrepancy exists around the 5-mm lines. 

Adman and Gordon" determined a line breadth of 
0.049 cm-' from laboratory measurements on pure 02 
and 02-N2 mixtures. Propagation measurements by 
Bell Telephone Laboratories and The University of 
Texas have indicated that the line breadth constant 
should be nearer 0.02 cm-1.10.18 

Losses Due to Rare Gases 

The data in the region from 100 to 106 kmc were 
found to be erratic with day-to-day variations which 
did not correlate with the water vapor density changes. 
It was therefore felt that these losses were due to some 
of the rarer gases in the atmosphere such as N20, NO2, 
SO2, and 03, which have resonant frequencies in this 
general area. These irregular losses were about 0.2 
db/km during the measurement period. 

15 R. S. Anderson, C. M. Johnson, and W. Gordy, " Resonant ab-
sorption of oxygen at 2.5 millimeters wavelength," Phys. Rev., vol. 83, 
pp. 1061 1002; 1951. 

R. NI. I lilt and \V. Gordy, "Temperature dependence of the 
line breadth of oxygen," Ph vs. Rev., vol. 91, p. 222; July 1, 1953. 
" J. O. Artman and J. P: Gordon, "Absorption of microwaves by 

oxygen in the millimeter region," Phys. Rev., vol. 96, pp. 1237-1245; 
December I. 1954. 
" C. \V. Tolbert, J. H. Douglas, and C. O. Britt, " Measured Ab-

sorption of Millimeter Wavelengths by Oxygen at Partial Atmos-
pheric Pressures," Eke. Engrg. Res. Lab., The University of Texas, 
Austin, Rept. No. 100; May 15, 1958. 
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CHANGE IN ATTENUATION WITH PRESSURE 

High elevation measurements have been made by 
The University of Texas at wavelengths of 8.6, 19 4.32° 
and 2.15" nun. These data were taken over paths be-
tween mountain peaks in Colorado with elevations 
from 12,000 to 14,000 feet. Losses due to water vapor 
were measured at all three wavelengths and the loss 
clue to oxygen was measured at 4.3 mm. The oxygen 
losses at 8.6 and 2.15 were too small to measure with 
accuracy. The results of these measurements are shown 
in Table I. 

Wavelength ( mm) 

TABLE I 

Attenuation in (lb/kin 

Water Vapor ( 1g/in') Oxygen 

8 . 6 
4.3 
2.15 

0.03 
0.10 
0.12 

0.2 7 

It is generally assumed that at the resonant frequency 
the loss for the same concentration of the absorbing gas 
will be the saine regardless of the total pressure of the 
atmosphere. It is also assumed that the line breadth 
constant is proportional to the total pressure. 
The losses for the higher altitude may be calculated 

from the Van Vleck-Weisskopf equation by adjusting 
the line breadth constant for the pressure change start-
ing with line breadth constants at one atmosphere of 
0.27 cm-1 for water vapor, and 0.02 cm-i for oxygen. 
Losses calculated on this basis were found to agree rea-
sonably well with the measurements. 

In the light of recent anomalies at 1.35 cm and 2.6 
mm, however, it would be expected that additional 
anomalies may be found at high altitudes for other 
wavelengths. The use of the Van Vleck-Weisskopf 
equation for higher altitudes should then be limited to 
the part of the spectrum in which the measurements 
were made. 

DISCUSSION OF DEVIATION OF MEASURED AND 
PREDICTED ABSORPTION VALUES 

In trying to fit the measured points with the Van 
Vleck-Weisskopf line broadening equation, we find that 
the use of a single line breadth constant is inadequate. 
The data may be approximately fitted by introducing a 
number of line strength and line width constants. In so 
doing, however, the equation loses much of its simplicity 
and utility. Some of the relationships that account for 
the anomalies will be discussed in this section. 

IS C. W. Tolbert and A. \V. Straiton, " Radio Propagation Meas-
urements Between Pike's Peak and Mount Evans at a Wavelength of 
8.6 Millimeters." Elec. Engrg. Res. Lab., The University of Texas, 
Austin, kept. No. 77; September 30, 1955. 

20 C. W. Tolbert and A. W. Straiton, " Radio Propagation Meas-
urements Between Pike's Peak and Mount Evans at a Wavelength of 
4.3 Millimeters," Elec. Engrg. Res. Lab., The University of Texas, 
Austin, Rept. No. 88; November 22, 1956. 

Variation of Line Breadth Constant from Line to Line 

Benedict and Kaplan" point out that there is consid-
erable theoretical and experimental evidence that the 
line width for the various water vapor lines is different 
depending on the rotational states involved. VVith the 
imposing array of lines which influence millimeter ab-
sorption, the absorption-frequency curve could take on 
a wide variety of shapes. The general effect would be 
that of having a greater increase in absorption with 
frequency as the shorter millimeter wavelengths are ap-
proached. This has been the general trend in the meas-
ured water vapor loss since the ratio of the measured 
losses to those predicted by Van Vleck vary from three 
to ten as the frequency goes from 35 to 140 kmc. 

Possibility of Unpredicled Lines 

The measurements in the 100- to 118-knic range indi-
cated that a water vapor line occurs at 110 kmc. Al-
though no line has been predicted at this frequency, it 
would not be surprising if one did occur because of the 
very complex nature of the water vapor transitions. 
An alternate explanation of the water sensitive loss 

at 110 kmc is that an isotope of 1-120 or another of the 
rarer gases in the atmosphere would vary in concentra-
tion in proportion to the water vapor density. There is, 
however, little theoretical justification of the increased 
attenuation on this basis. 
The effect of some of the rarer gases was observed 

in the 100- to 106-kmc region where erratic losses of ap-
proximately 0.2 db/km were noted. These losses did not 
vary in proportion to the water vapor concentration, 
but changed inconsistently from day to clay. This is the 
only region where these effects could be noted, although 
they might be expected at other frequencies to a lesser 
amount. 

Nonlinearity of Water Vapor Absorption 

Water vapor absorption curves as a function of water 
vapor concentration as measured by The University of 
Texas and by Bell Telephone Laboratories have shown 
a tendency to increase faster with water vapor concen-
tration than at a straight line rate. The range of water 
vapor concentration and the variability of the result 
have made it difficult to determine the exact devia-
tion from a straight line. 

If such nonlinearity does exist, it must be due to the 
fact that 1-120-H20 molecular collisions have a much 
greater effect on line broadening than do H20-Air colli-
sions. Becker and Autler estimate a ratio of 5 in the 
cross section of the H20-H20 collision as compared to 
the H20-Air collision. 

21 W. S. Benedict and L. D. Kaplan, "Calculation of line width in 
H2O-N2 collisions," J. Chem. Phys., vol. 30, pp. 388-399; February, 
1959. 
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Limitation on Van Vleck-Weisskopf Equation 

As pointed out by Van Vleck,' an explanation of the 
deviation of theoretical and experimental determina-
tions of atmospheric absorption could result from limita-
tions of the Van Vleck-Weisskopf equation in the far 
wings. The validity of this equation when the line 
widths are in the same order of magnitude as the 
resonant frequency has been questioned. 
On the high-frequency side of the absorption lines, 

the Van Vleck-Weisskopf equation predicts that the 
loss will approach a constant. This is known to break 
down in the infrared region, but the extent of its validity 
is difficult to predict. 
The Van Vleck-Weisskopf equation is based entirely 

on the broadening of the absorption lines by collisions of 
the molecules. Other factors which affect line broaden-
ing include Doppler broadening, saturation broadening, 
and radiation broadening. Each of these effects has 
been discussed by Rogers." Although these other broad-
ening factors are generally considered to be negligible, 
the possibility of their making a significant contribution 
should not be overlooked. 

CONCLUSIONS 

Measurements of the absorption of microwaves by 
the atmosphere have indicated that theoretical predic-
tions of the losses are not entirely satisfactory. Oxygen 
losses in the vicinity of the absorption lines may be ex-
plained satisfactorily by the proner choices of the line 
breadth constants. The line breadth constants are, 
however, lower than those predicted on the basis of 
nonpropagation-type laboratory measurements. 
The measured water vapor losses are consistently 

higher than predicted. No single line breadth constant 
will satisfactorily explain the experimental data. 

It is felt, therefore, that the extension of experimental 
absorption data to frequencies, pressures, or mixture 
ratios considerably different from those used in the 
measurement programs should be avoided. 

APPENDIX 

VAN VLECK-W EISSKOPF EQUATION 

If a single spectral line, remote from all others, is 

" T. F. Rogers, "Factors Affecting the Width and Shape of At-
mospheric Microwave Absorntion Lines," AF Cambridge Res. Ctr., 
Bedford Mass.; October, 1951. 

considered, the attenuation in decibels per kilometer of 
an incoming electromagnetic wave is given by 

iku,12e—WificTs 1106 logio ej87r2.yp 

3ckTGP 
= 

where 

'y= absorption coefficient, in decibels per kilo-
meter 

c= speed of light = 2.9979 X10" cm per second 

k= Boltzmann's constant 
=1.3802565 X10-16 erg per degree Kelvin 

= partial vapor pressure of the absorbing gas, 
in mm of Hg 

P= total pressure of the atmosphere, in mm of 
Hg 

T= temperature of the atmosphere, in degrees 
Kelvin 

G -- rotational partition function of the absorbing 
gas (dimensionless) 

N= number of molecules per cubic centimeter in 
the atmosphere 

= 9.66 X ups J' ( T 

v = frequency of the incoming electromagnetic 
wave, in cycles per second 

1/17./ = the energy of the absorbent lower rotational 
state J, in cm-1 

Ieur• I 2—square of the dipole moment matrix element 
associated with the absorbent rotational 
transition J—>J', inclusive of the static dipole 
moment and weighting factors (dimension-
less) 

S= the modified structure factor 

Av 

- — (AO 2 ▪ (PJJ, + 0 2+ (A0 2 

where 

Av = absorption line half-intensity half-width, in 
cycles per second 

= the center or resonant frequency of the ab-
sorbent rotational transition J—*J', in cycles 
per second. 

As used throughout this paper, the line breadth con-
stant is taken as Av/c with the unit of cm-1. 



904 PROCEEDINGS OF THE IRE May 

Interaction Impedance Measurements by 
Propagation Constant Perturbation* 

P. R. McISAACt, ASSOCIATE MEMBER, IRE, AND C. C. WANG, FELLOW, IRE 

Summary—The perturbation in the complex propagation con-
stant of a lossy, nonreciprocal, periodic waveguide produced by the 
insertion of a rod, which may be cylindrical or periodic, parallel to 
the waveguide axis is developed. The application to the experi-
mental determination of the interaction impedance and electromag-
netic field distribution of waveguides is presented, together with 
the approximations which are applicable. The perturbation formulas 

for three particular classes of circuit—lossless, reciprocal, cylindrical 
circuits; lossy, nonreciprocal, cylindrical circuits; and lossy, non-
reciprocal, periodic circuits—of interest for traveling wave tubes and 
other extended interaction microwave tubes, are derived and the 
limitations discussed. Explicit interaction impedance relations for 
these circuits in terms of the phase constant perturbation, caused by 
a cylindrical or periodic rod, are given. 

I. I NTRoDurrioN 

p
ER 1 URBATION techniques have proved to be 
useful for determining experimentally the elec-

  tromagnetic field distributions both in resonant 
microwave structures, such as klystron cavities, and 
propagating structures, such as slow wave circuits for 
traveling wave tubes. ln particular, the determination 
of the interaction impedance Z=E2/2132S of traveling 
wave tube circuits is readily accomplished using per-
turbation measurements (S is the total power on the 
circuit, 0 is the propagation constant, and E is the peak 
longitudinal electric field strength at the position where 
the electron beam will be located). The techniques for 
using a resonated section of the circuit (resonated using 
shorting plates) and obtaining the interaction im-
pedance from a measurement of the change in resonant 
frequency of the section caused by the insertion of a 
small dielectric or metallic bead are well known." One 
formulation of the relationship between the perturbing 
bead parameters, the change in the resonant frequency, 
and the electromagnetic fields in the resonant section 
which has a close relation to the treatment presented 
here has been given by Casimir." There have been many 

* Original manuscript received by the IRE, August 14, 1959; re-
vised manuscript received December 21, 1959. 

School of Electrical Engrg., Cornell University, Ithaca, N. Y.; 
formerly at Sperry Gyroscope Co., Great Neck, N. Y. 

Sperry Gyroscope Co., Great Neck, N. Y. 
' E. Nalos, "Measurement of circuit impedance of periodically 

loaded structures by frequency perturbation," PRoc. IRE, vol. 42, 
pp. 1508-1511; October, 1954. 

C. C. Wang and P. R. Mc Isaac, " Impedance Measurements 
Using Perturbation Techniques," paper presented at Conf. on Elec-
tron Tube Res., Michigan State University, East Lansing; June, 
1955. 

H. B. G. Casimir, "Theory of Electromagnetic Waves in Reso-
nant Cavities," Philips Res. Repts., vol. 6, pp. 162-182; June, 1951. 

others as wel1. 4-7 Of course, the converse procedure of 
using the change in resonant frequency and Q of a 
standard cavity to investigate the dielectric and mag-
netic parameters of small samples of material intro-

duced into the cavity is also well known. 
For stability reasons, most traveling wave tube cir-

cuits are intentionally made somewhat lossy. These 
lossy circuits are not amenable to the resonant section 
technique because of their low Q and the resulting dif-
ficulty in measuring the resonant frequency accurately. 
In addition, there has been some interest in recent years 
in using ferrite loaded circuits to obtain nonreciprocal 
attenuation properties, and these circuits are not readily 
adapted to conventional resonant section perturbation 
techniques because of the nonreciprocity. Therefore, 
measurement techniques which are applicable to propa-
gating circuits and use the perturbation of the propaga-
tion constant by a bead or rod to determine the electro-
magnetic field pattern and the interaction impedance 
are necessary. Of course, the propagation constant per-
turbation and the resonant frequency perturbation 
measurements are complementary and closely related. 
For example, measurements on a propagating circuit 
might be made by determining the change in applied 
frequency necessary to hold the propagation constant 
unchanged when a perturbing object is inserted. How-
ever, attention will be confined here to constant fre-
quency measurements in which the propagation constant 
is perturbed. 

Measurements of the interaction impedance of slow 
wave circuits using the technique of the perturbation of 
the propagation constant are, of course, not new.2 Kino8 

has given a derivation of the propagation constant per-
turbation caused by a dielectric or metallic rod in a 
lossy, periodic, reciprocal system using normal mode 
techniques. Lagerstrom2 has considered lossless, peri-

' J. C. Slater, "'Microwave Electronics," D. Van Nostrand Co., 
Inc., New York, N. Y.; 1950. 

5 W. W. Hansen and R. F. Post, "On the measurement of cavity 
impedance," J. App!. Phys., vol. 19, pp. 1059-1061; November, 1948. 

L. C. Maier, Jr., "Field Strength Measurements in Resonant 
Cavities," Res. Lab. of Electronics. M.I.T., Cambridge, Mass., TR 
No. 143; November 2, 1949. 

7 L. B. Mullett, " Perturbation of a Resonator," Atomic Energy 
Res. Est., Ministry of Supply, Harwell, Berkshire, Eng., G/R 853; 
February, 1952. 

G. S. Kin°, " Normal Mode Theory in Perturbed Transmission 
Systems," Electronics Res. Lab., Stanford University, Stanford, 
Calif., TR No. 84; May 2, 1955. 

9 R. P. Lagerstrom, " Interaction Impedance Measurements by 
Perturbation of Traveling Waves," Stanford Electronics Labs., Stan-
ford University, Stanford, Calif., TR No. 7; February 11, 1957. 



1960 McIsaac and Wang: Interaction Impedance Measurements 905 

odic, reciprocal systems and analyzed in some detail the 
effects of perturbing rod size as well as periodic rods. The 
treatment here will be applicable to lossy, periodic, non-
reciprocal structures and is based on a field theory ap-
proach which gives a direct derivation of an exact 
relationship and facilitates the evaluation of approxi-
mations convenient for measurements. The derivation 
is basically analogous to Casimir's' treatment of lossless 
resonant cavities, but is a generalization and adapta-
tion applicable to lossy, periodic, nonreciprocal, propa-
gating structures. Several related treatments are also 
of interest. Goubaut° has discussed the perturbation 
of the input impedance of an electromagnetic system 
caused by the insertion of a test body, while Redfield" 
has considered the perturbation of the admittance 
matrix of an electrodynamic system. Auld" has de-
veloped a related perturbation theorem for the scatter-
ing matrix at a junction. 

II. DERIVATION OF BASIC EQUATIONS 

Consider a waveguide of arbitrary cross section which 
is periodic with period L in the direction of propagation 
z and which has a single frequency wave propagating in 
the z direction. It is assumed that only one of the possi-
ble modes of the structure is excited. By Floquet's 
theorem, the fields in the waveguide may be written as 

Ei(x, y, z, = E0(x, y, z)ei.t-roz 

= E E0„(x, y)ei.1-(r0-1-arnIL)z, 

H,(x, y, z, t) = Ho(x, y, z)ei't-roz 

= E Ho„(x, 

(la) 

(lb) 

where the propagation constant ro =a0-1-jao is complex 
for a lossy waveguide. Note that Eo and Ho are periodic 
in z with period L, while the space harmonic field ampli-
tudes Eoo and Hoo are independent of z. If the wave-
guide is cylindrical rather than periodic, all the Eoo and 
Ho» for n 00 are zero. 
Now let a rod be inserted into the waveguide parallel 

to, but not necessarily coinciding with, the z axis. The 
"rod" may be either uniform in cross section, or be 
periodic in z with period L, e.g., a series of beads spaced 
at intervals equal to L. Hereafter, the term "rod" will 
refer to either of these configurations unless explicitly 
stated to the contrary. The final fields after the insertion 
of the rod will be 

'° G. Goubau, "Zur Ausmessung elektromagnetischer Felder mit-
tels Testkürpern," Hochfrequenz. und Elecktroak., vol. 62, pp. 73-76; 
1943. 

11 A. G. Redfield, "An electrodynamic perturbation theorem, with 
application to non-reciprocal systems," J. Ape Phys., vol. 25, pp. 
1021-1024; August, 1954. 

II B. Auld, "The synthesis of symmetrical waveguide circu-
lators," IRE TRANS. ON MICROWAVE THEORY AND TECHNIQUES, vol. 
MTT-7, pp. 238-246; April, 1959. 

Ef(x, y, z, = [Eo(x, y, z) Ei(x, y, z) (l'o+I'dz 

= E [E0„(x, y) E,„(x, y) ]ei(.1-(4-fr,+72.010: (2a) 

Hf(x, y, z, = [Ho(x, y, z) + Hi(x, y, z) t- ( ro+ IV° 

= E [HoH(x, y) + 1-11.(x, y)lei`"-(ro+ri+j2irn 1 L)z (2b) 

It is assumed that only a single mode of the perturbed 
system has been excited, with a propagation constant 
ro -kri=ao -1-0ei -Ei(130 -1-131), and that this mode has a 
field distribution which is roughly similar to that of the 
original mode. 
From Maxwell's curl equations, 

✓ X E0 — ro(k x E.) = — jc0B0, (3a) 

✓ X Ho — ro(k x = jcaDo, (3b) 

✓ X Et — (ro + ri)(k + Et) — ri(k X Ea) 

= — jc.aBt, (3c) 

✓ X H1 — (ro + ri)(k X H1) — ri(k X Ho) = jcuDi, (3d) 

where k is a unit vector in the z direction. By multiply-
ing (3c) and (3d), respectively, by Ho* and E0* (* de-
notes complex conjugate), combining, and using a vec-
tor identity, 

Eo*• V X HI — Ho*• X Et = — V • ( E0* X Hi Ei Ho*) 

— V X 110* ± Hi. V X Eo* 

= — c• (E0 X H0* + E0* X Ho) — (ro + rok 

• (E, x Ho* E0* X H1) jut(Eo* • DI ± Ho* • 131)• (4) 

After multiplication by exp ( — 2a0z) and utilization of a 
vector identity, integration over one period of the wave-
guide, and the application of Gauss' theorem, there 
results 

F1 fff vk • ( Eo X Ho* 4- E0* X Ho)e-2«ozdv 

ri fffir k • ( Eo* X H I -I- E1 X Ho*)e-2aozdv 

=i-fff.(E0*•131- Do* • EI ± Ho* 

• B1 — Bo* • HO e-2ao'dv 

Hn • ( Eo* X Hi -I- Et X Ho*)e-2«ozàa. (5) 
A 

Here V denotes a volume corresponding to one period 
the waveguide, A denotes the surface area enclosing 

this volume, and n is a unit vector normal to this sur-
face, directed outward. Any currents present in ma-
terials with finite conductivity are included in the elec-
tric displacement vectors Do and D I by having the 
imaginary part of the dielectric constant include the 
conductivity as well as the dielectric loss term. 
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We note that Do •= ii• Êt) and Bo = L• Ho, where and 
Az are the dielectric constant and permeability of the 
material in the waveguide prior to the insertion of the 
perturbing rod. These, in general, will be functions of 
position within the waveguide and complex to account 
for losses. The circumflex indicates that these may be 
tensor quantities, as is, for example, the permeability 
of a ferrite material. Also, in all regions external to the 
perturbing rod, D1=& E1 and B1= pi • 111. Since it is as-
sumed that the rod is inserted only into regions which 
were previously empty, (5) may be rewritten as 

k • (E0 X Ho* + E0* X Ho)e-2anzdt, 

+ f . • ( E.,* X H, + E, X Ho*)e-2«ozdt, 

=3-ff for We.* - P !me.* • M)r-2"o'dt, 

fff tE0*•(;;Ei) — El.(îi•E0)* + Ho* 

• (A • H11 — (•Ho*le-dv 

ff n- ( E.,* X Hi + e x 11,.*)e-2ao'da, (6) 
A 

where P = D1/€0— El and M= B1440— HI are the polari-
zation and magnetization of the rod. SF denotes the 
volume of one period of the rod and 1•'—‘, denotes the 
volume of one period of the waveguide exclusive of the 
rod volume. Eq. (6) is an exact expression relating the 
change in the propagation constant to the fields and the 
rod parameters. The first integral on the left is recog-
nized to be four times the time average power in the z 
direction of the original unperturbed circuit integrated 
over a length in the z direction equal to one period of 
the structure. Thus, the first term on the left can be put 
in the form, 

ff k • ( E0 X Ho* -I- E..* X H..)e-2«o'dy 
• • 

z+L 
= 4F1f So(z)dz,, ( 7) 

where So(z) represents the time average power in the z 
direction. So(z) is, of course, real so that by taking the 
real and imaginary parts of (6), expressions for al and 

can be obtained. 
The integrals in (6) are taken over one complete 

period of the structure; this is precisely defined for the 
z direction, but is somewhat vague for the transverse 
directions. For structures with enclosing, perfectly con-
ducting walls, it suffices to integrate over the volume en-
closed by the walls. In this case, of course, all the fields 
external to the region enclosed by the walls are zero. For 

open boundary structures, e.g., an unshielded helix, the 

fields exist out to infinity, and one must integrate out to 
infinity in the transverse directions. For structures with 
imperfectly conducting walls, the fields will again extend 
out to infinity in the transverse directions. Those fields 
external to the walls are clearly negligible when the 
waveguide walls are made of the usual metals. However, 
to cover all possible cases here, we will integrate out to 
infinity in the transverse directions, but we recognize 
that for many important cases the contribution from the 
fields external to the waveguide walls will be completely 
negligible. By integrating out to infinity, the surface 
integral of (6) may be simplified because the fields will 
go to zero at infinity for structures that propagate a 
mode carrying finite power in the z direction. Thus, in 
all cases there will be a contribution to the surface inte-
gral possible only over planes that are normal to the 
z axis. 

Using this simplification, (6) may be written as 

2+G 
4F1f So(z)dz 

ut ffft. 
=3-ff 

k • ( E,, X H1 + e x Ho.)e-2-ezdv 

I(euEo* • P eLoHo* • Me-2aozdt, 
61' 

1E0* • (é • El) — El(it • En)* ± Ho* 

• (a, • H — Hi • (rt • H..) *je-2"edv 

— ( 1 — e-2«"L)e-2',“ Jf k 
1, 

• ( E,,* X III Ei X 14*)da. (8) 

Here . 1, represents the waveguide cross section at z=z 
or z=z+L (the cross section at these two points is the 
same because of the periodicity). As noted above, Ar 
may extend out to infinity. It should be observed that 
the equality in (8) is independent of the value of z 
chosen. 

III . APPLICATION TO INTERACTION 
I IMPEDANCE M EASU REM ENTS 

Eq. (8) is the basic equation with which we will deal. 
As it stands, it is too cumbersome to be useful in prac-
tice, but in many cases of interest, approximations can 
be made which render it useful for the experimental 
measurement of the interaction impedance. In order to 
determine what approximations are valid and their im-
plications, several special cases will be examined in some 

detail. 

A. Lossless, Reciprocal, Cylindrical 117aveguides 

In this case 0/0=0, the dielectric constant and perme-
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ability are real scalars, and since only the fundamental 
space harmonic fields exist, each of the integrands in 

• (8) has the same z dependence, exp (- 2a0z), and the 
integration over z may be omitted. ei is found by adding 
(8) to its complex conjugate. 

e, — 

the components of the polarization and magnetization 
in the rod to the components of the initial electric and 
magnetic fields at the rod location through the use of 
the effective electric and magnetic susceptibilities x, and 
X. of the rod material and the effective depolarizing and 

[e ( E * P Eo• P*) bto(Ho* • M Ho • M*)]da " ° • 
8S o ff k • ( E0* X HI ± Eo X HI* ± EI X Ho* ± El* X Ho)da 

LI denotes the cross section of the perturbing rod which 
is cylindrical. 

It will be observed that, so far, no restrictions have 
been placed on the constancy of the power before and 
after the rod insertion. Naturally, (31 is independent of 
the power level, but the individual integrals in (9) will 
vary with the power. For convenience, we will arbi-
trarily demand that the power level be kept constant 
throughout the measurements. That is, 

So = So ± S, (10a) 

= 0, (10b) 

where S1 is the change in power, 

1 
= — ff k • (Eo X H1* ± Eo* X Hi ± E1 X Ho* 
4 A, 

El* X Ho E1X H1* -I- El* X HI)e-2"o'da. (11) 

Therefore, 

k • (Ei X HI* E1* X HI)e-2*°‘da 

=-ff k • (E0 X Hi* ± Eo* X Hi ± Ei X Ho* 

E1* X Ho)e-2'"'da. (12) 

It should be noted that ( 12) is general and holds for 
lossy, nonreciprocal, periodic waveguides as long as the 
power is held constant. 

= (41 

(9) 

demagnetizing factors for the rod geometry. This use 
of geometrical factors implies that the rod cross section 
is at least elliptical. The polarization and magnetization 
components are given by Pz = xpEoi/(1 ± Nexxe), 
11x=x,,,Hox/(1+N.,,x,o), etc., where 'Vex, N.x are the 
effective depolarizing and demagnetizing factors for 
fields in the x direction. With the assumptions above, 
Ne and N. are given by the static values for an elliptic 
body. When several field components are simultane-
ously present, then each will separately produce a per-
turbation whose magnitude depends on the N value for 
the particular direction. The geometry of the rod may 
be adjusted to emphasize or minimize the perturbation 
caused by the field in any particular direction by con-
trolling the N values. 

The assumption that the fields in the rod are essen-
tially uniform over the cross section means that the inte-
grand in the numerator of ( 13) is independent of posi-
tion in the rod. Finally, by assumption 2), it is seen that 
the second term in the denominator will be small com-
pared to 4.90. Letting the subscript r refer to the value 
of the fields at the rod location, the change in the propa-
gation constant is approximately given by 

[eoxe  I Eo 1,2 + moxoi 2 

1 ± X ,X , 1 ± Nna)Cm 1 H o If 

, ( 14) a' -•-' cos.i  
4s0 

which is the customary expression. 

[e (E * P Eo• P*) /Mlle • M H o• ilf*)]da f LA 0 • 

8S0 — f 

A,. 

k • (Ei X 1-11* ± El* X 111)da 

This expression, which is exact, can be simplified by 
making two assumptions about the perturbing rod's 
parameters. 1) The rod's cross-sectional dimensions are 
small compared to the waveguide dimensions and the 
wavelength of the propagating wave. 2) The combined 
effect of the perturbing rod's dielectric constant, perme-
ability, and cross-sectional area is such that, external to 
the rod, the perturbation of the fields is small. These 
assumptions imply that 1011 «ao. 
As a consequence of these assumptions, we can relate 

(13) 

It has also been tacitly assumed that the rod itself is 
lossless. If the rod were lossy, then one or both of xe, 
xm would be complex and ( 14) would change slightly. 
Also, al could be written down by subtracting (8) from 
its complex conjugate. For cases where the fields are not 
uniform over the rod cross section so that using the 
static values of Ne and N. is not justified, correction 
factors may be obtained by examining the integral in 
the numerator of (9) for particular cases (Lagerstrom9 
has discussed correction factors in some. detail). 
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Eq. (14) indicates that, by using dielectric rods for 
which x„, = 0, or metallic rods so shaped as to emphasize 
the effective xe relative to the effective x., the interac-
tion impedance can be obtained by measuring 00, ef, and 
the rod parameters. 

I E01,2 2e,  z (15) 
2002S0 e0Xr 

0 025A  

1 + NeX, 

Eq. ( 15) also holds for lossless, reciprocal, periodic wave-

guides if the rod is cylindrical and inserted at a location 
where only one of the space harmonic fields has an ap-
preciable magnitude. In this case, the impedance is that 
of the particular space harmonic, and E0 should be re-
placed by E00 in ( 15). 

B. Lossy, Nonreciprocal, Cylindrical Waveguides 

Again, since only the fundamental space harmonic 
can exist, all of the integrands of (8) have the same z 
dependence so that integration over z may be omitted. 
Eq. (8) now reduces to 

4PISo(z) fir k-(E0* X HI ± Ei X H0*)e-2.20da 

= iwff. (toe,* • P moH(.* • kl)e-2«o'da 

ff 1E0* • • Ei) — • Eo)* 

+ Ho* • (Pi- Hi) — 0-2,. • Ho * le-2"0=da. (16) 

Inasmuch as the most important sources of nonrecipro-
cal effects at microwave frequencies are ferrite materials, 
r1,- will be taken as a tensor but ê, will be regarded as a 
scalar. Therefore, in the last integral of ( 16), 

Eo* • (îi- EI) — (ii • E0)* = Eo* • El (ei — Ei*). ( 17) 

tribution to ei will be negligible, although the contribu-
tion to al may be significant. 
The situation regarding the magnetic field ternis of 

the last integral in ( 16) is somewhat more complex. In 
general, there can be a contribution to e, from these 
terms even in the lossless case because of the off-
diagonal elements of the permeability tensor. Thus, it 
is not clear in the general case what the relative mag-

nitude of the contribution to e, from these terms will be. 
However, there is one important class of ferrite loaded 
waveguide structures about which more may be said. 
If the magnetic fields within the ferrite are circularly 
polarized in a plane perpendicular to the direction of 
the applied dc magnetic field, then the effective perme-
ability tensor becomes diagonal." If we assume that the 
perturbing rod is so located that the perturbed field is 
also circularly polarized in the ferrite, then 

H0* • (Ai • Hi) — (11; • Ho)* = H0*•Hi(mrp — /2,,,*), (18) 

where 1.40 represents the effective permeability in this 
case. This is the same form that occurred in ( 17) so that 
the remarks made there apply here as well. It is reason-
able to assume that, in the more practical cases where 
the fields are not exactly circularly polarized but are 
nearly so in the ferrite, the contribution toe, of the term 
in ( 18) will still be negligible. This case, where the fer-
rite is located in a circularly polarized microwave field, 
is the one of most practical importance and most wide-
spread use in traveling wave tubes. 

In the more general situation of arbitrary polarization 
of the fields in the ferrite, the contribution to 01 of the 
tensor permeability terms will be small if the perturba-
tion is such that the change in the field energy stored 
within the ferrite associated with the off-diagonal per-
meability elements is small compared to the total change 
in field energy stored in the whole structure. 

Assuming, then, that the above discussion is applica-
ble, and introducing the two assumptions made in 
Section III, A, 

eo 

x' )11 E°1'2+ ( X". n i 11° 4 -1.S0(.:-,) 2 1 ± .\',x, 1 + 2 1 ± •VmX. 1 ± 

to r 1E 2 
("" mo 

= ± X”, \ 1 Hop} 
4So(z) 2 . 1 ± _Vex,. 1 ± Xexe 2 [(1 X.x„,1 \ 1 -I- J 

f f ((fi — E, *)(E0* • El Eo- Ei *) (gel, — grp*)(Ho* -I- Ho•Hi*)1da. 
8,30z) 

Eo* • E1 will be real in the lossless case and not far dif-
ferent for the usual range of traveling wave tube at-
tenuation. (e, --€,*) will be nonzero only in regions 
where there is loss' dielectric material or material with 
finite conductivity. Since (€; -- e,.*) is pure imaginary, 
(17) will be nearly pure imaginary. Therefore, its con-

(19a) 

(19b) 

The expression for e, is in a form similar to (14) so that 
the remarks made there about the application to inter-
action impedance measurements apply here as well. 

1$ D. Polder, "On the theory of ferromagnetic resonance," Phil. 
Mag., vol. 40, pp. 99-115; January, 1949. 
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4191 
Z   • (20) 

(  )&. 
+ \I + x,x,i J 

The expression for cr, reveals several interesting 
points. Under certain circumstances, a lossy rod may be 
used to make interaction impedance measurements by 
noting the change in attenuation of the structure when 

the rod is inserted. For this to be possible, the effective 
value of 

relative to 

( 1 ( X 1 +.; ,X) 

( Xm ) ( X. ) 

± X IllX ± X MX», 

lossless region. If this same rod were inserted along one 
of the waveguide walls, then al might be positive since 
the percentage of the total field energy in the lossy 
region might increase. 

C. Loss y, Nonreciprocal, Periodic Waveguides 

For periodic structures it is necessary to retain the 
integration in z over a complete period of the waveguide 
since E0, El, Ho, HI, etc., are periodic functions of z. 
So(z) will no longer vary as exp ( — 2a0z) although it is 
still true that So(z+L) differs from So(z) by exp ( —2a0L). 
The z dependence of So(z) will depend on the distribu-
tion of the lossy material in the waveguide. The discus-
sion in Section III, B relative to the contribution of the 
dielectric loss terms and the tensor permeability to ai 
and al applies to the periodic structure as well. There-
fore, utilizing this and the assumptions made in Section 
III, .4, (8) may be reduced to the following pair of equa-
tions for al and al, 

w8.1 fzz+L x, xe * Eo•E0*-1— 4° [( Xm  k 2 0. oie m-r.z 
2 1±.Vmxm) ( 1±.Vmx„,feill *yi 

z+L 

4 So(z)dz 

z+G Xe (  e x*,  
jcob..1 f e° E • E *+ 

Je [(1±Nex.) \l±.V.x,) ° 2 L(14-.Vmx.) xm ) 1 1+ Xmxm Hn• Ho*1 

z-F L 

4 f So(z)dz 

iw fz+L f Re, e,*)(Eo • E*1 + Eo*) (Lep — mep*)(Ho• Hi* + Hi•Ho*)1e-2«ozdadz 

+   8 f z+L So(z)dz 

must be large and the structure must either be originally 
low-loss and reciprocal, or the rod geometry and place-
ment be such that the contribution to ce1 from the last 
integral of ( 19b) be negligible. Under these conditions, 

4cx, 

iùió:b302€0 [(  
1 + Xex e 

Xe  ±,ex,)1 
(21) 

al may be either positive or negative in general, de-
pending on the field distribution relative to the lossy 
regions before and after inserting the rod. For example, 
if a lossless, high dielectric constant rod is inserted along 
the center of a waveguide with lossy walls, then al will 
be negative because the rod causes an increased percent-
age of the total field energy to be concentrated in the 

• (22a) 

(22b) 

Each of the fields Eo, Ho, is made up of an infinite set 
of space harmonics. Because of the attenuation factor, 
exp (- 2ceoz), the space harmonic fields are not orthog-
onal over the interval L so that cross-product terms of 
the space harmonics will appear in the integrals if E0 
and Ho are replaced by Eo„ exp (—j2rnzi L) and 
Ho. exp ( —j2rnz/L), respectively, Therefore, the propa-
gation constant perturbation 01 will be, in general, a 
measure of an averaged field in the rod. 

If only one space harmonic field has an appreciable 
amplitude at the rod location, then a cylindrical rod 
that perturbs primarily the electric field 

Xe Xm  
>> 

1 + .Vexe 1 ± Neox„. 
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may be used. This leads to 

(1 _ e-2«,,L)e-2.20z 
a, wa..1 

L 2 
8,00 f So(z)dz 
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[( (  1 + \1 X ,x,) exe)*11 E0„1,.2. (23) 

It is easily seen that if ao approaches zero, (23) ap-
proaches ( 14) (with = 0). If only a single space har-
monic field is assumed to be present everywhere in the 
structure, then (23) approaches ( 19a) (with x„, = 0). 

In some periodic circuits, So(z) will still vary as 
exp (- 2a0z) so that (23) will simplify to ( 19a) in these 
cases. This is true, for example, for a helix inside a glass 
envelope with the lossy material distributed uniformly 
around the circumference. It would not be precisely true 
for a helix supported by lossy rods, but the discrepancy 

th 

a. =00-1-2e-n/L. Thus, a cylindrical rod is an adequate 
perturbation for a lossy glass enclosed helix as well as a 
lossy rod supported helix if the measurements are made 
on the helix axis where only the fundamental space har-
monic field exists. 

In regions where several space harmonics have ap-
preciable amplitudes, a periodic array of beads may be 
used to determine Z„. It will probably be necessary to 
use beads whose geometry is such as to cause an aniso-
tropic perturbation in order to determine the field along 
a particular direction of interest. One effective arrange-
ment is to use an array of needle shaped beads. For large 
length-to-diameter ratios, these will cause a perturbation 
when there is a component of field parallel to the long 
dimension but relatively little perturbation for com-
ponents perpendicular to this direction. If the bead 
length as well as the cross section is small compared to a 
wavelength, then the field inside each bead is uniform 
and (22a) becomes 

(Ea • Eo*).• 
e."5 Vbe-2aie' e; R1 -1-X;oce) ± (1 -FX:V.x,.) 

4 f So(z)ds 

is probably not large. However, for the normal range of 
traveling wave tube attentuation, aoL will be small 
enough that 

1 — e-2«0 1, 

2ao 
L 

to a good approximation. Then (23) becomes 

coSA e- 2c,oz 

e; 4  

L 
f .9 0(Z)d2 

1 

E 2 
[( ±X.;rXe) ± (1 ±X:\*. eX en (4 " 

(27) 

where z' denotes the position of the bead in the period 
of the structure under consideration. S i'h is the volume 
of one bead. (E0* • E,),, may be written as 

(24) (En• E0*).', = EE_R 0„ • Eo„,*e—i2w (r•-nt),z, IL 

(25) 

This relates 01 to the average power in one period of the 
structure. For lossy, periodic circuits, the quantity 

1  sowdz/Le-2«. 
Le-co J 

is the proper average value of power to insert into the 
interaction impedance formula, so that 

4,3, 
Z,,   , (26) 

coSA0n2E0R1 +X.eVexe) + +x:Vexen 

where Z„ is the interaction impedance of the nth space 
harmonic, recalling that only the nth space harmonic 
has an appreciable amplitude at the rod location, and 

(28) 

which displays the periodic nature of this term. If 01 is 
measured as a function of bead position, z', as the peri-
odic array of beads is moved through one complete 
period of the structure, then Z„ can be determined. The 
plot of 01 vs z' is seen from (27) and ( 28) to be given by 
a product of an exponential function exp ( — 2a0?) and 
a periodic function (E0 • E0*) ,. After extracting the ex-
ponential portion, the remaining periodic curve can be 
Fourier analyzed to determine the amplitudes of the 
space harmonic fields. From this, of course, the inter-
action impedance can be calculated. 

I V. CoNcLustoNs 

General relations for the perturbation of the real and 
imaginary parts of the propagation constant of lossy, 
nonreciprocal, periodic waveguides by a perturbing rod 
placed parallel to the axis have been developed. The rod 
may be either cylindrical or periodic, and lossless or 
lossy. Approximate formulas valid when the perturba-
tion is small are readily obtained if the rod cross section 
is small compared to the wavelength so that the fields 
may be considered uniform, or nearly so, inside the rod. 
The application of the propagation constant pertur-

bation formulas to the measurement of the interaction 
impedance of propagating structures can be made, and 
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hold for the partition method also hold for the Taylor-
Cauchy transforms. They are listed below for reference: 

1) The linear operator Z(D) has an impulsive re-
sponse y(t) of exponential type and order one. 

2) The forcing function g(1) is a function of exponen-
tial type and order one. 

3) The nonlinear function ex, • • • ) is single-
valued and continuous and satisfies the following 
CO ndition: 

Given a pair of positive constants .1/ and a and 
two continuous functions u(t) and v(t) which are 
asymptotically like e-a', then must satisfy the 

condition that 

I cp[v(1)] — 4[u(O]I < Me-a‘I v(t) — u(t)! 

for all t> 0. 

In Wolf,' it is shown that the polynomial satisfies re-
striction 3) under certain conditions. Some transcend-
ents6 whose inverse functions possess algebraic deriva-
tives can also be made to satisfy restriction 3). In 
this paper transforms are developed for the case in which 

is a polynomial nonlinearitv such as 

N2 

Cb(x) E One. 
n=2 

(5) 

It is noted that any power-function combination of x 
and its derivatives is also admitted3 in this method. 

Eq. ( 1) as restricted possesses a unique solution which 
is an analytic function of t. Polynomials composed of 
the solution and its derivatives are also analytic func-
tions. Hence, if terms are transposed from the left to 
the right member of ( 1), the new right member is an 
analytic function and may be written as a Taylor 
series. 

In the partition method, from which the Taylor-
Cauchy transform method is developed, the nonlinear 
terms in ( 1) are transposed. The combination of the 
forcing function, g(t), and these transposed terms defines 
the auxiliary forcing function, _f(t), which is expressed as 
a Taylor series, the coefficients of which must be 
solved for. This is accomplished by convolving the series 
with the impulsive response of the linear terms in the 
left member to obtain an expression for x(t) in terms of 
the coefficients of the series. This expression for x(t) is 
substituted in the defining equation for the auxiliary 
forcing function to yield the coefficients. 
Some or all of the linear terms except the terni con-

taining the highest derivative may also be transposed 
and included in the auxiliary forcing function. The 
auxiliary forcing function thus defined is, of course, a 
different function from that obtained when only the 
nonlinear terms are transposed. No matter how terms 
containing x(t) and its derivatives (except the highest 

6 A. A. Wolf, "Analysis of Transcendental Nonlinear Systems," 
presented at the Sommer General Meeting of Al EE, Buffalo, N. Y., 
paper 58-995; June 25, 1958. 

derivative) are transposed from the left to the right 
member of ( 1), the unique solution, x(t), is obtained. 
Taylor-Cauchy transform methods yield the same solu-
tion in a more direct manner. 

Ill. DESCRIPTION OF TIIE METitop 

Eq. ( 1) can be transformed into (6) below by the 
Taylor-Cauchy transformation, namely, 

3,17(D) • x(t)I -I- 3,10(x, x, • • • )] = 3,[g(t) ] (6) 

where 3,, the direct transform, is defined by 

1 f F(X) 
3,[F(X) I = dX, n = 0, 1, 2, • • • (7) 

27r/ c Xn+i 

in which X is a complex time variable' which replaces the 
real variable t in this transform method, and F(X) is 
any of the quantities inside the brackets in which t is 
replaced by X and x is replaced by W. Thus 

Fi(X) = Z(D) • II7(X) 

F2(X) = cp(II', If', • • • ) 

F3(X) = G(X) 

d 
D = — 

dX 

117 = I17(X) 

d V(X) 
IV =   

dX 
e) 

C denotes a closed contour in the X-plane enclosing the 
singularities of F(X), and n is a discrete variable taking 
on discrete values 0, 1, 2, • • • . 

It is noted that (6) is written as the sum of the trans-
forms of the parts of ( 1), rather than as the transform of 
the sum of the parts of ( 1). In addition, the operation 3, 
is commutative with a constant. That is to say, 

3, [aF(X)1 = a3c[F(X)1. (9) 

The additivity and commutivity properties of 3, are 
often referred to in engineering literature as the linearity 
property of the transform. These properties follow im-
mediately from the definition of the transform given 
in ( 7). 

After performing the operations indicated in (6), one 
obtains a recurrence relation in a new function w„, 
where W,‘,5 is the 5,-transform mate of W(k)(X), in which 
n is the discrete variable in the real positive n-half-line 
corresponding to the complex variable X in the X-plane, 
and k is the order of the system under analysis. This 
new equation is solved for w„ and by means of the 
inverse transform, 3,-1, the response function, W(k)(X), 
is recovered. This is the kth derivative of the desired 
solution. The inverse transform is given by 

Ewn.x. = 
n=0 

(10) 
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Formally, then, applying ( 7) to ( 1) and noting (8) and 
(9), one sees that (6) becomes 

1 r Fl(X) 1 F2(X)  
dX r  dX 

274 r )0+1 2rj 

1 r F3(X) 
dX (11) 

2rj J C Xn+I 

whereupon utilizing (2) and (5) leads to 

and 

r F7(X) dX 
dX = 1 f E akW(k)(X)   

Xn+1 2rj  27rj k=0 

1 r F7(X) dX 
dX = f Skirk(X) — x.+7 27j. Xn+I 2irj k=2 

(12) 

difficulty does not arise in linear systems; hence, one can 
assume a power series solution for such systems. 

Eq. ( 15) is an infinite series uniformly convergent in 
some circle. Generally, since W(X) is an entire function 
of exponential type, the circle is the entire X-plane. This 
usually occurs in the physical nondissipationless net-
works. As a consequence we require 

wn,k = 0 when n < 0 and for all k. (17) 

Multiplying both members of ( 15) by X-m-' gives 

x---.w(k)()) = E wn,kX" (18) 
n=1) 

(13) where m > 0 and is an integer. Since n is only a running 
index of the sum, ( 18) may be written 

r F3(x) 1 r g(X)  
dX = dX. (14) 

271-jJ c• Xn+i 27rjJ e  

IV. THE TAYLOR-CAUCHY TRANSFORM: 
ITS PROPERTIES AND DERIVATIoN 

The Taylor-Cauchy transform is defined by the fol-
lowing pair of equations: 

W(k)(X) = E w n.do 

n=0 

and 

1 f Woo(X) 
wn.k = — dX 

27rj X.+' 

where 

(15) 

(16) 

k denotes the order of the system, i.e., the order 
of the highest linear derivative in the differ-
ential equation describing the system; 

n is a running discrete positive index taking 
values 0, 1, 2, • • • ; 

W(k)(X) denotes the kth derivative of a time function; 
and 

w„,k denotes the transform of W(0 (X). 

This transfomation pair will now be established. In 
another paper' it is shown that in order to develop re-
cursion formulas which will uniquely solve ( 1), among 
other things,' it is sufficient to partition at the highest-
order linear derivative. Following this idea and noting, 
moreover, the analytic existence of ( 1), we are entitled 
to write ( 15).8 It should be noted that if any other de-
rivative were selected, one could not ensure obtaining a 
recurrence relation which would be solvable. Further-
more, if the partition is made at any other derivative, it 
is easy to show examples of nonlinear differential equa-
tions that yield nonconvergent or false results. This 

7 See Section 11. 
8 The right member of ( 15) is uniformly convergent in some circle 

in the X-plane, the center of which is at the origin. 

A—na- 1 W(k)(X) =  E  

n=0 

(19) 

Let us select a suitable circular-closed contour C in the 
X-plane with its center at the origin, the radius of which 
is such that all the poles of X-'11-'147(5)(X) are enclosed. 
With this contour C we integrate ( 19): 

1 r ww(x) 1 f 
dX = — w„,kXn-'"-'dX. (20) 

27rj J X"‘+' 27rj c „=0 

Since ( 15) is uniformly convergent, the order of sum-
mation and integration may be interchanged. This gives 

1 r w(k)(x) 1 
dX = E -f Xn-"‘-'dX. (21) 

27rjJ X"'+' „=0 273 c 

Now consider the integral in the right-hand member of 
(21). From Cauchy's integral theorem this integral is 
unity when n=m, and zero otherwise. Consequently, 
the integral is formally recognized as a Kronecker delta 
function, i.e., 

1 
— f = 
2rj e 

where 

n = m 

n m• 

Substituting (22) in ( 21) yields 

r w(k)00 
2rj ..1(! X+1 

(22) 

(23) 

(24) 

from which ( 16) immediately follows. Therefore ( 15) 
and ( 16) define a transformation pair. Using this pair, 
one can develop a table of transforms. 

It was pointed out earlier that W replaces x and X 
replaces t. Since t is a real variable, x is a function of a 
real variable. Because of the analytic properties of x 
we can extend this function by the principle of analytic 
continuation, thereby giving rise to a function of a 
complex variable W(X). Ku and Wolfs show how one 
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can utilize information obtained in the complex X-plane 

to determine the degree of stability of a system along 

the real half-line t. 

V. OPERATIONAL PRoi•ERTIEs 

We note that the Taylor-Cauchy transforms satisfy 
the following operational properties: 

3c13,-1 [1]1 = 3,-13c[1]} (25) 

[F (-1] = 3'[F(X" 3,[F(X) .1 F(X) • 3,[1 (26) a 

3,[0] = 0.3,[1] = 0 (27) Proof: 

3,(1) = 8„ ( Kronecker's delta function) (28) 3[F (--X)]= f F (--X )X-n-idX. 
ac (37) 

27rj a 

3c- i[1] = 1 - X 
1  in 1X1 < 1 (29) 

Let e =X/a. Hence, e= dX / a and the right member of 

(37) becomes 
D• [11 3,-'[D•1]. (30) 

1 F(0 de 
(38) 

271-j 2irjir ae We note in (30) particularly that — F(0(ea)-n-'ade = n" 1-1 

2) Commutivity: 10 

3,[aF(X)1 = a3,[F(X)] 

Proof: 

D•3,-'[1]= ( ) (from 29) 
dX 1 - 

so that 

D•30-'[1] - 

and 

-1 

D.. 3c-i[1] = 

We also note that 

1 
3ri El log (1 

(1 - X)2 

(— 1) 9 

(1 X)n-F-1 

x) 

, —   
1 f aF(X) 

3 [aF(X)] dX = a3,[F(X)]. (36) 
2/rj c X"+1 

3) Change of Scale: 

so that 

3, [F (--X )1= a—n3c [F(X)]. (39) 
a 

(31) 4) Initial Value: 

(32) 

log ( 1 - X). (33) 

VI. EXAMPLES OF TAYLOR-CAUCHY 

TRANSFORM PAIRS 

A. Operational Pairs: The Mates F(X)4=>f,. 

1) Additivity:9 

3, [FI(X) + F2(X)1= 3, [Fi(X) + 3, [ F2(X)] 

Proof: 

1 Fi(x) + F2(X) 

5. [F1(x) F2(x) = —21rj fc  xn-i dx. 

hm F(X) =- lim 

This follows immediately from the definition of the 

direct transform. 

B. Terms Involving X'n 

1) 3,[X"1 = (5„_„„ where n, m = 0, 1, 2, • • • . 

Thus 

[Xml = i f X"-''dX = & n— m. 

27j c 

2) 3,[X'n] = 0 when m is nonintegral. 

This result follows from (40), noting that n is always 

integral-valued. 

C. Terms 

(34) 1) 

in W(k—m)(X) 

Wn—I,k 
3,[W a-1)001 —   k—lf5.• 

(40) 

(41) 

Since the integral of a sum is equal to the sum of its If W(k)() is the kth derivative of IV with respect to 

integrals, e and is analytic in a region of the *-plane, and if 0 and X 
are the terminal points of any path lying within this 

3, [Fi(X) + F2(X)] = 3 [F1(X)1 + 3, IF2(X) I. (35) analytic region, 

9 This signifies that the operator is distributive with respect to 
addition and assumes that both terms in the right-hand member 10 This signifies that the operator is commutative with respect to 
exist. multiplication by a constant. 



916 PROCEEDINGS OF THE IRE May 

or 

where 

= W(k_ 1)00 W 

w(k_.)(,) f w(k)()de + Ak_, 
o 

(42) 

(43) 

= w(k-i)(0) . (44) 

Proceeding as in the previous cases, we integrate 
W(k)(X) r times. This gives 

in which 

wo,k  
= E  Xn±? 

o=o (n 1)(n ± 2) • • (n r) 

r A k— q 
+ E x-q 

(r — q)! 
(51) 

Substituting ( 15) into (43) gives, on interchanging the 
order of summation and integration, = (k-0 (0). (52) 

'0.?,.,k 
OC 

(k-1) (X) = E -- )0+i + A k-1. (45) Now (51) is transformed according to ( 16) giving 

3, [ w(k-r)(x) ] 
Transforming (45) according to ( 16) yields 

1 u.,,,,k r . 1 r È.  Wen,k 
xrn-1- r—n—I 3,, [ w (k—i )(x) 1 = —27i j c ,_() m  ± 1 Xng+1X—n—IdX 

2rj J , „,„ (m ± 1)(m + 2) • • • (In + r) dX 

1 r ±irÉ Ak-, 
X r—g—n—YX 

± 27rj J cAk-1X-n-le 27rj .1 c .7_1 (r — q)! 

W n-1 

± A k—lên• 

2) 3,[w(k-2)(x)] 
n(n 1) 
 + A k1 0 ni + A k-2t5n• 

—  

(46) 

If W(k)(e) is analytic in a region of the e-plane, then 
all its derivatives exist and are analytic therein. Conse-
quently, 

where 

w(k_ 2)=,(,) wa_nwde + A k-2 (47) 
o 

A k-2 = w(k-2)(0) . 

Wn-r,k 

n(n — 1)(n — 2) • • • (n — r 1) 

r 

+ E   n—r-1- q• 

Ak—q 

(r — q)! 

4) 3,[I17(X)] 
n—k ,k 

n(n — 1) • • • (n — k 1) 

•1 k— q + E ê n—A• — q• 

4-1 (k — q)! 

(48) This is a special case of (53) in which r=k. 

Substituting (45) into (47) and performing the indicated 
integration gives 

Wn,k 
= E  )0+2 + Ak_ix + Ai-2. (49) 

n_o (n I)(n 2) 

D. Terms in XPW(k—r) (X) 

1) 3 q i)1/4.1 V (k) (X)] = 

(53) 

To obtain this transform, first multiply ( 15) by X. 
Transforming (49) according to ( 16) yields Then applying the 3c-transform gives 

3, [ 117(k-2)(x)] 

1 wm,k 
= — f   

27rj c m=0 (m 1)(m + 2) 

r ir 4k lxx-n-idx+_f J A_2 -n-'dX 
27rj 273 c 

W n —2, k 

n(n — 1) 

3) 3e[w(k-o(x) 

Xm-1-2X—n—IdX 

+ A k-14-1 + A k-215n• 

1  3c [xp Iv<k)(x) = f E = W n_p.k. (54) 
273 c 

The latter result is obtained on interchanging the order 
of summation and integration, which is justified because 
of the uniformity of convergence of the sum. 

(50) 2) 3c IXP IT (k—r)(x)] 

7.1.1n—r,k A k—q 
E ên—r+4• 

n(n — 1) • • • (n — r + 1) (r — q)! 

Wn—r—p,k 

(n — p)(n — p — 1) • • • (n — p — r + 1) 

Ak_g 
+ E  on—P—*-1- G. 

(r — q)! 
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To obtain this result proceed as before by first multi-
plying W' -'(X) by XP and then transforming, so that 

1 e 'IV q, .k 
3 c[XPIlt (k- r ) (X)] = — f E  dx 

27rj. C „•=0 (in + 1) • • • (m ± r) 

1 f x'_' ., Ak_q 
± — Zs  Xr-q÷P-"-1 dX (55) 

27rj e „_i (r — q)! 

which yields the above result on integration. 

E. Transforms of Nonlinear Terms 

In the previous paragraphs we have illustrated the 
use of the Taylor-Cauchy transform to obtain transform 
mates of linear terms. Now we show how to obtain cor-
responding mates of nonlinear terms. 

1) The Convolution Sums: The higher convolution 
sums were developed by Wolf in other papers.'-3 I lere 
we shall collect for reference some of these sums. 

Let C,,41,, symbolize a transform of the zeroth deriva-
tive of a function raised to the vth power. The super-
script v in this case does not represent a derivative as it 
would in the time function. The subscript 0 refers to the 
zeroth derivative, and the n and k are defined as previ-

ously. 
In general let C:P.;.0.1.2,...», symbolize the transform of 

the product of the zeroth, first, • • , and µth deriva-
tives of a given time function. For our purposes let us 

define 

Wn ,k 

(n -I- 1)(n -I- 2) • • • (n r) 

Eq. (56) is a relation between the linear term w,,,k and 

the linear term Cn,k,k-r• The superscript v = 1 is omitted. 
When v = 0 the corresponding C is a Kronecker delta 
function, and the symbol for the latter will always be 

used instead. Thus 

• (56) 

or 

Êen3) = E  E c,1C q2 q1Cn-

q2= 0 41=0 
(61) 

'12 
C.0) = EEEcnc.u_gic„„ „,C„_ Q:,. (62) 

In general 

Q3=0 Q2=-0 Qt=0 

q3 q2 

= E • • • EEc.c,2-. • C.-qe-r (63) 
42=0 Q1-0 

Eqs. (60)-(63) display the general procedure for writ-
ing convolution sums. We note that the C's which go 
inside the summations depend on the nature of the prob-
lem. Thus (59) shows a case where the C's are obtained 
from the nonlinearity of degree two in the (k —r)th 

derivative of a function. 
In writing the above equations q denotes a running in-

dex with the subscript of q denoting a particular run-
ning index. The latter subscript is always one less than 
the order of the C in the left member, and the number 
of sums is also one less than the order of the C in the left 
member. We note also that the C's inside the summation 
sign have subscripts beginning with qt. The next sub-
script is found by subtracting the running index of the 
inside summation from its upper bound, namely, 
q2—qi. The process is continued until all the necessary 

sums are written. 
2) Certain Simplifying Procedures in Subscripts and 

Equations: If k is taken to be the order of the highest 
derivative of the nonlinear differential equation under 
analysis, then it turns out that the w's become inde-
pendent of the second subscript, k, if all the terms are 
referred to the second subscript. To illustrate this, as-
sume k = 2. Then the following pairs result for the sec-
ond and first derivatives in the absence of initial condi-

tions: 

and 
(57) 

) 
Cn(0-m ,k = Sn—na• (58) 

We now develop the higher-order functions of C in 

terms of its linear function (56): 

(2) 
Cn,k.k—r = E Cqu k ,k-r Cn-quk,k-r• 

01=0 

W 2 (X) <=> wn.2 (64) 

11r0 )(X) <=> w„,1. (65) 

If (65) is developed in terms of the highest-order deriva-

tive, i.e., k = 2, it becomes 

Wn,2 
W n (66) 

It is evident that if (64) and (66) are used, the symbol 
(59) wn.2 is now independent of k(= 2). To show this further 

consider the following example of a third-order system: 

To display the convolution property sharply, let k =r 
and drop the second subscript, k. Then (59) becomes 

Q1-0 
(60) 

C? and e may be written as 

= b 

•subject to the conditions at 1= 0 

x(0) = a 

i(0) = b 

±(0) = 0. 

(67) 

(67a) 

(67b) 

(67c) 
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Replacing x by Wand! by X as described above and op- Utilizing the binomial theorem, we may write ( 74) as 
plying the Taylor-Cauchy transform, one obtains the 
following recursion formula: 

Wn,3 n-4,3,0,2 —   

n — 1 

where 

Wn-1,3 
a   

Wn-2,3 

n(n — 1) + 1)(n + 2) • • (n r) Xn+l r-i 
f±:=0  Wnk 

.r A1 E k_,  Wn-1,3 
X r-q (68) 

„=1 (r — q)! 

L n-4,3,0.2 = . (69) 
q,o (q ± 1)(qi ± 2)(qi 3)(qi — n — 3) 

We note that on referring everything to the third deriva-
tive the subscript k(=3) is superfluous since w is inde-
pendent of k under these conditions. Therefore, whenever 
the terms in the transform are all referred to the highest 
order derivative we shall drop the second subscript, k, so 
that w„,3 becomes simply w„ in this example. 

3) Certain Nonlinear Transform Pairs Containing 
Terms in [ 117(k-r) (X) r: 

a) Zero initial conditions: Given Ak_1=A k_2-= • • • 

= A k- r = 0, then 

n-4 

E   

[w(k_r)(x)], =[ E cn.ck_rx-r1 
ra--0 

where Cn,k,k-r is defined by (56). First factor out X", to 
give 

[w(k—)(x)r = xi,r[ E c„,„,k_rx.]. 
n-= 0 

Utilizing the results of Section VI- E, 1) on convolution 
sums, we may write ( 71) as" 

= x" E 
n=0 

Transforming (72) yields 

1 
30[1 W (k-r)(X)I1 

nt ,k ,k-rXm+"-n-IdX 
27rj f L, „„.0 

= n-vr,k,k-r• 

b) Nonzero Initial Conditions. Given 

• • • 0..1k-r0, 

(71) 

ec 

, E (v) n-vr.k.k-rX 

n=0 

co v-1 
n E E , L r-qX 

q=1 

(v)  E r-q (75) 
q=1 

in which .4; !), and A„ are defined generally by 

r-q 
03 SI' Ak_voi-r 

A(;-2,3 =E • • • EE   
0, -1=0 52-.0 is,-O 01! (e2 01)! 

(r — q — 

(70) Transforming ( 75) yields the following result: 

3cH W(k-r)(X) 11 

v-1 r 
(i) 

= Lq-vr,k,k-r E E . 
-•=1 t1=1 

(76) 

(77) 

In ( 77) the first term in the right-hand member is the 
transform of the function for zero initial conditions, the 

(72) double sum is the transform of the cross products, and 
the third sum is the transform of the initial conditions 
raised to the vth power. 

4) Transform of Nonlinear Terms in [ W(k-11)00 
IIV(k—r2) j, 

a) Zero initial conditions: Given Ak_1= Ak_2= 
= A k-r1= A k- r2 = 0, the product becomes 

(73) I w(k-ro(x)1[1 7(k- r2)001 

A k-10 A k -2 

funk—)(x)1" = [ E  x"-F, 
(n 1)(n ± 2) • • • (n r) 

r A 5-q 

+ E   . (74) 
4)! 

" For convenience is defined in Table I, page 921. The 
second subscript, k, is dropped there in accordance with Section 
VI-E, 2). 

= [ E    xn+ri 
n=-0 (n ± 1)(n + 2) • • • (n ri)] 

.[Ê n,k 

no (n ± 1)(n ± 2) • • • (n r2) 

(2) 
= E r •-• n k ,k-ri,k-r2Xn+rl+r2 

71=-0 

X n+ r21 

(78) 

in which the coefficient of X in (78) is defined as above 
and is recorded in the Appendix. On transforming ( 78), 
we obtain 

3.[[ w (k—ri)(x)1 Wk-r2) (x) 1 = cnal ri_r2.k,k_ri.k...,?. (79) 



1960 Ku, et al.: Analysis of Nonlinear Systems 919 

b) Nonzero initial conditions: Given A k_10.1k_00 • • • 

0:1k_„0 • • • 0.1A-„00 and T2>ri, the product be-

comes 

Ult(k-r"(x)][w(k-'2) (x)) 

[ 
- V z-, ,,_,, (1 + 1)(n + 2) • • • (n + ri) 

''. AL_, 
+ E   

„-i (ri - 9): 

W I, .1. 

X,1-9] 

Wk 
  X E n+r2 

[ (n 1)(n ± 2) • • -(n r2) 

E A k— 

q=1 (r2 - 9)! 

After multiplying the above sums, applying the tech-
nique used previously, and denoting by the sum 

(2) '‘—‘1-1 A k-f-gl—ri A k+n-3—r2 
A = 

• O 11! - ei)! 

transforming the result yields 

(k—r (k—r2) (2) 

3,[{ IF (X); 11 (X) H = 
,2 

+ E   
• (r2 - q)! (n - - r2 q 1)(11 - - r2 q + 2) • • 

(80) 

nonlinear, varying in direct proportion to the instan-
taneous current flowing through it. 1f the circuit is ini-
tially quiescent and a unit voltage step is applied at 
1=0, the resulting nonlinear differential equation is 

di 
— i2 = u(t) 
dt 

(83) 

for L=1 and R=i, where u(t) is the unit step defined in 

the conventional manner. Also, 

i(0) = 0. (84) 

Since (83) is a first-order equation, k = 1. 
Writing 147(')(X) for di/dl and [ 1/17(X)]2 for i2 gives 

(81) and 

W (1)(X) [W(X)]2 = 1 (85) 

Ao = 0. (86) 

k— q 

+ E   
q=1 (ri - q)! (n - - r2 -1-• q 1)(n - - r2 q ± 2) • • 

• ( n - r, 

ri+ r2-2 (2) 

+ E on,k .ri,r2&n—ne • 
rn=0 

ln a similar manner transforms for higher-order prod-

ucts of nonlinear and linear terms may be obtained. 
Taylor-Cauchy transform pairs are given in Tables I I-

I V on pages 921-922. 

V11. APPLICATION OF TAYLOR-CAU(HY TRANSFORNI To 

SOLUTION OF NONLINEAR DIFFERENTIAL 
EQUATIONS ARISING FROM CIRCUITS 

Example 1: Consider a series RL circuit shown in 
Fig. 1. The inductor, L, is linear; while the resistor, R, is 

L I 

U ( t) 
R(i1=i 

Fig. 1—First-order nonlinear circuit. 

(82) 

Transforming (85) with the aid of Table Ill appearing 

at the end of the paper leads to 

in which 

2V)t Cr(e2) 2.1) &n 

(2) n-2 w  43-2 
C n-2.0 = E   

0-00+1 n-0-1 

(87) 

(88) 

\Ve note that the subscript k(=1) is dropped in accord-

ance with the remarks in Section V1- E, 2). Thus 

w„.1 = wn. 

Solving (87) and (88) for w„ gives, recursively, 

we = 1 

= 

W2 = I 

(89) 
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Since 

2V3 = 

2 
2V4 = 

3 

= 

17 
= — — • 

45 
(90) 

“'n-1 
WOO = E - Xn Ao (91) 

,1 fl 

for this case, the solution is obtained on substituting 
(86) and (90) into (91): 

X' 2 17 
W(X) = X — — — X' — — X' + • • •. (92) 

3 15 315 

But (92) is recognized as the series expansion of the hy-
perbolic tangent. Hence 

W(X) = tanh X (93) 

and 

i(t) = tanh t (94) 

Example 2: Consider the nonlinear circuit shown in 
Fig. 2 having the initial conditions 

i(0) = — 1 (95) 

vc(0) = 1 (96) 

with parameters as shown and a forcing function 
V =¡e-2t. The nonlinear integro-differential equation of 
this circuit is, on applying the initial conditions, 

di ± ( i 1 
— 2 ± i dr ± 1 =— e--2g. (97) 
dl 2 o 2 

We note that using (95) together with (97) gives 

di(0) 
  = 1. 
dl 

Clearing (97) of integrals by differentiating yields 

L=1 C=1 R.2 

Fig. 2—Second-order nonlinear circuit. 

(98) 

(pi di 
(99) 

d12 dt 

Now we see that k= 2. Thus writing W(2) (X) for d'i/dt2, 
W(')(X) for di/dl, and W(X) for i leads to the equation 

W (2) (X) + 2 W (1)(X) [W (I )(X) ] [ W(X) 

with 

A o = — 1 

A1 = 1. 

W(X) = e-2X (100) 

(101) 

(102) 

Applying the Taylor-Cauchy transform with the aid 
of Table III gives 

(-2)n 
W,, — 

n! 

Wn-2 (2) 
c,,-3,'.0 

n — 1 

where 

2Vn-1  2  Wn-2 

n(n — 1) 

n-3 
(2) 2V0 714_0_3 

Cu-3.1,0 = 2_,   
(n — e — 2)(n — — 1) 

Solving ( 103) and ( 104) recursively for w„ gives 

2V0 

WI = 

W3 = 

W4 = 

Since 

1 

1 

1 

1 

(103) 

(104) 

(105) 

cvn_2 
W (k-2)(X) = WOO = E Xn + AIX + )10 (106) 

rè2 n(n — 1) 

substituting ( 101), ( 102), and ( 105) in ( 106) yields the 
result 

X2 X3 X4 

WOO = — 1 + X — — + — — — -I- • • • . ( 107) 
2! 3! 4! 

The latter equation is recognized as the series expansion 
for —e--". Hence 

i(t) = — e-'. (108) 
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VIII. CONCLUSION AND COMMENTS 

This paper has presented a transform method for 

solving a certain class of ordinary nonlinear differential 
equations. The method essentially converts a given non-
linear differential equation into a corresponding alge-
braic equation which can be solved recursively. Under 
certain conditions, namely, when the general term can 
be found, the solution can be put in closed form. 

It turns out that this method comprises an elegant 
transform method yielding the same results as the par-
tition method. Actually the method given here is 
another way of looking at the partition method with a 
powerful mathematical probe. The Taylor-Cauchy 
transform is related in a general way to the MeIlin-
Stieltjes transform. 12'13 
The transform is particularly suited for the analysis 

12 A. Erdélyi, et al., "Tables of Integral Transforms," McGraw-
Hill Book Co., Inc., New York, N. Y., vol. 2, pp. xi-xii; 1954. 

13 D. V. Widder, "The Laplace Transform," Princeton University 
Press, Princeton, N. J., pp. 246-247; 1941. 

1) Cp..k-, =E ••• EE ,2_11 1)(qi 2) • • • (qi r) (q2 — 1)(q2 — qi + 2) • • • (qt. — r) • • 

of systems with randomly varying inputs." With the 
transform the randomness is transferred from the con-
tinuous functions to discrete functions, thus enabling 
one to utilize the vast body of material available for the 
analysis of discrete random processes. 
The analysis of linear time-varying systems is also 

easily handled. It appears that such systems can be 
analyzed in closed form, or at least an analytic descrip-
tion can be given of the behavior of the stability accu-
rately in the complex frequency plane. 
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TABLE I 

SOME N ONI. I N EAR CONVOLUTION SUMS 

(r) 
2) C,-vr.k-r 

rt-e'r q, 

= E • • • E E -o (q, 1)(qi ± 2) • • •(qi ru) (q2 — 1)(q2 — ± 2) • • •(q2 — r) 

(n + 1)(h — q,1 -1- 2) • • -(n — r) 

2‘.22-21 

(2) 

3) Cle-ri-r2.14-ri.A-r = E (qi I)(qi 2) • • •(qi ri)(n— — r2 — + 1)(n — — r2 — ± 2) • • •(n — rt — qi) 

(n — vr — q,.-+ 1)(n — vr — ± 2) • • • (n — vr — 

TABLE II 

TAYLOR-CAUCHY TRANSFORM PA I RS--OPE RATIONAL FORMS 

1 

2 

3 

4 

5 

6 

7 

8 

F(X) 

F (X) + 11(X) 

aF(X) 

XF(X) 

e"F(X) 

1 

X"' 

In 
+ 

af„ 

= 1, n = 0 

i0, n 0 

1, n = 1 
= 
) 0, n 1 

1, n — In 

n m 
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TABLE III . 

TRANSFORMS—ZERO INITIAL VALUES 

1 W (X) 

2 Hmk-1) (x) 

3 wa-2)(x) 

4 W (k-0 (X) 

5 11'(X) 

6 XW (")(X) 

7 X*417( k )()) 

8 X"'W(k-r)(X) 

n(n - 1) • • • (n - r + 1) 

 zo.-4 

n(n - 1) • • • (n - k + 1) 

(n - m)(n - m - 1) • • •(n - - r + 1) 

.2.)k 

(k) 
C.,k 

Cr(:)••••k 

Ci(i2-)23(-1 

Cr2y•k-1 

() C,._,,.,,,_, 

Cp(ir-)kk•O 

Cenn-vrat- r 

(2-) C.”,-ri-rt•k-ki•k-r2 

TABLE IV 

TRANSFORMS—NONZERO INITIAL CONDITIONS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

14 (k- I) (X) 

(k-s)00 

147(k- r)(X) 

W (X) 

[wu,-,/(x) Je 

XHI [ 147(2,-1100 

[147(''.)(x)][14'''.(x)1 

ecex 

sin eiX 

cos e 

eee sin tiX 

e" cos tIX 

E a,,X" 
pa(1 

1 

1 - aX 

1 - (aX)"+' 

1 - aX 

2On-24 , 
---- Hk-1(5r.-1 k-26ta 
n(n - 1) 

, 
L., 

n(n - 1) • • • (n - r + 1) (k - q)! r+r 

'Wk-k•k k Ak__„  
  + E  an-k+o 
n(n - 1) • • • n - k -I- 1) 2-1 (k - q)! 

Wra-ne-r•k r A k-rj 

 + E   
(n - ni)(n - - 1) • • • (n - - r + 1) „..1 (r - q)! 

V-1 r r 

E E I E A r('2q8n-r-Fq 
i -I  

in which A(,!2„, and 21, are defined generally by 

---E•••EE   
11,mM Si! (52 — SI)! (r - q - - 1)! 

k- I r 

E E . + E A (:20.-...-r+q 

gml 2 

Ze'n-ri-rs+14 

(r2 - q)! (n - ri - r2+ q + 1)(n - ri - r2 + q+ 2) • 

ri Wn-ri-req.k + E 
(ri - q)! (n - r, - r2 q-1- 1)(n - ri - r2+q+ 2) • 

in whia 
re A A k 

A.. II. = 
S ! (n - s)! 

(a)" 

n! 

(- 1)"(e)2"-' 

(2n—+- 1)! 

(- 1)"(e)2" 

(2n)! 
n ( _ 1)k tp.ki a n-k 

k (2k + 1)! (n - k)! 

(- 1)kek  a"- k  

(2k)! (n - k)! 

a„ 

a" 

ja", n 5_ m 
n > m 

(n - r2 + 

 + E A r, 
• • (n - + 
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Laurent-Cauchy Transforms for Analysis of 
Linear Systems Described by Differential-

Difference and Sum Equations* 
Y. H. KUt, SENIOR MEMBER, IRE, AND A. A. WOLF, MEMBER, IRE 

Summary—The Taylor-Cauchy transform for the analysis of 
nonlinear systems was presented at the 1959 IRE National Conven-
tion.' In this paper it is shown that the Laurent-Cauchy transform 
can be derived from the Taylor-Cauchy transform by a simple map-
ping. Whereas a complex X plane is used in the Taylor-Cauchy 
transform, a complex p plane is used in the Laurent-Cauchy trans-
form where the two complex variables are related by X = 11p. In the 
Taylor-Cauchy transform method, W(A ,(x), the kth derivative of 
W(x), converges inside a circle. However, in the Laurent-Cauchy 
transform method, H(p) converges outside of a circle of radius R. 
Thus, W'' (X) is expressible by a Taylor series whose general term is 

E 

and H(p) is expressible by a Laurent series whose general term is 

E he "• 
n 

In either case, the relation between the coefficients of the power se-
ries and the function of a complex variable is given by Cauchy's in-
tegral. In conjunction with the Laplace transform, the Laurent-
Cauchy transform can be used to analyze discrete-continuous sys-
tems such as digital servomechanisms, retarded feedback control 
systems, certain analog-digital computer systems, and pulsed-data 
systems. If n is replaced by n T, where T is a sampling time, and h„ is 
taken to mean h(nT), the Laurent-Cauchy transform reduces to the 
Z-transform. A table of Laurent-Cauchy transforms, several the-
orems, and three examples are given in the paper. 

I. INTRODUCTION 

/ N a previous work' a transform method, the Taylor-
Cauchy transform, was developed as a formal conse-
quence of a mathematical theory for analysis of non-

linear systems.2-6 The Taylor-Cauchy transform method 
was presented at the 1959 IRE National Convention, 
and now appears as a companion paper in this issue. 
This method, the Taylor-Cauchy transform, is one mem-
ber of a broad class of transforms which correspond to 

* Original manuscript received by the IRE, May 25, 1959; re-
vised manuscript received, December 11, 1959. This work was done 
under a research grant from the National Science Foundation. 
I. The Moore School of Electrical Engineering, University of 

Pennsylvania, Philadelphia. Dr. Ku is also a consultant to RCA, 
Camden, N. J. 
$ Stromberg-Carlson Co., Rochester, N. Y. Formerly with The 

Moore School of Electrical Engineering, University of Pennsylvnia, 
Philadelphia. 
' Y. H. Ku, A. A. Wolf, and J. H. Dietz, "Taylor-Cauchy transforms 

for the analysis of a certain class of nonlinear systems," this issue, pp. 
912-922. See also 1959 IRE NATIONAL CONVENTION RECORD, pt. 
2, pp. 49-61. 
2 A. A. Wolf, "A Mathematical Theory for the Analysis of a 

Class of Nonlinear Systems," Ph.D. dissertation, University of Penn-
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a given class of generalized or modified forcing functions. 
Another member of this class of transforms is developed 
in this paper. The new transform method, the Laurent-
Cauchy transform, can be derived from the Taylor-
Cauchy transform by a simple mapping. A new complex 
variable p, used in the Laurent-Cauchy transform, is 
related to the complex variable X, used in the Taylor-
Cauchy transform, by the simple relation X = 1/p. In the 
Taylor-Cauchy transform method, 11'(X), the kth 
derivative of I17(X), converges inside a circle. In the 
Laurent-Cauchy transform method, II(p), a function of 
the complex variable p, converges outside a circle of 
radius R. Thus W'°(X) is expressible by a Taylor series 
whose general term is 

EWo,IcX" 

whereas H(p) is expressible by a Laurent series whose 
general terni is 

E 
n=0 

Just as zu„.k is related to W (6) (X) by the Cauchy integral, 
so it is shown that h is related to H(p) by the Cauchy 
integral with a different contour. 
The Laurent-Cauchy transform is particularly useful 

in the analysis of physical systems described by differ-
ential-difference and sum equations. Used in conjunc-
tion with the Laplace transform, it makes possible the 
analysis of discrete-continuous systems such as digital 

servomechanisms, retarded feedback control systems, 
certain analog-digital computer systems, and pulsed-
data systems. In addition, if the input is a random 
process, the Laurent-Cauchy transform can be used 
with the transform-ensemble method6 to obtain infor-
mation about the statistics of the response of the dis-
crete systems. 

II. DERIVATION OF THE LAURENT-CAUCHY TRANS-

FORM FROM THE TAYLOR-CAUCHY TRANSFORM 

The Taylor-Cauchy transform pair' is given by ( 1) 
and ( 2) below: 

1 w(k)(x) 
Wn,k =   dX 

27rj c. X"÷1 

E 
n=0 

(1) 

(2) 

" Y. 11. Ku and A. A. Wolf, "Transform-ensemble method for 
analysis of linear and nonlinear systems with random inputs," Proc. 
NEC, vol. 15; March, 1959. 
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where 

?en,k denotes the direct Taylor-Cauchy transform 

W(k) (X) 

of Woc)(X), 
denotes the kth derivative of a complex time 
function W(X), 

W(X) denotes a function of the complex variable X 
corresponding to a function of the real time 
variable 1, 

n denotes the real discrete variable in the trans-
form half-line corresponding to the complex 
time variable X in the complex time plane, 

X denotes a complex time variable correspond-
ing to the real time variable t, and 

C' denotes a contour in the X-plane defining the 
domain of definition of the complex time 
function W(X) and enclosing the singularities 
of the integrand of ( 1). 

Consider now the transformation given below: 

1 
X= (3) 

where p defines a complex frequency variable in the 
complex p-plane. Eq. (3) is a bilinear transformation 
with the property that points inside the unit circle in the 
X-plane map into corresponding points outside the 
unit circle in the p-plane. The differential of X is given 
by 

dp 
dX = — — • (4) 

P2 

Substituting (3) and (4) into ( 1) and (2) yields 

1 1 

and 

w n,k =  f W  (k) pn-idp 
27rj 

1 co 

W  (k) (—) = 
W(1,AP—n • 

n-=0 

(5) 

(6) 

Let us denote w.,k by h.,g and W(k)(1/p) by H(")(p) re-
spectively. Thus 

hn,q = Wn,k 

1-1(q)(p) = 

Thus, we may write ( 5) and (6) as 

1 
h„,g = f H(g)(p)pn-idp 

2ri c 
co 

H(o(p) = E kn,gP-n. 

The nature and restrictions concerning the functions 
h. and H(p) are discussed in Section III. The contour 
C encloses the singularities of H(g)(p)pn-1 corresponding 
to the contour C' by means of the mapping given in (3). 
The index q in (8) can be omitted in practical cases. For-
mally, the index q may denote the qth derivative of 

H(p) with respect to p. We allow q to be different from k 
so that ( 11) is satisfied: 

0 < q < k. (11) 

For certain applications such as differential-difference 
and sum equations we have h„ and II(p) as functions of 
time t, a real variable. Thus, after dropping q and intro-
ducing t explicitly, we get 

1 
h„(l) =  f H(p, 1)pn-idp (12) 

2nj c 

I-1(P, = E h.(0P-". (13) 
n=0 

As functions of a real variable 1, h „(1) and II(p, t) in ( 12) 
and ( 13) are Laplace transformable. For the sake of 
clarity, we may keep the symbols h„ and II(p) to repre-
sent the Laurent-Cauchy transform pairs, irrespective 
of whether h„ and II(p) are functions of t or of their 
Laplace transforms. 

In Table I (Appendix I), q is taken as zero as in ( 12) 
and ( 13). Furthermore, we shall omit t, understanding 
its presence implicitly. The implication of this selection 
and other geometric interpretations are given in a note7 
previously published. 

III. RESTRICTIONS ON THE FUNCTIONS 
AND NOTATION 

in this section we shall briefly discuss some of the 
pertinent restrictions on the functions h. and II(p). Let 
us now rewrite ( 12) and ( 13) consistent with the condi-
tions of the last paragraph: 

1 h. = f H(p)pn-idp 
27rj J e 
00 

ii(p) = E he-n. .=() 
We make the following assumptions. 

1) /1„, = 0(r") 

where r>R> 0, r= IL and 

R = hm sup 
n—.. 

(14) 

(15) 

(16) 

(17) 

R is the radius of a circle in the complex p-plane out-
side of which the series of ( 15) converges. 

2) If h.= 14,(1), then 

14,(1) = 0(e"); a,, constant for each n. (18) 

3) H(p) converges outside of a circle of radius R. 
4) If H(p)= H(p, 1), then 

H(p, 1) = 0(esPi); it constant for each p. (19) 

5) The contour C is determined from ( 17) and 
(20): 

p = reo (20) 

A. A. Wolf, "On the significance of transients and steady-state 
behavior in nonlinear systems," PROC. IRE, vol. 47, pp. 1785-1786; 
October, 1959. 
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where 0 is the angle of direction in the p- plane with the 
center of the circle at the origin, and r is the magni-
tude of p. 

We note that ( 15) can be considered as a means of 
transforming a function of a discrete variable, h„, into 
a continuous function of a complex frequency variable, 
11(p). This mapping is illustrated in Fig. 1. 

n- HALF LINE 

'  
2 3 4 6 6 n 

H(e) DEFINED OUTSIDE C n DEFINED FOR INTEGRAL VALUES 

Fig. 1 lapping of Laurent-Cauchy transform. 

IV. APPLICATION OF THE LAURENT-CAUCHY 

TRANSFORM METHOD 

Let us denote the direct Laurent-Cauchy transform 
and its inverse by the symbols oe, and respectively. 
We choose ( 15) to define H(p) as the direct Laurent-
Cauchy transform of h„ such that 

£,[11.] = ll(p). (21) 

This is similar to the symbolic relation in Laplace 
transforms: .0 [y0)] = Y(s), where y(t) is a function of the 
real variable t and Y(s) is a corresponding function of 
the complex variable s. The inverse Laurent-Cauchy 
transform is then defined by ( 14) and expressed sym-
bolically by (22): 

= (22) 

Comparing ( 14) with the well-known complex integral 
form of 4! -- ' [ Y(s)], we see that in both cases the inverse 
transform can be obtained by contour integration. Thus, 
we may consider both the Laurent-Cauchy transform 
and the Laplace transform (as well as the Fourier trans-
form) as members of a general class of transforms. It is 
logical to ask whether the Z-transform also belongs to 
this general class. If n is replaced by nT, where T is a 
sampling time, and the discrete variable h„ is taken to 
mean h(nT), we see that ( 12) and ( 13) reduce to the Z-
transform. 

Difference equations are used to approximate the dif-
ferential equations that describe a continuous system. 
Mixed difference-differential equations are sometimes 
encountered. Here we shall consider a more general 
form given by (23) which may be termed a differential-
difference and sum equation: 

K 
(k) 

E E eken+m(t) + E ock(i) = 
Itt 0 k 

x„(t). (23) 

We desire to determine y„(t) in terms of a's, e's and the 
forcing function x,,(t). Note that y.(k)(t) denotes the kth 
derivative of y„(t) with respect to time. An equation 
like ( 23) could describe a pulsed data or retarded feed-
back control system. Letting the Laplace transforms of 
y„(t) and x„(t) be denoted by h„(s) and g„(s), respec-
tively, 

h„(s) = Y„(s) = 2[y„(1)]; g„(s) = X„(s) = 2[.y.„(1)]. (24) 

The Laurent-Cauchy pairs can be given as follows, 
similar to ( 12) and ( 13): 

1 
h„(s) = — f H(p, s)pn-idp 

c 
(25) 

11(p, s) =- E h„(s)p-n. (26) 

Similar pairs can be given for g„(s) and G(p, s). Assum-
ing that the system is initially at rest and noting that the 
Laplace transform of y„+„,(k)(t) equals skh„,„,(s), we 
apply first the Laplace transform and then the Laurent-
Cauchy transform to (23) to give 

M K 

E E otk„,sk2„k„+,„(s)1+ 2 [ E skh,(0] 
m=0 k=0 k=0 

= .2,[g„(s)]. (27) 

From ( 26) and Appendix I, we have 

= H(p, s) 

= s) 

= G(p, s). 

In Section VI it is shown that 

£c[ E okhk(s)] k=0 

Bey)H (-21- s) 
_Cp  ir   

_i) 2rj 'Y 

(28) 

(29) 

(30) 

d-y (31) 

where 'y denotes a complex variable like p, and B('y) is 
the Laurent-Cauchy transform of fi,,. On utilizing (28), 
(29), (30), and (31) we obtain from (27) the transform 
equations in p and s as follows: 

K 

H(P, s) E E ak,,Skr 
m=0 k=0 

B(-y)H (—P s) 
p 1 r 

=- G(p, s). (32) 
p— 1 27rj c 'Y 

Eq. (32) is a linear integral equation of the kind which 

may be solved by a convergent iteration process." The 
general solution of (32) in terms of the elementary func-

tions is not known. Let us examine a special case in 
which tlk =13 for all k> 0, where /3 is a constant. With this 
condition, (32) simplifies to 
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.11 K 

H(p, s) E E ak„,skp- +  H(p, s) = G(p, s). (33) 
m-0 p — 1 

Therefore 

where 

G(p, s) 
11(p, s) =   

D(p, s) 

.11 K 

D(p, s) = E E come 
m =0 k=0 p — 1 

(34) 

(35) 

To recover y„(1), it is necessary first to have a knowl-
edge of the zeros of D(p,$) given by (35). Knowing the 
zeros of D(p, s), the residue theorem can be applied first 
to the inverse Laplace transform and then to the inverse 
Laurent-Cauchy transform. Formally, this gives 

y„(1) = [H(p, s)] = sq. (36) 

The operators oe-' and 2,-1 are commutative with re-
spect to the operand. In complicated cases the roots of s 
might involve radicals of the variable p and conversely. 
Thus, higher order singularities may lead to branch 
points and the solution may then involve transcendental 
functions of higher order. 

V. COMPUTER CONTROLLED FEEDBACK SYSTEM 

To illustrate the use of ( 12), ( 13), (25) and (26), let 
us consider an example involving continuous-discrete 
processes. Referring to Fig. 2, a simple servo is con-
trolled by a computer (shown in Fig. 3) so that its out-

¿It( 

o  

Yn 

HOLD a- I 

Yn (t 

DIGITAL - ANALOG 

COMPUTER 

GATE 

ODULATOR 

Fig. 2—An exponential pulse response feedback 
computer control system. 

INTEGRATOR 

DELAY 
yn - 

SAMPLER 

ynts) 
 o 

DELAY 
Yn -2 

Yn 2 

DELAY 

Fig. 3—Digital-analog computer of Fig. 2. 

put is suitably modulated. It is possible in this system 
to separate the continuous process from the discrete 
process. This is equivalent to saying mathematically 
that the difference equation is separate from the con-
tinuous equation. In such cases, the total solution is 
usually the product of the separate solutions. In other 
words, one process amplitude modulates the other. To 
illustrate the present method, no notice will be made of 
the separability property from the system configuration. 
Instead, we shall solve this as a mathematical problem. 
Example 1: Consider the equation 

a 
y' + (/)   y.(1) = 

n + 1 
(37) 

where the prime denotes a time derivative, a denotes a 
constant, and n denotes gate-time pulses taking the 
discrete values n =0, 1, 2, • • • only. The initial condi-
tions are 

1 
Y.(0) = • 

n. 
(38) 

Eq. (37) can be rewritten as 

(n 1)),',..F1 (/) ay(1) = 0. (39) 

Taking the Laplace transform gives 

(n 1)sY,..4.1(s) aY„(s) = (n 1)y,s+1 (0) 

(n + 1) 1 
(40) 

(n 1)! n! 

Denoting Y5(s) by ha(s) as in (24) and noting 
Yn+i(s) =1/„4.1(s), (40) becomes 

1 
s(n 1)h,04(s) + ah„(s) = — • 

n! 
(40a) 

From Table I (Appendix I) we get 

£[(n 1)h.+1] = — P2W(P) (41) 

where Hi(p) =- dIl(p)/dp 

oec[ 1 _1= n!e11. (42) 

Taking the Laurent-Cauchy transform of (40) and 
utilizing the results of (28), (41) and (42), we get the 
transform equation 

—s[p2H'(p, s)] + (111(p, s) = (43) 

Solving for H(p, s) gives 

eIIP 
H(p, s) =   

s a 
(44) 

The correctness of the above solution can be checked by 
noting that dH/dp=(-1/p2)II and that the left-hand 
terms of (43) add up to (s+a)II(p, s). Inverting (44) 
with respect to p gives 
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1 
n!(s ± a) 

CO 

(45) .C, [ Eskhk(s)] = ,_,v okhk(s) 
k=0 k=0 n=k 

Noting that h5(s) = Yn(s), according to ( 24), and taking 
the inverse Laplace transform, gives 

yo(t) = — • 
n! 

(46) 

Eq. (46) signifies a sequence of functions defined for 
discrete values of n =0, 1, 2, • • • so that 

e-at 
yo(1) = e-e; yi(1) = et; y2(1) = — ; • • • . (47) 

2 

Eq. (47) gives the values for the interval corresponding 
to n. Thus, yo(t) defines the value for the interval 0 to 1, 
Yi(t) defines the value for the interval 1 to 2, y2(t) defines 
the value for the interval 2 to 3, and so on. The physi-
cal implications of such systems will not be discussed 

here except to say that phenomena exist which decay 
rapidly with time. Then, a system of pulses which also 
decay rapidly with time may be useful as a timing 

reference. 
From the above example, we see that by using both 

the Laplace transform and the Laurent-Cauchy trans-
form we are able to separate the two processes. one 
continuous and one discrete. The final answer is then 
found to be the product of the two separate solutions. 

VI. DERIVATION OF PRODUCT AND SUM TRANSFORMS 

Transform of Sum of Sequence Functions 

In certain physical applications it is required to sum 
a set of n-sequence functions as shown in Fig. 4. A 

/3 n-iYn..t(t)   

E akrk(t) 
k = 0 e, rim 

.00Y0( 

Fig. 4—Summation of time sequence functions. 

knowledge of the transform of the sum is therefore 
necessary. Such a sum appears in ( 23) and its transform 
is given in (31) and (32). We now show details of ob-
taining this transform. By definition, as given in ( 15), 

£e[ Id a0 a E skhk(s)] E E okhk(s)p_n. 
k=0 n=0 A=0 

The right-hand member of (48) may be written as 

CC OC 

E E iskhk(s)p-. 
k=0 n=-.k 

(48) 

by interchanging the order of summation. Thus (48) 
becomes 

Now 

n=k 1 

Substituting (50) into (49) gives 

p — 1 

(49) 

(50) 

n 
akhk(s)1=  , E akhk(S)P—k (51) 

k -0 p — 

  .er1akhk(S)1. (51a) 

The right-hand member of (51a) is reduced by 

et 
1 

= — f B(y)-yk-'d-r 
27j c 

where 7 is a complex variable like p. Thus 

use of 

.ec[akhk(s)] = f Beybfk-idyi hk(S)P—k 
k=0 L 27i 

= If B(y)..y-i[ hk(s) (—p —ki d'y. 

k=0 

But by definition, as given in ( 15), we have 

P 
1-1 (—P S) = E Ilkk((Ss)) (—)— k . 

'Y k=0 

(52) 

(53) 

(54) 

(55) 

Substituting (55) into (54) and this result into (51a) 
gives 

oec [ E akhk(S) ] k=0 

1 
B(7)y-' H [— s]dy. (56) 

p — 1 2.i f, 
Eq. (56) is the same as (31) and is the transform of a 
sum of sequence functions. 

Special Case of the Sum of Sequence Functions 

Consider a special case 
for all values of k greater 
constant, we may remove 
sign. Therefore, we have 

Since 

of (56), namely, when 19k=  e 
or equal to zero. Since a is a 
e from under the summation 

Le [19 E hk(s)]  . E hk(s)P- k. (57) 
k=0 P 1 k-u 

H(P, s) = E hk(s)P-k, (58) 
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substitution of (58) into (57) gives ..f.” = 1 r F(p)(1 — pk+') 
  dp. (67) 

27j.L, p(1 — p) 2,[ . (3 E hk(s)]= le H(p, s). (59) 
k-o p — 1 The proof follows a pattern similar to the previous 

theorem. 
A number of other transforms appear in Table I on 
pages 930 and 931. In the table, the variable t is often 
understood and does not appear explicitly. 

VII. SUMMATION THEomms 
The Laurent-Cauchy transform is very useful in 

summing certain series, examples of which are 

E If 

fny„, 
n=0 

E 
n=0 

etc. 

The problem of summing such series in a general way 
has been the subject of works of many prominent 
mathematicians.' We shall show how the following 
theorems are obtained. 

First Summation Theorem 

Given a discrete function fn whose Laurent-Cauchy 
transform F(p) is known. Then 

Proof: Since 

then as 

= 
n=-0 

r  F(p)  2,„i J p(1 — p) dp. (63) 

Third Summation Theorem 

Given two £,- transformable discrete functions fn and 
y. with 2r-transforms F(p) and Y(p), then 

r 
E = -î--- p-'F(p--1)17(p)dp. (68) .-0 27rj 

Proof: Let 

1 
Y. = — .f 17 (P)Pn-ldP 

273 J cl 

and f, is defined as before with a contour 
C= ± C2. then 

1 
ynfn = -2-7i .1: ,17(P)Pn-IfodP• 

Summing both sides of ( 70) yields 

utilizing 

C2. 

(69) 

Let 

(70) 

E = — f v(p) E pn-if„dp; (71) 
2rj c o-o 

EL,P" = F(p') 
n=0 

we obtain the theorem given in (68). 

Other Summation Theorems 

(72) 

We state here the results of two other summation 

1 r theorems: 
= —27rj F(P)P"-IdP (64) c  1 1 — p 

E y.+1,à.tu = — f 17 (P)F(1,-1) dp (73) 
n=0 2/rj e 

E J.= f F(p) E P"-idP (65) 
n-0 273 c n=o 

utilizing the summation formula 

1 where 
E p„, < 1 (66) 
n,=U p 

we obtain (63). 

Second Summation Theorem 

Given a discrete function f. whose 2e-transform is 
F(p). Then 

8 G. Boole, "A Treatise on the Calculus of Finite Differences," 
G. E. Stechert and Co., New York, N. Y.; 1860. 

and 

— p 
E = —1 f Y(P)F(P 1 -1)   dp (74) 
.-0 2rì e p-

A1 = — In. (74a) 

VIII. EXAMPLES 

To illustrate some of the above theorems we shall con-
sider the following examples. 
Example 2 A Simple Sum: Given .f.=n 

In = n (75) 

F(p) = (76) 
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thus 

E It 

Simplifying ( 77), 

1 p(1 — pk+1) 
= —  dp. 

27rj e ( 1 — p)2(1 — p)p 

1 d2 
[pk-i _ 

2! dp2 

k(k 1) 

2 

(77) 

(78) 

(79) 

This result checks the well-known result for this sum. 
Example 3—.4 Simple Product Sum: Consider 

and 

Then 

E 

y„ = (80) 

"(P) =   (81) 
a 

— 
n! 

F(p) = 

F ( 1 = ep. 

P I  

an 1 , P 
_..  f p—  • ePdp 

ii! 27rj c p — a 

1  r eP 
= dp 

271-j . I c p — a 

=- ea. 

(82) 

(83) 

(84) 

(85) 

(86) 

(87) 

Eq. (87) is known to be correct. The correspondence is 
evident upon expanding ea by a Taylor series. 

IX. COMPARISON OF LAU-RENT-CAUCHY AND 

TAYLOR-CAUCHY TRANSFORMS 

The Taylor-Cauchy transform is one member of a 
general class of transforms useful in the analysis of cer-
tain physical systems. It is useful in the analysis of non-
linear systems. The direct Taylor-Cauchy transform is 

defined by ( 1) and can be symbolically expressed as 

3,[11' )(X)] = (88) 

The inverse Taylor-Cauchy transform is defined by (2) 

and can be symbolically expressed as 

[wn = (89) 

Thus, the direct Taylor-Cauchy transform is defined by 
Cauchy's integral, whereas its inverse is given in the 
form of a Taylor series, the summation of w„,kXn. 

The Laurent-Cauchy transform is another member of 
a general class of transforms. It is useful in the analysis 
of systems involving discrete processes, whereas the 
Taylor-Cauchy transform deals with continuous non-
linear processes. The direct Laurent-Cauchy transform 
is defined by (21), where the left-hand member repre-
sents symbolically the summation of h„p-", which has 
the form of a Laurent series. On the other hand, the 
inverse transform defined by (22) takes the form of 
Cauchy's integral given in ( 14). Thus, not only are the 
two complex variables reciprocals of each other as de-
fined in (3), the complex contour integral ( 1) defines the 
direct transform in the case of the Taylor-Cauchy trans-

form, whereas the complex contour integral ( 14) defines 
the inverse transform in the case of the Laurent-Cauchy 
transform. In the Taylor-Cauchy transform method, 
1/17(k)(X), the kth derivative of IV(X), converges inside a 
circle. In the Laurent-Cauchy transform method, II(p) 
converges outside a circle of radius R defined in connec-

tion with ( 16) and ( 17). Although both the Laurent-
Cauchy and Taylor-Cauchy transforms belong to a 
general class of transforms, each has a realm of useful-
ness in the analysis of physical systems. 

X. CONCLUSION AND DISCUSSION 

This paper has presented some aspects of a discrete-
to-continuous transform method for analyzing certain 
linear systems. Since the use of sequence functions re-
duces the labor in solving problems arising in the analy-
sis of systems which are modulated in some manner, the 
Laurent-Cauchy transform is useful. In addition, if t is 
fixed, we can solve sum-difference equations and evalu-
ate the sum of certain series which are £c-transformable. 
Further, if n is considered as a discrete time variable, 
we can solve equations representing retarded feedback 
control systems such as a difference frequency AFC.6 

In the latter connection, if n is replaced by nT, where T 
is a sampling time, and the discrete variable h„ is taken 

to mean h(n1), we see that ( 12) and ( 13) reduce to the 

Z-transform."-'2 If the input to a given discrete system 
is random, the Laurent-Cauchy transform can be used 
in the transform-ensemble method in determining the 
response of the system statistically.6 
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TABLE I 

LAURENT-CAUCHY TRANSFORMS 

1) Operational Forms 2) Functional Forms 

h„ il(p) 

± C2g„ 

Ah„ = h„.0 - h„ 

= _ 211,,÷1 h" 

Akh„ 

1; for n ≥ 

0; otherwise 

1; n = 
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0: n 

.5n-A 

n2 

113 

E hkg„_k = E gkh„-k 
k k 

E 

(ap) 

11 (-P-) a 

Pk 11 (p) — E 11,13P-r 

-11'(P)G(p) 

E _k (-1)"I1(")(p)G(p) 

1, (.0 

E eg„ _k G2(p) 
4. 1( 

E E h,p-r 
re 

hn +k = 11,, e - 1 j_pL 

E h,p-r 
= 

1 

-nh„ Pin)) 

n(n - 1)h„_, P11"(P) 

-n(n - 1)(n - 2)1I„_2 PlinP) 

(-1)Pn(n - 1)'"(n - k 1)h„_k+1 pIPP)(p) 

14,-0 PH(P) - hoP 

n2h„ P211"(P) Pir(P) 

p 1 (p) 
E 11k11 ,,_k 
k-o 

E k2gkg„_k G"(p)G(p) 
k -0 

E kgkg„_k 

-(n - 

(n - 1)(n - 

- (n - 1)(n - 2)(n - 3)h„_3 

(-1)5(n - 1) • • • (n - 

-U(p)G(p) 
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1"(p) 
Ifni)) 

wo(p) 

h, 11 (0 

e—an 

1 — e—«" 

sin an 

n! 

cos an 

ah„ 

11.r 

Ea,pr" -, 
r..11 

where: 

a,. are the residues of the transform 

1 

1 
_ 

p-30 _ 

(1 - ft-')( 1 - 

p sin a 

p2 - - 2p cos a + 1 

eoP 

1 - p-1 cos a 

1 - (2 cos a)p-' fr2 

p - ab 
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- 1) log (p — 1) 

eP 
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e0 
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sin p 
a. sin a p— LI 
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a" sin a ( 1- (- 1)^) sin p 
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(sin a)^-! 
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(sin a). 
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(cos a)" 

an log a 

-11311„ 
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- 1)! (e-«".) 

n(Plh„ 

p - cos a 

p log p 

— a 

P311"(P) 3P211"(P) 

pe' sin a 

p2 - 2e-ap cos a ± 1 

(P e")(P - e") 

a--1 p 

(In- - 1)! aa.-1 (p - e") 

(-1)°P" —de WW1 
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n(n — 1) • • • (n — k) 
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(n - 1)! 14,4•P (- 1)ke 111 (p)] 

log p 
0 -1 log  
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TABLE I (Continued) 

2) Functional Forms (Continued) 

144 ll(p) 

(n- 1)(n-2) • • • (n- k-1) 
e -k-1 

(k - 1)! 

a" b" 

a" b" ± 
- b b - a 

a" (-a)" 

2a2 2a2 

a" (-a)" 

2a 2a 

1 

(p - a)fr 

1  

(p - a)(p - b) 

(P — - 1)) 

1 

p2 - a2 

p 2 p2 

- ngr(n) 

n'll"(n) 

-1311'(n) - MP) 

3) Theorems 

a) Initial value theorem 

him h„ = hm II(p). 
18-.00 p-r 

h) Final value theorem 

lim h„ = Jim (p - 1)I1(p). 
e-K) p-d 

e) Unit value theorem 
Case I: H(p) has no poles in the contour C 

E h„ = lim II(p). 

Case II: H(p) has poles inside the contour C 

r II (p)  E h„ dp. 
2/rjic p-1 

(I) Summation Theorems 

r 12(p) 
- ho 

2rj r p(1 - p) 

hop' ± hip log p - p f II(p)dp 

-p f II(p)dp 

f F(p)(1 - pk'l) 

E - 27,j e p(1 - p) dp o-o 

E v„h„ = f p-11-(p)11(p-I)dp 
brj 

E v„2 = -- f P- I (P)I . (P-1 )dP• 
brj 

CORRECTION 
J. J. Bussgang, P. Nesbeda, and IL Safran, authors of 

"A Unified Analysis of Range Performance of CW, Pulse 
and Pulse Doppler Radar," which appeared on pages 
1753-1762 of the October, 1959. issue of PROCEEDINGS, 

have requested that the following corrections, resulting 
from an inquiry by M. Skolnik, he made to their paper. 

In Case 3, on page 1756, a pulse Doppler radar was 
compared with a pulse radar of the same average power, 
antenna gain and noise figure. It was found incorrectly 
that the former type of radar had a detection range 80 
per cent greater than the latter. The error which oc-

curred was due to the fact that the conditions of this 
Case were not consistent with the earlier text. 

Specifically, in the second column on page 1757, the 

last sentence before the subheading states: " For the 
pulse radar, N is the actual number of pulses." This is 
consistent with the earlier statement on page 1756, 
immediately following (6): " In (6) Bip is assumed to 
match the pulse width"; i.e., Bipr = 1. 

However, our Case 3 is not consistent with this as-
sumption, namely, 

Bu r = (5 X 106)(2 X 10-6) = 10. 

Thus each pulse is constituted of 10 independent sam-
ples and we should have taken 

N = (number of pulses) X ( Bur), 

or, for Case 3, 

X = 10 X 10 = 100, with X = 100; 

in Fig. 5, we now read 

(R/Ro), = 1.14. 

Hence the over-all result should have been 

(R/R0),, 

[(R/R0)„j• I(R)P/(Ro)d] 

0.76 
= 1.21 

1.14 X 0.55 

(R)4/(R), = 

(35') 

rather than (R) d/(R)„= 1.8. 
Thus in this particular Case, the pulse Doppler radar 

has 21 per cent more detection range. 
Apart from noting this error, the authors wish to 

emphasize that it was not their intent to claim in this 

example that the pulse Doppler radar is superior in 
performance to the pulse radar under all circumstances. 
The purpose of the example was to demonstrate a 
method of comparison. Were a different set of parame-
ters selected, the conclusions may well have been re-
versed. In particular, in this example the IF bandwidth 
was much wider than would be normally required and 
was quite unfavorable to a pulse radar. 
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Correspondence  

Radio Frequency Scattering from 
the Surface of the Moon* 

Several investigations of the lunar sur-
face, using pulses which are short compared 
to lunar dimensiin1S, have identified the 
marked "high- light returned by quitsispecu-
lar reflection from the central region of the 
lunar face." Our observations, using a high-
power, 400-nu' radar show thiit the 1110011 
behaves not only as a smooth reflector but 
also as a diffuse. scatterer. It is the purpose of 
this communication to show that weak, 
transient echoes are present from the entire 
lunar surface that is within view of the earth, 
iirusided that sufficient equipment sensi-
tivity is employed. 

Two radars, each equipped with a fully-
steerable parabolic reflector, have been used 
in the course of these investigations and are 
described in Table I. 
A typical intensity-modulated, range vs 

time display of the echoes observed with the 
more sensitive radar ill SCOTIaIld IS shown in 
Fig. I. Transient echoes are detectable out 
to ranges corresponding to the limbs of the 
moon. The echoes appear to change range 
rapidly, a phenomenon which is presumably 
explainable by interference between energy 
packets arriving from the moon at the same 
time but having different Doppler shifts. A 
better indication of the manner in which re-
ceived power falls off with distance is shown 
by the 15-second superposition of A-scope 
pulses shown in Fig. 2. A strong echo from 
the first 400 kilometers is the most promi-
nent feature, followed by a linear decrease of 
echo energy' with range. 

If each element of the lunar surface is 
asstime(l to scatter energy isotropically, i.e., 
P(0)=1, where P(0) = polar diagram of ele-
mentary scatterer and cp = angle with respect 
to the direction of spectdarly-reflected en-
ergy, then simple considerations show that 
the echo power as a function of range should 
decrease linearly as follows: 

x 
R — 

* Received by the IRE. January 22, 1960. This 
work was suppo.rted by Rome Air Dev. Ctr. under 
Contract AF 30(602)-1871. 

B. S. Vaplee, R. II . Bruton. K. ,I. Craig, and 
N. G. Roman, " Radar echoes irom the moon at a 
wavelength of 10 cm," Pitoc. IRE, vol. 46. pp. 293-
297; 'mutiny, 1958. 

Trexler, " Lunar radio echoes," PROC. IRE, 
vol. 46, pp. 286 292: January, 1958. 

6 T. B..1. Senior and K. M. Siegel, " Radar reflec-
tion characteristii .-. t the numn," ill Paris Sym-
posium on Radio Agronomy," R. N. Bracewell. ed., 
Stanford University Press, Stanford, Calif., pp. 29-
46; 1959. 

1. S. Hey and V. . 1. Hughes, ' Radar observa-
tions. of the moon at 10-cm wavelength," in "Park 
Symposium on !Cali. 1stnitionly," R. N. Bracemell, 
ed., Stanford University Press, Stanford, Calif., pp. 
13-18; 1959. 

A. W . Straiton, and C. W . Tolbert, " Bistatic 
Moon.Reflection Measurements between Malvern. 
England and Austin, Texas at 3 KMCS." Electrical 
Engrg. Res. Lab., University of Texas, Austin. kept. 
No. 5-38; November 30, 1959. 

6 The receiver output amplitude shown in Fig. 2 
was originally taken to be proportional to input power. 
Actually, the output is proportional neither to input 
power nor voltage but to some function between 
these limits. 

TABLE I 

RADAR PARAMETERS 

College, Alaska Fraserburgh, Scotland 

Antenna diameter 
Antenna gain 
Transmitter peak power 
Frequency 
Pulse length 
PRE 
Receiver bandwidth 
Polarization transmitted 
Received 

60 feet 
36 db 
50 kw 
398 mc 
1000 microseconds 
30 cps 
I kc 
Linear horizontal 
Horizontal and vertical 

Fig. Intensity- modulated range vs time display of typical lunar echoes observed with Scotland 
radar. (0550 GMT. December 24, 1959.) 

1000 000 3000 
RELATIVE RANGE— tor 

Fig. 2 Amplitude vs range display of lunar echoes 
with 15 seconds of integration at a pulse repetition 
frequency of 30 cps. 

142 feet 
43 db 
130 kw 
401 me 
300 microseconds 
30 cps 
6 kc 
Linear vertical 
Vertical 

where 

P,= power reflected, 
R = radius of the moon, 
x = range measured from front face of the 

1110011, 

dx= increment of range. 

However, if each element of the lunar surface 
is assumed to reflect according to a law 

P(4,)x (s14,1')" r 

then a lit to the initial sharp leading echo 
might be obtained by selecting an appropri-
ate value for the unknown exponent n. 

The echo shown in Fig. 2 shows evidence 
of both components being present. The two 
can be separated by fitting a straight line to 
the tail of the echo and considering the main 
leading edge to be superimposed on this 
linear variation. The results of this pro-
cedure yield an empirical scattering law of 
the following form, 

sin 10± 6 1 
P(0) en (-4. -I- —10 • 

where — rr <0<ln 
The discovery of this residual echo can 

be directly attributed to the use of an unusu-
ally sensitive radar. In earlier short-pulse 
experiments, this component was generally 



1960 Correspondence 933 

immersed in the receiver noise. Its presence is 
sufficient to explain the observed 20-db dis-
crepancy2 between the lunar equivalent 
cross-section values derived by short-pulse, 
and by continuous wave techniques. In the 
latter case, the weak component, because of 
its long time duration, is remarkably effec-
tive in contributing to the total echo energy. 

The use of short pulses allows the moon 
to be divided into range increments which 
appear to the observer as a family of con-
centric rings (see Fig. 3). On the other hand, 
a property of a rotating sphere is that loci of 
constant Doppler shift appear to the ob-
server as linear strips, each parallel to the 
instantaneous axis of rotation' ( which can be 
calculated for the moon). By simultaneously 
recording both range and Doppler shift (on 
the order of a few cps at 400 mc), the lunar 
surface might be mapped with the present 
equipment without resorting to further reso-
lution in angle. 

AXIS OF ROTATION 

CONTOURS OF 
CONSTANT 
RANGE CONTOURS OF 

CONSTANT 
DOPPLER SHIFT 

Fig. 3—Sketch illustrating a scheme for mapping the 
moon by utilizing range increments and Doppler 
shift increments. The uncertainty indicated by 
the blacked areas can be solved by observing the 
moon at a time when the instantaneous axis of ro-
tation is aligned in a different direction. 

R. L. LEADABRAND 
R. B. DICE 

A. FREDRIKSEN 
R. I. PRESNELL 

J. C. SCHLOB01181 
Stanford Res. Inst. 
Menlo Park, Calif. 

R. Manasse. "The Use of Radar Interferometer 
Measurements to Study Planets," M.I.T. Lincoln 
Lab., Cambridge, Mass., Special Rept. 312-23; 
March 18. 1959. 

Measurements of Lunar Reflectiv-

ity Using the Millstone Radar* 

A new method' for mapping the source 
of radar echoes from distant rotating tar-
gets has been applied to lunar echoes ob-
tained by the Millstone Radar of Massa-

* Received by the IRE. February 8. 1960. The 
work reported in this paper was performed by M.I.T. 
Lincoln Lab., Lexington, Mass., with the joint sup-
port of the U. S. Army, Navy and Air Force. 

P. Green. "Detection Techniques for Inter-
planetary Radar Observations," presented at URSI. 
San Diego, Calif.; October, 1939. Also available as 
M.I.T. Lincoln Lab. Group Rept., Lexington, Mass., 
No. 34-84; January. 1960. 

chusetts institute of Technology's Lincoln 
Laboratory. In this method, an accurate 
spectral analysis of power density is carried 
out for each of many range intervals en-
compassing the extent of the returned sig-
nal in frequency and time. For a given ap-
parent target rotation or libration with re-
spect to the radar line of sight there is a pro-
portional relation between the differential 
frequency displacement of the return and its 
location along an angular coordinate per-
pendicular to the instantaneous axis of 
libration.2.3 A simultaneous determination of 
the range will thus fix the return as lying at 
the intersection of the appropriate range and 
frequency contour. In the case of a spherical 
body like the moon, the contours will take 
the form shown in Fig. 1. Viewed from the 
side, these contours form a simple rectangu-
lar grid bounded by the spherical surface 
of the moon. The presence of a two-fold 
ambiguity in the mapping of such data 
back to the lunar surface should be noted. 

LIBRAT ON AXIS  

rFREOULINCY1 

o 

+.1* 

Fig. 1—Range-frequency contours for the moon as 
viewed from the earth. The Doppler shift arising 
from motion of the lunar center of mass has been 
removed. 

By the use of a coherent train of short 
pulses, where the interpulse interval is 
chosen to be greater than the radar depth 
of lunar echoes, 11.6 msec, highly accurate 
frequency data have been obtained at no 
sacrifice in range resolution. Synthesis of all 
frequencies used in both transmitter and 
receiver from a common ultra-stable 1-mc 
/sec crystal oscillator ensured a maximum of 
stability. Measurements carried out at a 
time of exceptionally low lunar libration 

2 F. J. Kerr and C. A. Shain, "Moon echoes and 
transmission through the ionosphere," PROC. IRE, 
vol. 39, pp. 230-242; March, 1951. 
a R. Manasse, "The Use of Radar Interferometer 

Measurements to Study Planets," M.I.T. Lincoln 
Lab. Group Rept., Lexington, Mass., No. 312-23; 
March, 1959. 

showed an over-all frequency stability of 
better than 5 parts in 10" over the echo 
time of approximately 2.5 seconds. Digital 
recording of the returned signal waveform, 
in both amplitude and phase, allowed analy-
sis at a later time with no loss in accuracy. 

Fig. 2 shows a typical set of results ob-
tained using the radar parameters listed in 
Table I. The format employed may be com-
pared directly with Fig. 1. Each horizontal 
line displays in compressed form a Fourier 
analysis of the power density at a given 
range where the factor necessary to reduce 
the scale to a common maximum value is 
shown at the lc«. A scale factor threshold 
has been used to suppress noise on those 
traces devoid of echoes. Receiver and sky 
noise yields an average power of some 1 or 
2 units on the scale shown, or some 50 db 
below the peak returned signal density. 
Range increments are in multiples of 500 
µsec. The frequency resolution which results 
from the 9-second pulse train used is ap-
proximately 0.1 cps, yielding more than 100 
elements transverse to the axis at times of 
maximum libration. 

The qualitative features which are im-
mediately obvious are: the presence of sub-
stantial echoes out to the limbs, the sharp 
bounds to the spectra set by the geometrical 
constraints of the moon's surface, and the 
concentration of signal near the upper and 
lower frequency limits at the longer delay. 
The latter effect is geometrical and results 
from the tangential intersection of range 
and frequency contours in those areas. Each 
run is processed and displayed automati-
cally by the CG 24 digital computer located 
at the radar site. Since absolute frequency 
is preserved in the processing, an interesting 
byproduct of the experiment is the ability 
to determine the radial component of the 
lunar motion with a high degree of ac-
curacy. During periods of low libration it 
appears possible to achieve a precision of 
approximately 0.02 cps or 2 parts in 102 of 
the observed Doppler frequency. A measure-
ment of this accuracy may have applica-
tion to geodesy and astronomy.4 

The instantaneous axis of libration as 
viewed from moderate latitudes moves 
through an angle with respect to the seleno-
graphic polar axis which may be quite sub-
stantial over the course of a day. Therefore, 
it should be possible to resolve the remain-
ing hemispheric ambiguity in the source of 
an echo at least for those cases where one 
hemisphere dominates. Three runs, spaced 
apart several minutes in time, have been 
made to study this effect. Preliminary analy-
sis shows relatively little detailed correlation 
among the three. It is obvious that much 
patient work lies ahead before detailed cor-
relation with optical photographs may be 
attempted. Perhaps of more immediate in-
terest is the ability to select returns from 
areas of the lunar surface which appear to 
be optically uniform, and from these to 
build up a scattering law for unperturbed 
regions which may yield more precise in-
formation on the smoothness of the lunar 
"seas." 

4 A. B. Thomas, "Certain physical constants and 
their relation to the Doppler shift in radio echoes from 
the moon." Australian J. Science, vol. II, pp. 187-191; 
June, 1949. 
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TABLE I 

RADAR PARAME ERS 

Transmitted frequency 

Antenna half- power (one-way) bratow idth 

Antenna gain (above isotropic radiator) 

Over-all system noise temperature 

Polarization transmitted 

Polarization received 

Peak transmitted power 

Transmitted pulse length 

Inter/misc. period 

Pulse repetition rate 

440.:82 

2.1 degrees 

37 db 

290°K 

right circular 

left circular 

memv 

500 gsec 

29.90 inset' (exactly) 

33.4448 per second (approx.) 

Length of coherent pulse train 8.97 seconds 

Sampling interval 500 psec 

As a corollary to the studies above, a 
measurement of mean total power as a func-
tion of range was undertaken. In order to 
smooth out short term fluctuations, inte-
gration was carried out for 16 minutes, in-
cluding some 24,000 pulses at each 500-sasec 
range increment. All other parameters were 
as shown in Table I. Results are plotted in 
Fig. 3 as received power vs the cosine of the 
angle of incidence (with respect to the nor-
mal) to the lunar surface. Following the 
decay of the initial specular component, 
an important amount of diffuse reflection is 
evident which obeys a Lambert-type law, 
except for a small amount of limb brighten-
ing at extreme ranges. A similar brighten-
ing of the extreme limb has been observed 
optically.' The specular and diffuse contri-
butions become equal at a delay of approxi-
mately 2 msec from the leading edge of the 
echo. At the left of the plot is shown the 
ratio between the radar cross section equiva-
lent to the observed power and the full pro-
jected lunar area. For fully specular reflec-

A. V. Markov, "Distribution of intensity on the 
disk of the moon during full moon," Astro,,. J. 
(USSR), vol. 25. pp. 172-179: May-June, 1948. 

tion from a perfectly conducting sphere. this 
ratio should equal unity at n•irmal incidence 
and zero elsewhere.' Carrying out the inte-
gration under the curve yields a ratio be-
tween total radar and projected geometric 
cross section of only 0.01. The discrepancy 
between this and the higher values obtained 
by other workers' using long pulses or 
CW is unexplainable and will be a subject 
of future study. A comparison of the rela-
tive amounts of specular and diffuse reflec-
tion indicates that an average of about 10 
per cent of the lunar surface is sufficiently 

D. D. Grieg, S. Metzger. and R. Waer. "Con-
siderations of moon relay conunurivation." PROC. 
IRE, vol. 36, pp. 652-663; May. 1948. 

7 Only some of the more recent work can be noted 
here. Further references will be found in the bibliogra-
phies of the following papers: 

a) I. C. Browne. I. V. Evans, J. K. Hargreaves. 
and W. A. S. Murray. " Radio echoes from the 
moon," Proc. Phys. Soc. Londoe, vol. 69. pp. 
901 02(1; September, 1956. 

b) J. li. Trexler. " Lunar radio e,hots," Puoc. 
IRE, vol. 46, pp. 286-292; Janntry, 1958. 

c) B. S. Vaplee, R. II. Britton, K. J. Craig, and 
N. G. Roman, " Radar echoes from the moon 
at a wavelength of 10 cm," Prtoc. IRE, vol. 46, 
pp. 293-297; January, 1958. 

d) S. Fricker, e! at., "C;nnputation ;u7d measure-
ment of fading rate i S 'mum relle,.•ted F sig-
nals," submitted to J. Geo. Res.; .lanuar y, 1960. 
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Fig. 3—Distribution of power in moon echoes plotted 
as a function of the cosine of the angle of incidence 
to the surface. 

rough at this frequency to exhibit Lambert 
scattering. 

Without the invaluable aid of J. C. 
I lenry, L. G. Kraft and G. Hyde, it would 
have been impossible to carry out these ex-
periments in so short a time. Much grati-
tude is due Dr. P. Green for his sugges-
tions and interest in this work. 

GotwoN H. PETTENGILL 
Lincoln Lab. 

Mass. Inst. Tech. 
Lexington 73, Mass. 

Lunar Echoes Received on Spaced 

Receivers at 106.1 mc* 

The primary characteristics of VHF 
echoes from the moon, such as libration fad-
ing," Doppler sh if t,2 polarization rotation,3-5 

* Received by the IRE, February 4, 1960. This 
work was supported by the Rome Air Development 
Center, Griffiss AFIL Rome, N. V., tinder contract 
number AF 30(602)-1762. 

1j.C. Browne, J. V. Evans. J. K. Hargreaves. and 
W. À. S. Murray, " Radio echoes from the moon," 
Proc. Phys. Soc., vol. 69, pp. 901-920; September 1956. 

'-' S. 1.. Fricker, P. Ingalls, W. C. Mason, M. L. 
Stone, and D. W. Swift, "Characteristics of Moon 
Reflected 1.1111, Signals," M.I.T. Lincoln Lab.. Lexing-
ton. Mass., Tech. Rept. No. 187; December 22, 1958. 

z 1. V. Evans, "The electron content of the iono-
sphere," J. Atmos, leer. Phys., vol. IL No. 3-4, pp. 
259-271; 1957. 

F. It. Daniels and S. .1. Bauer, "The ionospheric 
Faraday effect and its application," J. Franklin Inst., 
vol. 267. pp. 187 200; 1959. 

R. A. Hill and R. B. Du, "Some observations 
of ionospheric Faraday rrrt,rt ion on 106.1 inc," J. 
Geophys. Res., vol. 65, pp. 173 176; January, 1960. 
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TABLE I 

SUMMARY OF EQUIPMENT PARAMETERS 

Radar Bus Truck 

Transmitter power 

Antenna 

Antenna beamwidth 

Received polarization 

Receiver bandwidth 

Location (first test) 
(second test) 

50 kw, peak 

60-foot diameter parabolic 
dish 

12° 

Horizontal and vertical 

Approx. 200 cps 

37.4°N, 122.2°W 
same as above 

Square array of 16 four-
element Vagis 

15° 

Vertical 

Approx. 200 .. ps 

5.7 km, west 
1.8 km, north 

Square array of 16 four-
element Vagis 

15° 

Vertical 

Approx. 200 cps 

2.9 km, north 
same as above 

An AA A  

RADAR 

A l 

5/ Km WEST owe Ad 

2.9 Km NORTH (353 Ad 

Fig. 1—Echoes from the moon on 106.1 mc, show ing uncorrelated fluctuations at separated receivers, on January 
II, 1958, at 0500-0501 PST, when the moon was near upper culmination. ( Azimuth. 177'; elevation, 47°.) 

absolute range,8 and pulse broadening," 
have been described by previous authors. 
This communication describes an attempt 
to measure the size of the patches of energy 
reflected onto the earth's surface and their 
possible velocities of motion along the 
earth's surface. 

The moon, located in the broad beam of 
the transmitter, can be regarded as an 
irregularly-illuminated aperture having an 
irregular phase distribution. Thus, the 
moon may behave as an antenna having a 
complicated radiation pattern but having a 
narrowest lobe size given by the effective 
"width" of the lunar aperture. Thus, the 
minimum size of each of these patches is de-
pendent upon the maximum subtended 
angle of the effective reflecting portion of the 
lunar surface. 

In conjunction with the 106.1-mc radar 
employed by Stanford Research Institute for 
lunar echo studies, two partially mobile 
antennas, receivers, and recorders were as-
sembled for use as remote receiving stations. 
(See Table 1.) The antennas were directed 
at the moon approximately every 15 minutes 
using precomputed values of azimuth and 

B. S. Yaplee, R. H. Bruton, K. J. Craig, and 
N. G. Roman, "Radar echoes from the moon at a 
wavelength of 10 cm," PROC. IRE, vol. 46, pp. 293-
297; January, 1958. 

J. H. Trexler, "Lunar radio echoes," FROC. IRE, 
vol. 46, pp. 286-292: January, 1958. 

.1. S. Hey and V. A. Hughes, " Radar observa-
tions of the moon at 10-cm wavelength." in "Paris 
Symposium on Radio Astronomy," R N. Bracewell, 
ed., Stanford University Press, Stanford, Calif.; 1959. 

9 R. L. Leadabrand, R. B. Dyce, A. Fredrikeen, 
R. I. Presnell, and J. C. Schlobohm. " Radio frequency 
scattering from the surface of the moon," Pp. 932-933, 
this issue. 

elevation. Each of the three sites was 
equipped with a frequency-converter, Col-
lins 51J4 receiver (bandwidth of approxi-
mately 200 cps) and a pen-chart (Brush) 
recorder capable of following the fastest 
variations of the libration-caused lunar echo 
fading. The transmitter was turned on 
(CW) for about 2.4 seconds and repeated 
every 5.1 seconds. With this timing, the 
echo from the moon began to return shortly 
after the transmitter pulse had ended, giving 
a useful received signal 40 per cent of the 
total period 

Typical results from the first test are 
shown in Fig. I. Correlation between these 
traces is less than 0.02. In April, 1958, the 
bus was moved to a convenient location ap-
proximately bisecting the line between the 
truck and the radar. Again, the results were 
largely tuworrelated. For the closest spacing 
used ( 1.15 kilometers north-south or 0.8 km 
projected) and after compensating for gain 
changes during the runs, the best correlation 
that could be achieved was 0.26. A search 
was made for similar amplitude fluctuation 
patterns shifted in time, in hopes of estab-
lishing a westward drift because of the 
earth's eastward motion. No pattern drift 
was found, possibly because the transmitter 
is not fixed with respect to the moon. 

This result implies that much, if not all, 
of the lunar surface is effective in echoing a 
man-made signal. More definitive results 
would result, of course, using short-pulse ex-
periments. For communication via the moon, 
this result implies that a diversity distance of 
about one kilometer projected at right angles 
to the radio ray is certainly sufficient spacing 
to achieve diversity reception. 

The research was made possible through 
the initiative of R. L. Leadabrand and 
through the willing efforts and long hours of 
more than a dozen assistants within the 
laboratory. 

R. B. DYCE 
Communication and Propagation Lab. 

Stanford Research Institute 
Menlo Park, Calif. 

R. A. HILL 
Physics Dept. 

Michigan State University 
East I.ansing, Mich. 
Summer employee of 

Stanford Research Institute 
Menlo Park, Calif. 

Noise Figure of Tunnel Diode 

Mixer* 

An analysis has been made of the noise 
figure of a tunnel diode used as a mixer. The 
assumptions made were 1) the diode sees a 
short circuit at the image frequency, 2) the 
only source of noise in the diode is the shot 
noise associated with the tunnel current, 3) 
the series resistance of the diode and the 
losses of the input and output tuned circuits 
are negligible, and 4) the diode capacitance 
is constant. Because of the second assump-
tion, consideration is limited to that portion 
of the i—v characteristic of the diode extend-
ing from reverse voltages up to, or some-
what beyond, the point of maximum nega-
tive conductance. In particular, the valley 
of the i—v characteristic is excluded from 
consideration because considerableexcess 1 If. 
type noise' has been observed in this region 
and this type of noise is not taken into ac-
count in the analysis. 

Since the conductance of a tunnel diode 
can assume negative values, the possibility 
of a conversion gain greater than unity may 
be anticipated. The midband conversion 
power gain of a nonlinear resistance type of 
diode, defined as the ratio of IF output 
power to the power available from the RF 
source is 

4rirogi'  
G =   (1) 

[(1 gori)(1 gor2) — gt2rir2]2 

In ( 1), rl and ro are the resistances seen by the 
diode at RF and IF, respectively, go is the 
average conductance of the diode over the 
local oscillator cycle, and gi is the conversion 
conductance of the diode. The values of go 
and gl are obtained from the Fourier series 
representation of the instantaneous incre-
mental conductance g of the diode considered 
as a function of the local oscillator phase O. 
Thus 

g(0) = go ± 2gt cos e 2g2 cos 20 • • •. (2) 

If g(0) is restricted to non-negative values 
then 0 < grI <go and the maximum possible 
value of G for positive rl and ro is unity. 

* Received by the IRE, January 22, 1960. 
T. Yajima and I.. Esaki, " Excess noise in narrow 

germanium p-n junctions," J. Phys. Soc. Japan, vol. 
13, pp. 1281-1287; November, 1958. 



936 PROCEEDINGS OF THE IRE May 

However, if g(0) is free to assume negative 
values, then gri<Igil is possible and the con-
version gain cannot only exceed unity, but 
will become infinite for 

1 + >,',,r 
r2 = r2,. = 

gi2r, — gii(1 -1- gel) 
(3) 

It can be shown that for stable operation the 
quantities ( 1 + g(,ri ) and ( 1 -1-giir2) must both 
he positive or both negative. Assuming that 
both are positive, the condition that r2„ be 
positive is that 

g. 
= > 

+ gr i gi 
(4) 

For values of r2 slightly below r2r, the mixer 
gain is similar to that of a negative resistance 
amplifier; i.e., the product of voltage gain 
and bandwidth is constant. 

The noise figure of the tunnel diode 
mixer is 

qUof -I- I ) 1 ± -y2 ± 2K-y 
F = 1 ±  

2kTif 1;11 -y(1 — ay) 

1 1 T. 

1( 1 — ay) ! gi 

70p1 

la,. (1 

15) 

given in Strutt,3except that the mean square 
shot noise at any point in the local oscillator 
cycle is set equal to 2q(i,-1-if)..àf instead of 
4k T,.g.àf as in ( 5) of Strutt.3 

According to (5) of this note, the larger 
r2 the better the noise figure of the mixer. 

Effect of External Base and Emitter 
Resistors on Noise Figure* 

Neilsen' has shown that the noise figure 
of a transistor in the common-emitter con-
figuration is 

y,,' (1 — ao) [i (  ) 2] (rb' r, R,,)2 
2 — «of«  

= 1 + 
R„ 2aiir,R„ 

However, the mixer conversion gain is more 
critically dependent on r2 and high conver-
sion gain is desirable to minimize the over-all 
noise figure of the system. In the absence of 
specific informarion concerning the noise 
figure of the IF amplifier, it appears reason-
able to choose 

1 
r2 r1,. — , 

1 gi — 

For this ehoise of r2, F has a minimum 
-y = where 

a  )2 , -4/ (1 - ) LI - a (2K — -1 )1( 112 — ( 1 — ) 

211 

In ( 5) 

1 — a (2K — 
.11 

K = 
/of 

/ 
-1 

T, and T2 are the temperatures of r, and r2, 
respectively, q is the electronic charge, k is 
Boltzmann's constant, and the ± sign is to 
be taken as positive or negative according 
as gi is positive or negative. The quantities 
'Of and Ji,, denote the de and fundamental 
components of the forward component of the 
tunnel current as defined by the Fourier series 

1f(9)=10f+21,f cos O + 212f cos20 + • • •. (6) 

Similarly In, and T1, are the de and funda-
mental components of the reverse com-
ponent j,. of the tunnel current. The net 
tunnel current that is measurable is i = if — i,. 
To separate i into if and i„ the relations, 

if =   
— exp ( — 

ir = j exp (— qvikT), (7) 

may be used. These relations can be derived 
from the theoretical expression for the tun-
nel current given in Esaki." In ( 5) the first 
term represents thermal noise associated 
with the resistor ri, the second term repre-
sents shot noise of the diode and the third 
term the thermal noise associated with r2. 

The derivation of ( 5) is similar to the 
derivation of the noise figure of a diode mixer 

o L. Esaki, *New phenomenon in narrow Ge P-tt 
junctions," N uys. ken.. vol. 109, pp. 603-604; .janti-
ary, 1958. 

and 
q(lef Je,) 

2k T21 gi! 

(8) 

for 

(9) 

(10) 

The above results were used to calculate 
the noise figure as a mixer of a G.E. ZJ56 
germanium tunnel diode. The calculation 
was made for various values of bias and local 
oscillator drive on the assumption that the 
local oscillator voltage across the diode is 
sinusoidal. The best value obtained for the 
noise figure was 8.3 db for a forward bias of 
100 mv and a peak local oscillator voltage of 
90 inv. For this set of operating condi-
tions go= +0.0029 mho, gi = —0.0069 mho, 
I=0.924 ma, /1= —0.346 ma, rt opt = 135 
ohms and r2,.= 600 ohms. By way of compari-
son, the sanie diode used as a negative-
resistance amplifier has a noise figure of 
about 5 clb. The noise figure as a mixer is 
thus poorer than the noise figure as an ampli-
fier. This result is to be expected unless more 
effective use can be made of " noise compen-
sation" in the mixer.' Unfortunately, to ob-
tain significant noise compensation, Class C 
operation of the diode is required and this 
mode of operation is not possible for the 
tunnel diode. 

D. I. BREITZER 
Airborne Instruments Lab. 

Melville, L. I., N. Y. 

M ..1. 0. Strutt, "Noise figure reduction in mixer 
stages," PROC. IRE, vol. 34, pp. 942-950; December, 
1946. 

4 A. van der Ziel, ''Noise," Prentice- Hall, Inc., New 
York, N. V., pp. 249-250: 1954. 

(1) 

where R,, is the source resistance. The value 
of R„ for which F is minimum is 

2cser,. ( rb' 
2 

(1 — ao) [ 1 + 

• • • 
(2) 

These expressions neglect both excess ( 1/f) 
noise in the transistor and the noise contri-
bution of any external elements such as bias 
resistors. 

Middlebrook' has derive(' expressions for 
the noise figure and optinunn source resist-
ance of a common-emitter transistor ampli-
fier containing external lxise and emitter re-
sistors, but these expressions do not account 
for the effect of the transistor input resist-
ance. 

It is possible to derix e expressions for the 
noise figure and optimum source resistance 
of an amplifier which neglect only excess 
noise in the transistor. Fig. 1 situ,,, iii up-

Fig. 1—Eutais ;dent ,- U,oit of a ,onimon-etnitter 
amplifier containing noise sources. 

proximate equivalent circuit of a common-
emitter amplifier. Ri is a base biasing resistor 
and R2 is an unbypassed emitter resistor. 
The noise figure of this circuit is 

\ RI/ 1?„ 

(1 — aii)(rh, + R2 ± Rp) 2] 
, (3) 

2crereR„ 

* Received by the IRE. January 4, 1960. 
E. G. Neilsen, " Behavior of noise figure in junc-

tion transistors." Puoc. IRE, vol. 45, pp. 957-963; 
July. 1957. 

2 R. D. Middlebrook, "Optimum noise perform-
ance of transistor input circuits," Semiconductor Prod-
ucts, vol. I, pp. 14-20; July • August, 1958. 
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'±21. 1.2.0) OR Lq. 
Re. R, 

Fig. 2 — Increase in minimum noise 
figure caused by RI or Rt. 

SOURCE RESISTANCE IN 0111.13 

Fig. 3—Variation of noise figure vs source resistance 
with R, and R2 as parameters. 

+17 IR,•0) OR ZtIR.• • I 

Fig. 4—Optimum source resistance R 
as a function of 12 or R2. 

where R„ is (RIR„)/(Ri+R„). In (3), it is 
assumed that f«.‘,/1 — an fa. 

The amplifier noise figure (F') has a 
minimum value for Ro= Ro„,', where R„„,' is 
related to R„„, by 

R„„, 

Rg,„' 

1 -I- Ri,„,2-I-R2(2/4,-1-R2) 2(hie-I-R2) I/2 

Ri2 

R2 2 2//1,R2 
1+ 

Rg„,2 

. (4) 

In (4), hk=r1,'+r,./(1—ao) and is the low-
frequency, common-emitter input resistance 
of the transistor. 

Eq. (3) shows that the presence of RI 
and R2 increases the amplifier noise figure. 
In Fig. 2, the ratio of the minimum amplifier 
noise figure to the minimum transistor noise 
figure, in db, is plotted vs R„„,/R, and 
R2/R„„„ for a typical transistor having the 
following parameters: 

r, = 50 ohms 

rb' = 250 ohms 

ao = 0.990. 

The ratio F„,'/F,„, in db, approaches an 
asymptote of 3 db per octave. Note that the 
effect of the input resistance is to shift the 
"break point" of the curve from a normalized 
value of unity to some greater value. The 
input resistance, therefore, reduces the de-
gradation of the noise figure caused by RI 
and R2. 

Fig. 3 shows the variation of amplifier 
noise figure vs source resistance for typical 
values of RI and R2. In accord with (4), it is 
seen that a finite value of RI decreases the 
value of the optimum source resistance, 
while a nonzero value of R2 increases the 
optimum source resistance. Fig. 4 shows the 
behavior of the optimum source resistance 
with variation in RI and R2. At low values of 
RE, R„„,' approaches RI, while at high values 
of R2, R„»,' approaches R2. The input resist-
ance accentuates the effect of a given R, or 
Re on the optimum source resistance. 

J. W. HALLIGAN 
Lansdale Tube Co. 

Lansdale, Pa. 

A Ferromagnetic Amplifier Using 

Longitudinal Pumping' 

A number of ferromagnetic parametric 
amplifiers using a transverse RF magnetic 
field as the pump have been proposed and 
investigated." However, for various rea-
sons none of these amplifiers has resulted 
in a practical device. It now appears that a 
ferromagnetic amplifier can be built using 
longitudinal pumping (RF magnetic field 
parallel to the dc magnetic field). Early ex-
perimental results on this type of amplifier 
have given a CW gain of 25 db with a signal 
frequency in the 4000-mc range using an 
X-band pump power of less than a watt. 

The amplifier consists of a sample of fer-
romagnetic material mounted in a cavity, 
resonant at the pump frequency, with a 
transmission line to couple energy into the 
sample at the signal frequency. Resonances 
at the signal and idler frequencies are pro-
vided by normal modes of the ferromagne tic 
materia-I.5 The normal modes of a spheroidal 
sample of ferromagnetic material have been 
obtained by Walker," and a straightfor-

* Received by the IRE, March 7, 1960. 
1 H. Suhl, "Theory of the ferromagnetic micro-

wave amplifier." J. Appi. Phys., vol. 28. pp. 1225-
1236; November, 1957. 

2 M. T. Weiss, "A solid-state microwave amplifier 
and oscillator using ferrites," Phys. Rev., vol. 107, 
p. 317; July, 1957. 

3 A. D. Berk, L. Kleinman. and C. E. Nelson, 
"Modified semistatic ferrite amplifier," 1958 
WESCON CONVENTIoN RECoRD, pt. 3. pp. 9-12. 

4 E. G. Spencer and R. C. LeCraw, "Magneto-
acoustic resonance in yttrium iron garnet," Ph yo. Rev. 
Len., vol. I, pp. 241-243; October. 1958. 

This type of operation is similar to that reported 
by Spencer and LeCran 4 except that the modes re-
ferred to here are magnetic, whereas there they were 
acoustic vibrations. 

L. R. Walker, "Magnetostatic modes in ferro-
magnetic resonance." Phys. Rev., vol. 105, pp. 39°-
399; January, 1957. 

ward calculation shows that certain pairs of 
these modes can be pumped parametrically 
by an RF field in the longitudinal direction. 
The calculation indicates which pairs of 
modes can be pumped and their respective 
thresholds for oscillation. The restriction on 
the pairs of modes which can be pumped 
comes from the form of the magnetostatic 
potentials as obtained by Walker and can 
be expressed as a set of selection rules. The 
magnetic field must, of course, be adjusted 
so that the resonant frequencies of the 
modes add up to the pumping frequency. 

The ferromagnetic sample was a sphere 
of single-crystal yttrium iron garnet 0.043 
inches in diameter mounted in a half-wave 
X-band cavity at a point of maximum RF 
magnetic field and spaced 0.075 inches from 
the cavity wall. The sphere, which had a 
linewidth of 0.40 oersteds, was furnished by 
Spencer and LeCraw. A loop of wire was 
threaded through holes in the wall of the 
cavity and around the sphere ill a plane con-
taining the dc and RF magnetic fields, to 
provide coupling from a coaxial line into the 
sample. A measure of the strength of cou-
pling between the loop and the sample 
modes was obtained by observing the re-
flection of a signal in the coaxial line in the 
absence of the pump: 64 resonances were 
readily resolved as the dc magnetic field 
was varied. CW pump excitation of the 
cavity at 9196 mc was then applied at a 
power level of 500 mw. At each of a number 
of dc field values, a pair of modes was ob-
served to undergo steady oscillation. Ampli-
fication was obtained by setting the dc field 
to single out one such pair and by reducing 
the pump power. Amplifier operation for a 
typical pair of modes is illustrated in Fig. 1, 
which shows reflection by the sphere of a 
swept frequency signal in the coaxial line 
without pumping [Fig. 1(a)] and with pump-
ing [Fig. 1(b)]. Note that a number of ab-
sorptions due to sample modes appear in 
Fig. 1(a); the notch in the center is due to a 
wavemeter at 4598 mc (half the pumping 
frequency). The modes at 4626 and 4570 

ABSORPTION 

EMISSION 

(311) 

WAVE 
METER 

(310) 

4570 4598. 1e--- 4626 

FREQUENCY, mcps--er. 

Fig. 1—Walker mode resonances in a VIG sphere. 
(a) Without pumping. (b) With pumping. 
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mc have been identified as the 310 mode and 
the 311 mode (Walker's notation).6 It may 
be observed that they satisfy the frequency 
relation for parametric pumping. They also 
satisfy the selection rules referred to above. 
These are the modes which are amplifying in 
Fig. 1(b). Fig. 2 also shows the energy re-
flected from the sphere, but on an expanded 
frequency scale centered about the 310 
mode. The gain measurement was per-

Th 
ABSORPTION 

EMISSION 

••••011è eallpos.".".."«""".""""" 

(310) 

4626 

FREQUENCY, mcps 

Fig. 2--Walker mode resonance (310) on an ex-
panded scale. (a) Without pumping. (b) \Vitt' 
pum loping. 

formed using a signal generator, the ampli-
fier, and a detector on the arms of a three-
port circulator. The detector output was 
compared with that obtained when a short-
ing plate was substituted in the amplifier 
arm, showing a gain of 25 db. Work is still 
in a very early experimental stage; measure-
ment of bandwidth, noise figure. and other 
characteristics is proceeding. 

This amplifier appears capable of ful-
filling the expectations which have made the 
ferromagnetic parametric amplifier principle 
attractive: namely, it operates at room 
temperature but being a magnetic device 
can also, of course, be operated at low tem-
peratures; it is not susceptible to burinait 
or long-terni saturation caused by high-power 
transients; and it is capable of being used 
up to very high signal frequencies. In the st yle 
of operation reported here, use at high fre-
quencies ought to present no special diffi-
culties; this amplifier also exhibits the ad-
vantages of low pump power and lower ( lc 
magnetic field than required in some other 
proposals. 

The investigation of longitudinal pump-
ing which led to this new type of amplifier 
was st imulated by the work of Schliimann, 
et al.,' on the theory of spin-wave excitation, 

7 E. Schliimann, J. J. Green, and U. Milano, " Re-
cent Developments in Ferromagnetic Resonance at 
High Power Levels," presented at Conf. on Magne-
tism and Magnetic Materials, Detroit, Mich.; No-
vember, 1959. 

and the studies of LeCraw and Spencer.8 
Spencer and LeCraw have been very gen-
erous in devoting time to discussions, offer-
ing suggestions, and providing experi-
mental assistance. The author would like to 
thank J. A. Weiss for many helpful and stim-
ulating discussions. V. Czarniewski has con-
tributed very skillful technical assistance. 

R. T. DENTON 
Bell Telephone Labs., Inc. 

Murray Hills, N. J. 
and 

Dept. of Elec. Engrg. 
Univ. of Michigan 
Ann Arbor, Mich. 

1, R. C. LeCraw and E. G. Spencer, "Spin-Lattice 
Relaxation of Low k-Number Spin Waves in Yttrium 
Iron Garnet: 1 Frequency Dependence," and "Spin-
Lattice Relaxation of Low k-Number Spin Waves in 
Vttrilitil Iron Garnet: II Temperature Dependence," 
to be presented at the 1960 Meeting of the American 
Physi, al Society, Washington, D. C.; 1960. 

Parametric Phase Distortionless 
L-Band Limiter* 

A. E. Siegman' has predicted, from theo-
retical considerations, that a parametric de-
vice could be made to limit at pump fre-
quency, without phase distortion. Such a 
limiter, operating at L-band, has successfully 

Pump 
INPUT 
COUPLING 
LOOP 

PUMP 
OUTPUT 
COUPLING 
LOOP 

VAPACTOR 

observed to be less than + 2°, which was the 
accuracy of the measurements. 

Fig. lisa schematic of the limiter. Three 
shorted coaxial transmission line cavities 
(pump and two idlers) are joined at a tee. A 
Microwave Associates MA460A VARAC-
TOR is placed in shunt with all three cavities 
at their junction. Provisions are made for 
biasing the V:\ RACTOR over the range +4 
volts, with suitable RF bypassing. Two loops 
couple pump signal in and limited pump 
signal out of the pump arm. Additional loops 
are provided in the idler arms for monitoring 
idler frequencies. 

Siegman did mit describe an actual de-
vice; however, he did suggest, in an example, 
that the pump cavity be designed to reso-
nate in two degenerate modes at pump fre-
quency. Coupling between modes would be 
afforded by the nonlinear element. Pump sig-
nal would be coupled into one mode, while 
output signal won Id be coupled to the sec-
ond. Limiting occurs when the device breaks 
into oscillation, causing the nonlinear cou-
pling between the two degenerate modes to 
"clamp." It appears, from our experience, 
that such coupled degenerate modes are not 
a necessary feature for the device to func-
tion. In our device, the dimensions of the 
coaxial pump cavity are such that all higher 
TE and TM modes are well below cutoff. 
Both input and output loops couple to the 
TEM mode, for which no degeneracy exists. 

Tests of the dynamic limiting capabilities 
were made at 1000 mc, using 31-usec (half 
amplitude width) pseudo-Gaussian RF 
pulses. Photographs taken using a high-
speed X- Y oscilloscope are shown in Fig. 2. 

IDLER N.1 
(7 SAMPLING 

LOOP 

Fig. I—Schematic of limiter. 

IDLER N. 2 
SAMPLING 
LOOP 

iggnol====00.1.** 

(a) (b) (c) (d) 

Fig. 2 --Oscilloscope photographs ou pulsed limiter action. (a) Pseudo-Gaussian input pulse and limited output 
pulse (dual trace). (b) Eipanded output pulse. (c) X-Y presentation, input vs input ( 45° line) and out 
put vs input. (d) Expanded X-Y presentation, output vs input. 

been developed in our laboratory. Over 30 db 
of dynamic limiting has been observed at 
1000 mc, with the parametric limiter operat-
ing in the degenerate mode. Phase distortion 
measurements have been made over a 16-db 
range of limiting. The phase distortion was 

* Received by the IRE. December 28. 1959. 
1 A. E. Siegman, "Phase distortionless limiting by 

a parametric method," PROC. IRE. vol. 47, pp. 447-
448; March, 1959. 

In Fig. 2(a), a dual trace is shown of the 
pseudo-Gaussian input pulse and of the 
limited output pulse. The output pulse is 
shown again in Fig. 2(b), amplified to show 
greater detail. Fig. 2(c) is an X- Y presenta-
tion showing output vs input. Ube 45° trace 
is a plot of input vs input, provided for com-
parison. Fig. 2(d) is again an X- Y presenta-
tion of output vs input; the output signal 
has been amplified to show greater detail of 
the limiting action. The limiter was operat-
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ing in the degenerate mode (both idler fre-
quencies at one-half pump frequency). 
Average input power was 280 mw. Peak in-
put power was in excess of 15 watts. 

Phase distortion measurements were 
conducted under pulsed conditions at 1000 
mc, with the limiter operating in the degen-
erate mode. It is essential, in such measure-
ments, that the phase of the input signal to 
the limiter does not vary as its amplitude is 
varied. In other words, the device used to 
vary input signal amplitude must not in it-
self introduce phase distortion. Several 
variable attenuators were found to be lack-
ing in this respect. The problem was solved 
in the manner illustrated in Fig. 3. 

XTAL CONTROLLED 
I KM': 
RECTANGULAR 
R F PULSES 

ADJUSTABLE -ci 
ATTENuATOR 

'DB 

SLOTTED LINE I- ) SHORT 

....----- MOvABLE PROBE 

SWR 
BRIDGe SCOPE 

PARAMETRIC 
LIMITER 

Fig. 3—Experimental set up Or phase distortion 
measurement. 

A crystal-controlled source of rectangu-
lar pulses at 1000 mc was fed into a shorted 
slotted line, creating an infinite VSWR on 
that line. A well-known property of such a 
standing-wave pattern is that the phase of 
the RF voltage between adjacent minima is 
independent of distance along the line. Thus, 
by moving a probe back and forth between a 
minimum and a maximum of such a stand-
ing-wave pattern, the RF output from the 
probe could be made to vary over a wide 
range, the phase remaining constant. It is 
necessary that the probe be only lightly 
coupled to the slotted line; otherwise the 
perturbation of fields introduced by the 
probe will destroy the above relationship. 
Therefore, the insertion loss of this ampli-
tude varying device is necessarily high. 

The high insertion loss was overcome by 
amplifying the signal out of the probe to a 
sufficient level to drive the limiter. A Sperry 

TwT was used for this purpose. 
This is a high-power ( 200-watt CW) Twr, 
chosen so that the power levels at which our 
phase measurements were to be made were 
well down in the small signal region, to avoid 
amplitude-to-phase conversion introduced 
by the TWT itself. A separate check of this 
phase distortion due to the TWT was made; 
over the amplitude range used, it was less 
than + 2°, which was the accuracy of our 
measurement. 

The limited output was amplified using 
a Sperry STL-222 Twr, passed through a 
cavity filter tuned to pump frequency, then 
through 6 db of lossy cable to one end of a 
slotted line. A sample of the crystal-con-
trolled RF drive was fed through 6 db of 
lossy cable to the other end of the slotted 
line, as phase reference signal. By adjust-
ment of the amplitude of the phase reference 
signal, an infinite VSWR was established on 
that slotted line. Any phase shift in the 

limited output signal caused a corresponding 
shift in the position of the minimum of 
standing-wave pattern, which could be cor-
related directly to phase shift in degrees. 
Over a 16-db range of limiting, the phase 
shift was observed to be less than + 2°, the 
accuracy of our measurement. 

It will be noted that the block diagram of 
Fig. 3 includes a filter cavity, tuned to pump 
frequency, in the output line of the limiter. 
Its purpose was to filter out any idler fre-
quencies which might be coupled to the out-
put loop. We found that the limiter worked 
better when this filter was present. It will 
also be noted that this filter is isolated from 
the limiter by a nonreciprocal circuit ele-
ment ( the STI.-222 Twr). Thus, the limiter 
saw an impedance of 50 ohms. We found 
that this order of component placement 
worked best. When the filter cavity and the 
TWT were reversed in position, some "ring-
ing" occurred on the output pulse. This ring-
ing was affected by filter cavity tuning. 

The operation of the limiter was observed 
to he critically dependent upon the tuning 
adjustment of all three cavities, as well as 
upon the bias adiustment. There appeared 
to be a broad combination of idler frequen-
cies F1 and F2 satisfying the relationship 

F1 -I- F2 = F, 

such that limiting would occur. However, it 
was found that the best limiting action oc-
curred when the limiter operated in the de-
generate mode, where 

= F2 = F„/2. 

The authors wish to express their ap-
preciation toi. R. Ashley, who suggested the 
experimental technique used for monitoring 
phase distortion. 

A. D. SUTHERLAND 
D. E. COUNT1SS 

Sperry Electronic Tube Div. 
Sperry-Rand Corp. 

Gainesville, Fla. 

The Diode-Loaded Helix as a Mi-
crowave Amplifier* 

Earlier work on traveling-wave para-
metric structures has included cavity de-
vices and transmission line devices.' Theo-
retical and some experimental work has been 
done at these Laboratories with a diode-
loaded coaxial line.2 

More recently, exploratory work was 
done with an S-band helix-loaded with p-n 

* Received by the IRE. January 26, 1960. This 
work n as sponsored in part by the Electronics Res. 
Dire.-torate of the AF Cambridge Res. Center, Air 
Resear,h and Development Command, under Con-
tract No. AF 19(604)-4980. 

P. K. Tien, "Parametric amplification and fre-
quency mixing in propagating circuits," J. Appi. 
Phys., vol. 29. pp. 1347-1357; September, 1958. 

G. Heilmeier, "An analysis of parametric ampli-
fication in periodically loaded transmission lines." 
RCA Rev., vol. 20. pp. 442-454. September, 1959; 
also. " Research and Development on Parametric 
Amplifiers," AF Cambridge Res. Ctr., Cambridge, 
Mass., 2nd Quart. Rept., Contract AFI9(604)-4980, 
June 30. 1959. 

junction diodes, in an attempt to develop a 
four-terminal microwave amplifier with 
broad-band properties. In addition to broad-
band behavior, the helix structure is direc-
tional and the signal and pump sources can 
be isolated by the helix. It is fairly easy to 
couple to the helix and this can be done at 
any point along it if, for instance, distributed 
pump coupling is desired. A priori, a large 
variation in amount and kind of loading is 
possible. Experience with the loaded coaxial 
line has indicated that a small loading per 
unit length, distributed over the structure, 
is desirable. 

The helix is shown in Fig. 1. It is of silver-
plated tungsten wire ( 20-mils diameter). De-
signed for S-hand operation, it is 6 inches 
long, has a 0.276-inch mean diameter, and 
has approximately 13 turns per inch. The 
diodes,3 mounted between turns of the coil, 
are of germanium, alloyed-diffused, and have 
the following characteristics: 

Capacitance ( - 1 volt) 0.2-1 µW. 
Series resistance 2-15 ohms, 
Cutoff frequency ( nominal) 20-100 kmc. 

They were assembled in ceramic cylinders 
about 0.1 inch in diameter, of axial dimen-
sion quite close to that of the interturn spac-
ing of the helix. 

The test apparatus is shown schemati-
cally in Fig. 2. It was found that the position 
of each diode on the helix was critical, as was 
the pump power and pump frequency. No 
general relations among pump frequency, 

Fig. I-- The helix. 
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Fig. 2—Schematic of test set-up. 

3 Thanks are due C. W. Mueller's Device Group. 
in these Laboratories, for a supply of developmental 
diodes. 
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signal frequency and diode pcsition and 
characteristics were observed. 

Typical operating data are shown in 
Table I. 

TA FILE 

Signal fre,pleney 
Pump frequency 
Number of diodes 
Pump power 
Unloaded helix inser-

tion loss 
Net power gain 
Voltage gain- bandwidth 
Noise figure 

2800 me 
3800 me 

2 
60 mw 

db 
26 tIti 

inc 
5 7 (lb 

It can be seen that the banduidth is 
quite low, presumably because of the ', Jading 
introduced by the diodes. The broad-liand 
properties are retained to 1 he extent that, at 
least for some diode arrangement s, t he struc-
ture can be tuned by var ing the 1)111111) fre-
quency and power. Thus, for a pump fre-
quency variation of 100 inc. the signal fre-
quency has been moved through an 80-inc 
range. 

G. CoNRio 
K. K. N. CHAN(; 

R. I Itaaws 
RCA Labs. 

Princeton, N. .1. 

A High Field Effect Two-Terminal 

Oscillator* 

As early as 1953» charge multiplication 
ill reverse biased /- ti hiel tills was reported. 
A rather rigorous treatment by NIcKity, in 
1954 prompted additional work by Eber and 
1\ Idler,' Kidd, et al., and many more. Re-
cently Gunn5 and Yamaguchi and Hamm.' 
kawa6 have discussed the negative resist a II, 
properties associated with avalanche 1111111 i 
plication. The purpose of this note is to indi-
cate the application of this phenomenon to 
sinusoidal oscillators using readily available 
solid-state devices. 

It is interesting to note that this break-
down effect call be observed at the collector-
base junction of most low-power transistors. 
:\ typical volt ampere characteristic for a 
2N 147 ( linear gradient) unit is shown in 
Fig. 1. Characteristics for both step and 
linear gradient junctions have been ob-
taMed and are quite similar in nature. 

The requirement ()I a negative resistance 
device in two-terminal oscillators is known,' 

* Received by the IRE. JatIllary 1960. 

K. G. McKay and K. 13. McAfee, " Electron 
molt iplicatiim in silicon and germanium," Phys. 
Rev., vol. 91, pp. 107') 11i89; September. 1953. 

2 K. G. McKay, "Avalanche breakdown in sili-
con," Phys. Rev_ vol. 94, pp. 877-884; May, 1954. 

J. J. Ebers and S. L. Miller, " Alloyed junction 
avalanche transistors," Bell Sys. TedL J., vol. 34, 
pp. 883-902; September, 1955. 

1 M. C. Kidd, el al.. " Delayed c‘dlector conduction, 
a new effect in junction transistors." RCA Rev., vol. 
16. pp. 16-33; March, 1955. 

J. R. Gunn, "Progress in Semiconductors," John 
Wiley and Sons, lite., New Vork, N. V., vol. 2, p. 213; 
1957. 

J. Yamaguchi and V. I lamakawa, " Iliglt electric 
field effects in germanium p- u junction," J. Phys. Soc. 
Japan, vol. 14 pp. 15-21: January, 1959. 

A. %V. Lo, el al., "Tram-istor Electtonics," Pren-
tice- Hall, Inc., New York, N. V., p. 368; 1955. 

and in all effort to exploit the high field effect 
more fully, the oscillator of fig. 2 was con-
structed. The equivalent of Fig. 2 is shown 
in Fig. 3, where —R is the average negative 
resistance value of the junction over the 
operating range. 

Minimum Negative Resistance Requirement 

Front elementary circuit theory,. 

— R 

RI,RdC— CO 
(6) 

Ri(C—Cil—Ri.co'f.C1(C-2C1 1-FRi.C1 

For the oscillator circuit of Fig. 2, co= 52,300 
rad sec, and 

-- R ≥: 1.29 ()Inns. 

sCi2ici(0-) — e,(0')] — ! g, sC,)[Cieittr) — (C ± Cl'e.(l). (1 

( [ g, + sCi) sC sC, + 

Front ( 11 the characteristic equation is 

s3/..C,((', — + RiC1C, — C1 2RLI 

Cd g, = 0 ( 2) 

where 

1 1 

R 

= C — 

Under the linearized assumptions, a mini-
mum condition for oscillation requires that 
the conjugate roots of ( 2) be purely imagi-
nary. Thus (2) is of the form 

(s al(s2 + (02) = 

or 

s'' as2 co2s aw2 = O. 

Coinparing (4) and ( 2) yields 

1,1 = 
±  

LCI(C, — Ci) 

or a minimum average value of negative re-
sistance is found as 

(3) 

(4) 

(5) 

Fig. 1 I• • t volt ampere characteristic. 
Vert a il. lit ma cm; horizontal. I() v/cm. 

2N14 7 

Fig. 2—Schematic diagram of a 
two-terminal oscillator. 

+160 V 

10K 

+16 V .01 

Ft,-33 

L-21.2 mh 

1 1 

Ri2 (-1 + 1 \ 

n,1 J 

-1 - 

Maximum .Veative Resistaner Re', it ire nient 

Assuming C, = C and co,, ( 2C1.i. the 
Thevenin antiresonant impedance at the 
p-n junc(ion terminals is 

= (7) 
-I- k,.!. + 2.1?1,Ri2C 

To satisfy the requirenient that the average 
at power dissipated by the load resistance 
and tank circuit be supplied by the negative 
resistance device places ii upper limit 00 
the average value of the negative resistance 
as 

I —RI R„,. (8) 

For the circuit of Fig. 2, 

1 —R. ≤ 143 ohms. 

Observed waveforms ( Fig. 4) indicate that a 
very low distortion signal may be developed. 
A difficulty arises, however, since biasing 

the device in the negalis e resistance region 
causes rather large quiescent currents to 
flow through the narrow base region. The 
junction temperature rises, which quite 
abruptly results in the deterioration of oscil-
lator performance. 

In addition to work done with collector-
base junctions, an investigation has been 

lig. 3-- Equivalent circuit ol Fig. 2. 

Fig. 4—Oscillator output voltage. Vertical. 
2 v cm: horizontal. 50 psec/cm. 
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begun which employs commercially avail-
able alloyed junction diodes for this applica-
tion. The usefulness of these units in two-
terminal oscillators would be enhanced if 
lower breakdown voltage devices were 
available, permitting the use of lower sup-
ply voltages. 

R. W. LADE 
T. R. SCIILAX 

Dept. of Elec. Engrg. 
Marquette University 

Milwaukee, \Vis. 

Generating a Rotating Polarization* 

By relatively simple means, it is possible 
to generate an arbitrarily-polarized wave 
whose polarization can be caused to rotate at 
virtually any desired angular rate. It is well 
known that any polarized wave can be re-
solved into components of right- and left-
handed circular polarizations, or that any 
polarization can he constructed from ap-
propriate combination of two oppositely 
sensed circularly polarized components. 

Consider a two-port circularly polarized 
antenna, one port of which couples to the 
right circularly polarized mode, and a second 
port which couples to the left circularly 
polarized mode of radiation. At microwave 
frequencies, such an antenna is readily real-
ized by incorporating a quarter-wave plate in 
a circular waveguide dual-mode transducer 
as represented in Fig. I. A signal fed into 
port A is converted to right circular polar-
ization ( RCP) by the device, while a signal 
fed into port B is converted to left circular 
polarization ( I.CP). I3y controlling the rela-
tive phase and amplitudes of inputs to ports 
A and B, it is possible to generate any de-
sired polarization. 

QUARTER-WAVE 
PLATE 

DUAL- MODE 
TRANSDUCER 

Fig. I—A two-port , arlv polarized antenna. 

If signals entering ports A and B (Fig. 1) 
are the sanie frequency and equal in ampli-
tude, the two oppositely-sensed CP waves 
which are generated add vectorally to form a 
linearly polarized wave. The plane of polar-
ization of this linearly polarized wave is de-
termined by the angular phase relationship 
between the signals entering ports A and B. 
If signals into ports A and B are made un-
equal in amplitude, the wave generated by 
the device will be elliptically polarized, and 
its sense will be determined by the sense of 
the larger CP component. Thus, the sense 

* Received by the IRE. January 26. 1960. 

and the axial ratio of the resultant wave is 
controlled simply by varying the ratio of in-
put amplitudes to ports A and B, while the 
plane of polarization (or orientation of the 
major axis of the ellipse) is determined by 
the phase relationship of the two inputs. 
This simple mechanism, involving just two 
independent variables, provides complete 
control of polarization. 

As the spatial orientation of the polarized 
wave is a function of the phase relationship 
between the right- and left-handed CP com-
ponents, one can rotate the polarization sim-
ply by introducing a relative phase change 
between the inputs to A and B. By introduc-
ing a continuous phase change, as by rotat-
ing a continuous type phase shifter, the ro-
tation of polarization can be made continu-
ous. To cause the polarization to rotate at a 
constant angular rate requires introduction 
of a constant rate-of-change-of-phase between 
inputs to ports . 1 and B. This, however, 
amounts to introducing a frequency differ-
ence between inputs .4 and B; hence, to gen-
erate a polarized wave which rotates at a 
constant angular rate, one need only intro-
duce signals at ports A and B which differ in 
frequency. The relative amplitudes are ad-
justed to obtain the desired sense and axial 
ratio, and the frequency difference is chosen 
to obtain the desired rate of rotation. The 
rotation frequency will be one-half the fre-
quency difference between inputs to A and 
B; that is, 

JA — 
= • 

The achievable rate of rotation is limited 
only by the bandwidth of the RF compo-
nents. 

If one detects this wave by using a 
linearly polarized antenna, the shape of the 
modulation envelope would suggest that the 
transmission was a double-sideband sup-
pressed carrier signal having an effective 
carrier frequency, 

JA +JR 
fc --2-- • 

The RF envelope is the seine as would be ob-
tained if a transmitting antenna of the same 
axial ratio, radiating at frequency fc, was 
rotated mechanically about its radiation 
axis at frequency fn. For a rotating linear 
polarization the "sidebands" woukl be equal 
in amplitude; for a rotating elliptical polar-
ization, they would be unequal. 

In generating a wave having a rotating 
polarization, a stable rotation rate can be 
achieved if signals fA and fe are derived by 
using single-sideband generator techniques 
to develop separate upper and lower side-
bands with carrier suppressed. 

If one employs a two-mode circularly 
polarized antenna to receive a wave having a 
rotating polarization, it follows that the out-
puts from the RCP and the LCI' ports will 
be at different frequencies, fA and fe, in ac-
cordance with the equations already given. 
If the rotating wave is elliptically polarized, 
this fact will be indicated by amplitude in-
equality of the two CP outputs. 

P. J. ALLEN 
U. S. Naval Res. Lab. 

Washington, D. C. 

A . " Z-Transform-Describing-Func-
tion" for On-Off Type Sampled-

Data Systems* 

The study of on-off type control systems 
with sampled data by means of the describ-
ing function technique has been made previ-
ously by Chow' and Russell.' In these early 
investigations, the nonlinear element for 
which the describing function is derived in-
chides the sampling switch, the zero-order 
hold circuit, and the on-off relay. For a 
sinusoidal input whose period is an integral 
multiple of the sampling period T, the out-
put of the nonlinear element is a periodic 
rectangular wave. Thus the conventional 
describing function technique for continuous 
systems can be applied directly: the non-
linear sampled data system is essentially 
treated as a continuous system. The method 
is subject to limitations that a zero-order 
hold circuit must be used, and there is only 
one sampling switch in the system which 
samples the error signal e(t) (Fig. 1). 

The present investigation involves the 
derivation of a new describing function 
utilizing the Z transformation. The nonlinear 
element N in this case includes only the on-
off relay. The new describing function per-
mits the study of on-off type sampled-data 
systems of the following types: 1) systems 
with or without zero-order hold circuit, 
2) finite-pulse-width consideration with 
flat-topped approximation, and 3) systems 
with more than one synchronized sampling 
switch. 

The block diagram of the nonlinear sys-
tem with sampled-data under consideration 
is shown in Fig. 1. The sampling rate of the 
samplie is assumed to be uniform and the 
sampling duration is assumei negligible, i.e., 
ideal sampler. The operational characteristic 
of the relay is shown in Fig. 2. 

1. n ...w.n Es) 

holderceit 
Seeneler 

HI Relay GU) 

Fig. 1. 

1,Outeet 
Fig. 2. 

CO) 

If the error signal e(t) is sinusoidal with a 
period of T,•=nT, where T is the sampling 
period of the sampler, and n=2, 3, 4, • • • , 
the output of the sampler e*(1) is an impulse 
train of the same period since e*(1) can have 
values only at the sampling instants. 

As a first step in the study of the system, 
it is seen that the system behavior is not 

* Received by the IRE. November 16, 1959. 
C. K. Chow, "Contactor servomechanisms em-

ploying sampled data," Trans. A IEE, vol. 73, pt. II, 
pp. 51-64; March. 1954. 

2 F. A. Russell, " Design Criterion for Stability of 
Sampled-Data On-off Servomechanisms," Ph.D. dis-
sertation, Columbia University. New York, N. Y.; 
1953. 
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altered if the hold circuit and the relay 
shown in Fig. 1 are exchanged in position; 
the modified system is shown in Fig. 3. 

liN) • Ecs)3 es) 
Rah., 

NU) 

Het — St» 

Fig. 3. 

It is apparent that the system behavior is 
not altered by this change. The nonlinear 
element N in this case contains only the on-
off relay. Since the transfer function of the 
zero-order hold H(s) and G(s) are both 
linear, the function, 

Gi(S) = (s)G(s) —  G(s), (1) 

is also linear. 
The derivation of the describing func-

tion N(z) for the relay is based on the as-
sumption that the input signal to the sam-
pler is a sinusoid, and, consequently, the in-
put to N is an impulse train with a sinusoidal 
iii elope. The Z-transform-describing func-
tion is defined as the ratio of the Z transform 
of the output and the Z transform of the 
input to the relay. 

Thus, 

the Z-transform describing 

V(z) 
function N(z) = (2) 

E(z) 

where 

E(z) 

= Z-transform of [e(t) = E cos (al + on (3) 

The output transform of the system 
shown in Fig. 3 is 

C(s) = Gi(s)V*(s) = Gi(s)N*(s)E*(s). (4) 

Thus, 

E(s) = R(s) — C(s) 

= R(s) — Gi(s)N*(s)E*(s). (5) 

But since 

1 
E* (s) = — E E(s +jnw.), (6) 

substituting (5) into (6), we have 

E*(s) = 1 — E [R(s +jnw,) — Gi(s jaw.) 

• N*(s jnu,,,) • E*(s jww.)]. (7) 

Since for a fixed frequency a, the describ-
ing function N*(s) can be shown to be a 
linear function of e'T , 

N*(s) = N*(s jaw.) (8) 

and it is well known that 

E5(s) = E*(s jaw.). (9) 

Eq. ( 7) becomes 

E*(s) R*(s) — GI* (s)N*(s)E*(s) (10) 

where 

1 
R*(s) = E R(s -1-jmv.) (11) 

7 

and 

Solving for E*(s) in ( 10), we get 

R*(s)  
E5(s) — 1 Ns(s)G1*(s) 

from which 

C'''(s) N*(s)G1*(s) 

R*(s) 1 N5(s)G1 (s) 

or 

1 
G1 (s) +jnw.). (12) 

(13) 

and for n= T4, 
aT = 

Thus, 

z = j. 

V(z) z2 z2 -1- 1  
N(z) — = 

E(z) z2 + 1 Ez(z cos — sin 4,) 

1 1 
— X  

E cos j sin 
(22) 

B. C. Kuo 
(14) Dept. of Electrical Engrg. 

University of Illinois 
Urbana, Ill. 

C(z) N(z)G1(z)  
(15) 

R(z) 1 N(z)G1(z) 

The study of the condition of self-sus-
tained oscillation of the nonlinear sampled-
data system now involves the investigation 
of 

1 
Gi(z) — N(z) (16) 

In general, if the hold circuit is absent 
and the finite pulse width has to be con-
sidered, the transfer function H(s) can be 
replaced by 

1 — e-P• 
Hp(s) (17) 

where p(p< T) is the pulsewidth ( flat-topped 
approximation). 

For a system with feedback element 
B(s), and a synchronized sampling switch in 
the feedback path ( Fig. 4), the closed-loop 

ª11) Ett),,el R.1.5 
&ample-

>71 N.C.) 

transfer function is 

BM   

Fig. 4. 

C(z) =   N(z)G1(z)  

R(z) 1 B(z)G1(z)N(z) 

CH) 

A Note on the Steady-State Re-
sponse of Linear Time-Invariant 
Systems to General Periodic Input* 

In the following discussion, a simple pro-
cedure is presented for obtaining the steady-
state response of linear systems to non-
sinusoidal periodic inputs. This procedure is 
based on applying the final value theorem to 
the modified z-transform of the output. It is 
known that the modified z-transform method 
is widely used for the analysis of sampled-
data and finite pulsed systems; its use to 
the above problem is readily evident. A very 
brief discussion of this method is hereby 
presented. 

Suppose that the Laplace transform of 
part of the output' Ci(s) (which contains 
only finite poles and has a higher degree 
denominator in s than numerator) is given. 
Then its modified z-transform denoted as 
C1*(z, m) is given by the following complex 
convolution integra1.2 

CI* (Z, fft)oo To =  ZN[CI(S)1 

--To c-

(18) 2rj 1 — e-7(-P) 
f Cl(P) e'""7 dp, 

which means that the stability of the system 
is investigated from 

B(z)Gt(z) — 
1 

N(z) 
(19) 

The Derivation of N(z) 

As an example, the describing function 
N(z) will be derived for the case when e(t) is 
a sinusoid of period T,=4T. This means 
that the relay may have either one or two 
positive (or negative) corrections during one 
period T. If the number of corrections is 
designated by A (A can be either one or two 
in this case), considering A = 1, the relay out-
put can be written as 

V(z) = 1 — Z-2 + Z-4 — z ± • • • 

22 

22 ± 1 

The Z transform of e(t) = E cos (at +0) is 

Ez 
E(z) — 

z2 — 2z cos aT 1 

• 1(z — cos aT)costfr — sin a sin 01 (21) 

(20) 

0 < m < 1 (1) 

where T is the input period. 
One method of evaluating the above in-

tegral is to integrate around a closed path in 
the left half of the complex p-plane that en-
closes all the finite singularities of co), ap-
plying the residue theorem. In this case ( 1) 
becomes 

Ci*(z, = E 
pule. of Ci(p) 

e"'Pr 
residue of [Ci(P) 

For instance, if Ci(s)= lis +a, (2) yields 
for its modified transform 

(2) 

* Received by the IRE, December II, 1959; re-
vised, January 14, 1960. 

The Laplace transform of the output in this case 
can always be represented as 

C(S) CI(S)   

2 E. I. Jury, "Sampled Data Control Systems," 
John Wiley and Sons, Inc., New York, N. Y., chs. 2, 
9; 1958. 
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1 
C1*(z, nt) = Z„,[-- = 

0 < m < 1. (3) 

In the literature, extensive tables of 
modified z-transform pairs2,3 are given that 
can be readily used for more complicated 
forms of Ci(s). However, in some cases Ci(s) 
(having simple poles) can be represented by 
partial fraction expansion as the sum of 
single time constants. Then its modified 
z-transform can be readily obtained as the 
sum of the terms of the form of ( 3). 

The final value theorem developed for 
the modified z-transform can be briefly 
stated as follows:2.3 

z 1 
him c(n, in)T = lim — C*(z, nt), 

Z 

0 ≤ m 1, (4) 

if the limit exists where C*(z, m) is the modi-
fied z-transform of the output C(s). 

Furthermore, the continuous output in a 
closed form is also given by the inverse 
z-transform2 as follows: 

c(n, m)T = JEC*(z, m)1 

1 
= — f C*(z, nt)z"-1/41z, ≤ In 5_ 1 

2irj 

t = (n — 1 -F nr)T 

n = positive integer (5) 

where 1' is a closed path of integration in the 
z-plane that enclosed all the poles of C*(z, m). 

For the purpose of this discussion only 
the final value theorem is applied to obtain 
the steady-state response. The following two 
cases are discussed: 
Case 1: 

1 
C(s) = F(s) Ci(s) 1  (6) 

F(s) in (6) is a rational function of s 
and has a final value f„„ that can be obtained 
from hm..0 sF(s). Hence, the steady-state 
output yields 

z — 1 
— z„,[Ci(s)--1 

— e— n  

= 1„. + him Z„.[CdS)] 

since 

z„, [1---1 e-T—" 1= . —  z — 1 

Case 2: 

1 
C(s) = Fi(s) F2(er...) — C1(s) 

(7) 

(8) 

the sum of all 7.„ is less than T. 
In general the steady-state output of (8) 

is composed of several regions depending on 
(T,,); thus in obtaining the modified z-trans-
form of ( 8) the several regions should be ob-
served. Mathematically, this indicates that 
due care should be exercised in observing the 
convergence of the integral along the infinite 
semicircle in evaluating ( 1). This is best il-
lustrated with the given example. 

• 7 J. Cypkin, "Theory of Pulse Systems," State 
Press for Physics and Mathematical Literature, 
Moscow, USSR, ch. 4; 1959. 

Example a: Consider the steady-state 
voltage of vo(t) across the condenser' in 
Fig. 1(a) for an input of the form of rectified 
sine wave shown in Fig. 1(b). 

E 

(a) (I)) 

Fig. I —(a) Rectified sine wave. (b) A parallel RC 
circuit with series resistance. 

17,,(s) in this example equals 

K 1 ± e-7.' 1 

1' (s) s2 (sr/T)2 1 — e-7«  

where 

TE RI R2 
K = - 

7'Ric a = 

The steady-state voltage is given by 

since 

1 
= hm 2KZ„, — 

[s ± (7 r/ T)21[s + al 

(9) 

lim Z,„[1 e-T*[ I 2. (10) 

1 — z-1 z-' — z-1 
17115(z. m) — 

(z — 1)(1 — z-') 

varying (cyclic) pulsed system.6 Obtain the 
steady-state voltage of vn(t) across the re-
sistance shown in Fig. 2(a) for a periodically 
varying (cyclic) input shown in Fig. 2(b). 

v,I tl 

(a) (h) 

Fig. 2—(a) Periodically time-varying (cyclic) 
wave. (b) Series NI. circuit. 

The Laplace transform of the voltage 
across the resistance, R, 

j1 — e-2. (1 — e-*21] 
R(s) = R/ 

s(s R/L)(1 e-T') 

e—h. e—ln+lotoxi 

s(1 — 

tt — e— he e-rm — (12) 

(s R / L)(1 — cr') 

In this case the steady-state is composed 
of four regions as follows: I, 0 < mT<hi; 

hi<MT<TI: III, Ti<mT<It2-1-Ti; 
IV, Til-h2<mT<T. For region I, the modi-
fied >transform yields' 

1.1 _ e-(7.-nuezz-1 e-( 7.-TIM _ 

(z e-( I11 zo.)(1 _ 

The steady-state value 

(13) 

(1 — e-o•-himiz e-(T-7.0te, _ e-(7.-7.1-h0Riz) 
= [1 _ e-utiL,r) e-"aeL], O < niT < Ii, (14) 

By using partial fraction expansion of 

1 

[s2 ± (11 / T)21[s 

the modified z-transform can be obtained.6 
The steady-state voltage is obtained by ap-
plying the final value theorem. 

I'Osx = 

r K r  
a2 -I- (71- T)2 J Li — C °7 

aT 
— cos win -F -- sin rm], o ≤ m 5_ 1. (11) 

7r 

Example b: This example illustrates the 
application of the theorem to a periodically 

D. K. Cheng, "Analysis of Linear Systems." 
Addison Wesley Publishing Co., Inc., Reading, Mass.. 
ch. 7; 1939. 

It should be noted that Ve(s, m) can also be ob-
tained by the use of available extensive tables to be 
found in refs. 2 and 3. 

It is of interest to note that for a fixed 
pulse-width, h5=0, h, =h, Tt= T, the steady-
sta te voltage 

= [1 
— 

— e—( RIL)T e—mTIC11, 

O < enT < h. (15) 

For the continuous case, h, = TI=T, 
h2= T= T1, we obtain unity as the steady-
state value. 

Similarly for regions II, Ill, and IV the 
following is obtained for this general case: 

, E. I. Jury and T. Nishimura. " Analysis of finite 
pulse systems with periodically varying sampling rate 
and pulse width." to be published in Trans. MEE: 
October, 1959. 

7 It should be noted that for region I, 

[ e-his [ e-To 

+ ( It/ L) s + (R 'L) 

[
,--(T -him re I., 

.-i 

This stems from the consideration of the convergen 'e 
of the integral in ( I ) in the left half of the p- plane 's e 
ref. 2). 
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(1 _ e-(T-Ti-hy)RIL 

Vas = coraltIL, Ii1 < 111T < Ti; _ e(RIL)T 

— 

[1 _ eTIRIL e-(T-Tila2IRIL] 
e-mTRIL, 

1 — c(RIL)T 

(1 _ eTIRIL e(T1+4)111L 

1 _ e-(RIL)T 

A plot of v„ for the four regions is shown in 
Fig. 3. 

In conclusion, an alternates-10 and in 
some cases a simpler procedure is introduced 
in this work than is sometimes used for de-
termining the steady-state response.' The 
procedure is based on assuming that the 
periodic input is described in time which is 
Laplace transformable and that the system 
is stable. It might be also mentioned that 
the procedure introduced has also been ap-
plied to obtain a closed form of an infinite 
convergent Fourier series.2 

05 2 
t • mT, um(' 

Fig. 3—Steady-state iesponse 
voltage in Fig. 2(a). 

1  It 

Fr 

3 

ELIAHU I. 11,RY 
University of California 

Berkeley, Calif. 

C. A. Desoer. "Transmission through a linear 
network containing a periodically operated on itch," 
1958 IRE, WESCON Convention, pt. 2. pp. 34-41. 

S. Seslin and N. Balabanian, "Linear Network 
Analysis" (book), John Wiley and Sons, Inc., New 
York, N. Y., ch. 5; 1959. 

1. A. Fettweis, "Steady-state analysis of circuits 
containing a periodically-operated switch," IRE 
TRANS. ON CIRCUIT THEORY, vol. CT-6. pp. 252-260; 
September, 1959. 

WWV and WWVH Standard Fre-
quency and Time Transmissions* 

The frequencies of the National Bureau 
of Standards radio stations WWV and 
WWVH are kept ill agreement with respect 
to each other and have been maintained as 
constant as possible with respect to an im-

* Received by the IRE. March 28. 1960. 

emTeL, 

II. (16) 

• <rnT < T -I- 112; III. (17) 

• + 112 < InT < T; IV. (18) 

proved United States Frequency Standard 
(USES) since December 1, 1957. 

The nominal broadcast frequencies 
should, for the purpose of highly accurate 
scientific measurements, or of establishing 
high uniformity among frequencies, or for 
removing unavoidable variations in the 
broadcast frequencies, be corrected to the 
value of the USES, as indicated in the table 
below. 

The characteristics of the USES, and its 
relation to time scales such as ET and UT2, 
have been described in a previous issue,' 
to which the reader is referred for a com-
plete discussion. 

The 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 USES at the 
beginning of each year when necessary. This 
new system was commenced on January 1, 
1960. The last time adjustment was a re-
tardation adjustment of 0.02 s on December 
16, 1959. 

WWV FREQUENCY 

WITH RESPECT TO U. S. FREQUENCY STANDARD 

1960 
February 
1600 UT 

Parts in" I 0,0t 

1 
2 
3 
4 

6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

-145 
-145 
-145 
-145 
-145 
-145 
-145 
-144 
-144 
-145 
-145 
-145 
-145 
-146 
-146 
-146 
-147 
-147 
-147 
-147 
-147 
-147 
-147 
-147 
-146 
-146 
-146 
-146 
-146 

t A minus sign indicates that the broadcast fre-
quency was low. 

NATIONAL BUREAU OF STANDARDS 

Boulder, Colo. 

"United States National Standards of Time and 
Frequency, PROC. IRE, vol. 48. pp. 105-106; Jan-
uary, 1960. 

Electronically-Variable Phase 
Shifters Utilizing Variable 
Capacitance Diodes* 

In many applications which require 
electronically-variable phase shifters for 
operation in the UHF and microwave 
region, ferrite devices or traveling-wave 
tubes are not suitable because of excessive 
weight, size, or demand for control power. 
The use of variable capacitance diodes for 
high-frequency phase shifting has been 
under study for more than a year and has 
resulted in a compact, fast, and efficient 
electronically-controlled phase shifter. On 
the debit side, the device is at present useful 
only at lower power levels and also has 
limited phase shift-bandwidth product. 

If a transmission line is terminated in a 
pure reactance, all the energy incident upon 
the termination is reflected and the phase 
shift of the reflected wave is a function of the 
magnitude of the reactance. When the 
reactive termination is used in a circuit 
which completely separates the incident and 
reflected waves (circulator or a properly 
phased balanced circuit), a variation in the 
terminating reactance will produce a change 
in the phase of the reflected output wave 
and the complete unit will be well matched 
and efficient. 

In practice, two variable capacitance 
diode terminations have been used with hy-
brid rings, hybrid junctions, and certain 
types of 3-db couplers. Oile of the simplest 
configurations results if the coupling circuit 
is a waveguide short-slot coupler or its co-
axial or stripline equivalent, as shown in 
Fig. 1. The phase of the output wave varies 
as the bias voltage on the diodes is changed. 
Stripline techniques permit miniaturizat 
and very little control power is required 
because of the high reverse impedance of 
the diodes. Some RF loss is introduced by 
the spreading resistance of the diodes, but 
this is not serious if the diode has reasonably 
high Q. 

In this circuit, the rate of change of 
phase shift with reactance is greatest at 
X =0. Therefore, for maximum phase shift, 
the diode termination should be adjusted 
for resonance in the center of the diode's 
capacity variation range. This can be done 
by properly adjusting "stubs" behind the 
diode. Maximum insertion loss also occurs 
at resonance, so phase shift can be traded, 
to some extent, for decreased insertion loss. 

Phase shifters utilizing variable capaci-
tance diodes have been constructed at 0.5, 
1.0, 6.0, and 9.0 kmc. A phase shift of over 
180° was obtained with a single unit at 1 
kmc, 110° at 6 kmc, and 41° at 9 kmc. Maxi-
mum insertion lose varied from 1.2 db at 
1 kmc to 3.9 db at 9 lane, although the latter 
figure was improved considerably by de-
creasing phase shift. Fig. 2 shows the phase-
shift and insertion-loss variation with bias 
voltage at 1 kmc. 

The data was obtained at a power level 
of 1 milliwatt using Hughes Products 
(HPA 2800) diodes. These diodes have a 
capacity variation from about 2.5 to 1.0 jet 
with a bias voltage change from 0 to 5 volts; 
the reverse breakdown voltage is about 7 

* Received by the IRE. August 24. 1959. 
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MOE TERMINATION 

Fig. 1—A variable capacitance diode phase shifter 
using a 3-db coupler. 

HAS v. TAGS 

Fig. 2—Phase shift and insertion loss as a function 
of diode bias at 1 kmc. 

volts. The insertion loss of phase shifters 
using these diodes increases u ith RF power; 
at 20 mw, for example, the loss is 6.4 db. 
This rapid increase in loss at higher powers 
results in a limiting action and is caused by 
power lost in harmonic generation and be-
cause of the onset of both forward and back-
ward diode conduction. 

In order to increase the operating power 
level of the phase shifter, a high-Q variable 
capacitance diode with a high reverse break-
down voltage is needed. This feature would 
permit higher RF voltages without driving 
the diode into conduction, and harmonic 
generation would be reduced because the 
capacity variation u ith voltage would be 
decreased. Unfortunately, high reverse 
breakdown voltage and small spreading re-
sistance are somewhat incompatible. How-
ever, some improvement over parametric 
amplifier diodes is possible and further de-
velopment may improve the power handling 
capability of the phase shifter. The phase-
shift bandwidth product can be increased by 
the use of several diodes in a traveling-wave 
circuit. 

The diode phase shifter is a compact and 
very fast device requiring negligible control 
power. It may be useful in electronically-
scanned receiving arrays, in low power 
satellite transmitting arrays and in many 
other applications. 

R. H. HARDIN 
E. J. DOWNEY 
J. MUNUSHIAN 

Microwave Lab. 
Hughes Aircraft Co. 
Culver City, Calif. 

Gallium Arsenide Microwave 

Diode at X Band* 

J. J. Wysocki of RCA has kindly sup-
plied us with five of the GaAs microwave 
diodes described by Jenny' in order that 
we might make measurements at X band. 

The measurements were made at 9375 
mc and the diodes were matched to the local 
oscillator. As originally received, the diodes 
performed rather poorly; typical values of 
conversion loss L and noise temperature 
ratio t were 7 db and 3 times, respectively. 

The diodes were then rebuilt by resetting 
the whisker on the crystal so as to maximize 
the short-circuit rectified current produced 
by the local oscillator. Fig. 1 gives the results 
for a typical rebuilt crystal. Note the lack 
of bias dependence [Fig. 1(b)1. The best 
diode (of approximately 15 resets) had an L 
of 5.6 db and a t of 1.14 times.2 

(a) 

, ; • ; ' . 
_ 

I  
•0 

OC VO, 

( h) 

Fig. I—Performance of typical GaAs microwave 
diode at X band. (a) The dc voltage bias is constant 
at zero volts. (b) The LO power is constant at four 
milliwatts. 

Thus it appears that GaAs diodes can 
be made with L and t at X band which com-
pare favorably with silicon and germanium 
diodes. In addition, they are less bias sensi-
tive than germanium diodes and, judging 
from band-gap data, are promising for high 
temperature applications. 

M. HERNDON 
A. C. MACPHERSON 

U. S. Naval Res. Lab. 
Washington, D. C. 

* Received by the IRE. September 14. 1959. 
I D. A. Jenny, "A gallium arsenide microwave 

diode." PROC. I RE, vol. 46, pp. 717-722; April. 1958. 
2 W . M. Sharpless, "II igh-f reguency gallium 

arsenide point contact rectifiers," Bell Sys. Tech. J., 
vol. 38, pp. 259-269; January. 1959. 

A Wide Band Phase Shifter* 

One of the several applications which re-
quire a network giving a 90° phase shift over 
a wide band of frequencies is the phase-
cancelling method of single sideband genera-

* Received by the IRE. October 28, 1959. 

tion.' There are various networks which give 
an almost constant phase shift of 90° over 
the audio band.2 

The arrangement here described achieves 
the same end in a novel way. It provides ex-
actly 90° phase shift over a bandwidth de-
termined by the characteristics of the filters 
used in it. 

The signal is mixed in a balanced mixer 
[C) in Fig. 11 with a local oscillation (fo) of 

lend 

tuà1 
Ol/FIMIo POWené éN 

,SALSAHAISALA 

Fig. 1-90° phase shifter. 

higher frequency than the highest modula-
tion frequency used. Of the various combi-
nations and harmonics that result, the upper 
sideband is selected by a filter. This side-
band is then demodulated in each of two 
balanced mixers [C) and 0 in Fig. 11 by mix-
ing again with (fo) in one case, and by mix-
ing with (fo) shifted through 90° in the 
other. Of the resulting combinations and 
harmonics, the lower sideband is selected in 
each case, giving the original signal at two 
outputs differing in phase by 90°. The action 
should be clear from the diagram. 

After mixing in mixer 0, the lower side-
band could have been used but in this case, 
the signal voltage appearing in the modu-
lator output because of lack of balance will 
not be attenuated in the subsequent filter 
since this would have to pass frequencies of 
the same order. This could then be obvi-
ated only by raising the local oscillator fre-
quency to a value of at least twice the high-
est modulation frequency used. This would 
be undesirable since it would render the 
separation of desired frequencies close to the 
local oscillator frequency more difficult. 

Band-pass filters would be better than 
high-pass or low-pass filters because of the 
presence of harmonics and various other un-
desired combination frequencies resulting 
from the modulators. Since the powers in-
volved are quite low, the same techniques 
can be used as in carrier telephony, whereby 
simple rectifier modulators may be used, 
simplifying the apparatus. Clearly, any 
other desired constant phase shift may be 
obtained by varying the phase of (fo) sup-
plied to modulator C). 

Experiments carried out indicate that the 
method gives the results expected. 

Very sincere thanks are due Dr. F. 
Tank for his constant encouragement and 
for all the facilities which he has made avail-
able. 

A. A. AHMED 
Inst. for High Frequency Tech. 

Fed. lust Tech. 
Zurich, Switzerland 

I O. G. Villard, Jr., "A high level single sideband 
transmitter." PROC. IRE, vol. 36, pp. 1419-1425; 
November, 1948. 

R. B. Dome, "Wideband phase-shift networks," 
Electronics, vol. 19. pp. 112-115, December 1946; 
H. J. Orchard. "Synthesis of wideband two-phase 
networks," Wireless Enqr., vol. 27. pp. 72-81. March, 
1950; and vol. 28. p. 30..lanuary, 1951. 
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Bandwidth of Lower Sideband 

Parametric Up-Converters and 

Parametric Amplifiers* 

In an article by Rowe,' an expression is 
derived for the gain of a lower-sideband 
up-converter as a function of a stability 
factor a and a frequency factor x. Because 
of the complexity of this expression, the 
bandwidth of the device as a function of a 
could not be expressed in closed form. A 
simplified form of the expression allows the 
bandwidth to be expressed directly as a 
function of «, thereby permitting evaluation 
of the bandwidth and the (gain)"-band-
width product for any value of gain from 
zero to infinity. 

In Rowe' an expression for the conver-
sion gain front IF to the lower side fre-
quency was given as follows:' 

f-. 4a 
Ga- — 

PROCEEDINGS OF THE IRE 

For a very near unity this reduces to 

.ro e="" ± 1(1 — a) 

which agrees with Rowe's result. 
From (3) the bandwidth and (gain)"-

bandwidth product of the up-converter may 
he found directly as a function of all values 
of « for 0:got <1, where a = 1 represents the 
threshold of oscillation. 

If the negative admittance at the IF 
or lower side frequency port is used to give 
gain by reflection, it develops that when the 
gain is large compared to unity, the same 
frequency characteristics apply. 

S. T. FISHER 
Research Division 

Philco Corp. 
Philadelphia, Pa. 

1 + x2 

fi„, (1 — a)2 (3 + a2) (3 + 2a) 1 
1 +  X2 

(1— a)2 (1 — a)2 (1 — a)2 

where 

a =a stability factor, 
x= the relative frequency deviation, 

fi„,= the IF, at midband, and 
= the lower side frequency at midband. 

The down-conversion gain is identical to 
the above expression except that the ratio 
.fi„,/f_.„, replaces the ratio of f_,,,/fa,,. 

The bandwidth of the system is propor-
tional to xo, where ro is the value of x which 
causes the gain to drop 3 db below its mid-
band (x = 0) value. It was stated by Rowe' 
that the value of xo as a function of a could 
not be found in closed form: therefore, two 
special cases were selected for calculating 
the bandwidth. 

In a separate derivation, the writer of 
this letter, by a different approach from 
that used by Rowe, arrived at 

Ga- — 
fi„, (1 — a)2 

4a 

1 

(2 + 2a) 1 
I + x2 + 

(1 — a) 2 (1 — a)2 

(2) 

In seeking compatibility between this 
expression and that obtained by Rowe, it 
was found that the numerator of Rowe's 
expression is a factor of the denominator, 
and that ( 1) and (2) are identical. 

To find xo, 

1 2 + 2a 
-- a-4 + = 1, 

(1 — a)2 (1 — a)2 

must be solved for x. The two real roots are 

xo = + R/2(1 + a21 — (I + «) .P. (3) 

* Received by the IRE. July 10, 1959. 
I H. E. Rowe. Some general properties of non-

linear elements. II. Small signal theory," PR()C. IRE. 
pp. 851-860; May, 1958. 

Ibid., (59). 

(1) 

Noise Measurements on an M-Type 

Backward-Wave Amplifier* 

Up to the present time, full utilization of 
crossed- field amplifiers has not been realized 
because of the high level of noise output 
associated with these devices. 'I'he noisiness 
of the crossed-field beam is usually accom-
panied by large electron currents collected 
on an electrode, known as the sole, even 
when it is biased negatively with respect to 
the cathode. This aspect of the noise be-
havior has been extensively studied but is 
not yet fully understood.' The purpose of 
this letter is to report noise measurements 
that have been made on an experimental 
M-type backward-wave amplifier. A sche-
matic diagram of the electrode configuration 
of the device is presented in Fig. I. The 
unique feature of this tube is the electron 
gun design which is based on an analysis by 
Kin° and Kirstein." The gun is designed to 
produce a well-delined, space-charge limited, 
laminar-flow electron beam with negligible 
rippling and spread as the beans drifts to the 
collector. Such beam behavior has been 
visually observed and is accompanied by 
neglible sole current. The area convergence 
of the electron gun is four to one resulting 
in a beam whose thickness is one-seventh of 
the line-sole spacing. The width of the beam 

* Received by the IRE, September 28, 1959; re-
vised. October I, 1959. This work was supported by 
the Signal Corps, under Contract DA 36-039 SC-
74981. 

I R. P. Little, II. M. Ruppel and S. T. Smith. 
"Beam noise in crossed electric and magnetic fields," 
J. A pm. Phys., Vol. 29. p. 1376; September. 1958. 

2 T. Midford and G. S. Kino, "Crossed-field elec-
tron guns." presented at the 17th Annual Conf. on 
Electron Tube Research, Mexico City, Mex.; June 
24 1959. 

P. T. Kirstein, "On the determination of the 
electrodes required to produce a given electric field 
distribution along a prescribed curve," PROC. IRE. 
Vol. 46. pp. 1716-1722; October. 1958. 

Fig. I—Schematic of experimental crossed-field back-
ward-wave amplifier. 
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Fig. 2—Experimental arrangement for noise figure 
measurements. 

is approximately one-half that of the sole. 
An oxide cathode is used in the gun. 

Three types of noise measurements have 
beefs performed: 1) noise figure, 2) signal-to-
noise ratio, 3) velocity spread. A block dia-
gram of the basic arrangement for measuring 
the noise figure is shown in Fig. 2. Under 
the conditions that the bandwidth of the re-
ceiver is much less than the bandwidth of 
any of the other components and that the 
impedance of the noise source as seen by the 
backward-wave amplifier is matched, the 
noise figure of the amplifier is expressed as, 

[ i (Pp2,7 _ l ) 

N.F. OR — -----(ft--) + 1 

G ( P2,,a ) LP' -- — — 1 
P. 

‘'here  

P2of 

P2on 

P. 

G 

=noise source output power in excess 
of thermal noise. 

=k7-11, the thermal noise input to the 
tube under matched conditions. 

=power delivered to the power meter 
with the electron beam off and the 
noise source on. 

=power delivered to the power meter 
with the electron beam on and the 
noise source off. 

=noise power at the receiver with 
both electron beam and noise source 
off. 

=amplifier gain. 
=input power/output power is the 
cold loss through the amplifier. 

The results of the measurements are pre-
sented in Table I. Accuracy' of the noise 
figure is ± 2 db, and the 3-db bandwidth of 
the amplifier is 0.9 per cent of the signal 
frequency. The dc beam transmission to the 
collector during these measurements was 
between 88 and 92 per cent. The receiver 
bandwidth was 300 kc. 

Signal-to-noise ratio measurements were 
performed for a variety of operating condi-
tions but all with a well-focused electron 
beam at space-charge limited emission. No 
distinct coherent sidebands were observed 
at any appreciable level above the noise out-
put of the tube within a -40-mc band cell-
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TABLE I and 

Tube Parameters 
Frequency 

(mc) 
Cathode Emission 

Noise Figure 
(db) 

Gain = 15.5 to 23.8 db 
leathiBle =35 ma 
B = 125 gauss 
Pressure =5 X10 trim I Ig 

800 
850 
875 
900 

Gain -= I0 db 
=10 ma 

B = 135 gauss 
Pressure =5 X10 -, mm Jig 

800 

800 

space-charge limited 
space-charge limited 
space-charge limited 
space-charge limited 

30.4 
30.6 
35.0 
36.6 

space-charge limited 

temperature limited 

Frequency Cathode Cur-
(mc) rent ( nia) 

870 40.7 
790 30.0 
795 45.0 
785 30.0 

40 

TABLE II 

27.3 

24.3 

Gain 1 Signal . Noise 
Input Power Level (dbm) (db) 1 (db) 

 ,  

36.6 (tube saturated. output = 15 watts cu ) 5 I 65 
8.8 9 50 

— O. 2 11 
1 48 —51.4 16 ao 

30 

20 

6 

04 

03 

.02 

or 

BEAM OPT1mALLT FOCUSED 

IN GUN TEN CTCLOIDS IN 

INTERACTION SPACE 

B 56 GAUSS V.«, = 300V 

lc' 2304,0 V0H - V..H. 250 V 

- NOTE OPERATION JUST 

WITHIN SPACE -CHARGE \ 

LIMITED REGIME 

- 
SOLE vOL•AGE 

Fig. 3—Sole current distribution. 

tered about the signal frequency. The results 
of these measurements are summarized in 
Table II. The measured signal-to-noise 
ratios are in the same range as has been re-
ported for a forward-wave M-type ampli-
fier.' The significance of the results pre-
sented in Table II is that this type of ampli-
fier can maintain good sensitivity over an 
extremely wide range of input signal level. 

Finally, a few measurements of the ve-
locity spread in the electron beam have been 
achieved. For space-charge limited condi-
tions and a well-focused beam in the gun 
region, the line-sole electric field was de-
creased so that the beans path in the drift 
region came close to the sole. The beam 
thickness remained approximately constant 
throughout the drift region. The velocity 
spread in the beam can then be estimated 
from the sole current-sole voltage distribu-
tion. This distribution was found to be not 
half-Maxwellian, as can be seen in Fig. 3. 
However, the distribution is approximately 
half-Maxwellian at low sole currents and on 
this basis, the equivalent temperature of the 
electron beam is 40,900°K. This corresponds 

4 O. Doehler, A. Dubois, and D. Maillart, "An 
M-type pulsed amplifier," ¡'roc. I EE. part B. suppl. 
no. 10, vol. 105, pp. 454-457; May, 1958. 

to a decrease cf sole current by a factor e at 
a sole potential of — 1.5 volts. From these 
measurements, it is concluded that even 
with an electron gun which produces a well-
focused laminar beans the characteristic en-
ergy spread of crossed- field tubes is still 
present, although perhaps to a lesser extent 
than in similar tubes employing less well-
behaved beams. 

However, the noise figure and signal-to-
noise ratio of this M-type backward-wave 
amplifier has been measured and is found to 
be of the same magnitude as in 0-type tubes 
when attention was first directed toward 
their noise problem. No attempt was made 
to design the present tube for low noise out-
put. Therefore, it is entirely possible that 
the noise figure of an M-type backward-
wave amplifier, utilizing a well-behaved 
beam, can be reduced further. 

The helpful discussions and assistance 
of C. K. Birdsall, H. L. Jory, T. Van Duzer, 
and J. R. Whinnery are gratefully acknowl-
edged. 

J. R. ANDERSON 
Electronics Res. Lab. 
Dept. of Elec. Engrg. 

University of California 
Berkeley, Calif. 

On the Start Oscillation of the 
Type Backward Wave Oscillator* 

The conditions that the 0-type back-
ward wave oscillator satisfy at the start of 
oscillation are such that O and CN satisfy 
the following: 

— 20772 ± (02 — /P)  (2/i-CN) 3 = 0, (1) 

where the roots of ( 1), ni, n2, and 'is must 
satisfy 

273 — n2 et cos 2+ nt — 212. TI2 it  ens = 0; 
n2 172 

* Received by the IRE, August 13, 1959. 

H = wL/no, 
CN=the CN parameter of Pierce's, 
= propagation constant of the unper-
turbed circuit wave, 

=44)//40, 
no =electron drift velocity, 
L = length of interaction space, 
cop = plasma frequency of the beam, 
= tube oscillation frequency. 

Among the various discussions of the 
solutions of ( 1), Heffner' gave the numerical 
values of O corresponding to the first two 
oscillation modes (designated n =0 and 1 
modes) for values of H ranging from 0 to 10. 
Gould' further gave the asymptotic solutions 
for H>>1 in the terms of a coupled-mode 
theory. Physically, this corresponds to the 
asymptotic case in which the space charge 
density of the electron beam is so high that 
the propagation constants of the unper-
turbed slow and fast space-charge waves are 
far enough apart that the fast space-charge 
wave can be neglected in so far as the 
interaction between the slow space-charge 
wave and the backward circuit wave is 
concerned. Heffner's and Gould's results are 
reproduced in Fig. 1. 

Fig. I—Start-oscillation frequency condition ot a 
matched backward-wave oscillator. 

In connection with a recent study of 
some anomalous behavior of backward-wave 
oscillators, we had the occasion to obtain the 
solution of ( 1) on the IBM 650 computer.3 
The result thus obtained (see Fig. 1) showed 
an interesting disagreement with Heffner's 
result. Although the quantitative discrep-
ancy is small, the physical meaning of this 
discrepancy seems significant. It is noticed 
that for the lowest mode (n = 0), Heffner's 
curve intersects the asymptotic two-wave 
solution of Gould at H3.5. For H> 3.5 the 
value of O according to Heffner's result be-
comes less than the asymptotic solution. The 

I H. Heffner, "Analysis of the backward-wave 
traveling-wave tube." PROC. IRE, vol. 42, pp. 930-
937; June, 1954. 

R. W. Gould, "A coupled mode description of the 
backward-wave oscillation and the Kompfer dip 
condition," IRE TRANS. ON ELECTRON DEVICES. vol. 
ED-2, pp. 37-42; October, 1955. 
I Details are available in C. L. Tang, "Backward 

Wave Oscillator Mismatching and Spurious Oscilla-
tions," Res. Div., Raytheon Mfg. Co., Waltham, 
Mass., Rept. No. R-42; 1959. 
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curve corresponding to the IBM 650 result, 
however, lies above the asymptotic two-
wave solution for all values of Hand asymp-
totically approaches the latter from above 
as H increases. In view of the previous dis-
cussion about the physical meaning of the 
solutions of ( 1) and the asymptotic two-
wave solution of Gould, the implication of 
the discrepancy is immediately clear. Our 
result indicates that the effect of the fast 
space-charge wave on the interaction of the 
slow space-charge wave and the backward 
circuit wave is largest when the phase ve-
locities of the three waves are the closest, or 
H is small. As H increases, or as the phase 
velocity of the fast space charge wave be-
comes increasingly faster than the synchro-
nous phase velocity of the circuit wave and 
the slow space-charge wave, the interaction 
between the latter two is affected less and 
less by the fast space-charge wave. Such an 
effect is, however, always present. 

Heffner's result indicates, on the other 
hand, that the effect of the fast space-
charge wave on the interaction of the circuit 
wave and the slow space-charge wave is 
opposite for H < 3.5 and H>3.5. (0 increases 
or decreases for 11< or H>3.5, respectively, 
because of the presence of the fast space-
charge wave.) At H3.5, the fast space-
charge wave has no effect on the interaction 
of the circuit wave and the slow space-charge 
wave in so far as 0 (or, equivalently, the tube 
oscillation frequency) is concerned. On 
purely intuitive grounds, it seems also that 
our IBM 650 result is the more reasonable 
of the two. 

C. L. TANG 
Res. Div. 

Raytheon Manufacturing Co. 
Waltham, Mass. 

Negative Resistance in Transistors 
Based on Transit-Time and 
Avalanche Effects* 

In this communication, we propose a sim-
ple semiconductor device which should ex-
hibit a negative resistance characteristic at 
frequencies of the order of the carrier inverse 
transit time in the space-charge or depletion 
region of a reverse-biased p-n collector junc-
tion. Previously, others have proposed 
negative resistance structures using transit-
time effects' or both transit-time effects 
and avalanche multiplication.2 We also use 
the latter combination in our device. Our 
device, structurally speaking, is identical to 
a transistor; however, it requires a rather 
small collector capacity and extrinsic base 
resistance. 

* Received by the IRE. August 27. 1959; revised, 
October 2. 1959, 

1 W. Shockley, "Negative resistance arising from 
transit time in semiconductor diodes," Bell Sys. Tech. 
J., vol. 33, pp. 799-826; July, 1954. 

2 W. T. Read. Jr.. "A proposed high-frequency, 
negative-resistance diode," Bell Sys. Tech. J., vol. 
37. pp. 401-446; March. 1958. 

The basic idea underlying its operation 
is as follows: Consider a grounded-base 
transistor biased at the emitter with a direct 
current source which produces the usual 
minority carrier distribution in the base 
region. The collector junction is reverse 
biased. The collector-base terminals are 
the two terminals at which the active 
impedance is to be produced. Suppose, now, 
that an alternating voltage of high fre-
quency (far exceeding the a-cutoff) is ap-
plied to the collector. In response to this, 
the boundaries of the collector space-
charge region will pulsate in position at the 
same frequency. We are interested in the 
base-side edge only. Because of the oscilla-
tion of the latter, the injected emitter mi-
nority current entering the space-charge 
region and flowing to the collector is modu-
lated at the plane of the space-charge 
boundary. If the frequency and amplitude 
are high enough, the minority carriers will 
fail to follow the moving space-charge edge 
and the above current will actually be 
"bunched." For the small signal case, how-
ever, only a sinusoidal modulation of the 
direct current will be produced. We con-
sider the latter case in this communication. 
For a suitably chosen collector bias voltage, 
near avalanche breakdown, this alternating 
component of particle current, when it ar-
rives at the collector junction, will give rise 
to an additional (multiplied) particle cur-
rent consisting of the opposite type carrier. 
This multiplied component will dominate 
the injected component in magnitude when 
the avalanche multiplication factor exceeds 
two. Because of the finite carrier transit 
time through the space-charge region (from 
the edge to the junction plane), there will be 
frequencies at which the multiplied particle 
current (or a component of it) is 180° out of 
phase with the collector signal. At these 
frequencies, a negative resistance will be 
produced which may be utilized in ampli-
fiers and oscillators. 

OUTLINE OF ANALYTIC TREATMENT 

Fig. 1 shows a schematic sketch of a 
p-n-p alloyed transistor which will serve as 
our model. Denote the width of the space-

E=n« 
D. 9P0 

Collector 
1/ • 1vP• 

Spout Gnome 
region 

Fig. 1—Schematic presentation of device. 

charge region in the base- or n-region by W 
and let the amplitude of its boundary modu-
lation produced by an applied collector sig-
nal be called élg. We asstnne that at the 
instantaneous edge of this boundary, the in-
jected hole density produced by the emitter 

bias current is approximately zero. An ap-
proximate solution of the diffusion equation 
in the base region gives 

Jcic Jac.5W 
p(x) = — — x — ---

qD qD 

'exp 4/--(l — i)x) exp — iwl. (1) 
2D 

In ( 1), Jd.=/,k/A is the density of the in-
jected minority carrier current /de entering 
the space-charge region, where A is the cross-
sectional area. In the usual notation, q is 
the electronic charge, D the diffusion con-
stant of holes, to the frequency, and t is the 
time. 

From ( 1), one obtains the alternating 
particle current density ji entering the 
space-charge region at approximately x =0 

a -0 
apx 

= - qD — 

/co ir 
= JdcôWV exp — —4 ) exp (2) 

This particle current gives rise to a space-
charge wave which travels to the collector 
junction and produces an additional multi-
plied component consisting of electrons 
which travel back in the reverse direction. 
Assuming that the multiplication takes 
place at the collector junction plane x= W 
and that the drift velocity is constant and 
saturated at a constant value te, then the 
space-charge wave is given by 

p(x) = —v [exp ikx — — ik(x — 2W)] 

'exp — itpt (3) 

where k w/v, rTt=ni — 1, and in is the ava-
lanche multiplication factor. 

The calculation proceeds now as follows: 
Using Poisson's equation, we can obtain 
from (3) an additional voltage developed 
across the space charge. For the integration 
we assume zero electric field at the base-
side edge of the space-charge region. We also 
assume that p, as given by (3), is small as 
compared to the built-in space charge re-
sulting from the ionized donor atoms. We 
designate this additional voltage by Vpartklm 
Similarly, we can calculate an additional 
current density jp,p.ti..k consisting of the 
true particle current and a displacement 
current. Since it is immaterial where this 
current is calculated, we chose the plane 
xe•--•• 0. At this plane, the additional displace-
ment current vanishes. The total impedance 
looking into the base-collector terminals 
thus may be written 

1 
Z

Vd Vpart iele Vdiaplacement 
-= 
A :misplacement 4- jpart le le :Misplacement A 

Vpart iele Vdieplacement jparticle 
(4) 

Displacement A CM iaplimententr A 

In (4), Vil mplaeentent and J,I isploeen,eut are the 
voltage and the current density which would 
be produced in the absence of any injected 
current by the oscillating space-charge edge. 
In the expansion (4), which holds for suffi-
ciently small injected current, the first term 
is simply the usual space-charge capacitive 



1960 Correspondence 949 

term of the collector junction ( — icoeA /W)_ 1, 

which is purely reactive. The remaining two 
terms are contributions of the injected mo-
bile charge. By carrying out the above out-
lined integration, we obtain from these 
latter two terms the additional impedance 

exp (— 1-) 
/d,11" 4  

= 
A2N/Dreteryi 

.r(exPIL'eLL (exp icor)] / • 
L r(cor)2 

(3) 

The quantity in the curly brackets denoted 
f(cor), is plotted in Fig. 2 as a function of 

Fig. 2—Real and imaginary parts of fiar). 

tor for rTf = 1 and ni =2. It is seen that at 
approximately cor =0.8w and fil = 2 there is 
a negative resistance region. The magnitude 
of the negative resistance, according to (5), 
obviously increases linearly with bias cur-
rent. 

Table I, below, summarizes the results 
of a calculation of the real and imaginary 
parts of Z at cor =- 0.8w for two arbitran. 

TABLE I 

SEVERAL EXAMPLES OF Z COMPUTED 
FOR GERMANIUM 

Case I Case II 

Base resistivity 31-type 
(ohm-cm) 

Donor density (cm -,) 
Avalanche breakdown 

(volts) 
Collector bias (volts) 
Avalanche multiplication 

factor m 
Space-charge width W 

(cm) 
Transit time r (sec) 
Frequency at which we 

=0.8. (kmc) 
Bias current /, 1,. ( ma) 
Collector diameter (urn) 
Negative resistance (ohms) 
Capacitive reactance 

(ohms) 

2.5 0.35 
7 X10" 5 X10" 

200 40 
180 36 

3 3 

2 X10-8 3.3 X10 -1 
3 X10 -10 5 X10 -11 

1.3 7.8 
0.6 2.5 
1.25 X10-, 5 X10 -3 
-96 -24 

1500 160 

cases for a germanium structure. To get 
the actual impedance of an idealized three-
dimensional structure, one must add to Z 
the extrinsic base resistance re/. Thus for 
values of re/ <96 ohms, a negative real part 
wil be exhibited by the structure of Case I. 

There remains one additional point to 
investigate, namely, the effect of the modu-
lation of the avalanche multiplication fac-

tor en by the varying collector voltage. Since 
m is voltage dependent, an additional al-
ternating component of space-charge cur-
rent will be generated at the collector junc-
tion by the interaction of the bias current 
/d, and the time-varying tn. It can be shown 
rather straightforwardly that this contrib-
utes a term to Z given by 

Z  tiple 

w4 1,k dun 

€20.4 2 

(exp icor — 1) 
(6) 

i(cor)3 

This term, however, contributes a positive 
real part at (or = 0.8w. Putting in numbers 
for the two examples illustrated previously, 
we obtain real parts of 33 ohms and 20 ohms 
for Cases I and II, respectively. It is seen 
that for the higher-frequency example; the 
positive resistance becomes rather large and 
almost compensates the calculated negative 
resistance. 

It should be mentioned at this point that 
one may use, however, only Z„,„ hiph. of (6) 
in a sample in which the space-charge 
boundary is not allowed to oscillate. Such 
a case is practically found in diffused base 
transistors. Then, cor has to be chosen to lie 
in a range between ir and 27r. For a given 
current level, the amount of negative resist-
ance obtainable is smaller than the values 
quoted in Table I. 

DISCUSSION 

It appears entirely possible to obtain a 
negative resistance at microwave frequencies 
with transistor-like structures using a combi-
nation of avalanche multiplication and tran-
sit-time effects. It is quite feasible in practice 
to realize low enough extrinsic base resist-
ances which will not mask the calculated 
negative resistance effect. The carrier diffu-
sion time through the neutral part of the 
base region is unimportant in the proposed 
device. 

The required dc power levels, because of 
the rather high collector bias voltages 
needed (near avalanche breakdown) and 
relatively large currents, are of the order of 
a fraction of a watt for the examples cited. 
Provisions for rapid heat dissipation are 
therefore required. A decrease in this power 
requirement can be had, of course, by a re-
duction in the area, but only at the expense 
of a higher impedance level. For one of the 
examples discussed, Case I, a desirable 
impedance level was attained at 1300 mc 
with a collector diameter of 1.25X 10-2 cm 
(5 mils). Higher-frequency units naturally 
require smaller diameters. 

The use of avalanche multiplication un-
fortunately restricts the allowable voltage 
amplitude at the collector for linear opera-
tion. In addition, the avalanche mechanism 
is known to introduce excess noise. It has 
also been assumed that avalanche multipli-
cation has a build-up time shorter than the 
discussed inverse frequencies. 

HERMAN N. STATZ 
ROBERT A. PUCEL 

Research Div. 
Raytheon Co. 

Waltham, Mass. 

Charge Analysis of Transistor 
Operation* 

Beaufoy and Sparkes' have pointed out 
the usefulness of the charge concept in the 
analysis of transistor operation. One of the 
principle virtues of this method is that the 
time-dependent behavior of the transistor 
can be calculated from a knowledge of the 
dc properties of the device. In this note, we 
give a more general derivation of the basic 
equation used in charge analysis. 

Consider a neutral region where n is the 
density of excess carriers of either sign in 
that region. Continuity requires 

n an 
= — -F — (1) 
r at 

where f,, is the particle current density and 
r-1 is the recombination rate. Integrating 
(1) over the volume of the region, and as-
suming r is constant in the region, we have 

N ax 
— f v•.1,4v = — (2) 

r al 

where N=fn dv is the total number of excess 
carriers of a given sign in the region. By 
Gauss' theorem we have 

N ON 
m = — + --

r 01 
(3) 

where ,.à/ is the net particle current of a 
given type into the region. Multiplying 
through by q, the electronic charge, we 
finally have 

, Q, aQ qàt -= — -r --
r 

(4) 

where Q=qN is the total excess charge of 
either typein the region. Eq. (4) is the basic 
equation used in charge analysis. It is de-
pendent only on the recombination model 
used and is independent of any of the other 
details of the region such as geometry, aid-
ing or retarding fields, conductivity modula-
tion, etc. Since the region is neutral, ive may 
consider either majority or minority carrier 
flow at our convenience. 

Under dc conditions, the charge in the 
base is given by 

Q 1 — e , 1,(1 , y — „ — 
1 — a 

where e is the base transport factor and 'y the 
emitter efficiency. Defining the transit time2 
as the ratio of base charge to collector cur-
rent, we have 

(1 13 )r 

e 

• Received by the IRE, October 21,1959. 
1 R. Beaufoy and J. .1. Sparkes. "The junction 

transistor as a charge-controlled device." ATE J., 
vol. 13, pp. 3-20. October, 1957; also in PROC. IRE. 
vol. 45, 1740-42, December, 1957. For a discussion 
of charge control in various devices, see E. O. Johnson 
and A. Rose. "Simple general analysis of amplifier 
devices with emitter, control, and collector junctions," 
PROC. IRE. vol. 47, pp. 407-418; March. 1959. 

2 L. J. Varnerin, "Stored charge method of transis-
tor base transit analysis" PROC. IRE, vol. 47, pp. 
523-527; April, 1950. 
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As an example of the charge method of 
analysis, we calculate the transient response 
of a grounded emitter transistor to a step 
in base current. For simplicity, we neglect 
the charging of the collector capacitance. 
We then have 

qA1 = la — (1 — — (1 — 

(5) 

At dc, Q=ril,. We assume that Q(1)=-7,1,.(1) 
at all times; i.e., the collector current is pro-
portional to the total charge in the base and 
is not dependent upon its distribution. 

Then (5) becomes 

where 

(  a ) I al,. 
_ Ill --- 1+ —co —as (6) 

= 

1 — a 1 — 
= . 

(1 — d)r Ch./ 

For I„(o)=0, we have 

1„(i) — ( a ) 1 — a hi(1 — 

This agrees with the usual expression where 
the delay time, 1* has been neglected. 13y 
this treatment, however, we see that reduc-
ing the emitter efficiency is equivalent to a 
feedback that reduces the gain, but increases 
the frequency response, of a grounded emit-
ter transistor. 

A. N. 13AKER 
Bell Telephone Labs., Inc. 

Murray I hill, N. J. 

Determination of the Orbit of an 

Artificial Satellite* 

Two recent letters have considered the 
determination of the orbit of an artificial 
satellite by means of multi-station Doppler 
tracking systems. In the first,' a system was 
indicated which was independent of the 
initial ranges, and could therefore be utilized 
to acquire as well as track vehicles in space, 
without previous position information. In 
the second,2 it was pointed mit that such a 
system would be open and require iteration, 
unless one relation in addition to the Dop-
pler equations was obtained. This follows 
immediately from the fundamental relations 
for n stations and in successive time inter-
vals: 

* Received by the IRE, November 5, 1959. 
N. Cat rara, P. F. Clieceacci and L. Ronchi, 

"Determination of the Orbit of an Artificial Satellite," 
PROC. IRE, vol. 47, p. 75; January. 1959. 

2 J. T. Anderson, " Determination of the Orbit of 
an Artificial Satellite," Pnoc. IRE, vol. 47, pp. 
1658-1659; September. 1959. 

AR 11 — R1 j = 1, • • • , n (1) 

j= I, • • • , m 

where the R1, are the slant ranges, the iIR11 
are the range increments, obtained from the 
Doppler data, and Rii=12; are the initial 
ranges. Eq. ( 1) will result in n-1 equations 
in n unknowns. This clearly shows the need 
for an outside condition on the ranges. 

As observed by Carrara, Checcacci and 
Ronchi, any of the R, may be expressed in 
terms of the remaining initial ranges; thus, 
one initial range in ( 1) may be expressed as 
a function of the other n-1 initial ranges. 
Recent work in this laboratory," based 
upon these observations, has resulted in a 
solution of ( 1) for the ranges. The result de-
rives from the existence of a geometrical 
relation among ranges to four stations in an 
arbitrary configuration in a common ground 
plane from a point in space. 

The work may be outlined as follows. 
Writing the equations for four stations ar-
ranged in a cross as 

(xi ± 02-1- Yi2+ = R,1, i= 1,2 (2) 

j= 1,2,3, • • • 

xis+ (yi ,02 +.212 .= = 3,4 (3) 

j=1,2,3,• • • 

and combining ( 2) and ( 3), one obtains the 
geometrical property 

Rii2 -F R212 .= R,12 R412. (4) 

Since this is a purely geometrical relation, it 
holds for any j. As the difference of any two 
successive time-dependent values of any 
Ri1 is equal to a range increment, propor-
tional to the Doppler data obtained during 
the interval, one can write, for four success-
ive observations: 

(RI + ± (Et, AR21)2= 

..1R31)2 (R4 AR41)2 

j = 1, 2, 3, 4. (5) 

These may be linearized by use of (4); the 
resulting equation may be solved for the Ri 
and, with these, the succeeding ranges are 
obtained from ( 1). For a particular j any 
three of the four Ri1 will serve to find the co-
ordinates, xi, zi from ( 2) and (3). The 
Jacobian of this transformation yields a cri-
terion for choosing the three R's resulting in 
the most accurate values of xt, y,, zt. 

These results may be generalized to in-
chide an arbitrary configuration of stations 
in the ground plane. 

PETER L. BESAG 
JULIAN T. ANDERSON 

Philco Western Dey. Labs. 
Palo Alto, Calif. 

P. T. McCormick. "Tracking of a CW Trans-
mitter-Carrying Vehicle with a Four-Station System 
by Utilizing the Doppler Effect," Philco WDL Memo; 
August, 1959. 

C. H. Dawson, "A Note on Radial Coordinates," 
Philco WDL Memo: September. 1959. 

Radiation Damage and Transistor 
Life in Satellites* 

Evidence in support of a region of intense 
nuclear radiation surrounding the earth 
became indisputable with the flight of the 
satellite 1958e [ 1] on July 26, 1958, in the 
wake of I958a and 7. Several theories of 
the origin and nature of the radiation were 
proposed, each of which would partially 
remove the ambiguity of the particles com-
prising the radiation and allow an estimate 
of radiation damage. Equal a priori weight 
was attached to theories suggesting protons 
[2] and electrons [3]. Further uncertainty 
arose when the results [4] of the Pioneer 1 
flight (October 1958) were compared with 
previous results. The interpretational diffi-
culties imposed by this mass of data were 
resolved for altitudes below 1200 km by 
the experiment reported by Freden and 
White [5]. In this experiment a stack of 
nuclear emulsions was carried to an altitude 
of 1230 km and recovered after the flight. 
Analysis of the tracks in the emulsions veri-
fied that protons comprise the inner charged 
particle radiation band and permitted an 
accurate estimate of the energy spectrum. 

The Freden and White proton-energy 
spectrum has been employed as the basis 
for estimating the rate of atomic displace-
ments produced in silicon and germanium 
transistors during exposure to the inner 
charged particle belt. Previous estimates [6], 
by failing to account properly for the im-
portance of high energy protons in produc-
ing displacements, have yielded displace-
ment production rates far lower than those 
obtained here. The present estimates are 
also in better agreement with the limited 
experimental data for radiation damage 
produced by high energy protons. 

In calculations of radiation damage to 
semiconductors, e.g., Si or Ge, the practice 
has been to consider atomic displacements 
only and to ignore all but the Rutherford-
type energy losses of the incident particle 
and successive knock-on Si or Ge atoms. 
The effect of inelastic (n, n'-y) nuclear en-
counters has usually been dismissed on the 
grounds that the cross section for these 
events is relatively small at the energies 
usually considered and, moreover, is as-
sumed to have a 1/E dependence, pre-
sumably well above their threshold. 

Above 20 mev, however, nonelastic en-
counters (e.g., neutron and charged particle 
emission) become of increasing importance 
[7]. Above 100 mev (which embraces al-
most 50 per cent of the radiation belt pro-
tons), nuclear disintegrations begin to domi-
nate in importance over all other interac-
tions, with increasing production of "stars" 
or small-scale spallation effects. Monte 
Carlo calculations based on high-energy 
"evaporation" models [8]-[17] and the 
phenomenological data obtained, mainly 
from analyses of nuclear emulsion events, 
indicate the importance of these phenomena 
in producing atomic displacements. These 
displacements occur not because of the 
knock-ons produced by incident protons, 

* Received by the IRE. September 8, 1959. 
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but by virtue of the nuclear disintegrations 
in which they give rise to neutrons, protons, 
alphas, etc., of just about the right energy 
(5-20 mev) to produce a large number of 
atomic displacements by Rutherford col-
lision within a thin Si or Ge wafer. 

This is of importance, a fortiori, when it is 
contrasted with the small energy loss of an 
incident proton of 100 mev and more when 
it passes through the material in which the 
possibility of nuclear disintegrations has 
not been included. Smoluchowski reports 
on the results of irradiation of alkali halides 
with 100-400 mev protons [18] and con-
cludes that at high energy the radiation 
effects caused by the secondary nucleons 
originating in the "inelastic" collisions are 
at least as important, if not more so, than 
those produced directly by elastic collisions 
of the incident protons. 

For the reasons given, we have divided 
the problem into two parts: 

1) E <100 mev, 
2) E> 100 rnev. 

1) E< 100 mev 

Each primary knock-on energy E pro-
duces EpI2Ed displacements [19], where Ed 
is the displacement energy which has been 
variously estimated as between 12-30 ev 
for Si and Ge [ 19], [20]. In calculating the 
total number of atomic displacements per 
target atom, the contributions of the pri-
maries and successive knock-ons of lower 
order are summed separately; i.e., Nd=pri-
mary displacements -F progeny displace-
ments. These relations are found [ 19], [20] 
to be: 

HIM% E„ 
Nd = f X pdEp + f Np — d Ep 

Ed 2E, 2Ei 

CAT; ( 1 
= 1+ — In ---) ; 
EiEd 2 2E1 

where 

Z1Z2e2 ) 2 
C=1" AIA2 

(AI+ A2 

Ni= Incident flux, 
E1 =Energy of incident particle, 
Nd= Rate of atomic displacement. 

The results of our calculations at an alti-
tude of 1200 km appear in Table I. The 
estimates are conservative in view of the 
1/E1 dependence assumed. 

2) E>100 mev 

The number of defects/cm' produced by 
high-energy protons cannot be determined 
accurately because the exact mechanism of 
defect production by the nuclear fragments 
is not sufficiently well known to permit 
quantitative evaluation. We rely for the 
present, therefore, on experimental results 
obtained with NaCI and KCI [18], [22] 
which indicate that 1000 to 5000 defects per 
cm' are formed by each incident proton per 
cm' above 100 mev. At an altitude of 1200 

TABLE I 

Silicon 
Germanium 

N d /Prot°n /cm' 

—1.4i eV 

600 
1000 

1200 
2200 

Silicon 
Germanium 

TABLE II 

N dlcml-sec 

Ed = 25 ev Ed =121 ev 

.45 X106 

.75 X106 
.92 X106 

1.7 X10, 

/cm,-sec 

Ei = 25 ev Ei = 124 ev 

0.85 X10, I 
1.7 X10, 

1.7 X106 
3.4 X10, 

Nd/proton/cm, 

Ei = 25 ev Ei = 121 ev 

1500 
3000 

3000 
6000 

km, an omnidirectional flux of 560 pro-
tons/cm'/sec above 100 mev produces about 
2-4 X106 defects/cm'/sec. Evidently, far 
from ignorable [6], each proton above 100 
mev will form 1-5 times as many defects 
per cm' as the lower energy ( 1-20 mev) 
particles usually considered important. 
Since the nonelastic collision cross section 
for "star" reactions varies approximately 
as 11 213, the defect density from the high 
energy protons in Ge will be about twice 
that in Si. This is probably an underesti-
mate since the fragments in the case of Ge 
will consist on the average of a higher mass 
with resultant increased ability to produce 
defects. Corresponding to the tabulated re-
sults for the lower energy proton compo-
nent, the results for the protons above 100 
mev at 1200 km are shown in Table II. The 
total damage rates, assuming a 121 ev 
displacement energy are shown in Table Ill. 

In order to estimate transistor lifetime, 
a criterion of damage must be decided upon. 
There are a number of possibilities. Without 
discussing the relative merits of each, it 
seems somewhat more desirable to draw up-
on the vast quantity of data from reactor ir-
radiation of semiconductors, because the 
local defect distribution produced by pro-
tons bears a closer similitude to fast neutron 
damage [23], and because of the availability 
of statistical data [24] for a large number of 
transistor types. Considerable variation of 
radiation sensitivity is found between differ-
ent transistors which requires a certain 
arbitrariness in selecting a damage criterion, 
The data suggests setting neutron doses of 
10'2n/cm' for silicon devices and 10"n/cm' 
for germanium transistors. However, a criti-
cal radiation dose for a particular device 
may vary considerably from the criteria 
which were selected. The resulting defect 
densities using the theory described by 
Dienes and Vineyard [25] are: 

Si, 5X10'4 displacements/cm3; 
Ge, 3.8 X10" d isplacemen ts/cm3. 

These defect densities are produced at 1200 
km altitude in 9.2 X107 seconds ( 1060 days) 
in silicon and in 3.8X10' seconds (4060 
days) in germanium. 

Using the flux-altitude relation obtained 
by Van Allen [ 1] and assuming that the 
Freden and White energy spectrum is inde-
pendent of altitude, a curve of transistor 
lifetime vs equatorial ( ± 25°) altitude can 
be constructed (see Fig. 1). The curves 

TABLE III 

Ndjpsoton/ 
cm, 

Silicon 
Germanium 

2000 
4000 

Nd /cm'-sec 
(1200 km) 

2 .6 X10, 
5.1 X106 

: 

afo 

Al itude (miles) 

Fig. 1—Lifetime of semiconductors exposed in the 
inner equatorial (± 25°) radiation belt as a function of 
altitude. 

shown in Fig. 1 are necessarily limited to 
the inner radiation belt, for no accurate 
particle energy data for the outer belt have 
been obtained and are reliable only up to 
1350 miles (2200 km), the highest data re-
ported by Van Allen from 1958E. The curves 
have been extrapolated through the antici-
pated maximum of the inner belt but are 
not supported by direct experimental meas-
urement as are lower altitude data. 

Clearly, semiconductor lifetime in satel-
lites is an important consideration for alti-
tudes in the 1500 mile (2500 km) range. If 
a one-year semiconductor life is desired, 
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equatorial altitudes between 1000 and 2200 
miles are unsuitable. Of course, many orbits 
will not be restricted solely to equatorial 
latitudes, nor is it reasonable to expect 
circular orbits. These considerations tend to 
increase the lifetime in orbit. 

Frequently it is desirable to operate in 
a high radiation area and protect equipment 
from shielding. We have not considered 
the shielding question in detail, but prelimi-
nary considerations seem to rule out protec-
tion by shielding for present payloads. The 
range of a 100-mev proton is about 1.5 cm 
in Pb; since about half of the damage is 
produced by the protons above 100 mev, it 
is clear that several cm of Pb will be re-
quired to increase semiconductor lifetime 
significantly. Furthermore, since the total 
cross section we are discussing for nucleon-
nucleon encounters is a few barns in usual 
shield materials and these cascade products 
are forward scattered in addition to other 
less preferentially radiated products, it ap-
pears that the use of thin shields may lead 
to an increase in damaging radiation. This 
shielding paradox is receiving further at-
tention, particularly with respect to various 
shield materials and thicknesses. 

J. M. DENNEY 
D. POMEROY 

Systems Dey. Labs. 
Hughes Aircraft Co. 
Culver City, Calif. 
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Increasing the Dynamic Tracking 

Range of a Phase-Locked Loop* 

The transient response and effective 
noise bandwidth of a phase-locked loop are 
related to the dynamic tracking range. 
However, the latter often can be adjusted 
without adversely affecting the first two. 
"Dynamic tracking range" refers to the 
range in frequency over which a phase. 
locked loop will track a signal of slowly. 
varying frequency (i.e., Doppler shift) once 
the loop has locked on. 

Consider the loop of Fig. 1. Fig. 1(a) 
shows a typical configuration, and Fig. 1(b) 
is the linear equivalent after Jaffe and 
Rechtin.' The low-frequency component 
out of the multiplier due to the signal is 

KmE.E0 sin (el - 02) 

where Kg, is a constant associated with the 
multiplier. Amplifier K1 represents the 
change in frequency vs voltage (cps/volt). 
Let the filter have unity dc gain. Since the 
maximum output from the multiplier is 
±K,E8E0, the maximum frequency change 
of the (dynamic tracking range) VCO for a 
signal of slowly-varying frequency (almost 
dc from the multiplier) is: 

4f„, = ± KmEdEgAKI. (1) 

The generalized feedback equation for a 
negative sign on the summer is: 

C(S)  KgF(S) 

R(S) 1 ± KoKbF(S)H(S) 
(2) 

where Kg F(S) is the transfer function in the 
feed-forward path and KbH(S) is the trans-
fer function in the feed-backward path. 
Writing F(S) and H(S) in terms of their 
poles and zeros shows that the poles of 

* Received by the IRE. October 9.1959. 
I R. Jaffe and E. Rechtin, " Design and perform-

ance of phase-locked circuits capable of near optimum 
performance over a wide range of input signal and 
noise levels," IRE TRANS. ON INFORMATION THEORY, 
vol. IT- I, pp. 66-76; March. 1955. 

(a) 

R N 92  
vy 

(b) 

Fig. 1-(a) A phase-locked loop. (b) The linear 
equivalent N(O' is N(t) translated from ‘e to a center 
frequency of zero. 

H(S) and the zeros of F(S) are the zeros of 
(2). The poles of C(S)/R(S) may be found 
by solving for the roots of the equation:2 

K 611 (S)F (S) = - 1. 

For the loop of Fig. 1(b), (3) is 

G(S) 
A KmEo&K,K1 = - 1 

or 

and 

where 

and 

I G(S) 1 

17-S IPO = 

G(5) 
= 180° 

S 

F(S) = G(S) 

1 
H(S) = • 

Then the closed loop will have one zero at 
the origin (due to 1/S) and other zeros due 
to the zeros of G(S). 

If K (S) has unity dc gain, 

(S ai) 

Jim Kg   KgG(S) = 1. (7) 
(S bi) 

Then 

(8) 

Assume that the transient response re-
quires poles of C(S)/R(S) at Po and Po* of 
Fig. 2. Eq. (6) is satisfied when 

ir; (9) 

n is the number of poles in G(S), 0, is the 
angle from the jth zero to Po, and 0. is the 
angle from the ith pole. The graphical 

"Reference Data for Radio Engineers." Inter-
national Telephone and Telegraph Corp., New York, 
N. Y., Fourth Ed., pp. 354-358; 1956. 
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, 2,  
r bi   aj 

duo to 
the VCO 

Fig. 2—S-plane plot Zi is the jth zero of G(S); P; is 
the ith pole 01 G(S)I.S. 

pe. 

Fig. 3—S-plane plot wlien KgG(S) is the network 
of Fig. 4. 

Kg OC.) 
[ 

bCC:• CO ° • /1'4 

Fig. 4—A typical KgG(S). 

method of finding the absolute magnitude 
gives' 

G(S) ' 

S p0 TY-tr 
rpi 

(10) 

Using ( 1), (8), and ( 10), (5) may be written: 

i-2 
AK„,E0E„Ki = rt 1401. 

11 r= 
(11) 

If G(S) is the simple lag network shown in 
Figs. 3 and 4, ( 11) is 

r2 

I âf,„ = ri — (12) 
r3 

a 

where a and b are as defined in Figs. 3 and 4. 
If b«a, it is clearly seen that as b de-

creases, I Af„,I increases, allowing more or 
less independent adjustment. In theory, 
Af,nI can be made arbitrarily large by 
making b arbitrarily small. Notice that the 
dynamic tracking range is directly propor-
tional to r1 which is a measure of the closed-
loop bandwidth. This is in agreement with 
the observation that I Af„, I is often approxi-
mately the same as the loop bandwidth. A 
more complex filter may be required to 
shape the transient response, and for a 
multisection filter, ( 11) will give the value 
of 1,11..1. With a slowly-varying signal fre-
quency, these calculations should be very 
close to the value obtained in practice. 

C. S. WEAVER 
Western Development Labs. 

Philco Corp. 
Palo Alto, Calif. 

J. A. Aseltine, "Transform Method in Linear 
System Analysis," McGraw-Hill Book Co., Inc., New 
York, N. Y., pp. 101-106; 1958. 

Combined AM and PM for a One-

Sided Spectrum* 

Chakrabarti' declares that he has not 
seen any report about the method of ob-
taining single-sideband modulation by simul-
taneous amplitude and phase modulation. 
The late Professor Barkhausen2 pointed out 
the identity of single-sideband amplitude 
modulation with simultaneous amplitude 
and phase modulation, illustrating the theory 
with diagrams. He also discussed the matter 
in classroom lectures. 

A. H. TAYLOR 
Read Island, B. C. 

Canada 

* Received by the IRE. October 13, 1959. 
1 N. B. Chakrabarti, "Combined AM and PM for 

a one-sided spectrum," PROC. IRE, vol. 47, p. 1663; 
September. 1059. 

2 H. Barkhausen, "Elektronenrühren," Verlag 
Julius Springer, Leipzig, Ger.. vol. 4. pp. 159 if.; 
1937. 

On the Large-Signal Aspect of the 

Broadband Multicavity Klystron 
Problem—Theory and 
Experiment* 

In previous work by the author' and 
others,'-' methods have been devised (and 
applied to some problems) to calculate the 
performance of multicavity klystrons, name-
ly, their broadband response and other char-
acteristics under small signal conditions, in-
cluding the effects of space-charge. 

The present communication deals with 
an extension of the previous procedure which 
will be applicable at large signal levels. Al-
though either an analog or a digital com-
puter can be employed, we shall concern 
ourselves only with an analog solution and 
experimental verification in the case of a 
specific tube. 

With the aid of the assumptions already 
indicated one writes for a drift region 

ib= [in cos B„, r„jg sin 0,0,]e-ieab, 

= cos Oon + sin Onble-leab (1) 

and, at a resonator gap, we have 

= 

vb'= [1/2Z(w) + cieg (2) 
Ho 

* Received by the IRE, September 25, 1959. 
1 S. V. Yadavalli, "Application of the potential 

analog in multicavity klystron design and operation." 
PROC. IRE, vol. 45. pp. 1286-1287; September, 1957. 

K. H. Kreuchen. B. A. Auld. and N. E. Dixon, 
"A study of the broadband frequency response of the 
multicavity klystron amplifier." J. Electronics, vol. 2, 
p. 529; May, 1957. 

W. L. Beaver, R. L. Jepsen, and R. L. Walter, 
"Wideband klystron amplifier," 1957 IRE W ESCON 
CONVENTION RECORD, pt. 3. pp. 111-113. 

L. D. Smullin and A. Bers, "Stagger tuned multi-
cavity klystrons," presented at the Conference on 
Electron Tube Research, Berkeley, Calif.; June, 1957. 

5 H. J. Curnow, "Factors influencing the design of 
multicavity, klystrons," SERL Tech. J., vol. 8, p. 
42; January. 1958. 
• S. V. Yadavalli, op. cil.; these assumptions are 

inherent to the Llewellyn-Peterson equations in an 
appropriate form. 

where the quantities i (i and i') and y (t/ and 
te) represent the ac current and ac velocity 
of the beam, respectively. Subscripts a and 
b denote the earlier and later planes trans-
verse to the electron beam; i.e., the beam is 
traveling from a to b. 

øl 
g=  

wells 

I is the dc current, co the operating angu-
lar frequency, un the dc velocity of the 
beam and co, is the reduced plasma angular 
frequency. 

coode, 

Ito 

= distance between planes a and b 

coda,. 

un 

M is the beam coupling coefficient, Z(co) is 
the shunt impedance across the gap, and 
n=e/ni (charge to mass ratio) for an elec-
tron. 

Eqs. ( 1) and (2) completely describe the 
behavior of any arrangement of cavities and 
drift spaces under the assumption of small 
signals. By a repeated application of ( 1) and 
(2), then, we can determine gain, power, 
bandwidth, etc., under small signal condi-
tions. 

Suppose, then, that an n-cavity klystron 
is considered. Let the ac voltage across the 
mth cavity be V,2; then 

V„, = (3) 

where M„„ Z,„, and represent the beam 
coupling coefficient, shunt impedance and 
the entering ac current at the 'nth gap. 

One can also write 

nt—I 

im= E akflin, 

but for a phase factor, where, 

= — M kg — sin Oh.„, = ilikY0 sin 0k,„, 
us 

for instance, 

Ito 

(4) 

dk„, =axial distance between cavities k and 
m. From (3) and (4) the ac voltage across 
cavity n-1 is 

where 

n-2 

= E Fk,„_IV e-PP1, n — 1, 

= — 

us 
(5) 

If VI is the ac voltage exciting the input 
cavity and Vo_ii is the ac voltage across the 
penultimate cavity, the following expressions 
for voltage gain call be written: 

Vn—j, 

Vi 
= — I [Fl.n-1 F2,n-IF12 

+ Fo...4(FooF12 + Fi3) + • • • 1. (6) 



954 PROCEEDINGS OF THE IRE May 

The large signal aspect is included as 
follows. Although the effects of large signals 
should be included even at an earlier stage 
in the solution of the problem, we assume 
here that small signal theory holds up to the 
computation of L A (the current exciting 
the penultimate cavity). For the computa-
tion of the ac current exciting the nth 
(output) gap, the following approximation1 
is made 

i„ = (7) 

where Ji is a Bessel function of the first 
kind of order one 

con V„_i 
(A/„_i --- sin B..._1) . (8) 

wee 

From a knowledge of i„, (R/Q), and Q,„ it 
is not a difficult matter to calculate the 
power output and efficiency of the tube, 
since 

V „ = M „Z„i., 

1 V. Is 
Pout = 8cPu = 

2 Z. 

se, being the output circuit efficiency. The 
electronic efficiency of the tube is Vol 
where Vo is the dc beam voltage. 

The analogy with IF amplifier design 
has been discussed previously and will not 
be repeated here. Some details about the 
computer method of solution have been 
given elsewhere in literature.' 

Employing the above model, computa-
tions have been made ole an analog com-
puter' to obtain the optimum bandwidth 
with a live-cavity X-band klystron. Fig. 
1 shows the theoretical output power and 
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Fig. 1—Performance characteristics of five cavity 
X-band klystron (theory and experiment). 

the experimental verification of the same. 
The theoretical 3-db bandwidth is 59.0 nec, 
as compared with the experimental value 
of 57.0 nec. As can be seen, the agreement 
between theory and experiment is very good. 

7 This approximation appears to be valid and quite 
adequate at the present time. 

D. M. Byck and A. Norris, "On the solution of 
some microwave problems by an analog computer," 
1958 IRE W ESCON CONVENTION RECORD, pt. 1, pp. 
70-87. 

*These computations have been made by the 
EAI computation center, Los Angeles, Calif. 

The author would like to thank John 
H. 'frumpier of the General Electric Micro-
wave Lab., Palo Alto, Calif. for taking the 
experimental data. 

S. V. YADAVAI.L1 
Stanford Research Institute 

Engineering Division 
Menlo Park, Calif. 

Formerly with General Electric 
Microwave Lab. 

Power Tube Dept. 
Palo Alto, Calif. 

High Q Inductance Simulation* 

An improvement which can be made to 
the pentode simulation of reactance,' par-
ticularly inductive reactance, is the elim-
ination of the resistance component. This 
gives the simulated inductance an infinite Q. 
Ale advantage of such a simulator besides 
the high Q is that it has a smaller volume 
and lighter weight than an equivalent wire-
wound iron-cored inductor. Circuits for sim-
ulation of components have been investi-
gated by several authors and ale extensive 
bibliography is contained in a recent survey 
by Cooperman and Franklin.2 

The resistance component results from 
the plate resistance r, and the resistance 
present in the plate load. This can be seen 
by referring to the equivalent current gen-
erator circuit of Fig. 1. The parallel com-
bination of r, and plate load resistance com-
ponent is represented by Reg. The choke 
prevents the ac input from being shorted 
out by the plate voltage power supply. 

The input current can be expressed as 
follows: 

1  i = + e (— + 1—  + sC) . (1) 
R„ sL 

The turn-to-turn capacitance is represented 
by C. Tube interelectrode capacitances are 
neglected as is the large input blocking 
capacitor Ch. 

To nullify any effect of the plate load 
on the input terminals, one component of the 
pentode excitation voltage e, causes a can-
cellation current to flow. The other com-
ponent provides excitation voltage of the 
correct phase so as to make the pentode 
draw reactive current from the input. 

The pentode current can be represented 
by two components as follows: 

i„ = g,„e„i (2) 

Substituting (2) into (1), 

1 1 
= g„,eo + K.eir2 e + — + sC), (3) 

sL 

* Received by the IRE, September 14, 1959. 
I War Training Staff of the Cruft Lab., Harvard 

University, Cambridge, Mass., " Electronic Circuits 
and Tubes," McGraw- 1H11 Book Co., Inc., New York, 
N. Y., p. 667; 1947. 

1 J. I. Cooperman and P. J. Franklin, "Circuit 
techniques to eliminate large volume components, a 
literature survey," Electronic Design, vol. 7, no. 6, pp. 
52-61; March, 1959. 

it is clear that to nullify the right hand terne 
in (3), either one of the two components of 
i„ must be its negative; such as, 

I 
gmed = e( 1 sC). 

Upon rearranging, this becomes: 

eul 1 (— 1 1 
= — — sC) . (4) 

g„, R„ sL 

One method of providing this transfer func-
tion is through use of the circuit of Fig. 2.2 

choke 

9m 

(a) 

e 

(b) 

Fig. 1—Reactance tube circuit and its current 
generator equivalent network. 

7 

Fig. 2—Network to realize nullifying 
transfer function. 

Here a series R-L-C circuit loads the plate 
of a pentode and provides a network trans-
fer function of: 

emit — gml 

ei„ 1 1 

R„ 1 
sL, R, 

sCi 

(5) 

The parallel combination of plate resistance 
and plate load resistance is represented by 
R„. 

J. G. Truxal, " Control System Synthesis," Mc-
Graw-Hill Book Co., Inc., New York, N. Y., p. 187; 
1955. 
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If HF Noise Radiators in Ground 

Re» RI+ sl,i+ —sGi 

for frequencies of interest, (5) becomes 

— g„,1 (RI + sLi —I..). 
ein 

This expression is equivalent to (4) since the 
following dimensionless identities hold: 

gaR., 

sC 
g„,is — 

g. 

gal 1 

sCi gasL 

Upon connecting the network of Fig. 2, to 
provide excitation to the pentode, the input 
current to the simulator becomes 

i = gaeo2. 

In order that the input impedance be of 
the form sLi,„ eo must lag e by 90° since 

e 
=  — 
gasLin 

One method of obtaining eas from e is by use 
of an isolation amplifier and pentode loaded 
with a capacitor. 

An improvement in the linearity of the 
simulator is obtained by using negative cur-
rent feedback. The input current is sensed 
and the voltage amplified and fed back to 
the simulator pentode control grid. Second 
harmonic current is reduced substantially in 
this way. 

The complete circuit is shown in Fig. 3. 

e 

20 
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> 

Fig. 3—Complete inductance simulator circuit. 

e 

Other kinds of two-terminal simulations 
are possible with this kind of circuit because 
of the flexibility allowed by having the input 
impedance a function of eta alone. One pos-
sibility is a negative inductance. It can be 
obtained simply by reversing the terminals 
at the output of the isolation amplifier in 
Fig. 3. Another is obtained when ea is ob-
tained through two pentode-capacitor cir-
cuits in cascade. The input impedance then 
becomes proportional to (sL)2. 

The positive inductance simulator of Fig. 
3 has a frequency range of 60 to 2000 cps, 
with an equivalent magnitude range of 28 
to 2800 henries. 

JOHN E. FULENWIDER 
Booz-Allen Applied Res., Inc. 

Glenview, Ill. 

Flashes of Tropical Lightning* 

Previous analyses of this subjecti. 2,2 
ignore ground flashes because 1) they con-
stitute less than 10 per cent of all discharges 
in the tropics! and 2) the noise power in-
volved at FIF is not significantly d fferent 
from that of cloud discharges. This letter 
gives the results of an analysis' for substanti-
ating 2). It assumes information contained 
in Schonland" and Aiya.'-7 

between the major discharges there is the 
J field change and, after the last major dis-
charge, there is the F field change. The long-
duration B, J and F field changes exhibit 
fluctuations which result in noise radiation 
of low power. 
A typical tropical ground flash as an HF 

noise radiator is described in Table I. Type 
classification is based on the rms noise field 
strength corresponding to the average 
power received from an emission. The maxi-
mum or peak value of this quantity, A, 

TABLE I 

HF NOISE SOURCES IN TROPICAL GROUND FLASHES 

T ype 
number 

mis 
field 

strength 

Probable source of 
emission in the flash 

Duration 
M Milli- 
seconds 

Number of 
• times it • occurs in 

each flash 

Total 
maximum 
duration 
of type in 
each flash 

Remarks 

1 A 
— 
16 

1) Fluctuation of the B 
field change. 

2) Fluctuation in the J 
field change. 

3) Fluctuation in the F 
field change. 

30 

30 

30 

1 

3 

1 

150 

II 

III 

A 
— 
8 

1) Initial pulsive part of B 
field change. 

2) M-components follow-
ing each return stroke. 

5 

5 

1 

4 

25 

Of much shorter du-
ration when height of 
cloud base is low 

A 
- 
4 

Stage III or a portion of 
the first leader stroke 

11 I II 

IV A Stage I of all leaders 1 4 4 

V A Stage II of first leader 2 

1-2 

1 2 Part or whole of it may 
not exist 

VI — Return stroke. Behaves as 
a long vertical grounded 
aerial for HF with main lobe 
in polar diagram practical- 
ly vertical and minor sub-
sidiary lobes 

4 

3 

8 Prominent reflected 
pulses from the iono-
sphere possible at short 
distances 

Radiation pattern sim-
ilar to return stroke 
but with lower ampli-
tudes 

VII — Stages II and III of sec- 
ond, third and fourth lead- 
ers or dart leaders 

1 3 

RESULTS 

A tropical ground flash lasts 0.2 second. 
It has four major discharges. Each such 
discharge consists of a leader stroke, a return 
stroke and M-components or M-type of dis-
charge (it is the author's view that M-com-
ponents are, in several respects, similar to 
the leader discharge with all its possible 
variations). The approximate time interval 
between successive major discharges, as 
measured between commencements of re-
turn strokes, is 0.04 second. A flash com-
mences with a B field change which has sig-
nificant pulsations at the beginning. In 

* Received by the IRE, October 7, 1959. 
1 S. V. C. Aiya, "Noise power radiated by tropical 

thunderstorms," PROC. IRE, vol. 43, pp. 966-974; 
August, 1955. 

2 S. V. C. Aiya, "Atmospheric noise interference to 
short wave broadcasting," PROC. IRE, vol. 46, pp. 
580-589; March, 1958. 

S. V. C. Aiya. "Average power of impulsive at-
mospheric radio noise," PROC. IRE, vol. 47, p. 92; 
January, 1959. 

S. V. C. Aiya, "Atmospheric noise interference to 
medium wave broadcasting," IRE PROC.. vol. 46, 
pp. 1502-1509; August, 1958. 

S. V. C. Aiya, "Atmospheric noise radiators," to 
be published. 

s B. F. J. Schonland, "The lightning discharge," 
in "Handbuch der Physik," S. Flugge-Marburg. Ed., 
Springer-Verlag, Berlin, Germany, vol. 22, pp. 576-
628; 1956. 

S. V. C. Aiya, C. G. Khot, K. R. Phadke and 
C. K. Sane," Tropical thunderstorms as noise radi-
ators," J. Ind. Res. (India), vol. 14B. pp. 361-
376; Augu.9, 1955. 

arises from stage I of the leader discharge 
and can be calculated from (7) in Aiya.2 

Departures from the description in 
Table I are to be expected because, even in 
the tropics, ground flashes show a greater 
variety than cloud discharges. This is prob-
ably due to 1) wide variations in the height 
of the cloud base above ground ( it being 
very low in India after the regular monsoon 
has set in); 2) the general topography of the 
place, such as hills, high structures, etc., and 
electrical characteristics of the ground. 
When the height of the cloud base is low, 
some flashes may take the form of a con-
tinuous discharge to ground on which are 
superposed a very large number of M-com-
ponents, and some may become one stroke 
flashes with a continuous discharge as de-
scribed for the rest of the flash, and so on. 

NOISE RECORDS 

Recording of radiations from one com-
plete cloud discharge requires very careful 
design of experiments, etc. It is not so for 
ground flashes because there is almost con-
tinuous radiation throughout the flash. 
Even when it is not visible, a ground flash is 
easier to identify as it radiates VLF noise 
also; however, precautions have to be taken 
in interpreting the records. First, there is the 
integrating effect of the recording gear be-
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cause of its time constants. Secondly, close 
distance records depend on the height of the 
cloud base above ground, as most of the 
emissions originate from inside the cloud. 

Extraneous noises always affect the 
records. There is always the noise from dis-
tant thunderstorms and, perhaps, galactic 
noise as a background. There are additional 
complications at close distances; there can be 
electrostatic fields arising from various 
causes; and furthermore, pulses from the 
return strokes and dart leaders may be re-
ceived after ionospheric reflection along with 
M-components or J or F field change fluc-
tuations. ( It is not impossible to get such 
reflected pulses even when they are ruled 
out by MUF considerations, one of the 
several reasons for this being the abnormal 
ionization associated with thunderstorms.) 
The contributions from such extraneous 
noises are small and do not significantly 
affect the peak amplitude A. But, in other 
cases, what is recorded is the resultant 
amplitude deduced by applying the method 
of Friis.8 

POWER PER FLASH 

The rms field strength B per flash can be 
calcubtcd from Table I in terms of A as 
follows: 

B for a ground flash 

/1 2 A2 /12 
6.4 2+ 11.— + 25-- + 150.-

16 64 256 
 (1) 

200 

= (0.2) • A . (2) 

B for a cloud discharge as calculated earlier' 
is 

-2-à-Ô• A = (0.14) • A. (3) 

B for a ground flash is about 3 db higher 
but, in actual records, it may even appear 
to be as much as 10 db higher due to ex-
traneous contributions, etc., discussed. We 
conclude, therefore, that the HF noise pow-
ers involved in ground and cloud discharges 
are not very significantly different. Inter-
ference calculations will probably require 
either A or the quasi peak value, as de-
scribed in Fig. 3 of Aiya.2 The present 
analysis indicates that neither of these two 
quantities would be seriously affected by 
the subsidiary radiations in a ground flash. 

TEMPERATE REGION RECORDS 

Horner and Clarke' and Horner'° have 
published photographs of noise bursts in 
England at 11 mc with a 300-cps bandwidth. 
The photographs, their statements, and the 
fact that they have recorded VLF noise also 
simultaneously in most cases, indicate that 
their records are for ground flashes. There 
does not appear to be any feature in the 
photographs which is not covered by the 
discussion in this letter. It is, however, not 
unlikely that there would be some differ-
ences in the nature of atmospherics radi-

9 H. T. Friis, "Noise figure of radio receivers," 
PROC. IRE, vol. 32, pp. 419-422; July, 1944. 

9 F. Horner and C. Clarke, "Radio noise from 
lightning discharges." Nature. vol. 181, pp. 688-690; 
March, 1958. 

I" F. Horner, "The relationship between atmos-
pheric radio noise and lightning," J. Atmos. Terres. 
Phys.. vol. 13, pp. 140-154; December, 1958. 

ated by sources located in tropical and tem-
perate regions but it would be premature to 
draw conclusions on the point at present. 

Horner and Clarke' have measured the 
peak amplitudes on their records for dis-
tances of storm d, varying from 1 to 18 km. 
This peak amplitude corresponds to A and 
it can be calculated from (7) in Aiya.2 For 
a space wave at 11 mc with 300-cps band-
width, we get 

sin 0 
A = (2.40) — i.tV/m (4) 

where, 0=angle the direction of radiation 
makes with the axis of the dipole and r = dis-
tance of the source in 106 meters. 

Close-distance calculations require the 
height of the cloud base, h, which is not 
given and has, therefore, to be estimated. 
As measured by them, d is the hypotenuse of 
a right-angled triangle of which H, the 
mean height of the radiator, is only one side. 
Since d could even be 1 km, it follows that 
II must be less than 1 km. Assuming h =0.3 
kin, a not uncommon value, there would be 
no stage II for the leaders and stage I of 
first leader would start from cloud base and 
extend to 1 km above, i.e., H=0.8 km. For 
stage I of second leader, H=0.8+0.7 = 1.5 
kin, and soon. ( It may be pointed out that 
other possible assumptions for values of h 
will not materially change the calculated 
values.) Values from (4) and the measured 
values of Horner and Clarke are given in 
Table II. In the tropics, it is expected that 
measured values on individual storms would 
lie within +3 db of the calculated values 
from (4) in the majority of cases. Hence, the 
agreement in Table II for temperate regions 
should be considered very satisfactory. 

TABLE II 
CALCULATED AND M FASURED VALUES OF PEAK 

AMPLI TUDFS IN pV/METER 

Source 
dis- 
tance 
in km 

Leader 
number 

Stage 
I 

is  
'';'-r;'` 

km 

Calculated 
value 

Measured 
value of 

Horner and 
Clarke 

1 First 0.8 1440 1400 

3 First 0.8 771 varies from 
Second 1.5 693 900 to 550 
Third 2.2 545 

I to 18 — — 1440 to 133 1500 to 50 

S. V. CHANDRASHEKHAR AIYA 
Dept. of Elec. Commun. Engrg. 

Indian Inst. of Science, 
Bangalore 12, India 

Experimental Proof of Focusing at 
the Skip Distance by Backscatter 
Records* 

For some years, the fieldstrength near the 
skip distance and its variation with time and 
space has been the subject of different cal-

* Received by the IRE. October 19, 1959. 

culations" and measurements, 4,6 but the 
focusing which was expected has not yet 
been proved in an unequivocal manner. 
However, this seems to be a result of tech-
nical rather than other difficulties. 
For more than half a year, we have made 

backscatter records every day, on a fixed 
frequency of 16.65 inc. The film speed was 
low, so the time scale was rather narrow; 
with a pulse duration of 100 psec we had a 
good resolution of distances. 

In spite of the poor information we have 
with respect to ground scatter, it seems that 
backscatter observations are quite useful 
for our problem because focusing must be 
active twice whenever it occurs, viz., on 
the direct as well as on the return way. In 
fact, clear focusing has been observed nearly 
every day for some time, often for many 
hours and for both magneto-ionic compo-
nents [Fig. 1(a)). 

The effect of focusing was less pro-
nounced in summer than in winter. Also, 
the focusing phenomena observed at Brei-
sach near Freiburg were less frequent and 
less important when observations were made 
in the direction of 250° (South-West) and 
especially 280° (West) than they were in the 
direction of 220° (South). These variations 
according to season and direction can be 
adequately explained by the following facts: 
the ionospheric turbulence should be greater 
in a northern direction; the disturbance of 
geometrical optics by the existence of Es 
layers must be more important in summer; 
and the defocusing effect of the refraction by 
the normal E layer° should be greater in 
summer. 

Occasionally we found a clear focusing 
even for the two-hop rays (2F.); in these 
cases the difference of the skip distance for 
both components is twice that for IF. This 
can be seen from Fig. 1(b). 

Note with respect to the records that we 
use a 66-cps pulse recurrence frequency at 
the transmitter side, but 33 cps for the 
receiver sweep; only half of this sweep (cor-
responding to 2250 instead of 4500 kin) is 
recorded, viz., the delay between two suc-
cessive transmitter pulses (dark lines at the 
lower and upper margin of the record). Thus 
we have an overlapping of two reflection 
patterns. Distinction of both patterns is 
made possible by switching the transmitter 
to 33 cps; this is done for a two-minute in-
terval every quarter of an hour. The IF. 
backscatter is the lower trace in Fig. 1(b) 
which has the quarter-hourly interruptions 
It belongs to a pulse which was 1/66 second 

I H. Bremmer, "Terrestrial Radio Waves," Else-
vier, New York, N. Y.. pp. 182-190; 1949 

K. Rawer. "Calcul du champ de l'onde d'espace," 
Rev. Sa., vol. 85. pp. 234-235, February, 1949; pp. 
287-288, March, 1947; pp. 361-362, April, 1947; vol. 
86, pp. 481-485, June, 1948; pp. 585-600, October. 
1948. 

H. Poeverlein, " Fieldstrength near the skip dis-
tance," AF Cambridge Res. Center, Bedford, Mass.. 
Tech. Rept. No. TR-54-I04; 1955. 

4 J. Grosskoph, "tber einige Beobachtungen bei 
Feldstiirkeregistrierungen im Kurzwellenbereich," 
Telegr., Fernspr., Funk und Fernseh-tech., vol. 29, 
pp. 127-137; May, 1940. 

s B. Bechmann, W. Menzel, and F. Vilhig, "Crenz-
wellen und Streustrahlung in der Funkausbreitung," 
Telegr., Fernspr., Funk und Fernsehtech.. vol. 30, pp. 
43-52; February, 1941. 

" K. Bibi, K. Rawer, and E. Theissen, "Le Rôle de 
L'occultation dans la Propagation des Ondes Dé-
camétriques," Rapport du Service de Prevision [ono-
spherique, France, No. RI 1 ; December, 1951. Also, 
"An improved method for the calculation of the field-
strength of waves reflected by the ionosphere," 
Nature, vol. 169, pp. 147-150; January, 1952. 
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Fig. 2—Statistical results for the South and South-West directinn,r.. 

below the lower black line; thus we must add 
2250 km to the range as measured froui this 
line. The 2F. backscatter is the upper trace 
in Fig. 1(b). Th, corresponding pulse is 2/66 
second below the lower black line, so we 
must add 4500 km. In our example, the 2.F. 
backscatter came from a distance d 5(X)0 to 
6000 km; this is about the distance from the 
United States to Freiburg. 

n order to give a general view of the fre-
quency of focusing, Fig. 2 give,. day-to-day 
statistics for the last six months. Four 
periods of the day been represented sepa-
rately ( four colors). The importance of 
focusing has been classified in four grades: 
0=110 focusing; 1 = weak focusing; 2 = both 
components distinctly visible at skip dis-
tance; 3 = lasting a long time and compo-

:44 te•te: 

1959 

nents distinctly visible. On our frequency, 
daytime focusing was only present in whiter, 
nighttime focusing was most frequent in 
spring; the over-all importance decreased in 
summer. 

K. Bun. 
lonosphiiren Inst. im Fernmeldetech. 

Zentralamt der Deutschen Bundespost 
Breisach am Rhine. Germany 
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U. S. Navy. He re-
ceived the M.S.E. 
and Ph.D. degrees 
from the University 
of Michigan, Ann 
Arbor, in 1950 and 
1954, respectively. 
During 1952, he was 
engaged in studying 
ferromagnetic metals 

at the University of 

William \V. Mumford (A'30-SM'46-
F'52) was born in Vancouver, Wash., on 
June 17, 1905. He received the B.A. degree 

in 1930 from Wil-
lamette University, 
Salem, Ore., major-
ing in physics and 
mathematics. He 
served in the U. S. 
Coast Guard as a ra-
dio operator on the 
Cutter Algonquin in 
1923 and 1924, and 
as a telegraph opera-
tor, clerk and man-

W . W. MUMFORD ager with the West-
ern Union Telegraph 

Company, in Washington and Oregon during 
the next two years. From 1928 to 1930, he 
was associated with the Oregon State High-
way Commission Testing Laboratory. In 
1930, he joined the Technical Staff of the 
Bell Telephone Laboratories with the Radio 
Research Department at Holmdel, N. J. 

S. OKWIT 

In 1953, he transferred to the Military 
Development Department of Bell Tele-
phone Laboratories, Whippany, N. J., where 
he is now supervisor of a group engaged in 
the study of microwave radar problems and 
the exploratory development and exploita-
tion of the latest techniques for improving 
noise figures of receivers. 

He has worked on ultra-short-wave prop-
agation and microwave components for ra-
dio relay systems and radars, and has 
studied the published literature concerning 
biological effects of microwaves as related to 
microwave radiation hazards. His contribu-
tions in the microwave field include the di-
rectional coupler, wideband coaxial-to-wave-
guide transducers, helix-to-waveguide tran-
sitions as used in the traveling-wave tube 
and the gas-discharge noise generator. These 
are covered in 31 published papers and 13 
patents. 

Mr. Mumford is a licensed Professional 
Engineer in New Jersey. 

Seymour Okwit was born on August 31, 
1929, in New York, N. Y. He received the 
B.S. degree in physics from Brooklyn College, 

Brooklyn, N. Y., and 
the M.S. degree in 
applied mathematics 
and physics from 
Adelphi College, 
Garden City, N. Y., 
in 1952 and 1958, re-
spectively. He is pres-
ently doing work to-
ward the doctoral 
degree in mathemat-
ical physics. 

From 1952 to 
1954, he was in the 

armed forces. He was assigned to the detec-
tion division of the Chemical and Radiologi-
cal Laboratories of the Army Chemical 
Center, Edgewood, Md., where he did ex-
tensive development work on instrumenta-
tion for the detection and analysis of the 
poisonous "G" nerve gases. Detection instru-
ments that he worked on include an infrared 
scanning system and a system utilizing 
microwave spectroscopy. From 1954 to 1955, 
he was associated with the radar department 
of Arma Corporation, where he was con-
cerned with boresight studies on monopulse 
antennas. He joined the Airborne Instru-
ments Laboratory, a division of Cutler-
Hammer, Inc., Melville, L. I., N. Y., in 
November, 1955, as an engineer in the De-
partment of Applied Electronics, where he 
was concerned with the design and develop-
ment of RF, IF, and microwave components 
and systems. Since 1958 he has been re-
sponsible for, and has performed consider-
able theoretical and experimental work on, 
solid-state devices such as low-loss circu-
lators, low-level ferrite limiters, and cavity 
and traveling-wave masers. Mr. Okwit is 
now a group leader in the applied electronics 
department at AIL, and is currently direct-
ing programs in the development of ad-
vanced solid-state devices including masser, 
parametric amplifiers, and novel ferrite com-
ponents. 

at. 
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A. \V. STRAITON 

H. John Prager was born in Vienna, 
Austria, in 1915. He received the B.S.E.E. 
degree from the University of Vienna in 1938 

and the M.S.E.E. de-
gree from the Uni-
versity of Michigan, 
Ann Arbor, in 1940. 

From 1940 to 
1942, he was associ-
ated with the Re-
search Laboratory of 
the Detroit Edison 
Company, Detroit, 
Mich. In 1943, he 
joined the Electron 
Tube Division of 
RCA in Harrison, 

N. J., as a production engineer of small 
power and receiving tubes. In 1944, he trans-
ferred to the Receiving Tube Development 
Group where he served as Design Engineer, 
Technical Coordinator, and Unit Leader un-
til 1959. His various assignments there in-
cluded the design of several entertainment-
type receiving tubes as well as premium in-
dustrial tubes, gas-filled tubes and UHF 
pencil tubes. From 1954 until 1959, he served 
as a member of the JETEC-12 Committee, 
and also was an Evening Instructor at the 
Newark College of Engineering, Newark, 
N. J. He is presently engaged at the RCA 
Laboratories, Princeton, N. J., working on 
semiconductor-microwave devices. 

H. J. PRAGER 

Archie \V. Straiton ( M'47-SW49-F'43) 
was born in Arlington, Tex., on August 27, 
1907. He received the B.S.E.E. degree in 

1929, the M.A. de-
gree in 1931, and the 
Ph.D. degree in 1939, 
all from The Uni-
versity of Texas, 
Austin. 

He taught at 
Texas College of 
Arts and Industries, 
Kingsville, from 1931 
to 1943. Since 1943, 
he has taught at The 
University of Texas, 
Austin, where he is 

now Professor of electrical engineering and 
Director of the Electrical Engineering Re-
search Laboratory. 

1)r. Straiton is a member of Eta Kappa 
Nu, Tau Beta Pi, Sigma Xi and the American 
Society for Engineering Eduction. He was 
a former member of the U.S.A. National Com-
mittee and Chairman of Commission II of 
URSI. 

Charles \V. Tolbert (M'49-SM'55) was 
born in Homer, La., on August 28, 1920. 
He received the B.S. degree in general 

F. M. TURNER 

C. W. TOLBERT 

engineering from Texas College of Arts and 
I ndustries, Kingsville. 

He was employed for two years by the 
National Geophysi-
cal Company, Dallas, 
Tex., before coming 
to the University of 
Texas, Austin, as an 
instructor in 1945. 
Shortly afterwards, 
he joined the staff of 
the University's Elec-
trical Engineering 
Research Labora-
tory, where he has 
been responsible for 
much of the experi-

ment program, and, in recent years, has been 
in charge of the millimeter studies. 

Franklin M. Turner (S'49-A'52-M'56) 
was born in Southington, Conn., on August 
18, 1925. He received the A.A. degree from 

Grant Technical Col-
lege, Del Paso 
Heights, Calif., in 
1948. In 1950, he re-
ceived the B.S. de-
gree, and in 1951 the 
M .S. E. E. degree, 
both from Stanford 
University, Stanford 
Calif. 

From 1951 to 
1952, he studied mi-
crowave tubes as a 
research assistant 

with the Electronics Research Laboratory 
at Stanford University. In 1952, he became 
a staff member of this laboratory. He is cur-
rently a research associate with the Sys-
tems Techniques Laboratory, one of the five 
laboratories constituting the Stanford Elec-
tronics Laboratories at Stanford Univer-
sity. His present work is concerned with the 
development of new components and sys-
tems techniques related to electronic coun-
termeasures. 

Mr. Turner is an associate member of 
Sigma Xi. 

Chao C. Wang (A'43-SM'49-F'57) was 
born in Shanghai, China on October 20, 
1914. He received the B.S.E.E. degree in 
1936 from Chaio-Tung University, Shang-
hai, and the M.S. and Ph.D. degrees, both 
in radio communications, in 1938 and 1940, 
respectively, from Harvard University, 
Cambridge, Mass. 

Since 1940, he has been engaged in mi-
crowave tube research and development. In 
1940-1941, he studied vacuum tube manu-

facturing methods at the RCA Manufactur-
ing Co., Harrison, N. J. During World \Var 
II, he worked on microwave tubes for ra-

dar applications at 
Westinghouse Elec-
tric Co., Bloomfield, 
N. J. Since that time 
he has worked in the 
investigation of prob-
lems in electron beam 
focusing by magnetic 
fields, and develop-
ment of interaction 
and circuit theory 
of traveling-wave 
tubes. He has been 
Engineering Depart-

ment Head for microwave tube research in 
the Sperry Electronic Tube Division, Sperry 
Gyroscope Co., Great Neck, N. Y., since 
1956. In this capacity, he is also heading re-
search in solid-state microwave electronics, 
thermionic emission, microwave gaseous 
plasma interaction, and computer develop-
ment. lie is also Victor Emanuel Professor 
at Cornell University, Ithaca, N. Y., for the 
Spring Terni, 1960. 

Dr. \Vang is a member of the American 
Physical Society and the AAAS. 

- 

C. C. \VANG 

Alfred A. Wolf (S'49-A'49- M'55), was 
born on July 21, 1925 in Philadelphia, Pa. 
He received the B.S.E.E. degree from 

Drexel Institute of 
Technology, Phila-
delphia, Pa., in 1948, 
the M.S.E.E. degree 
from the Moore 
School of Electrical 
Engineering, I'niver-
sity of Pennsylvania, 
Philadelphia, in 1954 
and the Ph.D. de-
gree from the Uni-
versity of Pennsyl-
vania in 1958. 

From 1949 to 1954, 
he was on the staff of the Anti Submarine 
Warfare Division of the Naval Air Develop-
ment Center. Then, from 1954 to 1959, he 
was associated with the Moore School of 
Electrical Engineering of the University of 
Pennsylvania. He joined the Stromberg-
Carlson Division of the General Dynamics 
Corp., Rochester, N. Y., in 1959, where he 
is at present applying his theory of nonlinear 
systems to the development of a sophisti-
cated fault detection theory in which he 
relates statistically measured quantities at 
the output of the system being tested to de-
terministic quantities determining the con-
figuration of the structure in response to 
white noise. 

Dr. Wolf has principally been interested 
in the theory of nonlinear systems and re-
lated stochastic processes and has published 
a number of papers on these subjects. 

\ \ \\ ni 
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Books  

Probability and Statistics, 
Ulf Grenander, Ed. 

Published ( 1959) by John Wiley and Sons, Inc.. 
440 Fourth Ave.. N. Y. 16, N. Y. 434 pages. 6 X9I. 
$12.50. 

This book, subtitled "The Harald 
Cramér Volume," is a collection of studies in 
probability and statistics which was pre-
sented to Professor Cramér in honor of his 
65th birthday. It is thus a somewhat hetero-
geneous collection of both exposition and re-
search by some of the most eminent prob-
abilists and statisticians throughout the 
world. The papers range f rom theory of esti-
mation, nonparametric inference, and design 
of experiments in the field of statistics to 
Markov chain theory and Brownian motion 
in the fields of probability and stochastic 
processes. 
A more exact view of the contents of this 

volume can be conveyed by listing the au-
thors and titles: T. W. Anderson—Some 
Scaling Models and Estimation Procedures 
in the Latent Class Model; M. S. Bartlett— 
The Impact of Stochastic Process Theory on 
Statistics; J. L. Doob—A Markov Chain 
Theorem; G. Elfving—Design of Linear Ex-
periments; W. Feller—On Combinatorial 
Methods in Fluctuation Theory; E. Fix, 
J. L. Hodges and E. L. Lehmann—The 
Restricted Chi-Square Test; U. Grenander 
— Some Non-Linear Problems in Probability 
Theory; M. Kac—Some Remarks on Stable 
Processes with Independent Increments; 
D. G. Kendall—Unitary Dilations of 
Markov Transition Operators, and the Cor-
responding Integral Representations for 
Transition-Probability Matrices; P. Lévy 
— Construction du Processus de W. Feller 
et H. P. McKean en Partant du Mouvement 
Brownien; P. Masani—Cramér's Theorem 
on Monotone Matrix-Valued Functions and 
the \Vold Decomposition; P. Masani and 
N. Wiener—Non-Linear Prediction; J. Ney-
man—Optimal Asymptotic Tests of Com-
posite Statistical Hypotheses; H. Robbins 
—Sequential Estimation of the Mean of a 
Normal Population; M. Rosenblatt—Sta-
tistical Analysis of Stochastic Processes with 
Stationary Residuals; C. O. Segerdahl—A 
Survey of Results in the Collective Theory 
of Risk; J. \V. Tukey—An Introduction to 
the Measurement of Spectra; S. S. Wilks— 
Nonparametric Statistical Inference; H. 
Wold—Ends and Means in Econometric 
Model Building. 

These collected papers fill 434 pages and 
represent a most interesting cross section of 
modern probability and statistics. The ar-
ticles are carefully written and the authors 
have supplied excellent references to each of 
the topics, many of which were advanced by 
Cramér's researches. 

Although this book was not written spe-
cifically by and for members of the engineer-
ing profession but rather by and for proba-
bilists and statisticians, it will serve as a 
source of valuable material, especially to 
those engineers conducting investigations 
involving stochastic processes. For example, 
the papers by Bartlett, Kac, Lévy, Rosen-

blatt and Tukey will be of particular inter-
est. The printing is excellent and great 
credit is due Ulf Grenander for his excellent 
work as editor. Thanks also should be given 
to John Wiley and Sons for publishing "The 
Harold Cratnér Volume" during Professor 
Cramér's lifetime. 

H. P. EDMUNDSON 
Planning Research Corp. 

Los Angeles, Calif. 

Materials and Techniques for Electron 
Tubes, by Walter H. Kohl 

Published ( 1960) by Reinhold Publishing Corp.. 
430 Park Ave., N. Y. 22, N. V. 603 pages +20 index 
pages + 13 appendix pages +xvii paages. Illus. 61 X91. 
$16.50. 

"Materials and Techniques for Electron 
Tubes" is a revised and updated version of 
the former "Materials Technology for Elec-
tron Tubes" ( 1951) written as a reference 
book for tube engineers and scientists. Its 
seventeen chapters cover, in a remarkably 
complete manner, much of the vacuum tube 
materials work performed during the last 
decade. As stated by the author, "This . . . 
is not a textbook from which to learn first 
concepts, but it is a very useful reference 
book to be used in conjunction with other 
texts." 

The book has chapters on glass, ceramic 
and mica materials. Metals are covered by 
chapters on carbon and graphite, iron and 
steels, copper, nickel, precious metals, 
tungsten, molybdenum, tantalum and ni-
obium, and a chapter each on getters, braz-
ing metals and cathode metals. Although 
materials application techniques are dis-
cussed throughout the various chapters of 
this book, individual chapters are devoted to 
glass-to-metal seals and ceramic-to-metal 
sealing. The latter chapter of forty-nine 
pages reflects the increasing importance of 
this type of seal to the tube industry and 
appears to be quite complete. The chapters 
on iron and steels, precious metals and get-
ters are welcome additions. \Vith the single 
exception of the chapter on Joining of 
Metals by Brazing, which has been con-
densed, all other chapters have been revised 
and greatly expanded. 

As was the case in his earlier book, Dr. 
Kohl has compiled a comprehensive and 
valuable list of references for each of his 
chapters. Most of the reference material 
(nearly 1200 separate listings) has been pub-
lished since 1952. Sufficient information is 
included in the references to permit one to 
locate the material quite easily. 

The chapter on Precious Metals deals 
largely with the solution of grid emission 
problems and might well be expanded in a 
future edition. Similarly, the section on 
oxide-coated cathodes should be expanded, 
particularly with respect to the role of the 
nickel base alloys and the influence they 
have on cathode performance as a function 
of temperature, time, alloying elements, etc. 
A very good list of references is cited in this 
chapter. In general one might wish to see 
more information on the properties of ma-
terials at high temperatures in high vacuum; 

however, these data are very hard to locate, 
and in many cases the engineer or scientist 
must be guided by reported application ex-
perience. 

The chapters on Ceramic-to-Metal Seal-
ing and Tungsten are very well done and 
Table 12.1 entitled "Brazing Filler Metals 
for Electron Tubes," showing properties of 
143 high temperature materials is an out-
standing example of the factual information 
available throughout this book. 

Dr. Kohl has written a very valuable 
comprehensive reference book which should 
be of great assistance not only to tube engi-
neers but to others working with these ma-
terials as well. 

A. P. HAASE 
General Electric Co. 

Owensboro. Ky. 

Mathematics for Communication 
Engineers, by S. J. Cotton 

Published ( 1959) by the Macmillan Co.. 60 Fifth 
Ave., N. V. 11, N. V. 229 pages +5 index pages +x 
pages + 10 answer pages. Bibliography at end of each 
chapter. Illus. 61 X10. $7.50. 

The preface starts " It would be justi-
fiable for anyone to exclaim: 'Another text-
book on mathematics!' Yet this book was 
started in answer to a request from a num-
ber of students to bridge a gap which cer-
tainly does exist." On the one side is the 
mathematician with his proofs, and on the 
other side is the communications engineer 
needing to use advanced mathematics in his 
work. The book bridges this gap by giving 
developments of the ideas of advanced math-
ematics without always giving a full proof. 
Enough is given to make the result seem 
reasonable, and the results, especially in the 
early chapters of the book, are given in such 
a way that the communications engineer 
will find this a good book to use as a refer-
ence. 

The topics covered are Review of Calcu-
lus, Determinants, Infinite Series, Trigo-
nometric Functions, Complex Functions, 
Further Integration and Differentation, Dif-
ferential Equations Applied to Lines and 
Networks, Theory of Functions of a Com-
plex Variable, Harmonic Analysis, Vector 
Analysis, Special Functions and Equations, 
and Probability and Statistics. Each chapter 
contains examples of the application of the 
mathematics to a problem in communica-
tion engineering. There are exercises at the 
end of each chapter, and further exercises at 
the end of the book. Answers to the exercises 
are also given, so the book is well suited to 
self-study. 

The book is well written and should be a 
real help to both students and practicing 
engineers. Once in a while the reader will run 
into wording which must be carefully 
studied. For example, in line 3 on page 142, 
reference is made to "any point in the re-
gion." Does the author mean that the condi-
tion he is imposing must apply to all points 
in the region, or only to one point in the 
region? 

In the statement of the Laplace Trans-
form (page 174) the same functional nota-
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tion is used for the time-domain function, 
f(1), and for the p-domain function, pp). 
This may be a mistake in typesetting, with 
F(p) having been intended to show that 
these two are different functions as well as 
having different variables. 

Some topics, such as matrix theory and 
advanced algebra, are not included in the 
book, nor are there any tables of functions. 

The book is a compact package, reason-
able in cost, with much advanced mathe-
matics useful to the communications engi-
neer. It lives up to its title quite well. 

GEORGE B. HOADLEY 
North Carolina State College 

Raleigh, N. C. 

Telemetering Systems, by Perry A. Borden 
and W. J. Mayo-Wells 

Published ( 1959) by Reinhold Publishing Corp., 
430 Park Ave., N. Y. 22, N. Y. 331 pages + 11 index 
pages +6 appendix pages +ix pages. Illus. 61 X91. 
$8.50. 

The field of telemetry is a rapidly ex-
panding one. However, there are very few 
books on this subject. This book is therefore 
a welcome one and represents a moderniza-
tion of a previous book by Borden and 
Thynell. The authors have made a particu-
lar effort to unify the older fields of indus-
trial telemetry with the modern develop-
ments having application to aircraft and 
missile testing. It is particularly valuable in 
setting forth the components and concepts 
of industrial telemetering which are covered 
in the chapters on current, voltage and posi-
tion systems of telemetering. There is an ex-
tensive section on the FM/FM system of 
telemetering which has considerable applica-
tion in the aircraft and missile testing field. 
This, however, has been covered under the 
heading of "Frequency Systems of Tele-
metering." 

The recent PCM system of telemetering 
is to be found in the chapter on "Impulse 
(Pulse) Systems of Telemetering." Also in-
chided in these chapters are the other pulse 
systems such as PPM, PDM, PAM, and 
two less known systems called Pulse Delta 
Modulation and Pulse Multiple Modulation. 

The book also covers methods of reduc-
ing data collected by the telemeter in the 
chapters on Coordinating, Totalizing, Com-
puting, and Integrating. The selection and 
application of telemetering systems are 
covered in a rather general way. 

The manner of dealing with the subject 
matter is basically descriptive with some dis-
cussion of circuit details and block diagram 
configurations. There is little treatment 
from an analytic point of view of the design 
of telemetering equipment, of the analysis of 
bandwidth requirements and signal-to-noise 
considerations, or of the effect of interfering 
signals. Such considerations, for example, 
have been included in the radio telemetering 
field by Nichols and Rauch in their book 
"Radio Telemetry." 

The authors have succeeded in their at-
tempt to show the relationships between the 
older telemetering concepts and modern 
practice. However, some readers may find 
some difficulty in locating some of the newer 
systems in the framework of classification 
used in this book. The book will be found 
valuable to people working in the field be-
cause of the many examples of ingenious 

earlier practice in telemetry and will help 
people entering this field to become ac-
quainted with the nature of telemetering 
devices. 

ELLIOT L. GRUENBERG 
IBM Corp. 

Bethesda, Md. 

Modern Network Analysis, by F. M. 
Reza and Samuel Seely 

Published ( 1959) by McGraw-Hill Book Co., Inc., 
330 W. 42 St.. N. V. 36, N. Y. 361 pages +5 index 
pages +6 appendix pages +xi pages. Illus. 61 X91. 
$10.00. 

The objective of the authors in writing 
this book is to provide a link between avail-
able introductory texts (such as that of 
E. A. Guillemin and others) and the more 
mathematical works (of W. Cauer, R. M. 
Foster, and others). This text has been 
"classroom tested" and is intended for an 
advanced undergraduate or a first graduate 
course on the analysis and synthesis of linear 
networks. As is true of such texts, a con-
siderable number of problems are given 
(with no answers). 

The book is divided into three parts, the 
first of which comprises chapters on the com-
plex s plane, matrices and determinates, 
network topology and equilibrium equa-
tions. Part 11 comprises three chapters de-
voted to application to two-port networks, 
image parameter and conventional filters, 
and linear systems with distributed parame-
ters. The last, Part I II, of the book comprises 
five chapters on the system functions of 
linear systems and their transient response to 
singularity functions, a brief review of La-
place transform theory, and realizability 
formulas in network synthesis. 

The authors prefer to use the exponen-
tially damped sinusoidal excitation e" be-
cause the ensuing steady state response of a 
linear system differs from e" only by multi-
plication by a complex quantity. They 
should have indicated, however, that a 
definable and separable steady state re-
sponse can occur only for a nondamped 
sinusoidal excitation for which s =jzo. 

The chapter on linear algebra dealing 
with matrices and determinants is particu-
larly useful as a body of formulas with appli-
cations. This also applies to the chapters on 
network topology and network equilibrium 
equations. A good description is given of the 
matric interrelationship among the six meth-
ods of analyzing two-port linear systems. It 
concludes with a review of the realizability 
criteria for linear systems from considera-
tions of the energy functions using, in par-
ticular, the matrices described in the text. 

The book is recommended to all stu-
dents interested in network analysis. 

DR. M. J. DITORO 
Polytechnic Res. and Hey. Co. 

Brooklyn, N. Y. 

Introduction to Matrix Analysis, 
by Richard Bellman 

Published ( 1960) by McGraw-Hill Book Company, 
Inc., 330 W. 42 St., N. Y. 36, N. V. 301 pages +6 
index pages + 19 appendix pages +xx pages. 61 X91. 
$10.00. 

To a very large extent, modern electrical 
engineering science is based on the concept 
of linearity. This is particularly true in the 
field of "systems" as opposed to "com-
ponents." As a result of historical accidents 

as well as of the parochial attitudes of engi-
neering educators in the past, the "linear 
systems" field is at present dominated by 
the Laplace transform, to the virtual ex-
clusion of any other tool. This is as unfortu-
nate as it is unnecessary. The growth of 
mathematics during the last century has 
given rise to an impressive body of knowl-
edge based on linearity, which is nowadays 
usually called "linear algebra and analysis." 
Crudely speaking, linear algebra is matrix 
theory, and linear analysis is that class of 
problems (and much more) which engineers 
at present usually treat by the Laplace 
transform. 

In the preface, the author calls matrix 
theory "the arithmetic of higher mathe-
matics." For a scientific worker who is will-
ing to use nontrivial mathematics (pure or 
applied), continued study of matrix theory 
deserves the highest priority. The reviewer 
feels strongly that matrix theory, as yet 
greatly neglected, belongs to the core of the 
engineering science curriculum. The reasons 
are: matrix theory is a theory of complexity, 
very useful in dealing with large networks, 
digital computers, etc.—areas where the La-
place transform is not well suited to cope 
with practical problems; it provides the 
rudiments of abstract language and think-
ing, without which the results of modern 
mathematics cannot be utilized. 

The distaste of many engineers for ma-
trix methods may be the result of inadequate 
expositions. Too many books have been 
written with the purpose of "selling" matrix 
methods, by concentrating on this or that 
application. On the other hand, texts in pure 
mathematics are unsuitable for engineering 
instruction because of complete lack of ap-
plications. So it is especially fortunate that 
the author of this book is an active leader in 
the fields of analysis and dynamic systems 
and has been concerned for many years with 
the delicate interplay between theory and 
applications. Equally fortunate for electrical 
engineers is the choice of subject matter, 
which is closely related in many cases to cur-
rent applied problems. 'Additional volumes 
are promised in this Series on 1) computa-
tional methods (by G. Forsythe), 2) linear 
programming and combinatorics (by A. Hoff-
man) and 3) network theory (by L. Wein-
berg).) 

The book consists of short, brisk chap-
ters, the main theme being quadratic forms. 
An outline of the contents is as follows: 

Chapter 1 deals with maxima and mini-
ma of functions of two variables from several 
points of view. 

Chapter 2 introduces matrix notation, 
transpose, inner product, etc. 

Chapter 3 defines eigenvalues and eigen-
vectors and then applies these concepts to 
the diagonalization of symmetric matrices 
with distinct eigenvalues. 

Chapter 4 begins with a detailed discus-
sion of the Gram-Schmidt orthonormaliza-
tion process and then completes the problem 
of diagonalizing symmetric matrices includ-
ing simultaneous reduction of quadratic 
forms. 

Chapter 5 considers maximization of 
quadratic forms subject to linear constraints. 
There is an interesting digression on par-
titioned matrices. 

Chapter 6 is a quick look at functions of 
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matrices, in cases where the matrix is di-
agonalizable. The integral of the Gaussian 
distribution is computed. Among the many 
interesting exercises is the Sylvester inter-
polation formula (No. 33) which can be re-
garded as the generalization of the partial-
fraction expansions used in the theory of the 
Laplace transform. 

Chapter 7 is devoted to the Rayleigh co-
efficient, the Fischer-Courant variational de-
scription of characteristic roots, etc. 

Chapter 8 is a nice collection of inequali-
ties, some not well known, such as those 
based on the formula for the Gaussian in-
tegral. 

Chapter 9 is a quick, readable exposition 
of the elementary ideas of dynamic program-
ming, from the point of view of matrices and 
quadratic forms. 

Chapter 10 is perhaps of greatest interest 
to electrical engineers. It is concerned with 
linear matrix differential equations. Too 
many people do not yet know that the solu-
tion of the matrix differential equation 
dx/dt= Ax can be expressed in the form 
(exp At) X (0), a formula which is simpler 
and yet more general than the corresponding 
expression by Laplace transforms. Theorem 
6 of this chapter (which goes back to 
Lyapunov) makes it possible to determine 
the integrated square of transient responses 
by solving a set of linear algebraic equations 
—this is at present usually done by means of 
cumbersome tables. 

Chapter 11 deals with explicit represen-
tations of matrices and matrix functions, 
Jordan canonic form, normal matrices, etc. 

Chapter 12 is a very brief look at Kro-
necker sums and products—these are of in-
terest in recent research in stability theory, 
random processes, etc. 

Chapter 13 is a study of stability in linear 
systems, based mainly on the theorem of 
Lyapttnov in Chapter 10. This is the modern 
approach to the Routh-Hurwitz criteria and 
deserves further serious study, particularly 
by control engineers. 

Chapter 14 is concerned with N1arkov 
chains and processes from the matrix point 
of view. 

Chapter 15 is an ultra-short (because so 
little is known) note on the theory of linear 
dynamic systems whose defining parameters 
change randomly with time. 

Chapter 16 deals with matrices with posi-
tive elements, illustrating t heir significance 
by some typical problems from mathemati-
cal economics. 

There are four appendixes; one dealing 
with the solution of linear algebraic equa-
tions, and the remaining three with some-
what advanced special topics in quadratic 
forms. 

The problems and bibliographical com-
ments should be singled out for special 
praise. The former, some frivolous, some 
straightforward, some important recent re-
sults or tricks, are highly educational for 
those who aim at mastery of the subject, 
but do not sidetrack the beginning student. 
The references include the "classical" papers, 
at least since the 1940's and are also very 
useful in getting started on new research. 

This is a superb book and is warmly 
recommended. Its wealth of material and 
modern point of view should appeal to the 
specialist. As most of the exposition is ele-

mentary, it should be well received as a text 
for the classroom or self-study, at about the 

• senior or first-year graduate level. 
DR. R. E. KALMAN 

RIAS 
Baltimore, Md. 

The Theory of Optimum Noise Immunity, 
by V. A. Kotel'nikov (translated from the 
Russian by R. A. Silverman) 

Published ( 1959) by McGraw- 11111 Book Co., Inc., 
330 W. 42 St., N. V. 36, N. V. 140 pages +xi pages. 
Illus. 71 )( 10t. 

Vladimir Aleksandrovich Koternikov is 
one of the few electronics engineers ever to 
be elected Academician in the Academy of 
Sciences of the U.S.S.R. In 1947 he published 
a doctoral dissertation which was subse-
quently republished in book form in Russian. 
R. A. Silverman's excellent translation of 
this Russian classic should be of interest to 
English speaking communications engineers 
for both technical and historical reasons. 

Koternikov deals with the problem of 
analyzing the performance of various com-
numication systems in the presence of addi-
tive Gaussian noise. This performance is 
measured by minimum probability of error 
in the case of discrete messages and mini-
mum mean square error in the continuous 
case. The organization of this little book is 
as neat and concise as Koternikov's mathe-
matics. Part I serves to set the framework of 
the problems considered and to sharpen the 
few mathematical tools used in the rest of 
the book. Part II then treats the transmis-
sion of discrete messages, Part III the trans-
mission of a continuous parameter value and 
Part IV the transmission of continuous time 
Functions. Each of the latter three parts is 
peppered with examples of the application 
of the general theory to special types of com-
munication systems—ANI, FN1, PAM, 
PPM, SSB, etc. 

At a time when the space lag is exciting 
so much comment, it is interesting to ex-
amine this volume with a view to the possi-
ble existence of a "communication theory 
lag." The framework within which Kotel'-
nikov solves his problems is one which we 
now call statistical decision theory. Statisti-
cal decision theory was developed in this 
country by Wald shortly before Koternikov 
first published his results in 1947. It was 
eight years later, however, before Middleton 
and Van Meter became the first to apply 
Wald's ideas to communication problems in 
this country. 

Two other Sputniks of note in this vol-
ume are the geometrical interpretation of 
signals and the analysis of nonwhite noise 
filtering problems by the use of inverse 
filters. The former was first published in this 
country by Shannon in 1949, the latter by 
Bode and Shannon in 1950. 

It seems fair to say that at the present 
time there is no single major concept (with 
the possible exception of the material in sec-
tion 9-2) in Koternikov's work which is not 
known in this country. As noted above, this 
was not true as little as five years ago. This 
is not to say that the results have all been 
worked out in this country—they have not. 

NORMAN ABRAMSON 
Stanford University 

Stanford, Calif. 

The Electric Arc, by J. M. Somerville 

Published ( 1960) by John Wiley and Sons, Inc., 
440 Fourth Ave., New York 16, N. Y. 134 pages+7 
index pages +9 bibliography pages +ix pages. 38 
figures. 41 X61. 82.50. 

The author of this interesting little book 
has made an important and useful addition 
to the Methuen series of monographs on 
physical subjects. Although the preface 
states that the monograph attempts to give 
a brief account of this " ... well known, 
but by no means well understood, phenome-
non" it really accomplishes much more. The 
various aspects selected for discussion are 
very well chosen and represent the most im-
portant aspects of our present knowledge of 
the subject. Clear physical interpretations 
are substituted for the extensive and de-
tailed treatment of original sources. The 
figures are simplified, but present clearly the 
essential facts under consideration. 

The first chapter is a brief introduction 
section that reviews the over-all character-
istics of arcs. Following this, Part I covers 
the phenomena of "the stable arc" in two 
chapters. The first of these covers the princi-
pal phenomena and theory of the bng 
colunm; such as the energy balance in a 
plasma in thermal equilibrium, the Gerdien 
(or vortex) arc, the column gradient over 
four decades of pressure, the column tem-
perature over six decades of pressure, elec-
tron density, energy transfer, and radiation, 
use as light sources in lamps, and conclud-
ing with a short section on the possibility of 
thermonuclear reaction in arcs. 

The second chapter of Part I (Chapter 3) 
contains a brief, authoritative treatment of 
the basic phenomena associated with arc 
electrodes. The best theories of the cathode 
spot are presented together with pertinent 
experimental data. Anode phenomena and 
electrode-vopor jets are discussed in short 
sections. 

Part II (Chapters 4 and 5) is entitled 
"The Approach to the Stable Arc." The first 
chapter discusses the transient phenomena 
of the "spark" as it develops into a stable 
arc. Chapter 5 considers briefly the transi-
tion from a glow discharge to an arc, and the 
formation of an arc by separating current-
carrying contacts. 

The book concludes with a list of 186 im-
portant references, an author, and a subject 
index. 

Professor Somerville's book will quickly 
and accurately orient the newcomer to the 
field with the best experimental and theo-
retical knowledge of the electric arc as it is 
now understood. 

J. D. COB1NE 
Research Laboratory 
;eneral Electric Co. 
Schenectady, N. V. 

Sound in the Theatre, by Harold Burris-
Meyer and Vincent Mallory 

Published (1959) by Radio Magazines, Inc., 
Mineola, L. I., N. Y. 92 pages-1-3 index pages. Illus. 
81 X101. 810.00. 

The authors of this book have pioneered 
in the use of modern equipment and tech-
niques for sound control and special sound 
effects for drama and opera in live theatrical 
production. This book brings their experi-
ence to the neophyte, whether he is a theatri-
cal person needing practical technical knowl-
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edge, or an experienced engineer making his 
first entrance into the complex artistic realm. 
After a brief summary of basic facts of 
acoustics, there are chapters on architecture 
and scenery, sources and pickup of sound, 
control techniques, systems, input equip-
ment, output equipment, organization and 
planning, and installation and use. Much of 
the information is specific to theatrical pro-
ductions which the authors have assisted. 
The book may leave the reader asking ques-
tions, but it is an interesting introduction to 
the borderline field between electrical engi-
neering and the theatrical arts. 

DANIEL \V. MARTIN 
The Baldwin Piano Co. 

Cincinnati 2, Ohio 

The Physics of Television, by Donald G. 
Fink and David M. Lutyens 

Published ( 1960) by Doubleday and Company. 
Inc., 575 Madison Ave.. N. V. 22, N. V. 153 pages +7 
index pages. 44 figures. 41 X71. paperbound. $0.95. 

This is a very remarkable book. It at-
tempts in 150 pages and with practically no 
mathematics to present the story of tele-
vision to the layman, up to and including 
color. 

It starts with the brain wave associated 
with thought and surveys various forms of 
transmission of that thought, starting from 
hand signals up; explaining the limitations 
of each form and why more sophistication is 
desirable. The description of the technique 
of coding and scanning for television is excel-
lent. 

The discussion of basic physics is well 
written and really tries to make things sim-
ple and understandable to the layman. To 
my mind it is too detailed and presents con-
cepts too difficult for the reader. The con-
cept of electron jumps of different energy 
content is a very difficult one (particularly 
without mathematics) and I believe could 
well he skipped. Assumptions are made that 
the reader is already familiar with a trans-
former and that he knows a spiral drawing 
represents a coil of wire or maybe a trans-
former winding. As an old-time teacher I 
know that interpretation of symbolic dia-
grams is not easy and requires both explana-
tion and practice. It has the fastest discus-
sion of alternating current this reviewer has 
ever seen. 

It seemed to me when I read the book 
that it was much too conceptually complex 
for the average reader, even though beauti-
fully organized and written. Although I be-
lieved that if anyone could achieve this aim 
the present authors could. I was about to 
dismiss it as another "experiment noble in 
purpose." 

To confirm my judgment, I lent the book 
to a friend who had no physics except in high 
school some years ago. To show how wrong I 
was I received this note, "Many thanks for 
the chance to read this book. I will buy a 
copy and continue reading—think it is ex-
cellent." 

Imagine my confusion! 
KNOX MCILWAIN 

Burroughs Corp. 
Paoli. Pa. 

Class D Citizens Radio, by Leo G. Sands 
Published ( 1960) by Ziff- Davis Publishing Co., 

I Park Ave., N. V. 16, N. V. 133 pages +3 index pages 
+38 appendix pages +x pages. Illus. 61 X91. $4.95. 

According to this book, the FCC in mid-

1959 was processing 5000 applications per 
month for Class D citizens radio station 
licenses. This extraordinary activity ma9 
give some idea of the popularity of this radio 
service whereby any United States citizen 
over 18 years of age may install and operate 
a two-way private radiotelephone in his car, 
plane, boat or camp, home, or office. 

The book explains in essentially non-
technical language what this service is all 
about, how to get into it, how to buy and in-
stall and operate the equipment. 

It is an excellent book for the radio engi-
neer to recommend when he is asked to ad-
vise anyone on any aspect of the Class D 
portion of the so-called citizens radio spec-
trum. It is not a design book, nor a how-to-
do-it book. It tells the reader what equip-
ment is available, how much it costs, and the 
rules and regulations governing its use. 

KEITH HENNEY 
Garden City. N. Y. 

Millirnicrosecond Pulse Techniques, by 
I. A. D. Lewis and F. H. Wells 

Published ( 1960) by Pergamon Press. 122 E. 55 
St., N. Y. 22, N. V. 360 pages +3 index pages +1 
bibliography page +29 reference pages +22 appendix 
pages. Illus. 51 X81. $8.50. 

Since its original publication in 1954, this 
book has enjoyed great popularity among 
physicists and electronic engineers as a ready 
reference on fundamental aspects of elec-
tronics and networks in the millimicrosecond 
range. The text of this newest second edition 
has been considerably revised and abounds 
with the latest advances including a special 
treatment of transistor switching techniques. 
It is a very welcome addition to the Interna-
tional Series of Monographs on Electronics 
and Instrumentation. It is intended to cover, 
in the words of the authors, "developments 
in the theory and design of electronic circuits 
and devices for operation in the range of 
time intervals which lie between the province 
of microsecond pulse circuits and the realm 
of microwave devices." 

Some idea of the scope of the book can be 
obtained from the headings of the eight 
chapters into which it is divided. These 
chapters are entitled, "Theoretical Intro-
duction," "Transmission Lines," "Trans-
formers," "Pulse Generators," "Amplifiers," 
"Cathode Ray Oscilloscopes," "Applications 
To Nuclear Physics," and "Miscellaneous 
Applications." 

Under "Theoretical Introduction," the 
reader is briefly guided into the domain of 
circuit analysis involving both sinusoidally 
varying and pulse waveforms. Fourier's 
Theorem is illustrated, the method of La-
place Transforms elaborated upon, and the 
importance of approximations stressed. The 
chapter concludes with remarks on the 
handling of switching phenomena and cir-
cuits with distributed parameters. In the 
latter, phase distortion rather than ampli-
tude distortion may well determine the use-
ful bandwidth. 

The chapter on "Transmission Lines" 
contains an extremely wide range of topics 
covering conventional distributed circuit 
analysis, effects of discontinuities, pulse 
shaping, and the influence of loss. Also, a 
very interesting treatment of helical delay 

lines is given in addition to limitations of 
lumped delay lines. 

The role of distributed lines as pulse 
transformers is extensively described in the 
chapter on "Transformers" and includes an 
analysis of smooth tapered lines, the Gaus-
sian line, the exponential line, and the 
linearly tapered coaxial line. It is followed 
by a compact description of special trans-
formers composed of coaxial lines, such as 
the pulse inverter, stacked-line transformers, 
and a filament isolating transformer as well 
as an introduction to coupled-line trans-
formers. 

The treatment of " Pulse Generators" 
represents a remarkable review of the litera-
ture on diverse aspects dealing with basic 
concepts and principles. The major topics 
relate to discharge line type pulse generators, 
pulse generators employing secondary emis-
sion tubes, recycling pulse generators, at-
tenuators, and pulse measuring equipments. 
The range includes microwave pulses. 

The problem of amplifying pulses is con-
sidered under "Amplifiers" following a dis-
cussion of high-frequency limitations of con-
ventional electron tubes and conventional 
circuits. Basic difficulties and inherent ad-
vantages are carefully described in connec-
tion with interstage coupling, cascade am-
plifiers, distributed amplifiers, and band-
pass amplifiers, including traveling-wave 
tubes and the possibility of using modulated 
microwave carrier systems. 

The introductory material in the chapter 
on "Cathode Ray Oscilloscopes" emphasizes 
transit-time limitations and methods for ob-
taining high deflection sensitivity. It is fol-
lowed by selected topics relating to transient 
recording oscilloscopes, oscilloscopes for the 
display of recurrent waveforms, and oscillo-
scopes for recurrent pulses using pulse sam-
pling techniques. 
A detailed treatment of applications is 

contained in the chapter entitled "Applica-
tions to Nuclear Physics" and is continued 
in the last chapter on "Miscellaneous Appli-
cations." The first of these two chapters is 
devoted to measuring problems encountered 
in nuclear physics research and special men-
tion is made of scintillation counters, spark 
counters, amplitude discriminators, fast 
scaling circuits, coincidence circuits, time 
interval measurement by integration meth-
ods, and recording oscilloscope measure-
ments. The last chapter considers a number 
of other applications, mainly, pulse genera-
tors for narrow bandwidth radio receiver 
measurements, peculiarities of waveguide 
and cable testing, the Wamoscope, the meas-
urement of time jitter in trains of video 
pulses, analysis of modulated electron beams 
and transistors in fast switching circuits. 

The authors are to be commended for 
bringing to the attention of physicists and 
engineers the present day capabilities of 
pulse circuits. The bibliography of each 
chapter is very complete and many refer-
ences are detailed enough to offer specific 
information as to their value. The text will 
definitely ease the task of all who seek to be-
come informed about pulse techniques. It is 
an excellent contribution, one of the most 
balanced and most illuminating studies yet 
made of this complex field. 

ANTHONY B. GIORDANO 
Polytechnic Institute of Brooklyn 

Brooklyn. N. Y. 
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Scanning the Transactions 

Human Factors in Electronics has become the 28th IRE 
Professional Group to commence publication of TRANSAC-
TIONS, and its first issue starts off with a most provocative 
subject—man-computer symbiosis. Symbiosis is defined as a 
cooperative living together in intimate association of two dis-
similar organisms. The hope is that in not too many years 
human brains and computing machines will be coupled to-
gether very tightly, and that the resulting partnership will 
think as no human brain has ever thought and process data 
in a way not approached by the information-handling ma-
chines we know today. In such a relationship the computer 
would no longer be confined to solving preformulated prob-
lems by means of predetermined programs, but would ac-
tively participate in the formulation of the very problems it 
must later solve and share, on a real-time basis, in the decision-
making processes now performed by man alone. Man will 
still set the goals, formulate the hypotheses, determine the 
criteria and perform the evaluation, but the computing ma-
chine will do much of the routinizable work that must be done 
to prepare the way for insights and decisions. However, be-
fore the computer can enter into symbiotic association with 
man, man must first evolve a more sophisticated generation 
of computers with time-sharing capabilities, greatly improved 
memories and memory organization, a common man-machine 
language, and much improved input and output equipment. 
When these goals are reached—and they are within our even-
tual reach—man will be ready for what may prove to be intel-
lectually the most creative and exciting chapter in the history 
of mankind. (J. C. R. Licklider, " Man-computer symbiosis," 
IRE TRANS. ON HUMAN FACTORS IN ELECTRONICS, March, 
1960.) 

Dual-unit transistors, reminiscent of multi-unit tubes, 
are making an entry into the semiconductor device field. A 
diode-triode transistor has been developed which consists of 
an alloyed p-n junction (diode unit) and an alloyed p-n-p 
junction ( triode unit) constructed on one germanium pellet 
so that the n-type base region is common to both units. This 
construction provides direct connection between the diode 
and triode units and permits the use of fewer circuit compo-
nents. The diode is intended for use as a detector and the triode 
as a Class A audio amplifier in a transistorized broadcast re-
ceiver. In addition to reducing the number of components re 
quired, the dual- unit transistor increases the detector effi-
ciency of battery-operated receivers. ( D. Thorne and R. V. 
Fournier, " Improvements in detection, gain-control, and 
audio-driver circuits of transistorized broadcast-band re-
ceivers," IRE TRANS. ON BROADCAST AND TELEVISIONS RE-
CEIVERS, December, 1959.) 

Research on research is an exciting and potentially fruit-
ful new area of investigation which, it is hoped, will in time 
increase our understanding of and ability to manage the vital 
processes of Research, Development, and Engineering. It is a 
field that is in its early stages and the literature contributing 
to it is not yet readily accessible to the engineering manager— 

a void which the current issue of IRE TRANSACTIONS ON EN-
GINEERING MANAGEMENT makes a noteworthy effort to fill. 
In glancing through the papers in the issue one is struck by the 
fact that most of the authors are not engineers but rather are 
economists, sociologists, and operations researchers. Appar-
ently, much of the initial motivation for doing "research on 
research" stems from an interest in economic factors, in social 
behavior, or simply in problems that are intriguing to analyze. 
One is also struck by the degree in which mathematical tools 
are being employed to analyze the affairs of humans. Thus 
one finds the authors speaking of such things as stochastic 
models, regression models, sets of sets of sets, and logistic 
cubic functions in discussing the organization and operation 
of a research staff. Perhaps this is a sign that our understand-
ing of the management process has progressed to a point where 
we are beginning to be able to formulate the problems to be 
solved. For before we can arrive at useful answers, we must 
first learn how to state the questions. ( IRE TRANS. ON EN-
GINEERING MANAGEMENT, March, 1960.) 

Active networks have a unique property: they can produce 
poles as well as zeros in the right half of the complex fre-
quency plane. Such regenerative modes (exhibited in transient 
behavior as increasing exponentials) are essential for the 
operation of multivibrators, blocking oscillators, etc. In fact, 
the switching time, and thus the maximum repetition fre-
quency, depends on the location of these right- half- plane 
natural frequencies. The farther away from the imaginary 
axis a regenerative mode is, the faster the operation possible. 
Now it turns out that if an RC network is used, the upper 
bound is fixed entirely by the physical active device and this 
upper bound can be easily computed directly from the active 
device. Not only is this extremely useful but it is satisfying 
to know tht it can actually be realized. ( E. S. Kuh, " Regen-
erative modes of active networks," IRE TRANS. ON CIRCUIT 
THEORY, March, 1960.) 

The powerful transistor. In view of the fact that tran-
sistors are essentially low-power devices, it is surprising to 
note how much power they can be called on to handle in 
switching applications. Germanium transistors having ratings 
up to 70 volts and 15 amperes having been introduced and 
developmental germanium devices with current-carrying 
capacities up to about 100 amperes have been made. More 
recently, silicon transistors and n-p- n-p devices (called Trinis-
tors) have been developed which extend the power-handling 
capacity of semiconductor switches from the 1-kw limit of 
germanium Trinistors to the region of 10 kw. The extension 
of the current range of Trinistors, presently at 20 to 50 am-
peres, to 100 and 200 amperes is progressing rapidly. Indeed 
it appears feasible that power Trinistors may eventually be 
developed for use in inverter circuits operating in the 50 to 
75 kva range. (H. \V. HenkeIs and F. S. Stein, " Comparison of 
n-p-n transistors and n-p-n-p devices as twenty-ampere 
switches," IRE TRANS. ON ELECTRON DEVICES, January, 
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. 

Sponsoring Group 
Group IRE Non-

Publication Members Members Members* 

Automatic Control 
Broadcast and Television 

Receivers 
Circuit Theory 
Electron Devices 
Engineering Management 
Human Factors in Elec-

tronics 
Industrial Electronics 
Microwave Theory and 
Techniques 

AC-4, No. 2 $0.95 $1.25 

BTR-5, No. 3 
CT-7, No. 1 
ED-7, No. 1 
EM-7, No. 1 

HFE-1, No. 1 
PGIE-11 

MTT-8, No. 1 

1.10 
1.35 
1.40 
1.00 

1.65 
2.00 
2.10 
1.50 

2.15 3.30 
1.10 1.65 

2.10 3.15 

$2.55 

3.30 
4.05 
4.20 
3.00 

6.45 
3.30 

6.30 

* Libraries and colleges may purchase copies at IRE Member rates. 

Automatic Control 

Vol- AC-4, No. 2, 
NOVEMBER, 1959 

Papers Reprinted from Part 4 of the 
1959 IRE NATIONAL CONVENTION RECORD 

On Adaptive Control Processes—R. Bell-
man and R. Kalaba (p. 1) 

One of the most challenging areas in the 
field of automatic control is the design of auto-
matic control devices that "learn" to improve 
their performance based upon experience, i.e., 
that can ado pi themselves to circumstances as 
they find them. The military and commercial 
implications of such devices are impressive, and 
interest in the two main areas of research in 
the field of control, the USA and the USSR, 
runs high. Unfortunately, though, both theory 
and construction of adaptive controllers are in 
their infancy, and some time may pass before 
they are commonplace. Nonetheless, develop-
ment at this time of adequate theories of proc-
esses of this nature is essential. 

The purpose of the paper is to show how the 
functional equation technique of a new mathe-
matical discipline, dynamic programming, can 
be used in the formulation and solution of a 
variety of optimization problems concerning 
the design of adaptive devices. Although, oc-
casionally, a solution in closed form can be ob-
tained, in general, numerical solution via the 
use of high-speed digital computers is con-
templated. 

Discussed here are the closely allied prob-
lems of formulating adaptive control processes 
in precise mathematical terms and of present-
ing feasible computational algorithms for de-
termining numerical solutions. 

To illustrate the general concepts, consider 
a system which is governed by the inhomogene-
ous van der Pol equation 

X bi(x2 — 1).i r(/), 0≤t≤ T, 

where r(t) is a random function whose statisti-
cal properties are only partially known to a 
feedback control device which seeks to keep the 
system near the unstable equilibrium state 
x=0, = O. It proposes to do this by selecting 
the value of ei as a function of the state of the 
system at time I, and the time t itself. By 
observing the random process r(t), the control-
ler may, with the passage of time, infer more 

and more concerning the statistical properties 
of the function r(i) and thus may be expected 
to improve the quality of its control decisions. 
In this way the controller adapts itself to cir-
cumstances as it finds them. The process is thus 
an interesting example of adaptive control, and 
conceivably, with some immediate applications. 

Lastly, some areas of this general domain 
requiring additional research are indicated. 
A Dynamic Programming Approach to 

Adaptive Control Processes—M. Freimer 
(p. 10) 

In many multi-stage decision processes we 
face the problem of dealing with random vari-
ables whose distributions are initially imper-
fectly known, but which become known with 
increasing accuracy as the process continues. In 
this paper the author shows how Dynamic Pro-
gramming may be used to treat a class of such 
problems, which are currently called adaptive 
processes. 

After discussing the general theory, the 
techniques are illustrated by a specific example. 
For this example simple computation al-
gorithms are derived, which are typical of those 
obtained for the whole class of problems under 
consideration. 

On the Optimum Synthesis of Multipole 
Control Systems in the Wiener Sense—H. C. 
Hsieh and C. T. Leondes (p. 16) 

This paper is concerned with obtaining the 
optimum system in the Wiener sense for the 
multipole system shown in Fig. I. Earlier litera-
ture has shown how to obtain the mean-square 
value of the error when the multipole system 
transfer function has been specified, but thus 
far no published work has shown how to solve 
the synthesis problem, in general, for this case. 
The principal reason that this problem has ap-
peared to be impossible of analytic solution 
thus far for cross correlation between the inputs 
is based on the fact that the usual variational 
approach results in a set of untractable simul-
taneous integral equations involving many 
complicated cross products of the desired 
weighting functions and the variational 
functions. 

The synthesis problem for the system of 
Fig. 1 is first solved for the case in which there 
is no correlation between the inputs to the 
various terminals. The result for the optimum 
weighting functions in this case is presented in 
(24), and the resultant mean-squared value of 
the error is shown in ( 25). 

Following this, the far more complicated 
case of the synthesis problem when the inputs 
to all the various terminals are correlated is 
considered. In this case, a rather unique tech-
nique is utilized to avoid the difficulties in-
herent in the use of the usual variational tech-
niques. Through the technique utilized in this 
paper, the usual set of untractable simultane-
ous integral equations is completely avoided, 
and instead a set of ordinary algebraic equa-
tions results. The set of equations for this case 
is shown in (64), and in matrix form in (65). 
The resultant solution for the optimum physi-
cally realizable transfer functions is shown in 
(77). It is also shown, as a check, that the solu-
tion for the case of correlated inputs reduces to 
the solution obtained for the case of uncorre-
lated inputs. 

The paper then concludes with an illustra-
tive example for the more complicated caseof 
correlated inputs. The possibilities of applica-
tions of the results of this paper to such fields 
as the guidance and control of astronautical 
vehicles, military fire control systems, bombing 
navigation systems, process control systems, 
automatic milling machines, air traffic control, 
nuclear reactor control, etc., are fairly evident. 

On Adaptive Control Systems—L. Braun, 
Jr. (p. 30) 
An attempt is made in the paper to evolve a 

basic philosophy for adaptive control systems. 
A method is described for determining the 

system impulse response from measurements of 
instantaneous system input and output. The 
impulse response is expanded in a Taylor series, 
to facilitate solution of the convolution integral. 

From a knowledge of the impulse response 
and the system error, the necessary correction 
to the system forcing function is determined, 
in a manner similar to that used for determina-
tion of the impulse response. 

The techniques developed are applied to 
two systems—one stable and one unstable. 
Curves of the results are presented. 

Extension of Phase Plane Analysis to 
Quantized Systems—P. H. Ellis (p. 43) 

The increasing applications of numerical 
control of processes have created a need for 
new methods of synthesis of control equipment. 
The method presented is applicable to systems 
commanded by discretely valued inputs, and 
processes whose outputs may be similarly 
quantized. Periodic sampling is not required. 
The most suitable sampling is by transmission 
of only significant data, as the new value ob-
tained when the data are changed by a given 
increment. In certain cases, transmission of 
data by this means can be used to increase 
channel capacity. When the data are so quan-
tized, the error signal is constrained to a finite 
number of discrete values, each of which may 
be associated with an area on the phase plane. 
Within each such area, the trajectories of any 
process subject to phase plane representation 
are a family of parallel curves. Thus, analytic 
synthesis may be simplified in the case of cer-
tain nonlinear processes. Graphical design is 
facilitated without requiring deduction of a 
mathematical representation of the process. 

The method is illustrated by synthesis of 
several systems involving a simple linear 
process. 

Simplified Method of Determining Tran-
sient Response from Frequency Response of 
Linear Networks and Systems—V. S. Levacli 
(p. 55) 

Knowing the frequency response of a linear 
system, a method is presented for obtaining 
the time response of the system to an impulse, 
step, or ramp function input, without perform-
ing graphical integrations. 
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The transient response is of the form 

f(1) = E A ,G(cod) 

where a different function G is used to deter-
mine the response to each of the three types of 
input. 

Tables of the functions G(x) are provided. 
An example is given to illustrate the sim-

plicity and accuracy of this method. The re-
sults are compared with the exact time response. 

A New Method of Analysis of Sampled-
Data Systems—A. Papoulis (p. 67) 

In many sampled-data systems the sam-
pling interval T is "small" and the response 
r.(1) closely approximates the response r(i) of 
the continuous system; one is then interested 
in evaluating the difference r.,(t)—r(1) for vari-
ous values of T. In this paper this difference is 
given as a power series in T whose coefficients 
can easily be determined in terms of the con-
tinuous response; if one wants to estimate the 
size of T for r.(t) to equal r(t) within a specified 
error, the first term of this expansion will give 
an adequate measure of the error and hence of 
the maximum permissible T. Furthermore, 
since the resulting series converges rapidly, the 
expansion provides a simple method of evaluat-
ing r.() for a given T. 

The method is applied to a feedback system 
with a sampler; the singularities of the p-
rational system function that gives the actual 
response at the sampling points, are obtained 
by a displacement of the singularities of the 
continuous system function. 

Statistical Filter Theory for Time-Varying 
Systems—E. C. Stewart and G. L. Smith 
(p. 74) 

The guidance and control accuracy of most 
aerodynamic and space vehicles is limited 
primarily by the noise disturbances which 
enter the guidance system. Present theory for 
the minimization of these noise effects does not 
take into account the forced kinematic time 
variations, such as is clue to time-varying 
range, which occur in most guidance problems. 
Such time variations occur in interplanetary 
flight, satellite rendezvous, interception of 
missiles or bombers, and so forth. In this paper 
an analytical approach is presented for the 
optimization of systems which are forced both 
to be time varying and to operate with inputs 
contaminated with noise. 

Two objectives are the establishment of the 
theoretical optimum performance and a method 
of synthesizing the optimum control system. 
Effects of restrictions on the capability of the 
output element in addition to the noise and the 
forced time variation are considered. Although 
an exact analytical solution of the problem does 
not appear feasible, it is shown how approxi-
mate solutions utilizing time-varying control 
systems can be found. The method is illus-
trated by a hypothetical example of a homing 
missile attacking a bomber. 

On the Phase Plane Analysis of Nonlinear 
Time-Varying Systems—R. F. Whit beck ( P. 80) 

A phase plane technique, which takes ad-
vantage of convenient relationships in other 
planes (for example, displacement versus time) 
to effect graphical solutions for a nonlinear 
time varying second order differential equation, 
is developed. Several special cases of this gen-
eral second order equation are considered. The 
special case of most practical importance occurs 
when the differential equation is permitted to 
become piecewise linear. To demonstrate the 
simplicity of the technique, for the piecewise 
linear case, an example involving saturation in 
an inertially damped position servomechanism 
is given. 

On the Use of Growing Harmonic Exponen-
tisis to Identify Static Nonlinear Operators— 
H. J. Lory, D. C. Lai and W. H. Huggins 
(p. 91) 

The paper describes a method of obtaining 
a polynomial characteristic function for a non-

linear static system. This function, 

F(x) -= hx mx2 dx3, 

is obtained by the application of a growing ex-
ponential x= exp (t) to the input of the system 
and the filtering of the output 

h exp (1) -I- ni exp (21) -I- d exp (30, 

into its separate components h exp (1), 
m exp (21), and d exp (31). The values of these 
three components at 1=0 are the polynomial 
coefficients h, m, and d respectively. The identi-
fication of systems not exactly describable by 
a cubic gives rise to an error minimization 
problem; the technique described in this paper 
minimizes the weighted mean-square error, 
with a weighting function 1/x. This method is 
compared with the more widely known sinus-
oidal analysis of nonlinear systems. Experi-
mental results are given. 

Papers reprinted from Part 4 of the 
1959 IRE WESCON CONVENTION RECORD 

A Parameter Tracking Servo for Adaptive 
Control Systems—M. Margolis and C. T. 
Leondes ( p. 100) 

This paper describes one very general ap-
proach to the design of adaptive control sys-
tems. The particular systems considered are 
process adaptive. The dynamic characteristics 
of the physical process are determined by the 
parameter tracking servo. The parameters thus 
determined are used to program the process' 
controller. 

The parameter tracking servo is a closed 
loop self-adjusting system. It consists of the 
following elements; 1) the physical process, 2) 
the learning model, 3) the adjusting mecha-
nism. The learning model and the physical proc-
ess are subjected to the same input signals. 
Their outputs are compared and the resultant 
error is fed to the adjusting mechanism where 
some function of this error is used to adjust the 
parameters of the learning model. 

The mechanism will continuously track the 
parameters of the physical process as they 
change with time in some unknown manner. 
The adjusting mechanism operates on an ap-
proximation to the method of steepest descent. 
These equations are derived for a first order 
process and the over-all system is analyzed. 
The equations describing the tracking servo's 
operation are both nonlinear and non-
autonomous. System response as a function of 
input signal, gain, and error function are de-
scribed analytically. Experimental results are 
included to demonstrate the validity of the 
analyt lc solut ions. 

Maximum Effort Control for Oscillatory 
Element— II. K. Knudsen (p. 112) 

Maximum effort control is a method of 
achieving deadbeat response for a step input to 
an undamped second order element (two poles 
on the ft.,' axis of the s- plane) which is preceded 
by a saturating amplifier. This method of con-
trol supplies the maximum available energy to 

the element being controlled, by driving the 
amplifier to saturation tvlienever an error is 
present. The realization of a maximum effort 
control system for an oscillatory element is 
found through a phase plane analysis of the 
equations of motion of the oscillatory element. 
The control system topology is also found by 
the analysis of a phasor representation of the 
transients introduced in the oscillatory element 
by the output of the saturating amplifier. 

The system was constructed to compare the 
experimental responses of step inputs and load 
disturbances, to the responses obtained from an 
idealized mathematical model of the system. 
The adaptability of the control system was 
tested by using it to control a damped oscil-
latory element. 

The system described will be an aid in the 
design of the control system which will give op-
timum response for random inputs to an un-

damped second order element which is pre-
ceded by a saturating amplifier. It also pro-
vides a method of control for systems in which 
it is impossible to damp poles near the jw axis. 

Identification and Command Problems in 
Adaptive Systems—E. Mishkin and R. A. 
Haddad (p. 121) 

In order to satisfy stringent performance 
requirements in a dynamic process, a computer 
is incorporated as a central element in the feed-
back loop. The computer performs the dual 
task of identifying or measuring the process' 
dynamics, and thence generating an appropri-
ate command or actuating signal so as to 
satisfy the over-all specifications. The family of 
singularity functions (steps, ramps, confluent 
parabolas) is used as the command signal. The 
process' dynamics are monitored and identified 
by the computer without recourse to interrupt-
ing test signals such as periodic impulses or 
white noise. The stored energy term inherent in 
many measurement problems in continuous 
processes is accounted for in a novel manner. 

Evaluating Residues and Coefficients in 
High Order Poles—D. Hazony and J. Riley (p. 
132) 

The powerful Laplace transform method 
for transient analysis by the partial fraction 
expansion technique has become quite popular 
in the fields of circuit and servo design. The 
theory of residues is usually used to find the co-
efficients of these fractions. The process is quite 
simple until second and higher order poles are 
included in the denominator. Previously, this 
has required a return to the calculus to find the 
additional coefficients required. 

This paper discloses a simple technique for 
finding these additional coefficients by alge-
braic processes. As a result both manual and 
machine computation can be performed more 
easily. The technique is described and its 
mathematical basis is rigorously proven. 

Coherent Optical Data Processing—L. J. 
Cutrona, E. N. Leith and L. J. Porcello ( p. 137) 

Coherent optical systems, which utilize the 
wave nature of light and the consequent dif-
fraction phenomena, may often be used to sup-
plement or even replace complex electronic 
equipment. Such systems are particularly 
adapted to the performance of certain linear 
mathematical operations, particularly those of 
an integral transform nature such as spectral 
analysis, convolution, auto- and cross-correla-
tion, and matched filtering. The two-dimen-
sional nature of optical systems, contrasted 
with the inherent one-dimensional nature of an 
electronic channel, allows a great reduction in 
equipment complexity for certain classes of 
operations. 

This paper discusses the theory behind opti-
cal channels and filters as outlined above, and 
also illustrates simple multi-channel optical 
systems which can carry out representative 
operations. 

Pole Determinations with Complex-Zero 
Inputs—J. A. Brussolo (p. 150) 

A method for the determination of the char-
acteristic pole locations in simple systems and 
components is discussed. The techniques intro-
duced are extended to include more complex 
systems. The method consists of applying a 
signal to the system front a "complex-zero-
generator" and then observing the system out-
put response on an oscillograph. The system 
pole locations are determined when the systemn 
output goes through a null, which occurs when 
the zeros generated by the "complex-zero-
generator" cancel the system poles. Tests on 
experimental systems indicate that the pole 
locations can be determined accurately and 
rapidly for a wide variety of systems. 

For testing purposes, a "complex-zero-
generator" was built using two square-wave 
generators with a timed delay between them. 
This generator gives a signal which can contain 
complex zeros anywhere in the s- plane. This 
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signal is then applied to a number of systems 
containing several different relative pole orien-
tations. The system outputs, as photographed 
on the oscillograph, are studied to develop 
rules and procedures to determine the pole 
locations. The rules are then applied to a 
number of "unknown" systems in order to de-
termine their applicability and a study is made 
of the errors and limitations involved. 

The results indicate that the method de-
scribed is readily applicable to many systems 
and that, in many instances, the pole locations 
are determined more accurately and more 
rapidly than can be done through the use of a 
steady-state frequency analysis. 

Random Noise with Bias Signals in Non-
linear Devices—G. S. Axelby (p. 167) 

A number of investigations have been made 
in recent years about the transmission of 
Gaussian noise through nonlinear devices. In 
many cases, simplification or approximations 
were needed to make analytical solutions pos-
sible, and only zero-average Gaussian input 
signals were used when the results were applied 
to feedback control systems. 

This paper presents a different approach to 
the problem of noise transmission through non-
linear single-valued elements. Basically, ampli-
tudes removed by nonlinear saturation or dead-
zones are replaced by impulses in the amplitude 
distribution functions of the output signals, and 
the resulting first and second moments of the 
output distribution are computed to yield the 
average and sins value of the output signal. The 
solution may be found by graphical or mathe-
matical integration, a visual representation of 
the phenomenon is obtained, and input signals 
with any distributions having non-zero average 
values may be considered. 

It is shown that there is an equivalent 
transmission function or describing function 
for the average value of the noise, another for 
the rms value, and that one is a function of the 
other. Examples of the functions are given and 
the simpler functions with zero-average values 
are compared to the results obtained by other 
methods. 

Finally, the application of the noise de-
scribing functions to feedback control systems 
is discussed. Theoretical results are compared 
with those obtained from analog simulations. 

Nongyroscopic Inertial Reference—J. J. 
Klein (p. 182) 

The space stabilizing cpability of a servo 
controlled nonrotating inertial mass is analyzed 
and its drift rate performance compared with a 
high precision gyroscope. The results indicate 
that the nongyroscopic inertial reference and 
guidance system exceeds the performance of 
gyroscopic systems by several orders of magni-
tude. It is shown that a servo system materially 
contributes to the drift accuracy in the non-
gyroscopic system but not in the gyroscopic 
system. The navigation errors of the discussed 
scheme are directly proportional to the accel-
erometer errors and, therefore, are inherently 
smaller than in an equivalent gyroscopic 
system. 

Sampled Data Design by Log Chain Dia-
grams—M. P. Pastel and G. J. Thaler (p. 192) 

The bilinear transformation 

z = (I -I- 20/(1 — w) 

converts a z-transform function G(z) of a 
sampled-data system into a new function G(w), 
called the w-transform function, which is a 
rational function in variable ry. This bilinear 
transformation maps the unit circle on the z-
plane onto the imaginary axis of the w-plane. 
Consequently, it is now possible to draw log 
magnitude and phase diagrams readily against 
a frequency scale of the open-loop w-transform 
function of a sampled-data system by use of 
asymptotic techniques. Then, by use of a 
Nichols chart and correlation information 
available from continuous systems, it is possible 

to predict the approximate time domain per-
formance. Design by modification of the open-
loop transfer function can be made on the dia-
gram in the same manner as employed for con-
tinuous systems on the Bode diagram. The 
resulting w-transform can be converted to its 
equivalent Laplace transform. The ratio of this 
transform function and the or ginal Laplace 
transform function of the system's equipment 
gives the required compensator. Remote 
s-plane poles may have to be added to have the 
compensator physically realizable. Restricting 
the modifying w-plane poles to lie between (0) 
and (— 1) permits the compensator to be realiz-
able as an RC network. 

Broadcast and Television 
Receivers 

VOL. BTR-5, No. 3, 
DECEMBER, 1959 

Editorial (p. 1) 
PGBTR Administrative Committee (p. 2) 

Papers Reprinted from Part 7 of the 
1959 IRE NATIONAL CONVENTION RECORD 

Audio Applications of a Sheet-Beam De-
flection Tube—J. N. Van Scoyoc (p. 3) 

A number of unusual audio circuits have 
been developed which make use of a sheet-beam 
tube, type 6AR8. The 6AR8 tube is a miniature 
double-plate sheet-beam tube which incorpo-
rates a pair of balanced deflectors to direct the 
electron beam to either of the two plates and 
a control grid to vary the intensity of the beam. 

This tube may be connected as a variable 
gain push-pull amplifier by connecting the in-
put signal between the two deflectors and tak-
ing the output differentially between the two 
plates. When the tube is connected in this 
manner the amplifier gain is determined by the 
control grid voltage and may be varied over an 
80 db range with negligible distortion. 

The applications of this circuit include ex-
pansion and compression circuits, remote con-
trol of gain and mixing circuits, improved 
A.V.C. circuits and phase inversion. A number 
of these circuit arrangements are given in some 
detail and other applications are outlined. 

A Drift-Free Direct-Coupled Amplifier 
Utilizing a Clipper-RC Feedback Loop—J. N. 
Van Scoyoc and E. S. Gordon (p. 8) 
A unique drift-free direct-coupled amplifier 

has been developed employing a clipper and an 
RC integrating circuit in a feedback loop for 
stability. Equations are developed and com-
puted and experimental curves are given for 
amplitude and phase-shift response as a func-
tion of frequency showing an extremely sharp 
power drop-off at the low end. 

An existing application of this type of am-
plifier in an instrument for automatic counting 
and sizing of aerosol particles is described, 
demonstrating wide dynamic range and other 
advantageous features of the amplifier. Other 
potential applications of the Direct-Coupled 
Clipper-RC amplifier are given such as those of 
random pulse rate measurement, low level dc 
amplification using only a single-pole single-
throw (SPST) chopper, and low level dc 
amplification of up to 20 concurrent inputs 
using a single amplifier and a slow-speed rotary 
switch. 

Finally, a practical general purpose vacuum 
tube circuit of this amplifier type which was 
developed is described, giving data on perti-
nent characteristics such as low zero-drift, low 
noise, and high output capability. 

The Application of the Voltage Variable 
Semiconductor Capacitor in Automatic Sweep 
Circuits and Signal-Seeking Receivers— 
J. Black (p. 16) 

The basic method of automatic frequency 
sweep by charging a voltage variable capacitor 

is presented and the advantages over mechani-
cally driven tuning capacitors are discussed. 

The principle is extended by using the re-
ceiver automatic gain and/or frequency control 
for sweep control and station tracking, and 
practical circuits are shown embodying the 
principle. 

Applications in the AM and FM fields, such 
as domestic and car radio receivers and tele-
vision sets, are proposed. 

The limitations of present devices and their 
effect on the application field are discussed. 

An Analysis of a Transistorized Class "B" 
Vertical Deflection System—Z. Wiencek and 
J. E. Bridges (p. 20) 

Considerations in Transistor Automobile 
Receiver Front End Design—R. Martinengo 
(p. 31) 

This paper discusses the requirements which 
must be considered in the design of an RF 
amplifier stage and converter for a transistor 
automobile receiver. Several coupling networks 
for the antenna and interstage circuits are dis-
cussed and performance data are given for vari-
ous combinations of circuits. Data are given for 
a converter circuit including voltage and tem-
perature effects on frequency stability. 
A Five-Transistor Automobile Receiver 

Employing Drift Transistors—R. A. Santilli 
and C. F. Wheatley (p. 38) 

Improvements in Detection, Gain-Control, 
and Audio-Driver Circuits of Transistorized 
Broadcast-Band Receivers—D. Thorne and 
R. V. Fournier ( p. 46) 

Application of Rotationally Non-Symmetri-
cal Electron Lenses to TV Image Reproduction 
—D. W. Taylor, N. W. Parker and H. N. 
Frihart (p. 54) 

Recent developments in the art have dic-
tated the division of this paper into two com-
ponent parts. The first deals with a quadra-
polar, magnetic lens of rotational nonsym-
met ry used to achieve scan magnification with 
a television cathode ray tube. The second con-
cerns the development of a negative, electro-
static, gauze lens exhibiting full rotational 
synnnetry which is also used to provide scan 
magnification. 

In the discussion, the quadrapole lens is 
synthesized from component fixed fields and 
the electron beam trajectories within the lens 
predicted. An analogy with crossed, positive 
and negative cylinder lenses of light optics is 
expressed. The design of a complete, scan-
magnified, image reproducing system is con-
sidered. 

The theory of the rotationally symmetrical 
divergent lens is developed from an extension 
of the theory of hi-potential lenses. Problems of 
mesh scatter are treated and spot size increase 
due to mesh scatter is calculated. Other optical 
problems introduced by the mesh are discussed. 
A High Sensitivity Ultrasonic Microphone 

—P. Desmares and R. Adler (p. 64) 

Papers Reprinted from Parts 2 and 7 of the 
1959 IRE WESCON CONVENTION RECORD 

The FM Multiplex Stereo Receiver—H. N. 
Parker ( p. 70) 

Circuit Aspects of Parametric Amplifiers— 
H. Seidel and G. F. Hermann (p. 75) 

Parametric amplifiers are distinguished 
from most active networks in that power is 
taken directly from an ac source and that the 
phase of this source is significant in the amplifi-
cation process. As a consequence of the har-
monic spectrum produced by the interaction of 
the power source (pump) and the nonlinear ele-
ment, the introduction of a small signal gener-
ates a pair of sidebands about each harmonic. 
Networks with variable parameters may be 
handled with an extension of the conventional 
formalism into one of frequency as well as 
spatial scattering. 

We deal with two cases. In the first we con-
sider the lower sideband amplifier which re-
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quires only a two frequency dsecription; the 
signal and the lower sideband. Such a system 
may be optimized by adding equalizing net-
works whose synthesis stems from passive net-
work procedures. 

The second case considers a periodic cas-
cade in which the pump phase is assumed to be 
varying uniformly. The nature of the natural 
modes of such a system are derived from 
general considerations of time and space sym-
metry. The reactive case is considered specially 
and orthogonality relations are produced which 
resemble those of a conventional network chain. 

Four Terminal Equivalent Circuits of Para-
metric Diodes—C. S. Kim (p. 83) 

Four terminal equivalent circuits of varia-
ble capacitance (parametric) diodes used in 
various configurations of converters and ampli-
fiers are presented. These equivalent circuits 
are derived from small signal approximations 
for the nonlinear dynamic capacitance of a 
diode. The cases considered involve three fre-
quencies, namely input and output signal fre-
quencies and pumping frequency for converters 
or input signal frequency, idler and pumping 
frequencies for amplifiers. 

These four terminal equivalent circuits are 
analogous to those for transistors and vacuum 
tubes. They help to give an understanding of 
parametric operation and may be used to ob-
tain expressions for gain, bandwidth and noise 
figure. 

Circuit Theory 

Vol,. CT- 7, No. 1, MARCH, 1960 

Iterative Traveling-Wave Parametric Am-
plifiers—C. V. Bell and G. Wade (p. 4) 

It is well known that the parametric 
principle can give low-noise amplification at 
microwave frequencies. The conventional para-
metric amplifier involves a single variable ele-
ment and one or more resonant cavities. Such 
an amplifier is extremely narrow band, it suffers 
from large changes in gain due to small changes 
in pump level, and it must be used with a 
circulator if unilateral gain is desired. These 
difficulties can be overcome by using a number 
of variable elements in a traveling-wave circuit. 

This paper presents the circuit considera-
tions appropriate to wideband operation in a 
traveling-wave parametric amplifier. The model 
which is analyzed is a transmission line peri-
odically loaded with parametric diodes. The 
diodes constitute the variable elements. Across 
each diode is fed a large pumping voltage which 
produces a time-varying capacitance. 

A Brillouin diagram for the structure (i.e., a 
plot of oe vs (3) can be computed from the 
analysis. The conditions for high gain, wide 
band, and other desirable characteristics are 
conveniently determined from this diagram. 

On the Application of the Base Charge Con-
cepts in the Design of Switching Circuits— 
R. S. C. Cobbold (p. 12) 

This paper described a new method of meas-
uring the effective decay time of excess minority 
carriers in the base of junction transistors, the 
results of which show an approximately ex-
ponential decay with time. The relation be-
tween the decay-time constant and the normal 
and inverse transistor parameters is discussed, 
and it is shown how the experimental measure-
ments can be directly applied to the design of 
transistor pulse circuits. 

Using the Ebers and Moll equivalent circuit 
for a saturated transistor, an analysis is made 
of the effect on the charge storage caused by the 
passage of a collector current when the base 
connection is open circuit. The case of a tran-
sient collector current is also examined, and it 
is concluded that for typical alloy junction 
transistors the passage of a collector current 
plays little part in determining the charge 
storage. Thus, the storage time with open-
circuit base is determined by the initial excess 

charge, the collector current existing when the 
transistor enters the active region, and the de-
cay time constant for minority carriers. A simple 
equivalent circuit for determining the decay 
of stored charge when a reverse base current 
is applied is also discussed. 

Element Coefficients for Symmetrical Two-
Section Filters Having Tchebycheff Response 
in Both Pass and Stop Bands—D. C. Pawsey 

(O. 19) 
Elements coefficient for a normalized sym-

metrical low-pass filter, having "equal ripple" 
response in both pass and stop bands, are pre-
sented graphically. The coefficients are plotted 
against the relative selectivity of the filter, with 
a loss factor as independent parameter. The 
interval between curves is sufficiently small to 
permit interpolation with an accuracy of ± 1 
per cent. 

Frequency and impedance transformations 
are included to allow the elements of a practical 
filter to be derived from those of the appropri-
ate normalized design. 

The loss function corresponding to a par-
ticular design is readily formulated in terms of 
the Loss factor above and the appropriate fre-
quencies of zero loss. 

Maximum Gain Realization of an RC Lad-
der Network—A. Paige and E. S. Kull (p. 32) 

This paper is concerned with the synthesis 
of the voltage transfer function of an untermi-
nated RC ladder network. Given 

12 N(p) 

D(p) 

the const raint on N and D is well known and 
the realization procedure is straightforward. 
However, for many applications, it is impor-
tant to realize the maximum possible gain (K 
max) associated with a given transfer function. 
This paper presents a method of determining 

from the given A(p). Furthermore, it is 
shown that if the maximum gain occurs at dc 
or at infinite frequency, can be realized 
exactly. If the maximum gain occurs at a 
finite frequency, Km,, can be approached 
arbitrarily closely. 

On Coefficients of Polynomials in Network 
Functions—S. L. Hakimi and W. Mayeda 
(p. 40) 

This paper presents a study of the relation-
ships between the missing powers of polyno-
mials in network functions and the network 
geometry. The elementary transformation of 
trees and the 2-trees of a network are intro-
duced to obtain the necessary and sufficient 
conditions for polynomials in network functions 
to have missing powers. It is shown that the 
polynomial in the numerator of the transfer 
function of a grounded two-terminal-pair 
RLC network cannot have two successive 
missing powers unless some common factors 
of the numerator and the denominator are 
cancelled. This result is useful in topological 
synthesis where one must usually restore all the 
necessary surplus factors before deciding on the 
minimum number of vertices and the geometry 
of the network. 

A General Class of Maximally-Flat Ampli-
tude Response Ladders—Sid Deutsch (p. 45) 

It is shown that the elliptical Tchebycheff 
pole array defines a general class of maximally-
flat amplitude functions when the number of 
poles approaches infinity. The infinite-order 
pole array can be realized as an infinite cascade 
of identical two-terminal ladders. The ampli-
tude characteristic of the driving-point imped-
ance of the two-terminal ladder is flat up to the 
nominal cutoff frequency, coo. Beyond coo, the 
exact shape of the amplitude characteristic is 
determined by the eccentricity of the original 
pole array. The two-terminal ladder is a low-
pass R, L, and C structure that is infinitely 
long. Two special cases are considered: 1) when 

the pole array becomes linear, the ladder is a 
constant-k type; 2) when the pole array be-
comes circular, the shunt conductances and 
series resistances of the ladder rapidly taper 
toward zero while its C and L components taper 
toward a constant-k type. 

Optimum Estimation of Impulse Response 
in the Presence of Noise—Morris J. Levin 
(P. 50) 

The problem considered is that of estimat-
ing the impulse response of a linear system 
from records of its input and output during a 
limited interval of time when the system output 
is obscured by additive random noise. Standard 
results from statistical estimation theory are 
applied to derive least squares and Markov 
estimates which are optimum in the sense of 
having minimum variance among all linear 
unbiased estimates. No special assumptions are 
required concerning the form of the input. 
Expressions for the variances of the sampling 
errors are given. The relationships of these 
estimates to other methods of estimation which 
have been suggested are discussed. 

Demodulated Lead Networks—Erik V. 
Bohn (p. 56) 

One of the possible types of compensating 
networks for carrier-frequency servo systems is 
the demodulator lead network. By means of 
synchronous switching, a nonlinear operation 
is performed on the envelope of the input. For 
the case of very high carrier-to-signal-frequency 
ratio, an equivalent linear circuit is derived 
which is that of a typical de lead network. The 
response to a step input in conjunction with 
quasistationary Fourier analysis and descrip-
tion of function methods is used to derive the 
circuit elements. The equivalent circuit is ven -
fired experimentally and its range of validity 
discussed. 

Regenerative Modes of Active Networks— 
E. S. Kuh (p. 62) 

An active device with passive imbedding 
can produce natural frequencies in the right-
half plane. In the design of regenerative cir-
cuits, it is important to find the permissible 
location of regenerative modes. In this paper 
the maximum real part of the natural fre-
quency of an active device under arbitrary 
passive imbedding is determined. Furthermore, 
it is shown that this regenerative mode can 
actually be realized. For the case of a pentode, 
the required passive network is a gyrator. 

Reviews of Current Literature (p. 64) 
Correspondence (p. 67) 

Electron Devices 

VOL. ED-7, No. 1, 
JANUARY, 1960 

Tunnel Diodes—R. N. Hall (p. 1) 
This paper presents a review of the proper-

ties, principles of operation, and implications of 
the tunnel diode. Following a brief description 
of the unusual characteristics of this device, a 
discussion is given of the mechanism which 
leads to the negative resistance. Experiments 
showing the transition from the tunnel diode 
characteristic to that of a high-voltage ava-
lanche diode are exhibited. The electrical char-
acteristics of tunnel diodes are outlined making 
use of the small-signal equivalent circuit which 
represents the behavior in the negative re-
sistance region. Diodes designed for high-
frequency operation are described and exam-
ples are given of circuits which demonstrate 
their behavior as switches, radio receivers, and 
microwave oscillators. In connection with a 
discussion of the temperature dependence of 
these devices, experiments are described which 
demonstrate the importance of phonons in de-
termining their characteristics at the tempera-
ture of liquid helium. 
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Prediction of Storage Time in Junction 
Transistors—R. P. Nanavati (p. 9) 

This paper points out that in the prediction 
of storage time one needs to know only a single 
fundamental device parameter, the storage 
time constant n. Several methods of measuring 
n are considered and compared both theo-
retically and experimentally. A single non-
oscilloscope method of measuring n is dis-
cussed and its theory presented. This method 
holds out the best promise for the ability to 
predict the storage time of very fast transistors. 
It is therefore now possible to predict large 
signal transient response of transistors on the 
basis of small signal nonoscilloscope measure-
ments. 

One-Dimensional Traveling-Wave Tube 
Analyses and the Effect of Radial Electric Field 
Variations—J. E. Rowe (p. 16) 

The equivalence of the differential-equation 
and integral-equation approaches to the solu-
tion of the nonlinear traveling-wave amplifier 
problem is shown rigorously. The equations can 
be transformed one into the other without 
making any additional assumptions. The 
space-charge expression developed on the basis 
of considering the electron distribution in phase 
space is shown to give the same form for the 
space-charge weighting function as a space-
charge expression based on the electron distri-
bution in space. Efficiency calculations are 
compared for the two methods and the agree-
ment is excellent. Corrections to earlier calcu-
lations are included. The effect of radial elec-
tric field variations due to the circuit is con-
sidered and it is shown that the efficiency for 
large streams is reduced in direct proportion 
to the square of the field reduction function. 

Small-Signal Analysis of the Helitron Oscil-
lator—Richard H. Pantell ( p. 22) 

In this paper, a small-signal analysis of a 
microwave oscillator, discussed by Watkins and 
Wada is presented. This tube, the helitron, has 
an electron beam describing the trajectory of a 
helix between two concentric cylinders. Inter-
action is with a TEM mode supported on the 
inner cylinder, and the beam is focused by 
having a potential difference between the cylin-
ders. This has been termed an E-type tube. 

The E-type tube had originally been con-
ceived as a device for exchanging electron 
potential energy of an electrostatically focused 
beam for RF energy. In this manner, one would 
expect to obtain the high efficiencies associated 
with an M-type tube, without requiring a 
magnetic field. 

Watkins and Wada presented experimental 
results in their paper, and they indicated that 
the theory that had been developed did not 
predict the observed behavior. In particular, 
it was stated that if the propagation constants 
were those of an M-type tube, the measured 
starting current would be one-fiftieth of the 
theoretical starting current. 

The small-signal analysis of the E-type tube 
developed in the main body of this paper has 
yielded two interesting results: 

1) The electrons bunch along the direction 
of rotation, and lose kinetic energy. In this 
sense the E-type tube behaves similar to the 
0-type oscillator. Electron motion transverse 
to the dc path, which is important in the M-
type tube, is not important for E-type opera-
tion 

2) Space charge forces tend to increase the 
bunching along the direction of rotation. This 
results in a negative value for the space-charge 
parameter, and an attendant reduction in start-
ing current. Growing waves can exist on an 
electron beam that is electrostatically focused 
between two conducting cylinders, even with-
out the presence of a circuit field. In this sense 
the E-type oscillator is similar to the M-type 
tube. 

Generation-Recombination Noise in Semi-
conductors—The Equivalent Circuit Approach 

—Keith S. Champlin (p. 29) 
Generation-recombination noise in semi-

conductors in thermal equilibrium is treated 
from the standpoint of thermal fluctuations in 
equivalent electrical circuits. For the general 
volume recombination model, a method based 
on network reduction is presented which allows 
one to calculate the spectral density of the elec-
tron and hole fluctuations without solving for 
the spectra of the fluctuations in occupancy of 
the recombination centers and traps. The 
method is extended to a surface recombination 
model, thereby avoiding the ambiguities found 
in previous formal treatments. It is shown that 
the concept of ambipolar diffusion, the location 
and spectral density of the random sources, 
and the spatial correlation of Fourier co-
efficients of carrier density fluctuations all have 
simple significance in electrical terms. 

Using transmission line techniques, the 
generation-recombination (GR) spectrum is 
calculated for a two-level semiconductor where 
recombination occurs at opposite plane sur-
faces. This new result is examined in detail for 
the limiting cases approached when the recom-
bination process is 1) volume-limited, 2) sur-
face-limited, and 3) diffusion-limited. It is 
shown that, in the first two cases, the spectrum 
is identical with that obtained from a zero-
dimensional analysis provided the time con-
stant is properly defined. For the diffusion-
limited case, however, the spectrum varies as 
1/w3!2 at high frequencies, and at low fre-
quencies the noise is 5/6 that predicted by the 
simple theory. The new result is shown to com-
pare favorably with measurements reported 
previously by Hill and van Vliet. 

Comparison of N-P-N Transistors and 
N-P-N-P Devices as Twenty-Ampere Switches 
—H. W. Henkels and F. S. Stein (p. 39) 
A series of 20-ampere silicon n-p-n transis-

tors and three-terminal n-p-n-p switches have 
been developed, and their characteristics are 
compared with respect to high-current switch-
ing applications. At the present time, collector-
emitter voltages of the transistors are generally 
lower than those of the switches, which may ex-
ceed 400 volts. The n-p-n transistors are some-
what simpler to produce than the n-p-n-p struc-
tures. However, the ultimate current-handling 
capacity of the latter type of device is greater, 
because of the uniform current density. The 
saturation voltage drops at 20 amperes are com-
parable, being in the order of one to two volts. 
The switch has a distinct advantage in the turn-
on speed, while the transistor has the equally 
important advantage that the base retains con-
trol for turn-off. 

Triode Electron Injection Systems for Hol-
low Beams—L. A. Harris ( p. 46) 

Novel electron guns, in which a conical hol-
low electron beam is projected at a large angle 
to the axis into a coaxial deflection region, were 
tested. The guns have a triode structure so that 
the perveance can be varied easily. The strong 
deflection increases the effective perveance of 
the beam and makes the trajectories insensitive 
to current variations. In the form of a device 
with the gun at a large radius and projecting 
the beam inward, the electron paths are sensi-
tive to scattering in the gun. The inverted gun, 
projecting the beam outward, is relatively free 
from this difficulty. The systems generally be-
have as expected, and should be quite useful for 
initiating variable-current hollow elect ron 
beams in various available focusing arrange-
ments. 
A New Concept in Microwave Gas Switch-

ing Elements—Ray S. Braden (p. 54) 
A gas switching tube commonly known as a 

TR tube is an RF energy switch, the operation 
of which is a function of incident power level. 
Switch operation is achieved by gaseous ioniza-
tion. The major problem in the design of gas 
switching devices has been that of achieving, 
simultaneously, a short recovery time and a 

low arc loss. This problem has been eliminated 
by the development of the device described in 
this paper. The design objective was to produce 
a self-contained TR window for operation at 
very high powers. The arc loss developed by 
conventional tube design at these high power 
levels would be sufficient to melt any known 
window material. The design of this device is 
such that the ionizable gas blanket takes the 
form of a thin-walled cylinder suspended in the 
iris in a dielectric cylinder. This configuration 
presents a smaller volume of gas with a reduced 
cross section and a much shorter diffusion 
length. These changes result in lower leakage 
power, faster recovery time, and reduced arc 
loss. 

As finally developed, the window does not 
involve glass-to-metal or ceramic-to-metal 
seals. The problem of metal sputtering or out-
gassing is therefore eliminated. By a unique 
spring pressure support, the problem of strain 
developed by differences of thermal coefficients 
of expansion is eliminated. The open-ended de-
sign of the cylinder provides excellent facilities 
for cooling the window. 

Prototype units llave been successfully 
operated in L band at power levels consider-
ably in excess of 15 mw peak power and 30 kw 
average power. These units exhibited recovery 
times of 5 to 20 µsec with high-level attenua-
tion of 26 to 35 db and arc loss below the level 
of present measuring techniques, i.e., <0.02 
db. 

A practical window for these high powers 
with a loaded Q of less than 1.5 has been 
fabricated. 

Transistor Behavior at High Frequencies— 
R. P. Abraham (p. 59) 

The tee equivalent circuit for junction 
transistors has been modified to take account 
of electric field in the base region. This electric 
field is the result of a graded impurity density 
in the base region of the transistor. It is shown 
that a graded base improves the high-frequency 
performances of the common base stage; how-
ever. the improvement in common emitter per-
formance is considerably less because of the 
increased "excess" phase which accompanies 
the improved high-frequency performance. The 
complex hybrid parameters are calculated for 
the common base and common emitter con-
figurations; these calculations take into account 
the parasitic interterminal capacities of the 
transistor. The common emitter calculations 
are compared to measure data, and substantial 
agreement is obtained. 

Contributors ( p. 70) 

Engineering Management 

VOL. EM-7, No. 1, 

MARCH, 1960 

Editorial (p. 1) 
A Stochastic Model for Determining the 

Size and Allocations of the Research Budget— 
Raoul J. Freeman (p. 2) 

An analytical method is presented for deter-
mining the size of the research budget and allo-
cating it among competing projects. A stochas-
tic model is utilized. The over-all profit-maxi-
mization of the firm is used as a framework. A 
hypothetical example is given to illustrate the 
method. 

Regression Models for Company Expendi-
tures on and Returns from Research and 
Development—Ira Horowitz (p. 8) 

Data were gathered on the research ex-
penditures, sales, and profits of a sample of 
large firms which had been conducting or-
ganized research for 25 years or more. A linear 
relationship is hypothesized for explaining the 
size of the research budget. Several factors in-
fluencing the size of the research budget are 
examined. A regression model is developed for 
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expressing the returns on R & D expenditures 
with lags up to six years. Suggestions are made 
for the application and possible uses of the 
method by an individual firm. 

Intracompany Systems Management— 
Harry H. Goode (p. 14) 

Research and Development on complex sys-
tems requires experimentation with the organi-
zational form of the technical effort. Three 
levels of system design are distinguished—the 
set, the set of sets, and the set of sets of sets. 
The evolution of complex system design is de-
scribed. Five organizational modes are exam-
ined and evaluated. The crossbar mode is sug-
gested as best for large scale system projects 
and is described in detail. 

Enculturation in Industrial Research— 
Robert W. Avery (p. 20) 

The new researcher undergoes a learning 
experience in the laboratory, in which he at-
tempts to relate his technical competence to 
the needs of his employer. More than one 
hundred members of ten industrial laboratories 
were interviewed in order to discover the kinds 
of things the new researcher learns, the prob-
lems be encounters, etc., as he first adapts him-
self to the milieu of the industrial laboratory. 
Emphasis is placed in the analysis of these data 
on the factors influencing the kinds of ideas he 
produces and how he handles ideas. 

Some Organizational Factors Affecting 
Creativity—Norman Kaplan (p. 24) 

Until recently, theoretical discussions and 
careful conceptual analyses have been rare in 
the literature on creativity. Studies of the or-
ganizational and environmental factors affect-
ing the creativity of scientists have also been 
rare, but are becoming more common. This 
paper reports on the factors considered impor-
tant in influencing creativity in a number of 
research laboratories. The data were gathered 
through interviews with research directors, ad-
ministrators, and scientists. Five factors are 
identified and analyzed. 

Role Concept of Engineering Managers— 
Simon Marcson (p. 30) 

This paper contains preliminary results of a 
questionnaire survey among engineering man-
agers in a large electronics company. Engineer-
ing managers are divided into three levels and 
compared with respect to their degree of busi-
ness and professional orientation, their concep-
tion of authority, and their understanding of 
the problems of nonsupervisory engineers. 

On the Anatomy of Development Projects 
—Peter V. Norden (p. 34) 

The structure of an R & D project is de-
scribed in terms of an Effort- Distribution 
Array. A logistic model is presented for the 
cumulative times series of effort devoted to a 
project, and problems of using such curves for 
prediction are discussed. A set of rules is given, 
which, with the aid of computer simulation, can 
be used to generate a project schedule. The 
consequences of several combinations of rules 
and restrictions are examined. 

Human Factors in Electronics 

VOL. HFE-1, No. 1, 

M ARCH, 1960 

Frontispiece and Editorial—Curtis M. 
Jansky ( p. 2) 

Man-Computer Symbiosis—J. C. R. Lick-
lider (p. 4) 

Man computer symbiosis is an expected de-
velopment in cooperative interaction between 
men and electronic computers. It will involve 
very close coupling between the human and the 
electronic members of the partnership. The 
main aims are 1) to let computers facilitate 
formulative thinking, as they now facilitate the 
solution of formulated problems, and 2) to en-

able men and computers to cooperate in making 
decisions and controlling complex situations 
without inflexible dependence on predeter-
mined programs. In the anticipated symbiotic 
partnership, men will set the goals, formulate 
the hypotheses, determine the criteria, and 
perform the evaluations. Computing machines 
will do the routinizable work that must be done 
to prepare the way for insights and decisions in 
technical and scientific thinking. Preliminary 
analyses indicate that the symbiotic partner-
ship will perform intellectual operations much 
more effectively than man alone can perform 
them. Prerequisites for the achievement of the 
effective, cooperative association include de-
velopments in computer time sharing, in mem-
ory components, in memory organization, in 
programming languages, and in input and out-
put equipment. 

Pattern Recognition and Display Character-
istics—W. R. Bush, V. M. Donahue and R. B. 
Kelly (p. 11) 

This paper reports experimenta results of 
human operator performance in a visual recog-
nition task. The work began with a method of 
generating families of complex patterns to 
simulate certain characteristics of visual sensor 
displays, such as radar and infrared returns. 
The experimental effort was directed toward 
establishing criteria for predicting human oper-
ator performance in a map-matching task. The 
operators' task was to recognize which of four 
patterns presented simultaneously with a refer-
ence pattern belonged to the reference pattern 
family. The measure of performance was the 
time in seconds taken by the operator to make 
a selection. Response times were more rapid 
when the reference pattern was less complex 
than the comparison than when the reference 
pattern was the more complex. Analysis of the 
display characteristics led to the selection of 
four physical measures to be used in predicting 
operator performance. These measures—pat-
tern length, pattern density, and two measures 
of pattern complexity—correlated highly with 
response time, were not highly intercorrelated, 
and were applicable to natural sensor returns. 
The four measures were found to account for a 
high degree of the total variance. Regression 
equations were derived which predict perform-
ance from known values of the four measures. 

The Use of Quickening in One Coordinate 
of a Two-Dimensional Tracking System— 
J. W. Duey and R. Chernikoff ( p. 21) 

In a previous study, it was found that 
tracking error in one coordinate of a two-
dimensional tracking system was affectel by 
the dynainics used in the other coordinate. In 
particular, tracking performance progressively 
deteriorated as the dynamics in the two co-
ordinates become more dissimilar. The present 
study seeks to extend these findings by deter-
mining how the introduction of quickening into 
one coordinate of a second-order, two-coordi-
nate tracking system would affect the per-
formance in the unquickened coordinate. In the 
light oh the previous study, it might be expected 
that quickening one coordinate would degrade 
the performance of the other. On the other 
hand, the simplification of the tracker's task in-
duced by quickening might effect an improve-
ment in performance. 

The findings suggest that a counterbalance 
of the above factors was achieved, since quick-
ening one coordinate had no effect on perform-
ance in the other. 

Desirable Push-Button Characteristics— 
Richard L. Deininger (p. 24) 

This paper reports the results of studies in a 
series concerning the characteristics of push-
button keysets that people can operate quickly, 
accurately and conveniently. The studies in-
vestigated push-button arrangements, button 
top and lettering characteristics, and push-
button force-displacement characteristics. Con-
siderable latitude exists in the design of keysets 

if only keying performance is considered. The 
preference judgments were somewhat more 
selective, particularly for the force-displace-
ment characteristics of the button mechanism. 

The Relation of Electronic and Optical 
Gain to System Performance—S. Seidenstein 
and H. P. Birmingham (p. 30) 

An experiment was conducted to investigate 
the effect of adjusting display gain upon man-
machine system performance in a simple aided 
tracking system. Gain was varied in two ways: 
electrically by changing amplification, and op-
tically by changing the distance from the scope 
to the eye. Manipulation of gain by each 
method produced similar changes in system 
performance. Over the ranges studied, system 
error decreased as display gain was increased. 
This result agrees with predictions based upon 
closed-loop control system theory and suggests 
the feasibility of including additional experi-
mental variables within the theory. 

Communications (p. 33) 
Reviews of Current Literature (p. 35) 
Contributors (p. 41) 

Industrial Electronics 

PGIE-11, DECEMBER, 1959 

New Developments in Stream Analysis— 
V. H. Adams and D. J. Fraade ( p. 1) 

Nuclear Magnetic Resonance Applications 
—Herbert Rubin (p. 9) 

Use of Infrared Techniques in Industrial 
Instrumentation—H. L. Berman and G. F. 
Warnke (p. 15) 

Nondestructive Eddy Current Testing— 
Glenn O. McClurg (p. 20) 

Electronic Photography—M. L. Sugarman, 
Jr., M. B. Levine and N. P. Steiner (p. 26) 

Applying Military Reliability Research to 
Industrial Electronics—H. L. Wuerffel (p. 34) 

Digital Control Systems—Present and 
Future—Montgomery Phister, Jr. ( p. 44) 

New Magnetic Recording Techniques for 
Data Processing—Marvin E. Anderson (p. 47) 

Some Aspects of Magnetic Recording Use-
ful for Industrial Control—Edward G. Wildan-
ger ( p. 53) 

Recent Developments in Transducer Tech-
nology—V. T. Li (p. 57) 

Microwave Theory and Techniques 

VOL. mrr-8, No. 1, 

JANUARY, 1960 

A Message from the Editor—Donald D. 
King (p. 2) 

Microwave Price (p. 3) 
Theoretical Limitations to Ferromagnetic 

Parametric Amplifier Performance—R. W. 
Damon and J. R. Eshbach (p. 4) 

It has been commonly expected that im-
proved operation of the ferrite parametric am-
plifier could be obtained by use of materials of 
narrower resonance linewidth, .11/. This pa-
rameter is critical in determining the pumping 
power (P„) required for operation of the device. 
Also of importance, however, is the limitation 
of device properties determined by the depend-
ence on .1tH of the instability threshold of the 
spin-wave system. Considering this limitation, 
the maximum voltage gain-fractional band-
width product (g„Aco/coi) has been determined 
as a function of other device parameters, and 
typical values calculated for several modes of 
operation. In the electromagnetic mode, for 
example, there is an optimum ,C.H which yields 
maximum g,..lco/toi at a given pumping power. 
It is also shown that a minimum filling factor, 
also a function of MI for some types of opera-
tion, is required to reach the oscillation thresh-
old even in the unloaded device. 
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An Extension of the Mode Theory to 
Periodically Distributed Parametric Amplifiers 
with Losses— K. Kurokawa and J. Hamasaki 
(p. 10) 

For the extension of the mode theory of 
the lossless periodically distributed parametric 
amplifier to the lossy case, a "conjugate circuit" 
is introduced in this paper. The conjugate cir-
cuit is an imaginary circuit which is obtained 
in the passband by replacing each resistance in 
the original circuit with the negative resistance 
of the same magnitude. The orthogonality 
properties between the modes of the original 
circuit and those of the conjugate circuit are 
derived. The power gain and the noise figure of 
the amplifier are calculated, showing the useful-
ness of this mode theory in accounting for the 
spreading resistance of the semiconductor 
diode. 

Action of a Progressive Disturbance on a 
Guided Electromagnetic Wave—J. C. Simon 
(p. 18) 

Periodic and Guiding Structures at Micro-
wave Frequencies—A. F. Harvey (p. 30) 

The paper reviews the properties of periodic 
and guiding structures which now play an im-
portant part in the operation of components, 
antennas, electron tubes and low-noise ampli-
fiers. An account is first given of dispersive 
propagation in periodic-loaded lines, showing 
how the frequency characteristic breaks into 
pass and stop bands. The formation of forward-
and backward-space harmonics and the effects 
of systematic modification of loading are exam-
ined. A description is then given of the various 
types of surface-wave structures including di-
electric rods, dielectric-clad metals, and cor-
rugated surfaces, as well as surface wave instru-
ments and circuits. Practical slow-wave struc-
tures such as ladder lines, coupled cavities and 
helices are finally treated. The survey concludes 
with a bibliography. 

Design of Mode Transducers—L. Solymar 
and C. C. Eaglesfield (P. 61) 

The propagation of the electromagnetic 
wave in a gradual transducer is discussed. It is 
shown that the incident mode and the geometry 
of the transducer determine the outgoing mode. 
Inverting this theorem, a method is suggested 
for the design of the transducer's surface for 
cases in which the desired modes in the uniform 
waveguides are given. 

The application of the method is illustrated 
in three examples. 

UHF Resonator with Linear Tuning— B. H. 
Wadia and R. L. Sarda (p. 66) 
A novel method of tuning a transmission-

line type resonator is described. The first-order 
theory of such a resonator is derived and pre-
sented in the form of design curves which indi-
cate an extremely good tuning linearity. Ex-
periments with a resonator designed on this 
principle agree with theory. 

Equivalent Circuits for Small Symmetrical 
Longitudinal Apertures and Obstacles—Arthur 
A. Oliner ( p. 72) 

Formulas based on small aperture and small 
obstacle theory are presented for the determi-
nation of equivalent circuits for symmetrical 
longitudinal apertures and obstacles. These for-
mulas are then applied to several examples of 
practical interest, including aperture disconti-
nuities in trough waveguide and an obstacle 
array of interest to anisotropic radomes. 

On the TE„,, Modes of a Ferrite Slab 
Loaded Rectangular Waveguide and the As-
sociated Thermodynamic Paradox—A. D. 
Bresler ( p. 81) 

It has been known for some time that the 
secular equation for the TE,,0 modes of a per-
fectly conducting rectangular waveguide loaded 
with a transversely magnetized dissipationless 
full height ferrite slab located against one of the 
narrow walls of the waveguide admits the possi-
bility of the existence of only a single propa-

gating mode (transporting energy in one di-
rection only). In this paper, it is established 
that if we admit the existence of a passive dis-
sipationless uniform waveguide supporting only 
a single propagating mode we are led ines-
capably to a thermodynamic paradox. A 
uniqueness theorem is cited to establish that, 
for the waveguide described above, the paradox 
is associated with the TE,,o mode set alone. 
This conclusion motivates a thorough study of 
the secular equation for the TE,,0 modes of this 
waveguide. This study is initiated by an inves-
tigation into the properties of the TE„0 surface 
waves guided along a plane interface separating 
a transversely magnetized dissipationless fer-
rite from free space. It is shown that two 
oppositely directed surface waves are guided 
along this interface. These two surface waves 
are admitted in different finite ranges of the 
parameter values which never coincide and 
which may or may not overlap. Each of the two 
surface waves has both a high- and a low-fre-
quency cutoff and, in general, both a high and 
a low dc magnetic field cutoff. The propagation 
constant of one of the surface waves becomes 
infinite at the low field ( high-frequency) cutoff. 
The next step in the analysis consists of an 
examination of the behavior of these surface 
waves on finite thickness ferrite slabs located 
in different environments. It is shown that 
when one of the two interfaces bounding the 
slab approaches a short circuit the infinite 
propagation constant noted above behaves in a 
peculiar discontinuous fashion. Next, the TE,,o 
mode secular equation of the slab loaded rec-
tangular waveguide is analyzed and informa-
tion is developed leading to a description of the 
behavior of the propagation constants of all the 
propagating TEno modes. This analysis reveals 
that the possibility of the existence of only a 
single propagating mode is associated only with 
the surface wave mode of this waveguide. A 
resolution for the thermodynamic paradox is 
proposed based on the discontinuous behavior 
of one of the infinite propagation constants as-
sociated with this surface wave mode. It is 
shown that with a properly chosen secular equa-
tion for the waveguide under consideration 
there are always an even number of TEno propa-
gating modes, half of which transport energy 
in one direction, half in the other. This demon-
stration is based, in part, on an analysis leading 
to relations between the direction of the power 
flow associated with a propagating mode and 
the derivative of its propagation constant with 
respect to the dc magnetic field. 

L-Band Ferromagnetic Resonance Experi-
ments at High Peak Power Levels—E. Schlo-
mann, J. Saunders, and M. Sirvetz (p. 96) 

Ferromagnetic resonance absorption at high 
peak power levels has been observed at 1300 mc 
in yttrium-gadolinium garnets and in a nickel 
ferrite-aluminate. In agreement with theoreti-
cal predictions, the critical field characterizing 
the onset of nonlinear effects, in a series of 
yttrium-gadolinium garnet disks of a given 
shape, was found to he very sensitively de-
pendent on the gadolinium content. Similarly, 
for samples of a given composition. the critical 
field strength was sensitively dependent on the 
shape of the sample in agreement with theo-
retical predictions. At moderate power levels 
the susceptibility varies linearly with the square 
of the RF magnetic field strength over an ap-
preciable range. This result can be understood 
in terms of an extension of Suhl's theory. The 
results can be used to predict the high power 
performance of these materials when used in 
isolators. 

High Power Ferromagnetic Resonance at 
X-Band in Polycrystalline Garnets and Ferrites 
—J. J. Green and E. Schlomann (p. 100) 

Resonance experiments have been per-
formed at X-band on spherical samples of poly-
crystalline yttrium garnet, yttrium-gadolinium 

garnet, yttrium-holmium garnet and nickel-
cobalt ferrite. The RF field strength extended 
up to 60 Oersted. In the case of yttrium garnet 
the samples differed considerably in density and 
hence in linewidth. At fairly low power levels 
the susceptibility at resonance varies linearly 
with the square of the RF magnetic field 
strength. At high power levels the suscepti-
bility is inversely proportional to the amplitude 
of the microwave magnetic field. The "spin-
wave linewidth" MIA is inferred by extrapola-
tion from the behavior at very high powers. It 
is found that .11/k is, to a large extent, inde-
pendent of the linewidth ,C,H observed by the 
usual low power experiments. In particular 
,C,Hk was found to be essentially the same (ap-
proximately 4 0e) for all yttrium iron garnets 
(single crystals and polycrystals with linewidth 
varying between 1.8 Oe and 450 0e). On the 
other hand, ¿ II A increases very rapidly if the 
yttrium is partially substituted by holmium 
(à1/0"--11 Oe for 1 per cent substitution). 

Microwave Diode Cartridge Impedance— 
R. V. Garver and J. A. Rosado (p. 104) 

In any application of a semiconductor mi-
crowave diode, the impedance of the diode 
cartridge plays a very important role. Two 
commonly made assumptions, which are quite 
erroneous, are that 1) the impedance of the 
diode cartridge consists simply of a shunt ca-
pacitance and whisker inductance, and 2) the 
metal-to-semiconductor junction at microwave 
frequencies behaves approximately as it does 
at 10 mc. In this paper it is shown that the 
impedance of the diode cartridge at microwave 
frequencies can be measured accurately by sub-
stituting a carbon die for the semiconductor. 

Theory of the Germanium Diode Micro-
wave Switch—R. V. Garver, J. A. Rosado and 
E. F. Turner (p. 108) 

The application of a generally neglected 
theory of microwave detection to the poorly 
understood problem of metal-to-semiconductor 
junction behavior at microwave frequencies is 
discussed. Experimental results are disclosed 
which support the theory and appear to be the 
first experimental verification of it. It is shown 
how the theory predicts that germanium micro-
wave diodes should exercise direct switching 
action upon microwaves while silicon micro-
wave diodes should not, as had been observed 
in the past but with no explanation. 

Improvement in the Square Law Operation 
of 1N23B Crystals From 2 to 11 KMC—A. 
Staniforth and J. H. Craven (p. 111) 

Crystal rectifiers have been used for many 
years as video detectors in microwave meas-
urements. In most of the applications the de-
tection characteristic at low level is assumed to 
be square law. It is well known that, in general, 
this assumption is not justified, particularly if 
reasonable accuracy is desired. The conditions 
required to increase the dynamic range over 
which square law response may be achieved 
have been investigated experimentally. Results 
obtained in this laboratory have indicated that 
a forward bias current of 100 microamperes or 
more with a low video load resistance made the 
operation of the crystal closer to the ideal 
square law over a larger dynamic range. 

An N-Way Hybrid Power Divider— 
Ernest J. Wilkenson (p. 116) 
A circularly symmetric power divider is de-

scribed which splits a signal into n equiphase 
equiamplitude parts where n can be odd or even. 
The power divider provides isolation between 
output terminals and approximately matched 
terminal impedances over about a 20 per cent 
band. A theory of operation is given which 
yields the necessary design parameters, and an 
experimental model is described which has a 
minimum isolation oh — 27 db between output 
terminals, an output VSWR of 1.6, and an in-
put VSWR of 1.2. 

Correspondence (p. 119) 
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534.2-13 1085 
983 On the Diffusion of Sound Waves in a 
983 Turbulent Atmosphere—R. 11. Lyon. (J. 
983 Acousi. Soc. Amer., vol. 31. pp. 1176-1182; 
984 September, 1959.) The directional and fre-
984 quency diffusion of a plane monochromatic 
985 sound wave in statistically homogeneous, 
985 isotropic, and stationary turbulence is analyzed 
987 theoretically. 

The Index to the Abstracts and References published in the PROC. IRE from 
February, 1959 through January, 1960 is published by the PROC. IRE, June, 1960, 
Part II. It is also published by Electronic Technology (incorporating Wireless 
Engineer and Electronic and Radio Engineer) and included in the April, 1960 is-
sue of that Journal. Included with the Index is a selected list of journals scanned 
for abstracting with publishers' addresses. 

The number in heavy type at the upper 
left of each Abstract is its Universal Decimal 
Classification number. The number in heavy 
type at the top right is the serial number of the 
Abstract. DC numbers marked with a dagger 
(f) must be regarded as provisional. 

UDC NUMBERS 

Certain changes and extensions in UDC 
numbers, as published in PE Notes up to and 
including PE 666, will be introduced in this and 
subsequent issues. The main changes are: 

Artificial satellites: 
Semiconductor devices: 
Velocity-control tubes, 

klystrons, etc.: 
Quality of received sig-

nal, propagation con-
ditions, etc.: 

Color television: 

551.507.362.2 (PE 657) 
621.382 (PE 657) 

621.385.6 (PE 634) 

621.301.8 (PE 651) 
621.307.132 (PE 65))1 

The "Extensions and Corrections to the 
UDC," Ser. 3, No. 6, August, 1959, contains 
details of PE Notes 598-658. This and other 
UDC publications, including individual PE 
Notes, are obtainable from The International 
Federation for Documentation. Willem Witsen-
plein 6, The Hague. Netherlands, or from The 
British Standards Institution, 2 Park Street, 
London, W.I., England. 

ACOUSTICS AND AUDIO FREQUENCIES 

534.2 1084 
On Waveguide Sound Propagation in Lay-

ered Inhomogeneous Media--E. P. Masterov. 
(Aims/. Z., vol. 5, no. 3, pp. 332-336; 1959.) 
Experimental investigation of sound propaga-
tion in a nimliuni in which the square of the re-
fractive index varies according to an exponen-
tial law. 

A list of organizations which have avail-
able English translations of Russian 
journals in the electronics and allied 
fields appears at the end of the Abstracts 
and References section. 

534.2-14:534.88 1086 
Model Experiments on Sound Propagation 

in Shallow Seas—A. B. Wood. (J. Aeons!. Soc. 
Amer., vol. 31, pp. 1213-1235; September, 
1959.) Detailed report of an experimental 
study including a description of a scanning 
technique which gives a complete picture of a 
low-intensity sound field in a vertical plane in 
the water. 

534.213-8 1087 
Measurement of Velocity and Attenuation 

of Ultrasonic Surface Waves in Solid Materials 
—K. N. Vinogradov and G. K. Uryanov. 
(Akus/. Z., vol. 5, no. 3, pp. 290-293; 1959.) 
Report of measurements made on metals, alloys 
and glass by a standing-wave method using a 
proximity magneto-acoustic converter. Damp-
ing was measured by a pulse method. Oxida-
tion of an alloy sample increased the surface-
wave attenuation at 8 inc from 0.08 to 0.25 
db/cm. 

534.213.4 1088 
Characteristic Parameters of Propagation 

in Lined Ducts—R. S. Piazza. (A custieu, vol. 9. 
no. 3, pp. 129-134; 1959.1 

534.213.4 1089 
Three-Dimensional Investigation of the 

Propagation of Waves in Hollow Circular Cyl-
inders : Parts 1 and 2 - - D. C. Gazis. ( J. :lotus!. 
Soc. A Mer .. vol. 31, no. 5, pp. 568- 578; May. 
1959.) The frequency equation for the propa-
gation of free harmonic waves along a cylinder 
of infinite extent is derived and evaluated for 
some representative cylinders. 

534.232-8:537.228.1 1090 
On the Spatial Resolving Power of Barium 

Titanate and Quartz Plates for Ultrasonic-
Field Imaging— K. Hartwig. (Acuslico, vol. 9, 
no. 2, pp. 109 - 117; 1959. In German.) Acoustic 
measurements of the amplitude distribution of 
forced vibrations of different-sized plates in the 
range 3.9 -9.5 mc and with excitation restricted 
to a narrow region of the plate, are considered 
in relation to electrical measurements of their 
natural vibrations. Optimum thickness and 
frequency limits for piezoelectric plates in ul-

trasonic image converters Isee e.g. 2084 of 1959 
(Freitag and Martin)] are discussed. 

534.26 1091 
Diffraction of a Convergent Cylindrical 

Wave by a Sphere— I. N. Kanevskii. (Akits/. 
Z., vol. 5, no. 3, pp. 294-300; 1959.) An expres-
sion is derived for the resulting field potential 
and asymptotic expressions are obtained for 
the intensity of the scattered wave and the 
effective scattering cross section. 

534.283:546.621 1092 
Acoustic Attenuation in Aluminium due to 

Electron-Lattice Interaction—E. Lax. (Phys. 
Rev., vol. 115, pp. 1591-1594; September 15, 
1959.) Measured attenuation was proportional 
to the electrical conductivity and increased 
with the square of the frequency, but was 50 
per cent greater then could be explained by 
existing theory. 

534.283-8 : 546.815: 538.6 1093 
The Effect of the Direction of a Transverse 

Magnetic Field on the Electronic Component 
of Ultrasonic Absorption in a Lead Single Crys-
tal—L. Mackinnon, A. Myers, and M. T. 
Taylor. 1Prec. Phys. Soc. (London), vol. 75, 
pp. 773-775; December 1, 1959.1 

534.286-14 1094 
Compressional Relaxation in Liquids— 

R. E. Nettleton. (J. Aeons!. Soc. Amer., vol. 31, 
pp. 557 567; May, 1959.) 

534.286.2 1095 
The Oscillation of Air Particles in Porous 

Sound-Absorber M \V. Heiberg. 
(Acusiico, vol. 9, no. 3, pp. 155-163; 1959. In 
German.) Entry impedance is calculated for a 
given Rayleigh-type model and the damping 
and phase velocity in front of the absorber are 
determined for grazing incidence. Measure-
ments on three models placed on the walls of a 
rectangular tube are described. 

534.286.2 1096 
Absorption of Sound by a Strip of Absorp-

tive Material in a Diffuse Sound Field—T. D. 
Northwood, M. T. (; risaru. and M. A. Mecicof. 
(J. Acoust. .Soc. .4 mer., vol. 31, pp. 595-599; 
May, 1959.) The method of Levitas and Lax 
(2314 of 1951) is extended to determine ran-
dom-incidence absorption. 

534.62 1097 
The New Anechoic Room of the Centre 

National d'Études des Télécommunications— 
P. (' havasse and R. Lehmann. (Ann. Télé-
commun., vol. 14, pp. 72 83; March/April, 
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1959.) The construction of the room is de-
scribed in detail and its acoustic characteristics 
are given. 

534.75 1098 
Binaural Listening and Interaural Noise 

Cross-Correlation— I. Pollack and W. J. 
Trittipoe. (J. Atone Soc. Amer., vol. 31, pp. 
1250-1252; September, 1959.) The identifica-
tion of different interaural correlations is ex-
amined over a wide range of reference correla-
tions. 

534.76:621.395.623.7 1099 
Listener Reaction to Stereophonic Repro-

duction by Reflected Sound—S. E. Levy, G. W. 
Sioles, V. Brociner, and R. W. Carlisle. (J. 
Acoust. Soc. Amer., vol. 31, pp. 1256-1259; 
September, 1959.) Data are presented on the 
evaluation of various loudspeaker arrangements 
making use of reflections from the walls of the 
room in which the stereophonic sound field is 
produced. 

534.79 1100 
Curves of Equal Loudness for Octave-Fil-

tered Noise in a Diffuse Sound Field—I. 
Cremer, G. Plenge, and D. Schwarzl. ( A cuslica, 
vol. 9, no. 2, pp. 65-75; 1959. In German.) 
Measurement equipment and its mode of 
operation are described. A noise- level meter 
based on data for a diffuse sound field showing 
a fall of about 3 db per octave is considered. 

534.79 1101 
On the Lambda Loudness Function, Mask-

ing, and the Loudness of Multicomponent 
Tones—W. R. Garner. (J. Accoust. Soc. Amer., 
vol. 31, pp. 602-607; May, 1959.) A computa-
tional procedure is presented for determining 
the loudness of multicomponent tones. See 1062 
of 1959. 

534.833:534.286.2 1102 
Three-Dimensional Multiresonant Sound 

Absorber—M. Abramchik and I. Maletskif. 
(Akust. Z., vol. 5, no. 3, pp. 275-281; 1959.) 
Description of a small absorber with perforated 
flexible walls of transparent material which can 
be hung from the ceiling. An experimental in-
vestigation of the optimum height and spacing 
of absorbers for noise reduction is reported. 

621.395.623.7.001.4 1103 
Measurements on Loudspeakers in their 

Places of Use—T. S. Korn and J. Hougardv. 
(Acustica, VOL 9, no. 3, pp. 121-126; 1959. In 
French.) Response curves of different loud-
speaker units measured a) in an echo-free cham-
ber and b) in listening rooms are compared. 
The lack of correlation between the two sets of 
curves is underlined. "Room amplification" is 
defined and a standard-listening-room pro-
cedure is suggested for practical measurements. 

621.395.625.3 1104 
The Recording Process in Magnetic Sound 

Recording in Preisach's Representation—G. 
Schwantke. (Freqnenz, vol. 12, pp. 383-394; 
December. 1958.) The analysis of magnetiza-
tion processes on the basis of Barkhausen-jump 
statistics using the Preisach diagram is de-
veloped. The study of the recording mechanism 
by this method provides a satisfactory explana-
tion of certain observed effects ( see 375 of 
February), and may give a quantitative inter-
pretation of the recording process. 

681.844.08 1105 
Analysis of a Piezoelectric Phonograph 

Transducer as a Function of the Clamping 
Position—D. H. Howling. (J. Acoust. Soc. 
Amer., vol. 31, pp. 620-627; May, 1959.) Re-
cording and play-back response characteristics 
of a laterally vibrating transducer are investi-
gated using a transmission-line analog. 

ANTENNAS AND TRANSMISSION LINES 

621.372.8 : 537.226 1106 
An Image-Line Coupler—D. J. Angelakos. 

(TRANS. IRE ON :MICROWAVE THEORY AND 
TECHNIQUES, vol. MTT-7, pp. 391-392; July, 
1959.) A study of the coupling due to a hole 
made through the image plane. Results ob-
tained with an experimental coupler at 24.4 
kmc and a note on its application as a direc-
tional coupler are given. 

621.372.823:621.372.852.22 1107 
Propagation Constants of Circular Cylindri-

cal Waveguides Containing Ferrites— II. K. F. 
Severin. (TRANS. IRE ON M ICROWAVE TIIEORY 
AND TECHNIQUES, vol. NITT-7, pp. 337-346; 
July, 1959. Abstract, PROC. IRE, vol. 47, p. 
1796; October, 1959.) 

621.372.826 1108 
0-Guide and X-Guide: an Advanced Sur-

face-Wave Transmission Concept— M. Sugi 
and T. Nakaliara (TRANS. IRE ON M ICRO-
WAVE THEORY AND TECHNIQUES, vol. NI TT-7, 
pp. 366-369; July, 1959. Abstract, PROC. IRE, 
vol. 47, p. 1796; October. 1959.) 

621.372.829 1109 
The Transmission of TE,,, Wave in Helix 

Waveguides—T. I losono and S. Kohn°. 
(TRANS. IRE ON M ICROWAVE THEORY AND 
TECHNIQUES, vol. NITT-7, pp. 370-378; July. 
1959. Abstract, PROC. IRE, vol. 47, p. 1796; 
October, 1959.) 

621.372.831 1110 
Design of Linear Double Tapers in Rec-

tangular Waveguides— R. C. Johnson. (TR .% NS. 
R EON M ICROWAVE THEORY AND TECIINIQI ES, 

vol. MTT-7, pp. 374-378; July, 1959. Abstract, 
PROC. IRE, vol. 47, p. 1796; October, 1950.) 

621.372.831 1111 
Spurious Mode Generation in Nonuniform 

Waveguide—L. Solymar. (TRANS. IRE ON 
M ICROWAVE THEORY AND TECHNIQUES, VOL 
M TT-7, pp. 379-383; July, 1959. Abstract, 
PROC. IRE, vol. 47, p. 1796; October, 1959.) 

621.372.831.2 1112 
Waveguide Bend—D. Wrav and R. A. 

Hastie. (Electronic Tech., vol. 37, pp. 76 83; 
February, 1960.) A design procedure is given 
for a sharp bend of continuously changing 
radius of curvature. Results obtained with an 
experimental bend compare favorably with 
those for a "slow" bend of considerably greater 
size. 

621.372.832.6 1113 
A High-Power Diplexing Filter—L. Young 

and J. Q. Owen. (TRANS. IRE ON M ICROWAVE 
THEORY AND TECHNIQUES, vol. MTT-7, pp. 
384-387; July, 1959. Abstract, PROC. IRE, 
vol. 47, pp. 1796-1797; October, 1959.) 

621.372.832.8 1114 
New Microwave Circulators—H. N. Citait 

and T. R. Curry. (Electronics, vol. 32, pp. 81-
83; December 18. 1959.) The operation of the 
Y-circulator is explained, and different methods 
of introducing the ferrite are discussed. Experi-
mental results are given, and advantages and 
applications of the circuit are described. 

621.372.832.8 1115 
Circulators at 70 and 140 kMc/s—J. B. 

Thaxter and G. S. Heller. (Paoc. IRE, vol. 48, 
pp. 110-111; January, 1960.) The design of 
H-plane Y-junctions and their insertion loss 
and isolation characteristics are given. 

621.372.832.8 1116 
A Strip-Line L-Band Compact Circulator— 

L. Davis, Jr., U. Milano, and J. Saunders. 
(Paoc. IRE, vol. 48, pp. 115-116; January, 

1960.) Isolation, insertion lose and VSWR 
characteristics are given for a symmetrical V-
type junction. 

621.372.837.3 1117 
A Ferrite Cutoff Switch—R. F. Soohoo. 

(TRANS. IRE ON M ICROWAVE THEORY AND 

TECHNIQUES, vol. MTT-7, pp. 332-336; July, 
1959. Abstract, PROC. IRE, vol. 47, p. 1796; 
October, 1959.) See also 1974 of 1958. 

621.396.674.3 1118 
The Driving-Point Impedance of Cylindri-

cal Antennas Conically Tapering at the Base— 
R. Kiiminich. (Frequen-.., vol. 12, pp. 369-379; 
December, 1958.) Results are given of imped-
ance measurements on microwave antennas 

which are conically tapered at the junction with 
the coaxial feeder. Locus curves of input im-
pedance as a function of diameter/length ratio 
d/1 are plotted for tapers of 45 degrees, 60 de-
grees and 90 degrees. Curves of resistance as a 
function of tin for current and voltage reso-
nances are derived, and comparisons are made 
with the results obtained by other authors. 

621.396.674.3 1119 
The Performance of a Balanced Aerial 

when Connected Directly to a Coaxial Cable— 

G. D. Monteath and P. Knight. (Prot. IEE, 
Part B, vol. 107, pp. 21 - 2.3: January, 1960.) 
Various configurations are discussed. Measured 
vertical and horizontal polar diagrams are 
given for dipoles and Vagi arrays having their 
elements vertical, and with the driven element 
connected directly to the coaxial down-lead. 
The vertical radiation patterns are appreciably 
distorted ( less for arrays than for a dipole), and 
the sensitivity to interference from sources near 
to and below the antenna is increased. 

621.396.676:629.19 1120 
Aerials in Space—M. G. Chatelain. (Onde 

élect., vol. 39, pp. 785-788; October, 1959.) 
Problems associated with communication in 
space are examined and the spherical equi-
angular spiral is proposed as a suitable antenna, 
having the required characteristics of large 
bandwidth and variable polarization. 

621.396.677.3 1121 
Pattern Synthesis—Simplified Methods of 

Array Design to Obtain a Derired Directive 
Pattern—G. H. Brown. (RCA Rev, vol. 20. 
Pp. 398-412; September, 1959.) Mathematical 
methods of determining the magnitude and 
phase of the current distribution over an ex-
tended linear antenna aperture are described 
The radiation pattern and current distribution 
form a set of Fourier transforms. 

621.396.677.83 1122 
The Backfire Antenna, a New Type of 

Directional Line Source—H. W. Ehrenspeck. 
(Paoc. IRE, vol. 48, pp. 109-110; January, 
1960.) A Vagi antenna is directed at a plane 
reflector so that the surface wave traverses the 
elements a second time. Experimental results 
show that increases in gain greater than 3 db can 
be obtained. 

AUTOMATIC COMPUTERS 

681.142 1123 
Computers and Computer Equipment De-

sign—(Electronic Equip. Engrg., vol. 7, pp. 63-
98; October, 1959.) A group of nine papers on 
practical aspects of digital-computer design and 
recently developed techniques. 

681.142 1124 
Electronic Computers and the Electronic 

Computer Study Centre at Pisa— M. Conversi 
(Nuovo Cim., vol. 11, Supplement no. 3, pp. 
376-396; 1959.) Outline of the program and 
future development of the Center with detail 
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of available equipment. See also 3966 of 1939 
(Caracciolo and Guerri). 

681.142 1125 
Solid-State Digital Code-to-Code Con-

verter—R. Wasserman and W. Nutting. 
(Electronics, vol. 32, pp. 60-63; December 11, 
1959.) 13 bits of Gray code can be changed to 
normal binary code by means of the converter 
described. The basic building block is a circuit 
comprising a magnetic core, a junction transis-
tor, and a delay network. Thyratrons are used 
for the read-out display. 

681.142 1126 
A High-Speed Ferrite Storage System - 

C. J. Quartly. (Electronic Engrg., vol. 31, pp. 
756-738; December, 1959.) A read/write cycle 
time of 0.3 µsec can be achieved in the small 
store described. 

681.142 1127 
The Magnetic Drum Store of the " Mercury" 

Computer K. I. Turner and J. E. Thompson. 
(Electronic Engrg., vol. 32, pp. 16-21; January, 
1960.) Explanatory circuit diagrams, mechani-
cal drawings, and performance data of the 
Type- 1909 drum are given. 

681.142 1128 
Approximation Errors in Diode Function 

Generators—N. Ream. (J. Electronics Control, 
vol. 7, pp. 83-96; July, 1959.) Errors resulting 
from fitting a piecewise-linear function to a 
smooth curve are discussed in relation to 
analog-computer applications. A simple in-
tegral based on best-fit criteria will give the 
relation between number of segments and 
error and also the break points between seg-
ments. Numerical results are given for typical 
functions. 

681.142: 621.374.3 1129 
Theoretical Study and Method of Operation 

of a Logarithmic Integrator—R. G. Nicol°. 
(Onde élecl., vol. 39, pp. 816-822; October, 
1959.) Description of a computer circuit based 
on a diode-pump action. 

681.142:621.382.3 1130 
The Construction of a Digital Computing 

System from a Basic Transistor Circuit— P. L. 
Cloot and G. E. Jackson. (Electronic Engrg., vol. 
32, pp. 37-43; January, 1960.) The computer 
uses 335 identical basic circuits to convert 
decimal numbers to and from the binary scale. 
Diagrams of the basic circuit and the system 
are given. Printed circuits are used. 

681.142 : 621.383.4 1131 
Light-Pen links Computer to Operator— 

B. M. Gurley and C. E. Woodward. (Electron-
ics, vol. 32, pp. 83-87; November 20, 1959.) 
Using a photodiode to read dots produced on 
a cr tube enables an operator to control an 
associated computer. By pointing the light-
pen at certain dots, information can be written 
in to the computer. 

681.142:621.391.812.8 1132 
Computers aid Propagation Studies— 

(See 1375.) 

681.142: 621.397.3 1133 
Automatic Character Recognition—D. A. 

Young. (Electronic Engrg., vol. 32, pp. 2-10; 
January, 1960.) Limitations and future de-
velopments of existing machines are discussed. 
Further analysis of the semantic features of 
character patterns and of their recognition 
limits leads to a "semantic pattern definition" 
which is sufficiently general to permit recog-
nition of nearly illegible characters. 

681.142:697.9 1134 
How Analogue Networks Solve Air-Condi-

tioning Problems—W. L. Wright and C. A. 

Booker. (Electronics, vol. 32, pp. 34-37; De-
cember 25, 1959.) The thermal properties of a 
unit area of the structural elements are repre-
sented by an equivalent electrical circuit. A 
complete block diagram shows how these are 
used to simulate the thermal behavior of a 
room and its air conditioning system. Some de-
tailed circuitry is given. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.049.7 1135 
Three Approaches to Microminiaturization 

—R. Langford. (Electronics, vol. 32, pp. 49-52; 
December 11. 1939.) Construction methods for 
extremely small electronic circuits are detailed. 

621.3.049.7 1136 
British Approaches to Microminiaturization 

—G. W. A. Dummer. (Electronics, vol. 33, pp. 
71-75; January 1. 1960.) See 409 of February. 

621.318.4.042.1:621.397.62 1137 
The Properties of Ferrite U-Cores for 

Horizontal-Deflection Output Transformers— 
R. Milker and E. E. Hiicking. (Elektron. 
Rundschau, vol. 13, pp. 3-9; January, 1959.) 
The results of measurements made with a spe-
cial core tester (3057 of 1959) are given and 
discussed. 

621.318.57 1138 
Steering Circuits control Reversible Count-

ers—R. D. Carlson. (Electronics, vol. 33, pp. 
86-88; January 1, 1960.) A four-stage bistable 
multivibrator system is used to provide decade 
counting. Complementary outputs from each 
stage are switched to succeeding stages to give 
eitlier addition or subtraction. 

621.318.57:621.382.3 1139 
Approximate Calculation of Bistable 

Switching Circuits using Junction Transistors. 
Case of Switching Circuits with Common 
Emitter Resistance—C. Mira. (Corny. rend. 
bol. 249, pp. 384-386; July 20, 1959.) Appli-
cation of the method described earlier for the 
case of double-bias operation (53 of January). 

621.319 : 537.226/.228.1 1140 
Dielectric Devices—G. T. Wright. (Nature, 

vol. 185, pp. 360-361; February 6, 1960.) Re-
port of a conference held in the Electrical 
Engineering Department of the University of 
Birmingham, September 14-17, 1959. 

621.372: 517.942 1141 
On Stochastic Linear Systems—J. C. 

Samuels and A. C. Eringen. (J. Math. Phys., 
vol. 38, pp. 83-103; July, 1959.) Systems gov-
erned by nth-order linear differential equa-
tions having random coefficients are studied 
and the methods developed are applied to a 
RLC circuit having random capacitance vari-
ations. 

621.372.413 1142 
Design of Open-Ended Microwave Reso-

nant Cavities—D. C. Thorn and A. W. 
Straiton. (TRANS. IRE ON M ICROWAVE THEORY 
AND TECHNIQUES, vol. MTT-7, pp. 389-390; 
July, 1959.) Two types of cavity for refractive-
index measurements are described, one rec-
tangular in cross section, the other cylindri-
cal. The cavities are terminated in short sec-
tions partitioned so that each subdivision is a 
waveguide operating below the cut-off fre-
quency of the cavity. 

621.372.413: 678.5 1143 
Plastic Microwave Cavities for EPR—P. F. 

Chester, P. E. Wagner, J. G. Castle, Jr., and 
G. Conn. (Rev. Sci. Insir., vol. 30, pp. 1127-
1128; December, 1959.) An X-band TE102 
plastic cavity for studies of relaxation in elec-
tron paramagnetic resonance is described. It 

has a Q of 4000 at room temperature and 6000 
at 4.2°K. 

621.372.44 1144 
Generalization to Nonlinear Networks of a 

Theorem due to Heaviside—S. Duinker. 
(Philips Res. Rep., vol. 14, pp. 421-426; Octo-
ber, 1959.) A theorem, enunciated by Heaviside 
and proved by Lorentz for linear electromag-
netic systems subjected to a suddenly im-
pressed constant electric force, is extended to 
electrical networks comprising nonlinear re-
actances and linear resistance. 

621.372.5 1145 
Classes of 4-Pole Networks having Non-

linear Transfer Characteristics but Linear 
Iterative Impedancex -E. C. Cherry. ( Pam:. 
IRE, Part B, vol. 107, pp. 26 - 30; January, 
1960.) A graphical representation is introduced 
which simplifies the analysis of networks con-
taining nonlinear elements. The properties of 
"dual" nonlinear resistances, in which the // It 
relation for one resistance is the same as the 
V// relation for the other are considered. Such 
"duals," if realizable, would permit the design of 
nonlinear four-poles having linear iterative 
impedances, which could be cascaded. 

621.372.5:621.391.822 1146 
Theory of Noisy Two-Port Networks - 

E. F. Bolinder. (J. Franklin Inst., vol. 267, pp 
1-23; January, 1959.) The geometric-analytic 
theory presented is based on the isometric-
sphere method (see 17 of 1958) and ot a three-
dimensional conformal transformation. 50 ref-
erences. 

621.372.51 1147 
Impedance Transformations through Loss-

less Two-Ports Represented by Fractional 
Linear Transformations of the Unit Circle— K. 
Jost. (Philips Res. Rep., vol. 14, pp. 301-326; 
August, 1939.) The automorphism of a unit 
circle corresponding to an impedance transfor-
mation is characterized by three parameters 
and can be represented by three successive 
elementary transformations. This leads to a 
simple graphical method using Carter or 
Smith charts for the determination of the 
transformed impedance and for the treatment 
of cascades of lossless two-ports. 

621.372.54 1148 
Constant-Resistance All-Pass Networks 

with Maximally Flat Time Delay—L. Wein-
berg. (J. Franklin Inst., vol. 267, pp. 35-53: 
January, 1939.) Practical design tables are 
given and their use is illustrated by examples. 

621.372.54 1149 
The Loss Attenuation in the Pass Band of 

Wave Filters with Differing Coil Q-Factors - 
J. Bühse. (Frequenz, vol. 12, pp. 380-383; De-
cember, 1958.) The loss contributions of the 
individual coils are summed using weighting 
functions. Application of the method to a crys-
tal-filter half-section is explained. 

621.372.544:621.374.5 1150 
An Analysis of a Type of Comb Filter— 

A. G. J. MacFarlane. (Proc. IEE. Part B, vol. 
107, pp. 39-52; January, 1960.) A theoretical 
analysis and discussion of practical devices for 
use in radar as moving-target indicators and 
signal integrators. 28 references. 

621.372.6 : 621.391 1151 
Calculation of the Static Characteristic of a 

Nonlinear Multipole without Inertia when the 
Dynamic Characteristic is Known—G. Papa-
dopoulov. (Ann. Télécommun., vol. 14, pp. 43-
48; January/February, 1959.) 

621.372.63:621.372.54 1152 
High-Frequency Transistor Filter Synthe-

sis—L. M. Valiese. (Electronic Engrg., vol. 31, 
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pp. 748-752; December, 1959.) Two canonical 
ladder structures of hybrid-II and hybrid-T 
type are considered. The intrinsic feedback fac-
tor is ignored. Examples of cascaded structures 
are given. 

621.373.4 1153 
The Effect of Cathode Impedance on the 

Frequency Stability of Linear Oscillators— 
C. T. Kohn. ( PRoc. IRE, vol. 48, pp. 80-88; 
January, 1960.) Long-term frequency insta-
bility, due to the growth of an interface layer 
between oxide coating and cathode, may be 
reduced by suitably adjusting the ratio of 
anode-to-grid Rle voltages. 

621.373.4:621.396.62 1154 
Voltage Sensitivity of Local Oscillators— 

W. Y. Pan. (RCA Rev., vol. 20, pp. 473-484; 
September, 1959.1 The dependence of the oscil-
lation frequency of tube oscillators on certain 
operating conditions is discussed and defined 
mathematically in terms of independent vari-
ables. 

621.373.44 1155 
How to Generate Accurate Sawtooth and 

Pulse Waves—C. A. Von Urff and R. W. 
Ahrons. (Electronics, vol. 32, pp. 64-66; Decem-
ber 11, 1959.) Two circuits giving stable saw-
tooth and rectangular pulse outputs are de-
scribed. in which a high-speed switching transis-
tor is controlled by a Zener diode. Pulse width 
and amplitude and waveform timing are inde-
pendent of active elements in the circuit. 

621.374.4 1156 
A Method of Combining Two Frequencies— 

L. R. Kahn. ( PRoc. IRE, vol. 48, pp. 118-119; 
January, 1960.) A new method of frequency 
synthesis is described in which two equal-
amplitude tones are combined by limiting, 
phase inverting and selecting the correct po-
larity at a control gate. 

621.375.012 1157 
The Definition of Noise Factor when Ap-

plied to Systems containing Negative-Resist-
ance Elements— B. L. Humphreys. (J. Elec-
tronics Control, vol. 7, pp. 77-81; July, 1959.) 
The concept of available power and the defini-
tion of noise factor are extended to include 
negative resistance by using the idea of ex-
changeable power. See 2387 of 1957 (Haus and 
Adler). 

621.375.227 1158 
Wide-Band Analysis of Valve Phase-

Splitting Circuits—L. J. Giacoletto. (Electronic 
Engrg., vol. 31, pp. 733-735; December, 1959.) 
Accurate and approximate design data are de-
veloped and compared with results of measure-
ments. Near-ideal operating conditions can be 
obtained up to a few megacycles with suitable 
load impedances. 

621.375.4 1159 
Analysis of the Transistor Cascode Con-

figuration—J. R. James. (Electronic Engrg., vol. 
32, pp. 44-48; January, 1960.) Neutralization 
is not necessary; more gain per unit volume 
and weight is achieved than in other transistor 
configurations, while cost per unit gain is about 
equal to that of more conventional circuits. 

621.375.4: 621.395.665.1 1160 
Transistor Constant-Volume Amplifier— 

G. J. Pope. (Wireleçs World, vol. 66, pp. 88-91; 
February, 1960i Design and circuit details of 
a microphone amplifier providing substantially 
similar output signal levels for various speech 
input levels. 

621.375.4.029.33:621.397.6 1161 
Transistors in Video Equipment—P. B. 

Helsdon. (J. Brit. IRE, vol. 19. pp. 753-767; 
December, 1959. Discussion, p. 768.) The im-

portance of the product current-gain X band-
width is discussed. A new design method is 
described which gives greater gain-bandwidth 
factors. The conditions for maximum signal-to-
noise ratio are determined and confirmed ex-
perimentally. Signal-to-noise ratios and gain-
bandwidth factors are comparable to those of 
tubes. 

621.375.4.121.2 1162 
Transistorized Distributed Amplifier— 

C. W. McMullen. (Rev. Sci. Instr., vol. 30. pp. 
1109-1113; December, 1959.) The character-
istic impedance of both the base and collector 
transmission lines is 43.4 IL A four-section 
amplifier stage has a gain of about 5 db from 
10 cps to 200 mc. 

621.375.9:538.569.4 1163 
Solid-State Maser Amplifier—S. A. Ahern. 

(Electronic Tech., vol. 37, pp. 59-63; February, 
1960.) The principles of maser operation are 
introduced and the essential details of a practi-
cal cavity maser system are described. 

621.375.9 : 538.569.4 1164 
Maser Operation with Signal Frequency 

Higher than Pump Frequency—F. R. Arams. 
(PRoc. IRE, vol. 48, p. 108; January, 1960.) 
An X-band solid-state maser is described using 
the four Zeeman levels in ruby. 

621.375.9: 538.569.4 1165 
Investigation of the Oscillation Voltage of 

a Strong-Field Maser-Type Self-Oscillator— 
H. Benoit and C. Fric. (Compt. rend., vol. 249, 
pp. 537-539; July 27, 1959.) Investigation of a 
maser of the type described earlier ( 798 of 
March) in which the macroscopic polarization 
of the protons is made antiparallel to the direc-
tive field. Experimental and theoretical E/Q 
curves are shown for different rates of flow. 

621.375.9 : 621.372.44 1166 
Experimental Verification of Parametric-

Amplifier Excess Noise using Transformer 
Coupling—S. Cohen. ( PRoc. IRE. vol. 48, pp. 
108-109; January, 1960.) A method is described 
for measuring noise temperature. at frequencies 
where circulators are not available. 

621.375.9: 621.372.44: 621.372.2 1167 
An Analysis of Parametric Amplification in 

Periodically Loaded Transmission Lines— 
G. H. Heilmeier. (RCA Rev., vol. 20, pp. 442-
454; September, 19.59.) The propagating struc-
ture is considered as a lossless transmission 
line periodically loaded with nonlinear capaci-
tance in the form of back-biased semiconductor 
diodes. Information is given about the relation 
of diode parameters, spacing and circuit pa-
rameters to the gain and bandwidth of the 
structure. 

621.375.9 : 621.372.44 : 621.385.63 1168 
Fast-Wave Couplers for Longitudinal-

Beam Parametric Amplifiers—Aslikin, Loukell, 
and Quate. (See 1449i 

621.375.9 : 621.376.029.65 1169 
Three-Level Maser Detector for Ultra 

Microwaves—K. Shimoda (J. Phys. Soc. 
Japan, vol. 14, p. 966; July, 1959.) Note on the 
principles of a device similar to the spectrome-
ter described earlier (see 1355 below). The ab-
sorption at ultramicrowave requencies changes 
the population of levels and results in an in-
crease or decrease of absorption at a lower mi-
crowave frequency. 

621.375.9.121.2: 621.372.44 1170 
Mode Theory of Lossless Periodically Dis-

tributed Parametric Amplifiers— K. Kurokawa 
and J. Hamasaki. (TRANS. IRE ON MICROWAVE 
THEORY AND TECHNIQUES, vol. MTT-7, pp. 
360-365; July, 1969. Abstract, PROC. IRE, vol. 
47, p. 1796; 'October, 1959.) 

621.376.32:621.382.3 1171 
Reactance Transistor— Y. Fujimura and 

N. Mil. (PRoc. IRE, vol. 48, p. 118; January, 
1960.) Frequency deviation curves calculated 
from the theoretical output admittance are 
compared with measurements for a given FM 
oscillator circuit. 

GENERAL PHYSICS 

53.081.6 1172 
On Explanations of Electric and Magnetic 

Constants and Units—A. T. Gresky. (J. 
Franklin Inst., vol. 267, pp. 201-210; March, 
1959.) Using dimensional methods, the relation 
of free-space dielectric constant, and magnetic 
permeability constant to four fundamental 
quantities is considered. Other constants are 
also analyzed to obtain methods of under-
standing the submicroscopic nature of electric 
and magnetic phenomena. See also 3752 of 
1958. 

537.311.1 1173 
Variational Approach to Deviations from 

Ohm's Law— I. Adawi. (Phys. Rev., vol. 115, 
pp. 1152-1156; September 1, 1959.) Kohler's 
variational method has been used to obtain de-
viations from Ohm's law for a nondegenerate 
electron gas. Two important applications of the 
method are discussed. 

537.311.33 1174 
Many-Particle Approach to the One-

Electron Problem of Insulators and Semi-
conductors—A. Klein. (Phys. Rev., vol. 115, 
pp. 1136-1146; September 1, 1959.) Motion of 
an electron near the bottom of the conduction 
band in the presence of external electric and 
magnetic fields, whose variation over one lat-
tice spacing is small, is governed by a simple 
Schriidinger equation. 

537.312.8 1175 
Energy Levels of Conduction Electrons in a 

Magnetic Field— Y. Yafet. (Phys. Rev., vol. 
115, pp. 1172-1176; September, 1959.) The 
energy levels can be obtained simply if the 
spherical approximation is made for the band 
structure. The free energy due to small de-
partures from this assumption may be esti-
mated using perturbation theory. Inclusion of 
spin-orbit coupling gives the g factor as a func-
tion of position in the band. 

537.525 1176 
The Current Sheet in a Gas Discharge— 

N. J. Phillips. (Prot. Phys. Soc. (London), 
vol. 74, pp. 700 -704; December I, 1959.) Deals 
with the trapping of cold gas in the sheet. 

537.525 : 538.63 1177 
Studies of Cold-Cathode Discharges in 

Magnetic Fields—J. Backus. (J. Ape Phys., 
vol. 30, pp. 1866-1869; December, 1959.) The 
current is 75 per cent ionic. Mass-spectrometer 
measurements were made to determine the ion 
energies. The mechanism of the discharge is 
discussed. 

537.533.8 1178 
Theory of Secondary Electron Emission of 

Metals: the Excitation Process— H. W. 
Streitwolf. [ Ann. Phys., (Lpz.), vol. 3, pp. 
183-196; March 24, 1959.1 See also 1179 below 
and 3757 of 1959 (Stolz & Streitwolf). 

537.533.8 1179 
Theory of Secondary Electron Emission of 

Metals: the Transport Process—H. Stolz. 
[Ann. Phys., (Lpz.), vol. 3, pp. 197-210; 
March 24, 1959.1 

537.56 1180 
Conductivity of a Warm Plasma—L. Mower 

(Phys. Rev., vol. 116, pp. 16-18; October 1, 
1959.) "A theory for obtaining the conductivity 
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of a uniform plasma as a function of frequency 
and temperature is presented and compared 
with a number of recent treatments." 

537.56 1181 
Experiments with Plasma Rings—L. Lind-

berg, E. Witalis, and C. T. Jacobsen. (Nature, 
vol. 185, pp. 452-453; February 13, 1960.) A 
brief description is given of a plasma gun dis-
charging into a glass drift tube. Measurements 
have been made of the circuit current and the 
magnetic flux carried by the plasma. 

537.56:538.56 1182 
Oscillations in Plasma: Part 2.—S. Kojima, 

K. Kato, S. Hagiwara, and R. Matsuzaki. 
(J. Phys. Soc. Japan, vol. 14, pp. 821-827; 
June, 1959.) Discrete oscillations reported in 
Part 1 (1699 of 1958) are studied in detail. 
Oscillations at the higher frequency are gener-
ated by the convergent beam in the central 
part of the tube, while those at the lower fre-
quency seem to be generated near the wall of 
the tube by the divergent beam. Another oscil-
lation having an intermediate frequency is 
often observed. 

537.56: 538.561 1183 
Occurrence of Vayilov-Cerenkov Radiation 

in a High-Temperature Plasma—J. Neufeld. 
(Phys. Rev., vol. 116, pp. 1-3; October 1, 1959.) 
Analytical results indicate that radiation is not 
emitted by a particle moving through a high-
temperature plasma at a velocity lower than 
the mean thermal velocity of plasma electrons. 

537.56:538.566 1184 
Longitudinal and Transverse Waves in a 

Lorentz Plasma—K. Rawer and K. Suchy. 
(Ann. Phys. (Lpz.), vol. 3, pp. 155-170; March 
24, 1959.1 The triple refraction in inhomogene-
ous plasma is discussed. See also 3641 of 1959. 

537.56:538.6 1185 
Radial Hydromagnetic Oscillations — 

G. B. F. Niblett and T. S. Green (Proc. Phys. 
Soc. (London), vol. 74, pp. 737-743; December 
1, 1959.1 The equation of motion of radial 
hydromagnetic oscillations of a plasma con-
fined by an axial magnetic field is integrated 
and shown to give good agreement with 
experiment. 

537.56:538.63 1186 
Discharge Phenomena in Lorentz-Type 

Plasmas: Investigation of Electron Distribu-
tion in the Presence of a Magnetic Field— 
P. Maroni. (Compi. rend., vol. 249, pp. 881-
883; August 24, 1959.) A partial differential 
equation derived by Kahan and Jancel (see 
3453 of 1957 and back references) is integrated 
for the case where the collision frequency is 
constant. (For further discussion see ibid., vol. 
249. pp. 914-916; August 31, 1959.) 

538.566: 535.42] + 534.26 1187 
The Half-Plane Diffraction Problem for 

Harmonic Time Dependence—A. P. Burger. 
IProc. Roy. Soc. ( London), .4., vol. 252. PP. 
411-417; September 29, 1959.1 "Green's func-
tions are obtained for the boundary-value 
problems of mixed type describing the general 
two-dimensional diffraction problems at a 
screen in the form of a half-plane (Sommer-
feld's problem). applicable to acoustically rigid 
or soft screens, and to the full electromagnetic 
field at a perfectly conducting screen." 

538.566:535.42 1188 
The Diffraction of Scalar Waves on Parabo-

loids of Revolution— K. Klante. ( Ann. Phys. 
(Lpz.), vol. 3, pp. 171-182; March 24, 19591 

538.566:535.42 1189 
Diffraction by an Imperfectly Conducting 

Right-Angled Wedge—W. E. Williams. (Proc. 
Camb. Phil. Soc., vol. 55, Part 2, pp. 195-209; 

April, 1959.) An exact solution is given for the 
diffraction of the field of an electric line current 
by an imperfectly conducting wedge of ex-
terior angle 3w2. 

538.566:535.42 1190 
Diffraction of an E-Polarized Plane Wave 

by an Imperfectly Conducting Wedge—W. E. 
[Proc. Roy. Soc. (London) A, vol. 252, 

pp. 376-393; September 29, 1959.1 A new and 
exact solution is obtained for arbitrary wedge 
angle. 

538.566:538.6 1191 
Propagation of Electromagnetic Waves in a 

Multistream Medium at Gyromagnetic Reso-
nance—J. Neufeld. (Phys. Rev., vol. 116, pp. 
19-20; October 1, 1959.) Formulas are derived 
for the dispersion and the gyromagnetic reso-
nance effects. 

538.569.4 1192 
Measurement Broadening in Magnetic 

Resonance—O. E. Myers and E. J. Putzer. 
(J. Ape Phys., vol. 30, pp. 1987-1991; 
December, 1959.) Phase-detection techniques 
cause broadening: a method for correcting ob-
served widths is described. 

538.652 1193 
Form Effect in Magnetostriction—R. Gers-

dorf. (J. App!. Phys., vol. 30, pp. 2018-2019; 
December, 1959.) Comment on 2930 of 1959 
(Stause). 

539.2: 537.311.33: 537.52 1194 
A Simplified Theory of Two-Carrier, Space-

Change-Limited Current Flow in Solids— 
M. A. Lampert. (RCA Rev., vol. 20, pp. 682-
701; December, 1959.) 

539.2:538.222 1195 
Zeeman Splitting of Paramagnetic Atoms in 

Crystalline Fields—H. Statz and G. F. Koster. 
(Phys. Rev., vol. 115, pp. 1568-1577; Septem-
ber 15, 1959.) Energy levels of paramagnetic 
ions in crystalline surroundings are treated as 
a function of magnetic field. 

539.2:538.6 1196 
Theory of Block Electrons in a Magnetic 

Field: the Effective Hamiltonian—W. Kohn. 
(Phys. Rev., vol. 115, pp. 1460-1478; September 
15, 1959.) For a nondegenerate band the 
eigenstates of the Hamiltonian of a Block elec-
tron in a static magnetic field can be calculated 
from an equivalent Hamiltonian whose proper-
ties and formulation are discussed. 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA 

523.152:629.19:061.3 1197 
Symposium on the Exploration of Space— 

(J. Geophys. Res., vol. 64. pp. 1647-1800; 
November. 1959.) The text is given ‘vitli sub-
sequent discussion of twelve papers read at a 
symposium in Washington, D. C., April 29-30. 
1959. 

523.164 1198 
National Radio Astronomy Observatory— 

R. M. Emberson. (Science, vol. 130. pp. 1307-
1318; November 13, 1959.) The history and 
development of the radio observatory at Green 
Bank. \V. Va., are reviewed. 

523.164 1199 
The Mullard Radio Astronomy Observatory 

—M. Pyle. (J. ME, vol. 6, pp. 14-19; January, 
1960.) Two aperture-synthesis radio telescopes 
installed near Cambridge, Eng., are described 
and an outline is given of the present research 
program. 

523.164:621.396.677.833 1200 
The 600-Foot Radio Telescope—E. F. 

McClain, Jr. (Sei. Amer., vol. 202. pp. 45-51; 
January, 1960.) Description of the steerable 
telescope under construction in West Virginia. 

523.164.32:523.78 1201 
Observations on the Solar Eclipse of Octo-

ber 2—J. Aarons, J. P. Castelli, R. M. Straka, 
and W. C. Kidd. (Nature, vol. 185, pp. 230-
231; January 23, 1960.) A report of measure-
ments made simultaneously on 224, 1300 and 
3000 mc at Hamilton, Mass., in 1959. At this 
location the sun rose partially eclipsed and was 
totally eclipsed at an elevation of about 
1 degree. 

523.165 1202 
Nature of Corpuscular Radiation of the 

Upper Atmosphere—I. S. Shklovskil, V. I. 
Krasovskif, and Yu. I. Gal'perin. (/zre. Ak. 
Nauk S.S.S.R., no. 12, pp. 1799-1806; 1959.) 
The concentration of particles in the solar cor-
puscular stream is sufficient to renew the cor-
puscules of the outer radiation belt over a 
period of only a few hours. An estimation is 
made of the energy spectrum of protons and 
the velocity of generation of hard corpuscles in 
the inner belt. 

523.165 1203 
Heavy Primary Cosmic Rays at Geomag-

netic Latitude of 41°N—O. B. Young and H. Y. 
Chen. (Phys. Rev., vol. 115, pp. 1719-1721; 
September 15, 1959.) Results from nine balloon 
flights at heights 70,000-100,000 feet. Charge 
spectra, flux, mean free paths and angular dis-
tributions are given. 

523.165 1204 
Primary Cosmic-Ray Proton and Alpha-

Particle Intensities and their Variation with 
Time—P. Meyer. (Phys. Rev., vol. 115, pp. 
1734-1741; September 15, 1959.) Results of a 
series of high altitude balloon flights in 1957 and 
1958 made primarily to investigate the short-
term variations of primary protons and alpha 
particles. 

523.165:523.152.3 1205 
Cosmic-Ray Measurements in the Vicinity 

of Planets and some Applications: Part 1 — 
Primary Cosmic Radiation—S. F. Singer and 
R. C. Went \N orth. (J. Geophys. Res., vol. 64, 
pp. 1807-1813; November. 1959.) The vari-
ation of the primary cosmic-ray intensity is 
calculated as a function of distance from a 
dipole in its equatorial plane. Scientific appli-
cations indicated include the determination of 
magnetic fields of the moon and planets. 

523.165: 523.75 1206 
Low-Energy Cosmic-Ray Events associated 

with Solar Flares—G. C. Reid and H. Lein-
back (J. Geophys. Res., vol. 64, pp. 1801 - 
1805; November, 1959.) Details are given of 24 
events during the period May, 1957-July, 
1959 which have been detected by the measure-
ment of ionospheric absorption in arctic regions. 

523.165:537.746.5 1207 
The Apparent Sidereal Daily Variation of 

Cosmic-Ray Intensity during the Recent Sun-
spot Minimum—S. P. Baliga and T. Thamby-
alipillai. (Phil. Meg., vol. 4, pp. 973-984; 
August, 1959.) 

523.165: 550.385.4 1208 
Magnetic Cut-Off Rigidities of Charged 

Particles in the Earth's Field at times of Mag-
netic Storms—P. Rothwell. (J. Geophys. Res., 
vol. 64, pp. 2026-2028; November, 1959.) Cut-
off rigidities are calculated for charged particles 
at various locations and for different distances 
of the storm cloud from the earth. 

550.385 1209 
The Transmission of Geomagnetic Dis-

turbances through the Atmosphere and Inter-
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planetary Space—J. H. Piddington. (Geophys. 
J. R. Asir. Soc., vol. 2, pp. 173-189; Septem-
ber, 1959.) The theory of the propagation of 
slowly varying EM disturbances through 
partially ionized gas is developed and applied 
to the earth's atmosphere and interplanetary 
space. The medium is considered as two sepa-
rate co-existing gases, an electron-ion plasma 
and neutral atoms which move to some extent 
independently. Quantitative results are given 
for a model atmosphere out to several earth 

550.385.37 1210 
Studies of Magnetic Field Micropulsations 

with Periods of 5 to 30 Seconds—W. H. Camp-
bell. (J. Geophys. Res., vol. 64, pp. 1819-1826; 
November, 1959.) The studies were carried out 
in 1958 in southern California. 

550.385.4 : 551.510.535 1211 
Geomagnetic Storms and Ionospheric Dis-

turbances—T. Obayashi. (J. Radio Res. Labs, 
Japan, vol. 6, pp. 375-514; June, 1959.) A col-
lection of papers covering the morphology of 
geomagnetic and ionospheric storms, an appli-
cation of the atmospheric dynamo theory to 
geomagnetic variations during disturbances 
and a study of hydromagnetic oscillations of 
the ionized upper atmosphere. 

550.385.4: 551.547 1212 
The Relationship between Geomagnetic 

Variations and the Circulation at 100 mb—J. 
London, I. Ruff, and L. J. Tick. (J. Geophys. 
Res., vol. 64, pp. 1827-1833; November, 
1959.) A statistical study for a five-year period 
leads to the conclusion that there is no obvious 
relation between the two sets of data. 

550.389.2 1213 
Radio and the I.G.Y—R. L. Smith-Rose. 

(Wireless World, vol. 66, pp. 52-58; February, 
1960.) Summaries of the data collected, the 
ana yses used, and the knowledge obtained 
about the ionosphere and outer space during the 
I.G.Y. 

551.501.81:061.3 1214 
Proceedings of Fourth Meeting of the Joint 

Commission on Radio Meteorology of I.C.S.II 
—(J. A imos. Terr. Phys.. vol. 15. pp. 181-293; 
October, 1959.) The text is given of papers 
presented at the Meeting held in New York, 
N. Y., August 14-16, 1957. 

551.507.362.2+629.19 1215 
Artificial Earth Satellites and Space Travel: 

Part 1—The Satellite Orbits and their Changes 
with Time—C. W. M. Tilenius. (V DIZ., vol. 
102, pp. 1-9; January 1, 1960.) A table is in-
cluded giving full details of earth satellites and 
moon probes successfully launched up to Sep-
tember 18, 1959. 

551.507.362.2 1216 
Lunar and Solar Perturbations on Satellite 

Orbits—E. Upton, A. Bailie. and P. Musen. 
(Science, vol. 130, pp. 1710 1711; December 18, 
1939.) The lunar and solar effects on perigee 
height for satellite orbits of large eccentricity 
are investigated. 

551.510.535 1217 
Determination of the True Distribution of 

Electron Density in the Ionosphere: Part 2— 
W. Becker. (Arch. rick!. Übertragung, vol. 13, 
pp. 26-32; January, 1959.) The accuracy of the 
methods summarized in Part 1 (3603 of 1955) is 
discussed. Results obtained without considera-
tion of the geomagnetic field are found to be 
completely uncertain. 

551.510.535 1218 
On the Seasonal and Nonseasonal Annual 

Variations and the Semi-annual Variation in 
the Noon and Midnight Electron Densities of 

the F2 Layer in Middle Latitudes: Part 2— 
T. Yonezawa. (J. Radio Res. Labs. Japan, vol. 
6, pp. 651-668; October, 1959.) Previous work 
[4055 of 1959 (Yonezawa and Arima)1 is con-
tinued using two groups of relatively high- and 
low-latitude stations. The seasonal variation 
for the high-latitude stations is markedly dif-
ferent from that of the low-latitude group 
while the nonseasonal variations do not show 
great differences between the groups. The 
semi-annual variations in the two graphs are 
also not markedly different. 

551.510.535 1219 
A Statistical Study of World-Wide Occur-

rence Probability of Spread-F: Parts 1 and 2— 
T. Shimazaki. (J. Radio Res. Labs. Japan, vol. 
6, pp. 669-704; October, 1959.) Diurnal, 
seasonal and latitudinal variations in the 
occurrence of spread-F during the I.G.Y. are 
analyzed. Marked differences between high and 
low latitudes suggest an essentially different 
origin for the phenomenon in the two regions. 
The correlation of spread-F with geomagnetic 
activity is discussed and abnormal occurrences 
during magnetic storms are examined in detail. 

551.510.535: 061.3 1220 
Proceedings of Fifth Meeting of the Mixed 

Commission on the Ionosphere of I.C.S.U.— 
(J. /limos. Terr. Phys., vol. 15, pp. 7-176; 
September, 1959.) The text is given of papers 
presented at the meeting held in New York, 
N. Y., August 14-16, 1957. 

551.510.535:621.391.812.33: 551.507.362.2 
1221 

The Ionospheric Faraday Effect and its 
Applications—F. B. Daniels and S. J. 
Bauer. (J. Franklin Inst., vol. 267, pp. 187-
200; March, 1959.) Measurements of iono-
spheric characteristics by means of lunar radio 
reflections and satellite radio transmissions 
using the Faraday effect are discussed. 

551.510.535: 621.391.812.63 1222 
Influence of Absorption on the Reflection 

Coefficient of the Ionosphere—P. Poincelot. 
(Ann. Télécomemot., vol. 14, pp. 54-58; March 
/April. 1959.) The reflection coefficient of a 
stratified layer is considered, assuming that 
electron concentration varies linearly with 
height; absorption is represented by a viscous 
resistance proportional to the velocity of free 
electrons. 

551.510.535(98):621.391.812.631: 523.164.32 
1223 

Pre-SC Polar-Cap Ionospheric Blackout 
and Type IV Solar Radio Outburst--V. 
Hakura and T. Goh. (J. Radio Res. Labs, 
Japan, vol. 6, pp. 635-650; October, 1959.) 
Short-wave radio blackouts in polar-cap regions 
are often found to occur well before the sudden-
commencement magnetic storms and this phe-
nomenon is closely correlated with the occur-
rence of type IV solar RF bursts. A possible 
explanation of these effects is given which is 
consistent with other related phenomena such 
as cosmic-ray storms. 

551.510.535 " 1959" 1224 
Ionosphere Review 1959—T. W. Benning-

ton. (Wireless World, vol. 66, pp. 67-68; 
February, 1960.) Comparison of the condition 
of the ionosphere in 1959 with that of previous 
years, and deduction of the probable state for 
1960. 

551.510.536:550.385 1225 
Global Hydromagnetic Wave Ducts in the 

Exosphere—H. A. Bomke, W. J. Ramn, S. 
Goldblatt, and V. Klemas. (Nature, vol. 185, 
pp. 299-300; January 30, 1960.) Magnetic-field 
perturbations originating from a high-altitude 
explosion have been observed at a number of 
stations. An analysis of results indicates that 

hydromagnetic waves at high altitudes travel 
along great-circle paths in ducts which are 
concentric shells about the earth. "Slow" and 
"fast" signals are identified respectively with 
transverse and longitudinal hydromagnetic 
wave modes. 

551.594.5: 621.396.96 1226 
Aurora-Like Radar Echoes Observed from 

17° Latitude—R. B. Dyce, L. T. Dolphin, R. L. 
Leadabrand, and R. A. Long. (J. Geophys. 
Res., vol. 64, pp. 1815-1818; November, 1959.) 
A note on anomalous echoes observed regu-
larly at 32 and 140 mc by a shipborne radar 
located in British West Indies. 

551.594.6 1227 
Correlation of Audio-Frequency Electro-

magnetic Radiation with Auroral Zone Micro-
pulsations—J. Aarons, G. Gustafsson and A. 
Egeland. (Nature, vol. 185, pp. 148-151; Janu-
ary 16, 1960.) A spectrum analysis in the range 
10 cps-10 kc has been made of recordings ob-
tained during three one-month periods near 
Kiruna, Sweden. There is excellent correlation 
between auroral-zone micropulsations and 
EM radiation. Two distinct frequency bands 
have been identified. 

551.594.6 : 550.385.4 1228 
Rare Hiss, Earth Currents and Micropulsa-

dons on November 27, 1959—E. M. Wescott, 
J. H. Pope, D. O. Dyer, and W. H. Campbell. 
(Nature, vol. 185, p. 231; January 23, 1960.) 
Brief report of hiss and micropulsations associ-
ated with a sudden commencement at 2351 
GMT observed at College, Alaska. 

551.594.6:621.396.663 1229 
Direction Findings on Whistlers—J. M. 

Watts. (J. Geophys. Res., vol. 64, pp. 2029-
2030; November, 1959.) The use of a crossed-
loop type of direction finder and the informa-
tion on whistlers to be obtained from it are 
described. 

551.510.535 1230 
The Magneto-Ionic Theory and Its Appli-

cation to the Ionosphere [Book Review]—J. A. 
Ratcliffe, Cambridge University Press, Eng. 
206 pp.; 1959. (J. Atmos. Terr. Phys., vol. 16, 
p. 398; November, 1959.) 

LOCATION AND AIDS TO NAVIGATION 

621.396.933.2 1231 
Some Factors in the Design of V.H.F. 

Automatic Direction Finders—S. A. W. 
Jolliffe. (Marconi Rev., vol. 22, pp. 168-198; 
4th Quarter, 1959.) Basic systems are analyzed 
and some of the more interesting design features 
of a preferred system are discussed in detail. 
The performance figures of a typical automatic 
direction finder are given. 

621.396.933.2 1232 
Operational Applications of V.FI.F. Direc-

tion Finders—S. A. W. Jolliffe. (Marconi Rev., 
vol. 22, pp. 199-214; 4th Quarter, 1959.) Fac-
tors limiting the accuracy of ground-based sys-
tems are discussed and comparisons are made 
in terms of technical performance and capital 
and operating costs. 

621.396.933.2 1233 
The Marconi Automatic Plotter—D. W. G. 

Byatt. (Marconi Rev., vol. 22, pp. 215-224; 
4th Quarter, 1959.) The plotter described is for 
use with automatic direction finders operating 
on aircraft in the VHF and UHF band. Pro-
vision is made for up to six bearing traces. 

621.396.933.2 1234 
Bearing Errors in Medium-Frequency Auto-

matic Direction Finders—R. W. Sharpies. 
(Marconi Rev., vol. 22. pp. 225-233; 4th 
Quarter, 1959.) Errors due to spurious inputs to 
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the loop-drive motor and to lack of sensitivity 
in the servo system are analyzed. 

621.396.933.2:621.317.7 1235 
A Method of Providing Test Signals of 

Calculable Strength for Airborne Radio Direc-
tion Finders—R. W. Sharpies. (Marconi Rev., 
vol. 22, pp. 234-239; 4th Quarter, 1959.) A 
method is described in which the loop antenna 
is placed in a magnetic field of known strength 
in a screened enclosure. Mreasurements are 
within + 0.5 db of the calculated value. Practi-
cal results show that the enclosure may be 
reduced to a size suitable for portable use 
without loss of accuracy. 

621.396.934 1236 
Beam Riding—P. Cave. (Wireless World, 

vol. 66, pp. 71-74; February, 1960.) A detailed 
introduction to missile guidance systems based 
on the principle of following a beam ot radio 

signals. 

621.396.96:551.594.5 1237 
Aurora-Like Radar Echoes Observed from 

17° Latitude—Dyce, Dolphin, Leadabrand, 
and Long. (See 1226.) 

621.396.96:621.273.837.3 1238 
Duplexing a Solid-State Ruby Maser in an 

X-Band Radar System—F. E. Goodwin. 
(Pnoc. IRE, vol. 48, p. 113; January, 1960.) 
Description of a ferrite TR-switch which 
attenuates the transmitter pulse by 30 db over 
a frequency band of 120 mc. 

621.396.96.089.6:523.164.32 1239 
How Solar Noise Calibrates Radars—J. A. 

Kuecken. (Electronics, vol. 32, pp. 44-45; 
December 25, 1959.) The sun is used as a dis-
tant source to check the relation of the beam 
direction to the aiming angle of C-band radar 
antennas. Accuracies within 0.03 degree have 
been obtained. 

621.396.962.3 1240 
Introduction to Monopulse [Book Review] 

—D. R. Rhodes. McGraw-Hill Book Co., Inc., 
New York, London, and Toronto, 119 pp.; 
1959. (Proc. Phys. Soc., vol. 74, p. 800; Decem-
ber 1, 1959.) Deals with a radar system of lo-
cation based on simultaneous radiation lobes 
instead of sequentially emitted beams. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

535.215: 535.37: 621.38 1241 
Solid-State Optoelectronics—E. E. Loeb-

ner. (RCA Rev., vol. 20, pp. 715-743; Decem-
ber, 1959.) Photoelectric and luminescence phe-
nomena are classified and explained. The tech-
nology of opto-electronic devices, i.e. those 
having mixed optical and electrical signal and 
power access, is described. Application to logic 
nets and computer components is treated in 
detail, and the synthesis of picture-processing 
panels and computer systems is considered. 

535.215: 537.311.33 1242 
Depletion-Layer Photoeffects in Semicon-

ductors—W. W. Gill-Men (Phys. Rev., vol. 116, 
pp. 84-87; October 1, 1959.) A theory of photo-
conduction through the reverse-biased p-n 
junction in semiconductors is developed; the 
treatment leads to a voltage dependence for the 
photocurrent and its spectral distribution. 
Transit-time effects occurring at high modula-
tion frequencies are analyzed. 

535.215:[546.32'863+ 546.36'863 1243 
Structure in the Energy Distribution of 

Photoelectrons from IC3Sb and CaS3b—E. A. 
Taft and H. R. Philipp. (Phys. Rev., vol. 115, 
pp. 1583-1586; September 15, 1959.) Peaks in 
energy distribution seem to correlate with 
peaks in the optical absorption. A lower limit 

for the electron affinity of the crystal may be 
deduced assuming that the effects arise directly 
from structure in the state-density of the 
valence band. 

535.215: 546.48'221 1244 
On the Problem of Measuring the Diffusion 

Length of Holes in Cadmium Sulphide—N. A. 
Vitovskii and P. I. Maleev. (Fiz. Tverdogo Tela, 
vol. 1, pp. 984-985; June, 1959.) The diffusion 
length was determined from the variation with 
applied voltage of the amplitude of pulses pro-
duced by a-particle irradiation. Measurements 
on three single-crystal samples gave values for 
diffusion length from 1.3 to 3.2 1.t. 

535.215: 546.48'221 1245 
Dependence of the Hole Ionization Energy 

of Imperfections in Cadmium Sulphide on the 
Impurity Concentration—R. H. Bube and A. B. 
Dreeben. (Phys. Rev., vol. 115, pp. 1578-1.582; 
September 15, 1959.) Photoconductivity meas-
urements have been made in a series of CdS-Ga, 
Cu powders. Results are analogous to other 
recent observations of small hole ionization 
energies in CdS and CdSe crystals. 

535.215: 546.48'221 1246 
The Achievement of Maximum Photocon-

ductivity Performance in Cadmium Sulphide 
Crystals—R. H. Bube and L. A. Barton. (RCA 
Rev., vol. 20, pp. 564-598; December, 1959.) 
Attempts to improve the photoconductivity 
performance of CdS crystals by reducing trap-
ping-center concentration are described. This 
could be successfully accomplished by a) pro-
ducing slight deviations from stoichiometry 
during growth, or b) incorporating a trace of 
donor impurity. 

535.215: 546.48'221 1247 
Quenching Effect of the Photoconductivity 

Decay in CdS—M. Kikuchi and S. Iizima. (J. 
Phys. Soc. Japan, vol. 14, p. 856; June, 1959.) 
Decay of the photocurrent in a CdS rectifying 
cell (see 1258 below) may be accelerated by 
reducing the bias voltage to zero for 10 seconds. 

535.215: 546.48'221'241 1248 
Preparation of Mixed CdS-CdTe Single 

Crystals and some of their Properties— I. 
Vitrikhovskii and I. B. NI izetskaya. (Fiz. 
Tverdogo Tela, vol. 1, pp. 996-999; June, 1959.) 

535.215:546.48'241 1249 
Phase Equilibria and Semiconducting 

Properties of Cadmium Telluride—D. de 
Nobel. (Philips Res. Rep., vol. 14, pp. 361-
399 and 430-492; August and October, 1959.) 
47 references. 

535.215: 546.681'241 1250 
Photoconductivity of Gallium Selenide 

Crystals—R. H. Bube and E. L. Lind. (Phys. 
Rev., vol. 115, pp. 1159-1164; September, 
1959.) 

535.215: 546.817'221 1251 
Preparation of Load Sulphide Photoresist-

ances by Chemical Deposition—R. Ya. Ber-
laga, F. T. Novik, and L. P. Strakhov. (Fis. 
Tverdogo Tela, vol. 1, pp. 995-996; June, 
1959.) Brief note on the preparation of PbS 
films at room temperature by treatment of 
Pb(OH)2 with thiourea solution. 

535.215:546.863'231 1252 
Conductivity and Photoconductivity of 

Antimony Triselenide—B. T. Kolomiets, V. M. 
Lyubin, and D. V. Tarkhin. (Fiz. Tverdogo 
Tela, vol. 1, pp. 899-902; June, 1959.) 

535.215:546.863'231 1253 
Photoconductivity of Sb2Se3—B. T. Kolo-

miets and A. Kh. Zeinally. (Fiz. Tverdogo Tela, 
vol. 1, pp. 979-980; June, 1959.) Experimental 
data show the photosensitivity of single crys-

tals to be much greater than that of polycrys-
talline material. 

535.215:621.311.69 1254 
The Photovoltaic Effect and its Utilization— 

P. Rappaport. (RCA Rev., vol. 20, pp. 373-
397; September, 1959.) A review of the theory 
of the photovoltaic effect and of its applica-
tions to solar energy conversion. Operating 
characteristics and conversion efficiencies of a 
number of materials including Si, GaAs, InP, 
and CdS are given and the high-voltage photo-
voltaic effect obtained with evaporated CdTe 
films is described. 

535.37 1255 
Electroluminescence of Polycrystallites— 

S. Larach and R. E. Schrader. (RCA Rev., 
vol. 20, pp. 532-563; December, 1959.) General 
discussion of luminescence, and, in particular, 
various effects of electroluminescence. 

535.37: 061.3(47) 1256 
Transactions of the 7th Conference on 

Luminescence (Crystal Phosphors)—(/zv. A k. 
Nauk S.S.S.R., vol. 23, pp. 1278-1400; No-
vember, 1959.) Texts are given of 25 papers 
presented at the conference in Moscow, June 
26-July 3, 1958. 

535.376:534.231-8 1257 
The Electroluminescent Panel in an Ultra-

sonic Field—P. Greguss and J. Weiszburg. 
(Acustica, vol. 9, no. 3, pp. 183-184; 1959.) 
A note of an experiment in which a panel of 
ZnS-Cu,Pb powder with a filling material of 
high dielectric constant gave a yellow lumi-
nescence under ultrasonic irradiation. 

535.376:546.48'221 1258 
Avalanche Electroluminescence in CdS 

Single Crystal—M. Kikuchi and S. lizima. 
(J. Phys. Soc. Japan, vol. 14, p. 852; June, 
1959.) A CdS rectifying cell is described. When 
the forward voltage is increased to between 25 
and 50 volts, the forward current increases 
rapidly and light is emitted. Characteristic 
curves for the cell are given. 

537.227 1259 
Analogy of a Ferroelectric Phenomenon to 

a Ferromagnetic Phenomenon: Attenuation of 
Ferroelectric Hysteresis by Orthogonal Polari-
zation— Y. Angel and J. Sonnefous. (comp. 
rend., vol. 249, pp. 508-510; July 27, 1959.) 
Measurements have been made on ferroelectric 
plates of TiO3BaxSt-i_. ceramic about 1-mm 
thick subjected to a direct longitudinal and 
alternating transverse electric field. Results 
analogous to those obtained with ferrite sam-
ples in orthogonal magnetic fields [3244 of 1959 
(Angel and Boutry)1 are reported. 

537.227 1260 
Dielectric Property of Triglycine Sulphate 

Single Crystal at 9000 Mc/s Region—A. 
Nisitioka and M. Takeuchi. (J. Phys. Soc. 
Japan, vol. 14, p. 971; July, 1959.) Measure-
ments at room temperature in the ferroelectric 
b axis give a dielectric constant of 19.7 + 0.2 
and a loss tangent of 0.043 + 0.002. 

537.227 1261 
Action of an Electric Field on the Dielectric 

Properties of Glycine Sulphate—J. Chapelle 
and L. Faurel. (Comp!. rend., vol. 249, pp. 378-
380; July 20, 1959.) Polarization P is related to 
the electric field E along the binary axis of a 
crystal in accordance with an equation of the 
form E=aP-I-bP3-1-cP5. 

537.227 1262 
A Few Quarternary Systems of Perovskite 

—Type A24-134+03 Solid Solutions—T. Ikeda. 
J. Phys. Soc. Japan, vol. 14, pp. 1286-1294; 

October, 1959.1 Structural and dielectric prop-
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erties of the systems (Sr-Pb)(Ti-Zr)03 and 
(Ba-Pb)(Ti-Sn)03. 

537.227 1263 
New Ferroelectrics of Complex Composi-

tion: Part 3—Pb2MgW06, Pbee2W00 and 
Pb2FeTa06—G. A. Smolenskii, A. I. Agranov-
skaya and V. A. Isupov. (Fiz.. Tverdogo Tela, 
vol. 1, pp. 988-990; June, 1959.) A note of 
measurements of permittivity and loss tangent 
in the temperature range - 200°C to + 300°C. 

537.227 1264 
Dielectric Polarization of Solid Solutions in 

the System (Ba,Sr)(Ta,Nb)20 3- G. A. 
Smolenskil, V. A. Isupov, and A. I. Agranov-
skaya. (Fir. Tverdogo Tela, vol. 1, pp. 992-995; 
June, 1959.) Investigation of the temperature 
dependence of permittivity and loss tangent in 
the range - 160°C to -I-160°C at a frequency 
of 1 kc. 

537.227/.228.1:546.33.882.5 1265 
Dielectric Polarization and Piezoelectric 

Properties of certain Ferroelectric Solid Solu-
tions based on Sodium Niobate—V. A. Isupov 
and V. I. Kosyakov. (Fiz. Tverdogo Tela, vol.!, 
No. 6, pp. 929-934; June, 1959.) 

537.227:546.431'824-31 1266 
Further Experiments on the Sidewise 

Motion of 180° Domain Walls in BaTiO3— 
R. C. NI Hier and A. Savage. (Phys. Rev., vol. 
115, pp. 1176 - 1180; September, 1959.) The 
electric-field dependence of the velocity of the 
sidewise motion is given by v,e exp (- 8/E) 
where (5 varies very slightly with applied field. 
The measurements have been made over the 
velocity range 10-1-102 

537.227: 621.318.57 1267 
Switching Mechanism in Triglycine Sul-

phate and other Ferroelectrics—E. Fatuzzo 
and W. J. Mers. (Phys. Rev., vol. 116, pp. 61-
68; October 1, 1959.) A description of the 
switching properties as a function of applied 
electric field. temperature, and sample thick-
ness. A proposed model is treated mathemati-
cally and results are compared with experi-
mental data. 

537.228.1:621.382.2 1268 
Piezoelectric Effect in a Rectifying Contact 

of Semiconductor-T. Tanaka and H. Kawa-
mura. (J. Phys. Soc. Japan, vol. 14, p. 1455; 
October, 1959.) Results of experiments with a 
selenium rectifier and with a Ge p-n junction. 

537.311.33 1269 
A Statistical Theory of the Electrical Con-

ductivity of Semiconductors: Part 1—M. I. 
Klinger. (Fis. Tverdogo Tela, vol. 1, pp. 861-
872; June, 1959.) A general expression ob-
tained by a density-matrix method is used to 
derive a formula for conductivity in the case 
of weak electron-phonon interaction. This new 
formula is examined and applied to the scatter-
ing of electrons by polarized phonons. 

537.311.33 1270 
Rate of Diffusion-Limited Annihilation of 

Excess Vacancies— P. Penning. (Philips Res. 
Rep., vol. 14, pp. 337-345; August, 1959.) "The 
rate of removal and the spatial distribution of 
excess vacancies are calculated for the case 
where the transport to vacancy sinks takes 
place by diffusion and where dislocations in the 
volume of the sample, the surface of the sample 
or both may act as sinks." See 2458 of 1958. 

537.311.33:537.32.083 1271 
On the Problem of Measuring Thermoelec-

tric Properties of Semiconductors—M. A. 
Kaganov, I. S. Lisker, and I. G. Mushkin. 
(Fiz. Tverdogo Tela, vol. 1, pp. 988-990; June, 
1959.) A correction factor for heat loss applied 
to a formula of Ilarman (J. App!. Phys., vol. 

29, pp. 1373-1374; September, 1958) is shown 
to be independent of the current intensity. 

537.311.33: [546.28+546.289 1272 
Crystalline Imperfections and 1/f Noise— 

J. J. Brophy. (Phys. Rev., vol. 115, pp. 1122-
1125; September 1, 1959.) Experimental results 
indicate that increasing the crystalline imper-
fection densities in Ge and Si causes the 1il 
noise level to decrease through reduction in 
minority-carrier lifetime. 

537.311.33:546.28 1273 
Surface Recombination of Silicon—H. U. 

Harten. (Philips Res. Rep., vol. 14, pp. 346-
360; August, 1959.) Extension of investigations 
described ealier (560 of February). 

537.311.33:546.28 1274 
Ionized-Impurity Scattering Mobility of 

Electrons in Silicon—D. Long and J. Myers. 
(Phys. Rev., vol. 115, pp. 1107-1118; Septem-
ber, 1959.) The temperature dependence of elec-
tron mobility has been determined between 30° 
and 100°K for n-type samples of varying im-
purity content by combining data from electri-
cal resistivity and Hall-effect measurements. 
The dependence is shown to be consistent with 
the Brooks-Herring scattering formula when 
the Born approximation is valid. 

537.311.33:546.28 1275 
Hall Effect and Impurity Levels in Phos-

phorus-Doped Silicon—D. Long and J. M vers. 
(Phys. Rev., vol. 115, pp. 1119-1121; Septem-
ber 1, 1949.) The measured splitting of the 
(Is) energy level agreed well with the value de-
duced theoretically from the Kohn-Luttinger 
model. 

537.311.33: 546.28 1276 
Effects of Heat Treatment upon the Elec-

trical Properties of Silicon—V. Matukura. (J. 
Phys. Soc. Japan, vol. 14, pp. 918--923; July, 
1959.) A report of observations of changes in 
carrier density and minority-carrier lifetime in 
pulled crystals of Si over the temperature 
range 400°-1200°C. 

537.311.33:546.28 1277 
Influence of an External Electric Field on 

the Surface Recombination and Capacitor 
Photo-E.M.F. of n-Type Silicon—O. V. 
Simko. (Fir. Tverdogo Tela, vol. 1. pp. 980-
983; June, 1959.) Measurements were made on 
five single-crystal samples of thickness 

X10-2 cm. Graphs show the dependence of 
the dark conductivity and surface recombina-
tion velocity on the surface charge. 

537.311.33:546.28 1278 
Certain Improvements in the Method of 

Preparing Pure Silicon by Thermal Decomposi-
tion of Silane—Va. E. Pokrovskii, S. I. 
Kleshchevnikova, and E. I. Rutnyantseva. 
(Fiz. Tverdogo Tela, vol. 1, pp. 999-1001; June, 
1959.) An improved version of the apparatus 
described earlier [2780 of 1958 (Kleshchevni-
kova, el al.)]. 

537.311.33:546.28:539.12.04 1279 
Infrared Absorption of Silicon of High 

Resistivity containing Radiation Defects— 
V. S. Vavilov, A. F. Plotnikov, and G. V. 
Zakhvatkin. (Fiz. Tverdogo Tela, vol. 1, pp. 
976-979; June, 1959.) 

537.311.33:1546.289+546.682'86 1280 
On the Delayed Yield n Germanium and 

Indium Antimonide—D. Dew-Hughes and 
G. E. Brock. (J. Ape Phys., vol. 30, pp. 
2020-2021; December, 1959.) The delay time 
for plastic yielding may be associated with im-
purity locking of dislocations. 

537.311.33:546.289 1281 
Kinetics of the Interchange of Electrons 

between the Surface and the Bulk of Ger-
manium—A. E. Yunovich. (Fiz. Tverdogo Tela, 
vol. 1, pp. 908-912; June, 1959.) An equation 
is derived for the dependence of the field effect 
on frequency in the range 102-10, cps. The re-
laxation time of the field effect coincides with 
the effective lifetime of nonequilibrium charge 
carriers. The dependence of the effective mo-
bility on frequency is shown for p- and n-type 
samples in different atmospheres. 

537.311.33:546.289 1282 
Studies of Vacancies in Dislocation-Free 

Ge Crystals—A. G. Tweet. (J. App!. Phys., 
vol. 30, pp. 2002-2010; December, 1959.) Ex-
periments carried out to determine the number 
of vacancies incorporated into a Ge crystal 
during growth are described. 

537.311.33:546.289 1283 
Dislocation Acceptor Levels in Germanium 

—R. K. Mueller. (J. Appt. Phys., vol. 30, pp. 
2015-2016; December, 1959.) A dislocation-
band model is described which gives good 
agreement between acceptor levels observed in 
grain boundaries and those derived from carrier 
depletion data. 

537.311.33:546.289 1284 
The Field Dependence of the Mobility of 

Electrons in n-Germanium—H. Sato. (J. 
Phys. Soc. Japan, vol. 14, pp. 1275-1285; 
October, 1959.) A theory is developed, based 
on an assumed momentum distribution, which 
indicates an appreciable energy loss of electrons 
due to acoustic-mode scattering at very high 
field strengths. Improved agreement with ex-
perimental data is obtained. 

537.311.33:546.289 1285 
Mechanism of the Increasing Long-Term 

Changes of the Field Effect—V. I. Lyashenko 
and N. S. Chernaya. (Fir. Tverdogo Tela, vol. 
1, pp. 878-885; June, 1959.) Investigation of p-
type Ge showed a decrease of the screening of 
the field with time. This is related to the 
conductor. 

531.311.33:546.289 1286 
Extraction of Copper and Nickel from Ger-

manium—K. P. Tissen. (Fir. Tverdogo Tela, 
vol. 1, pp. 1001-1003; June, 1959.) 

537.311.33: 546.289: 538.632 1287 
Dependence of the Hall Effect on Pressure 

in ti-Type Germanium of 50-Ohm cm Re-
sistivity—A. I. Likhter. (Fiz. Tverdogo Tela, 
vol. 1, pp. 895-898; June, 1959.) 

537.311.33 : 546.289: 548.5 1288 
Investigation of the Oriented Growth of 

Germanium on a Fluorite Single Crystal— T. 
Marucchi and N. Nifontoff. (Comm. rend., vol. 
249, pp. 435-437; July 20, 1959.) 

537.311.33:546.289:548.5 1289 
Dendritic Growth of Germanium Crystals--

A. I. Bennett and R. L. Longini. (Phys. Rev., 
vol. 116, pp. 53-61; October 1, 1959.) A general 
description of the experimental technique and 
basic theory. 

537.311.33:546.47-31 1290 
The Diffusion of Excess Zinc in Zinc Oxide 

Crystals (Investigations of Electrical Conduc-
tivity)—R. Pohl. (Z. Phys., vol. 155, pp. 120-
128; May 6, 1959.) Conductivity changes in 
ZnO first heated in Zn vapor and subse-
quently in air are measured as a function of 
time. The effects noted are interpreted on the 
basis of diffusion processes. 

537.311.33:546.57'24 1291 
Galvano- and Thermo-magnetic Effects in 

a-Ag2Te—S. Miyatani and 1. Yokota. (J. Phys. 
Soc. Japan, vol. 14, pp. 750-754; June, 1959.) 
Nernst coefficient, magnetoresistance and mag-
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netothermoelectric power of a-Ag2Te have 
been measured as functions of the EMF of a 
galvanic cell Ag/AgI/Ag2Te/Pt. See 3532 of 
1958 (Miyatani). 

537.311.33: 546.681'19: 538.639 1292 
The Nernst-Ettingshausen Effect in Gal-

lium Arsenide—O. V. Emel'yanenko and D. N. 
Nasledov. (Fiz. Tverdogo Tela, vol. 1, pp. 985-
988; June, 1959.) Results of an experimental 
investigation of GaAs are in qualitative agree-
ment with the theory of thermomagnetic effects 
and indicate the prevalence of scattering on 
impurity ions in nondegenerate and degenerate 
n-type GaAs at temperatures less than 300° to 
400°K. 

537.311.33: 546.682'19: 539.12.04 1293 
Electron Irradiation of Indium Arsenide— 

L. K. Aukerman. (Phys. Rev., vol. 115, pp. 
1133-1135; September 1, 1959.) During irradi-
ation with 4.5-mev electrons the carrier con-
centration in n-type InAs increases; this in-
crease is followed to a carrier concentration 
10 ,7/cm,. Under the same conditions the con-
centration in p-type InAs decreases. 

537.311.33:546.682'682'86 1294 
Equilibrium Solid Solutions in the InSb-

GaSb System—V. I. Ivanov-Omskil and B. T. 
Kolomiets. (Fiz. Tverdogo Tela, vol. 1, pp. 913-
918; June, 1959.) 

537.311.33:546.682'86 1295 
Preparation and Electrical Properties of 

Alloyed p-n Junctions of InSb—C. A. Lee and 
G. Kaminsky. (J. Appt. Phys., vol. 30, pp. 
2021-2022; December, 1959.) Techniques for 
producing these junctions are described and 
some characteristics are given. The high elec-
tron mobility of InSb should have advantages 
in some applications. 

537.311.33:546.682'86 1296 
Electrical Properties of n-Type InSb in 

High Electric Field at 77°K— Y. Kanai. (J. 
Phys. Soc. Japan, vol. 14, pp. 1302 - 1308; 
October. 1959.) At high fields, the resistivity 
and Hall coefficient were found to decrease 
rapidly with increasing field. At the sanie time 
the hall mobility decreased and the drift ve-
locity passed through a maximum value. 

537.311.33:546.682'86 1297 
Magnetic Susceptibility of InSb—R. Bow-

ers and Y. Yafet. (Phys. Rev., vol. 115, pp. 
1165-1172; September 1, 1959.) The observed 
susceptibility increases with increasing carrier 
density at low densities and decreases at high 
densities. The results depart from that ex-
pected from a parabolic conduction band but 
are consistent with Kane's band-structure cal-
culation (31.56 of 1958). 

537.311.33: 546.682'86: 537.312.8 1298 
On the Anomalous Magnetoresistance 

Effect in n-InSb--W. Sasaki and C. Varna-
nouchi. (J. Phys. Soc. Japan, vol. 14, p. 849; 
June, 1959.) The oscillatory magnetoresistance 
effect observed by Broom (2149 of 1958) at 
liquid-helium temperature is shown to be 
caused by the same mechanism as the de Haas-
van Alphen effect. An assumed value of 0.015 
mn for the electron mass fits the experimental 
data given. 

537.311.33: 546.682'86: 539.12.04 1299 
Electron Irradiation of Indium Antimonide 

—L. W. Aukerman. (Phys. Rev., vol. 115, pp. 
1125-1132; September I, 1959.) Experiments 
carried out on single crystals of n- and p-type 
InSb bombarded with 4.5-Mev electrons at 
80° and 200°K are reported. Samples bom-
barded at 80°K showed three regions of rapid 
annealing as measured by the change in carrier 
concentration; the first two regions lay be-

tween 80° and 200°K, the third near room tem-
perature. 

537.311.33:546.817'241 1300 
On Galvanomagnetic Effects in p-Type 

Crystals of PbTe—K. Shogenji. (J. Phys. Soc. 
Japan, vol. 14, pp. 1360-1371; October, 1959.) 
Measurements at 90°K indicate an electronic 
band structure represented by 11111 energy 
spheroids, presumably prolate with a mass 
ratio of 0.3. 

537.311.33: 546.873'241 1301 
The Sintering of Bismuth Telluride— 

W. R. George, R. Sharpies, and J. E. Thomp-
son. (Proc. Phys. Soc., vol. 74, pp. 768-770; 
December 1, 1959.) Samples of BiTe3 doped 
with iodine were sintered at various tempera-
tures; thermoelectric power varied with sinter-
ing temperature, and showed changes in sign. 

537.311.62:546.87 1302 
Anomalous Skin Effect in Bismuth—G. E. 

Smith. (Phys. Rev., vol. 115, pp. 1561-1568; 
September 15, 1959.) Surface resistance meas-
urements have been made at 23.5 kmc on 
plane surfaces of single-crystal Bi at 2°K as a 
function of orientation. 

537.324:537.311.33 1303 
Effect of Impurity Scattering on the Figure 

of Merit of Thermoelectric Materials—R. W. 
Ure, Jr. (J. Ape Phys., vol. 30, pp. 1922-
1924; December, 1959.) "The thermoelectric 
figure of merit z=a2/pk is calculated for an 
extrinsic semiconductor with mixed acoustic-
mode lattice scattering and ionized-impurity 
scattering. The result is compared to the value 
for pure acoustic-mode scattering. As the 
amount of ionized-impurity scattering is in-
creased, the figure of merit increases by less 
than 10% and then falls slowly." 

537.533.8 1304 
Variation of the Coefficient of Secondary 

Electron Emission of some Metals with re-
spect to the Energy of Incident Ions--P. 
Cousinié, N. Colombié, C. Fert, and R. Simon. 
(Comp. rend., vol. 249, pp. 387-389; June 20, 
1959.) Experimental results have been obtained 
for A+ and H+ ions with energies 5-40 key. 

538.221 1305 
Theoretical Approach to the Asymmetrical 

Magnetization Curve—A. Aharoni, E. H. Frei, 
S. Shtrikman. (J. Appt. Phys., vol. 30, pp. 
1956- 1961; December, 1959.) A calculation is 
made of the magnetization curve of an infinite 
cylinder of Co particles in a Co() shell; results 
are also given for an infinite slab. 

538.221 1306 
Nuclear Orientation and the Hyperfine 

Structure Coupling in Cobalt Metal—M. A. 
Grace, C. E. Johnson, N. Kurti, R. G. Scur-
lock, and R. T. Taylor. (Phil. Mag., vol. 4, pp. 
948-956; August, 1959.) The hyperfine struc-
ture coupling, represented as an effective mag-
netic field He at the nucleus, is given by left 
=193 + 20 kg. 

538.221 1307 
Effect of Crystallographic Twins on the 

D.C. and A.C. Properties of Nickel-Iron-
Alloys—J. E. Thompson. (Brit. J. Appt. Phys., 
vol. 10, pp. 511-516; December 1959.) 
Deleterious effects on the magnetic properties 
of 50 per cent Ni-Fe alloys due to twinning 
during the annealing process are discussed. 

538.221:538.569.4 1308 
Dipolar Line Broadening and Enhanced 

Pseudo-dipolar Moments—R. L. White. (Phys. 
Rev., vol. 115, pp. 1519-1520; September 15, 
1959.) The assumption of a strongly enhanced 
pseudo-dipolar moment in certain ferrimag-
netic and antiferromagnetic materials is 

shown to be incompatible with the paramag-
netic-resonance line widths in these materials. 

538.221:538.569.4 1309 
Note on the Saturation of the Main Reso-

nance in Ferromagnetics—H. Suhl. (J. App!. 
Phys., vol. 30, pp. 1961-1964; December, 
1959.) "The course of x" at resonance versus 
applied power is traced for various ratios of in-
trinsic to scattering line widths. It is assumed 
that the line-width contribution from thermal 
spin-wave agitation is negligible." 

538.221:538.632 1310 
Effective Field in the Ordinary Hall Effect 

in Ferromagnetics—E. Tatsuinoto and T. 
Okamoto. (J. Phys. Soc. Japan, vol. 14, pp. 
976-977; July, 1959.) The effective field is 
shown to be the magnetizing field. See also 1311 
below. 

538.221:538.632 1311 
Extraordinary Hall Effect in Silicon-Iron 

Single Crystals—E. Tatsumoto and T. Oka-
moto. (J. Phys. Soc. Japan, vol. 14, pp. 975-
976; July, 1959.) A method is described for 
obtaining the extraordinary Hall coefficient 
from probe measurements of Hall resistivity at 
the edge and about 1.5 mm from the edge of the 
specimen. The effect is found to be isotropic. 

538.221:539.23 1312 
Magnetic Anisotropy of Evaporated Films 

Formed in Magnetic Field—M. Takahashi, D. 
Watanabe, T. Sasagawa, H. Saito, and S. 
Ogawa. (J. Phys. Soc. Japan, vol. 14, pp. 
1459-1460; October, 1959.) Quantitative meas-
urements of the anisotropy of Fe, Co, Ni and 
Ni-Fe films. 

538.221 : 539.23: 538.632 1313 
New Experimental Results concerning the 

Hall Effect in Thin Films of Nickel—A. 
Coloinbani and G. Goureaux. (Conte rend., 
vol. 249, pp. 381-383; July 20, 1959.) 

538.221:539.23:538.632 1314 
The Hall Constants of Thin Films of Nickel 

—G. Goureaux and A. Colombani. (Comp!. 
rend., vol. 249, pp. 511-513; July 27, 1959.) 

538.221:539.23:621.318.57 1315 
Isolation of Rotational Reversal in Ferro-

magnetic Films—A. L. Hanzel and R. L. 
Conger. (J. Appt. Phys., vol. 30, pp. 1932-
1936; December, 1959.) The relative contribu-
tions of wall motion and domain rotation to the 
magnetization reversal process in thin ferro-
magnetic films are investigated experimentally. 

538.221: 621.317.42 1316 
Measurement of the Gradient of the Mag-

netic Field at the Boundary Surface of a Mag-
netic Body—S. Yamaguchi. (Z. Metallk., vol. 
50, pp. 721-722; December, 1959.) A gradient 
of 9 X101 grams/cm was measured by an elec-
tron-diffraction method at the edge of a Ni 
film containing nickel oxide. 

538.221:621.318.134 1317 
The Frequency and Temperature Charac-

teristics of Complex Permeability of High-
Permeability Ferrites— D. Kohler. (Arch. 
elekt. Übertragung, vol. 13, pp. 1-12; January, 
1959.) The results of measurements on Mn-Zn 
and Ni-Zn ferrites are analyzed and interpreted 
on the basis of existing theories. 36 references. 

538.221:621.318.134 1318 
Electric Resistance and Cation Distribu-

tion of Fe-Mn Ferrite System—Z. Funato-
gawa, N. Miyata, and S. Usami. (J. Phys. 
Soc. Japan, vol. 14, p. 854; June, 1959.) 

538.221:621.318.134:537.311.3 1319 
The Electrical Resistivity of Oxygen-Defi-

cient Nickel Ferrite—R. Parker and H. Lord. 
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(Proc. Phys. Soc., vol. 74, pp. 793-795; De-
cember 1, 1959.) Results of measurements are 
interpreted with reference to different "types" 
of conduction. See also 1220 of 1959 (Parker). 

538.221 : 621.318.134: 538.569.4 1320 
High-Power Effects in Ferrite Devices— 

P. E. Seiden and H. J. Shaw. ( Pnoe. IRE, vol. 
48, p. 122; January, 1960.) Profile line-widths 
and the threshold for onset of decrease in 
susceptibility have been measured for ferrite 
so in pies. 

538.221 : 621.318.134 : 538.569.4 1321 
Spin Temperature and High-Power Effects 

in Ferrimagnets—M. T. Weiss. (J. App!. Phys., 
vol. 30. p. 2014; December, 1959.) Experimen-
tal results for Mn ferrite and Y-Fe garnet seem 
to confirm the hypothesis that high microwave 
power levels tend to increase the spin tem-
perature and that this change is effective in 
changing the g factor. 

538.221: 621.318.134: 538.569.4 1322 
Theory of Ferromagnetic Resonance in 

Rare-Earth Garnets: Part 1—g Values—C. 
Kittel. (Phys. Rev., vol. 115, pp. 1587-
1590; September 15, 1959.) The g values ob-
served in resonance experiments are analyzed. 
General features of experimental results are 
reproduced fairly well by calculated curves. 

538.221 : 621.318.134: 538.569.4 1323 
Ferrimagnetic Resonance Line Width in 

Polycrystalline M iyadai, 
Y. Schichijo, and I. Tsubokawa. (J. Phys. Soc. 
Japan, vol. 14, p. 853; June, 1959.) 

538.221:621.318.134:538.632 1324 
Hall-Effect Measurement on Magnetite and 

a Nickel Ferrite with Excess Iron—W. Mann. 
[Ann. Phys. (Lpz.), vol. 3, pp. 122-124; 
March 24, 19591 Measurements were made on 
Fe304 and (Fe203)o.6b(Ni0)0.25 using a de com-
pensation method. 

538.221:621.318.57 1325 
A Contribution to the Study of Switching in 

a Ferromagnetic Core Fed by a Perfect Cur-
rent Source—C. Durante and J. Lailheugue. 
(Comm. rend., vol. 249, pp. 917-918; August 31, 
1959.) A discrepancy between the theoretical 
and experimental results is explained. See also 
253 of January (Durante). 

538.222 1326 
The Ratio of the Isolated and the Adiabatic 

Susceptibility of Paramagnetic Crystals—W. J. 
Caspers. (Physica, vol. 25, pp. 43-49; Janu-
ary, 1959.) 

538.222:538.569.4 1327 
Theory of the Nuclear Magnetic Reso-

nance Shift in Paramagnetic Crystals—F. 
Keffer, T. Oguchi, W. O'Sullivan, and J. 
Yamashita. (Phys. Rev.. vol. 115, pp. 1553-
1561; September 15, 1959.) A theoretical study 
is made of the shift of the F19 nuclear resonance 
in paramagnetic and antiferromagnetic MnF2 
observed by Shulman and Jaccarino (see ibid., 
vol. 108, pp. 1219-1231; December 1, 1957.) 
Results are in reasonable agreement with ex-
periment. 

538.222:538.569.4 1328 
Self-Absorption and Trapping of Sharp-

Line Resonance Radiation in Ruby—F. 
Varsanyi. D. L. Wood, and A. L. Schawlow. 
(Phys. Rev. Lett., vol. 3, pp. 544-545; Decem-
ber 15, 1959.) 

538.222:538.569.4 1329 
Optical Detection of Paramagnetic Reso-

nance in an Excited State of CO+ in A1203— S. 
Geschwind, R. J. Collins, and A. L. Schawlow. 
(Phys. Rev. Lett., vol. 3, pp. 545-548; Decem-
ber 15, 1959.) 

538.222:538.569.4 1330 
Optical Detection of Paramagnetic Reso-

nance in Crystals at Low Temperatures—J. 
Brossel, S. Geschwincl, and A. L. Schawlow. 
(Phys. Rev. Len., vol. 3, pp. 548-549; Decem-
ber 15, 1959.) 

538.222:538.569.4:534.2-8 1331 
Saturation of Paramagnetic Spins by 13-

Mc/s Ultrasonic Phonons—R. D. Mattuck and 
M. W. P. Strandberg. (Phys. Rev. Lett., vol. 3, 
pp. 550-551; December 15, 1959.) Experi-
ments with ruby, Cr-doped MgO, and quartz 
are reported. 

539.2:538.22 1332 
Energy Levels for Rare-Earth Ions Subject 

both to Exchange and Crystalline Fields— 
R. L. White and J. P. Andelin, Jr. (Phys. Rev., 
vol. 115, pp. 1435-1439; September 15, 1959.) 
The term splitting is calculated for the lowest 
J state of the rare-earth ions samarium to ytter-
bium, subjected simultaneously to exchange 
and crystalline fields. The crystalline field is 
taken to be cubic and the calculation is carried 
out for the magnetic axis in the [100] and [111] 
directions. Application to the rare-earth gar-
nets is discussed. 

539.2:548.0 1333 
Simplified LCAO Method for Zincblende, 

Wurtzite, and Mixed Crystal Structures—J. L. 
Birman. (Phys. Rev., vol. 115, p. 1493-1505; 
September 15, 1959.) Qualitative comparison 
of energy bands in the structures. 

621.315.61.004.6 1334 
Life of Technical Dielectrics Operating in 

High-Frequency Fields—A. T. Alad'ev. (Fis. 
Tverdogo Tela, vol. 1, pp. 935-938; June, 1959.) 
An expression is derived showing the depend-
ence of useful life on electric field intensity and 
frequency, and on the dimensions and distri-
bution of pores in the dielectric. This equation 
applies in the range from several seconds to 
many thousand hours. 

621.315.616 1335 
New High-Softening Dielectric Materials— 

W. Mikucki. (Brit. Commun. Electronics, vol. 
7, pp. 40-43; January, 1960.) Characteristics 
and electrical properties of new polymer ma-
terials with softening point above 100°C are 
tabulated. 

MATHEMATICS 

517.534:538.566 1336 
On a Modification of Watson's Lemma— 

F. Oberhettinger. (J. Res. Not. Bur. Stand., vol. 
63B, pp. 15-17; July-September, 1959.) "The 
method of steepest descents is extended to the 
case when a saddle point and a pole of arbi-
trary order are involved. An application to a 
problem in diffraction theory is demonstrated." 

MEASUREMENTS AND TEST GEAR 

621.317.3:621.391.822 1337 
I.R.E. Standards on Methods of Measuring 

Noise in Linear Two-Ports, 1959—(Paoc. IRE, 
vol. 48, pp. 60-68; January, 1960.) Standard 
59 I.R.E. 20. SI. 

621.317.33: 537.312.8 1338 
Sensitive Method for Measurement of 

Magnetoresistance Effect with Direct Currents 
and with Microwaves—D. E. Clark and J. G. 
Assenheim. (Brit. J. Ape Phys., vol. 11, pp. 
35-38; January, 1960.) Measurements made 
using direct current and frequencies of 1.1, 1.5 
and 9.2 kmc in fields up to 6270 oersteds are de-
scribed. In general form the results agree with 
the theory of Donovan (2913 of 1954). 

621.317.331: 538.541 1339 
Eddy-Current Method for Measuring the 

Resistivity of Metals—C. P. Bean, R. W. De-

Blois and L. B. Nesbitt. (J. Appi. Phys., vol. 
30, pp. 1976-1980; December, 1959.) The re-
sistivity is calculated from the rate of decay of 
flux from a bar situated in an external magnetic 
field that has been rapidly reduced to zero. 

621.317.335.029.6 1340 
Measurement of Dielectric Constants by 

the High-Order-Mode Interferometer—J. I. 
Caicoya. (Brit. Commun. Electronics, vol. 7, 
pp. 32-34; January, 1960.) An application of 
microwave equipment described earlier (3495 
of 1956). The angle of refraction (Snell's refrac-
tion law) is determined for a uniform plane 
wave obliquely incident upon a dielectric sheet. 
42 references. 

621.317.343: 621.372.83 1341 
Measurement of the Impedance Matrix of 

Reciprocal Two-Port Junctions—C. Monte-
bello. (Note Recensioni Notiz., vol. 8, pp. 48-55; 
January/February, 1959.) A graphical method 
is proposed; measurements are made at one 
port only. 

621.317.444: 537.53 1342 
Measurement of Ion Beam Currents using a 

Hall Effect Magnetometer—W. S. Whitlock 
and C. Hilsum. (Nature, vol. 185, p. 302; 
January 30, 1960.) A technique is described for 
measuring currents without interrupting the 
beam. Hall voltages are developed in an InSb 
crystal placed in the air gap of a mumetal ring 
through which the beam is passed. Two meth-
ods of applying the technique are given; the 
lowest beam current detected was about 10 pa. 

621.317.444: 550.380.8: 629.136.3 1343 
A Rocket-Borne Magnetometer—K. Bur-

rows. (J. Brit. IRE, vol. 19, pp. 769-776; 
December, 1959.) The requirements of a rocket-
borne magnetometer are outlined and the 
principles of measurement using a proton 
precession magnetometer are explained. The 
design, construction and testing of a practical 
instrument are described. 

621.317.7 1344 
A Programmed Test Set—D. W. Bradfield, 

A. M. East, and H. F. Rourke. (Electronic 
Engrg., vol. 31, pp. 714-721; December, 1959.) 
Using uniselectors, complex electronic equip-
ment can be checked more quickly and accu-
rately than by manual methods. 

621.317.733 1345 
Wagner-Earth and other Null-Instrument 

Capacity Neutralizing Circuits—H. H. Wolff. 
(Rev. Sci. Instr., vol. 30, pp. 1116-1122; De-
cember, 1959.) An exact theoretical treatment 
is given and its practical application to ac 
bridges discussed. 

621.317.74: 621.373.42.029.4 1346 
Low-Distortion Sine-Wave Generator— 

A. R. Bailey. (Electronic Tech., vol. 37, pp. 64-
67; February, 1960.) Details are given of an 
RC oscillator operating in the range 10 cps-
100 kc with distortion < 0.02 per cent, designed 
for investigating the characteristics of sharply 
tuned rejector circuits. 

621.317.742: 621.372.86 1347 
Microwave Refiectometer Techniques— 

G. F. Engen and R. W. Beatty. (TRANS. IRE 
ON M ICROWAVE THEORY AND TECHNIQUES, 
vol. MTT-7, pp. 351-355; July, 1959.) Ab-
stract, PROC. IRE, vol. 47, p. 1.796; October, 
1959.) 

621.317.742:621.372.86 1348 
Magnified and Squared V.S.W.R. Re-

sponses for Microwave Reflection-Coefficient 
Measurements—R. W. Beatty. (TRANS. IRE 
ON M ICROWAVE THEORY AND TECHNIQUES, 
vol. MTT-7, pp. 346-350; July, 1959. Ab-
stract, PROC. IRE. vol. 47, p. 1796; October, 
1959.) 
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621.317.755 1349 
Probability Density Measurement with an 

Electrode Mounted in the Face of a Cathode-
Ray Tube—H. Lien. (Rev. Sci. Instr., vol. 30, 
pp. 1100-1102; December, 1959.) "A small 
electrode mounted inside the face of a cathode-
ray tube gives a 'window' comparable to its own 
dimensions when the bias voltages are set so 
that secondary electron emission current domi-
nates. Under these conditions the device can 
be used for measurement of probability densi-
ties of random signals." 

621.317.755 1350 
Transient Storage Oscilloscope—A. E. 

Cawkwell and R. Reeves. (Electronic Tech., 
vol. 37, pp. 50-59; February, 1960.) Details 
are given of a commercial oscilloscope incor-
porating a storage tube Type E702A. Normal 
oscilloscope facilities are also available. 

621.317.789.029.64 1351 
A Wide-Band High-Power Microwave 

Calorimeter—T. Jaeger and M. V. Schneider. 
(Arch. elekt. übertragung, vol. 13, pp. 21-25; 
January, 1959.) A constant-flow method is used 
with the flow system entirely outside the main 
rectangular wayeguide, so preventing electrical 
breakdown. The dissipative structure is cou-
pled to the main guide by a wire grid in the 
guide wall. Power is measured by a substitution 
method, the total error being less than 2 per 
cent. 

621.317.79: 621.395.625.3.001.41 1352 
A Versatile Clock System for Setting-Up 

and Testing Magnetic Drums—J. S. Arnold 
and D. L. Hood. (A.T.E.J., vol. 15, pp. 2-14; 
January, 1959.) A transistor counter circuit 
and its application are described. 

621.317.794 1353 
Simplified Logarithmic Radiation Meter 

Using Noise—C. E. Cohn. (Rev. Sci. ¡asir., 
vol. 30, pp. 1097-1099; December, 1959.) "A 
logarithmic radiation meter has been developed 
which uses an a.c.-coupled logarithmic volt-
meter to measure the random noise from a 
photomultiplier detector. A range of four 
decades has been obtained." 

621.317.794 1354 
A Coaxial Film Bolometer for the Measure-

ment of Power in the U.H.F. Band — I. A. 
Harris. (Proc. IEE, Part B, vol. 107, pp. 67-
72; January, 1960.) The bolometer element is 
a thin cylindrical film forming the center con-
ductor of a coaxial line; the outer conductor has 
an axial section in the form of a tractrix taper-
ing until it meets the center conductor. A wide-
band bolotneter for measuring powers of 2-200 
mw from 200 mc to 4 kmc with an accuracy 
within 1 per cent is described; designs for 2 
watts up to 3 kmc and 0.1 mw up to 20 kmc are 
feasible. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

538.569.4: 535.33: 621.375.9 1355 
Radio-Frequency Spectroscopy using 

Three-Level Maser Action— K. Shimoda. (J. 
Phys. Soc. Japan, vol. 14, pp. 954-959; July, 
1959.) 

621.3.087.4:678.5:537.533 1356 
Thermoplastic Recording—W. E. Glenn. 

(J. Appl. Phys., vol. 30, pp. 1870-1873; De-
cember, 1959.) Information is written by an 
electron beam on a film coated with low-melt-
ing-point thermoplastic. The pattern of charge 
is converted to a deformation pattern by heat-
ing the material. 

621.362-1-621.56 1357 
The Thermoelectric Figure of Merit and its 

Relation to Thermoelectric Generators—R. P. 

Chasmar and R. Stratton. (J. Electronics Con-
trol, vol. 7, pp. 52-72; July, 1959.) The figure 
of merit of a semiconductor of given carrier 
mobility and lattice thermal conductivity is 
evaluated numerically and presented graphi-
cally for various scattering indices. High-
temperature limitations are considered and the 
results discussed in connection with various 
sulphides, selenides and tellurides. 

621.362+621.56 1358 
The Figure of Merit of a Thermoelectric 

Generator—R. Stratton. (J. Electronics Con-
trol, vol. 7, pp. 73-76; July, 1959.) Optimum 
conditions for a generator with n- and p-type 
semiconducting branches with different physi-
cal parameters are simply related to the opti-
mum conditions for the figure of merit of a 
single substance. 

621.362+621.56 1359 
Effect of Heat Transfer on the Characteris-

tics of Semiconductor Thermopiles for Re-
frigerators and Heat Pumps—G. Vikhorev and 
V. Naer. (Fiz. Tverdogo Tela. vol. 1, pp. 903-
907; June, 1959.) 

621.362 1360 
Thermoelectricity—C. Celent. (Electronic 

Ind., vol. 18, pp. 66-78; July, 1959.) A review 
of progress made in the development of thermo-
electric and thermionic heat converters by man-
ufacturers in U. S. A. Properties of a large 
number of materials are given in tabular form. 

621.362:537.227 1361 
Ferroelectrics Generate Power—(Electron-

ics, vol. 32, pp. 88, 90; December 18, 1959.) 
The ferroelectric generator converts thermal to 
electrical energy by means of a ferroelectric 
capacitor. High output voltages may be ob-
tained, and stages may be cascaded. One appli-
cation is the generation of an ac voltage in a 
spinning satellite. 

621.362:621.387 1362 
Characteristics of a Plasma Thermocouple 

—Pidd, Grover, Salmi, Roehling, and Erickson. 
(See 1456.) 

621.362:621.387 1363 
Space-Charge Neutralization by Fission 

Fragments in the Direct-Conversion Plasma 
Diode—F. E. Jablonski, C. B. Leffert, R. Sil-
ver, R. F. Hill, and D. 11. Loughridge. (J. 
A ppl. Phys., vol. 30, pp. 2017-2018; December, 
1959.) 

621.365.55:674 1364 
Radio-Frequency Heating in Wood Gluing 

—J. Pound. (Beama Jour., vol. 66, pp. 148-151; 
November, 1959.) 

621.365.55678.5 1365 
Radio-Frequency Heating in the Plastics 

Industry—C. E. Tibbs. (Brama Jour., vol. 66. 
pp. 144-147; November, 1959.) The use of pre-
heating ovens and applications of dielectric 
welding of thermoplastic materials are de-
scribed. 

621.374.32:612.816 1366 
Pulse-Height Analyser for Neuro-physi-

ological Applications— R. M. Littauer and C. 
Walcott. (Rev. Sci. ¡asir., vol. 30, pp. 1102-
1106; December, 1959.) A five-channel instru-
ment which allows the activity of one or more 
nerve fibres to be followed. 

621.384.8:621.382.2 1367 
Performance of Germanium and Silicon 

Surface-Barrier Diodes as Alpha Particle 
Spectrometers.—J. W. 1‘1;1\ er. (J. Ape Phys., 
vol. 30, pp. 1937-1944; December, 1959.) 

621.385.833:061.3 1368 
Summarized Proceedings of a Conference 

on Electron Microscopy—Exeter, July 1959— 
J. A. Chapman and M. J. Whelan. (Brü. J. 
Appl. Phys., vol. 11, pp. 22-32; January, 
1960.) 

621.387.424 1369 
Self-Quenching Geiger Counters containing 

Mixtures of Permanent Gases—A. J. L. 
Collinson, I. C. Demetsopoullos, J. A. Dennis, 
and J. M. Zarzycki. (Nature, vol. 185, p. 369; 
February 6, 1960.) An investigation of counters 
containing mixtures of argon with small quan-
tities of xenon, oxygen and nitrogen to total 
pressures of 700 mm Hg. General conclusions 
are reached on the role of various components 
of the mixture in the production of the Geiger 
plateau. 

621.398:551.508.77:621.396.96 1370 
The Use of a Radar Beacon for Telemeter-

ing Precipitation Data—D. R. Soltow and R. D. 
Tarble. (J. Geophys. Res., vol. 64, pp. 1863-
1866; November, 1959.) Description of a radar 
interrogating system for obtaining a PPI dis-
play of tipping-bucket rain-gauge data from 
remote stations. 

PROPAGATION OF WAVES 

621.391.812.62 1371 
Note on Amplitude Fluctuations of Distant 

Fields—F. du Castel. (Ann. Télécomtnun., 
vol. 14, pp. 91-92; .March/April, 1959.) Ampli-
tude fluctuations over three 430 mc trans-
horizon radio links in West Africa have been 
analyzed. Results show an amplitude distribu-
tion frequently different from that given by a 
Rayleigh-type law. 

621.391.812.621 1372 
Partial Reflections in the Atmosphere and 

Long-Distance Propagation: Part 3—F. du 
Castel, A. Spizzichino, P. Misme, and J. Voge. 
(Ann. Télécommun., vol. 14, pp. 33-40; Janu-
ary/February, 1959.) The reflected field is con-
sidered to have two components, one specular 
and the other diffuse, the characteristics of 
each component obeying different laws. Parts 
1 and 2: 1006 of March. 

621.391.812.624 1373 
A Note on Scatter Propagation—E. D. 

Denman. ( Paoc. IRE, vol. 48, pp. 112-113; 
January, 1960.) Scattering from a periodic di-
electric perturbation is theoretically greatly 
enhanced if a certain wavelength ratio exists 
between the periodic disturbance and the EM 
energy. Experimental evidence is presented to 
support the theory. 

621.391.812.624/.63: 621.396.2 1374 
Radio Transmission by Ionospheric and 

Tropospheric Scatter—(See 1392.) 

621.391.812.8: 681.142 1375 
Computers aid Propagation Studies—(Elet-

ironies, vol. 32, pp. 50, 52; December 25, 1959.) 
General description of the application of com-
puter techniques at the National Bureau of 
Standards particularly in the prediction of 
propagation conditions and the preparation of 
ionospheric and tropospheric contour maps. 

RECEPTION 

621.376.23 1367 
Transient Cross-Modulation in the Detec-

tion of Asymmetric-Sideband Signals—T. 
Murakami and R. W. Sonnenfeldt. (RCA Rev., 
vol. 20, pp. 455-472; September, 1959.) Enve-
lope and synchronous or product detection 
methods are compared with reference to tran-
sient cross-modulation. Under correct phasing 
conditions synchronous detection may be made 
distortionless for asymmetric-sideband signals. 

621.391.812.3:621.3:621.3.087.6 1377 
Fading-Rate Recorder for Propagation Re-
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search—J. W. Koch, W. B. Harding and R. J. 
Jansen. (Electronics, vol. 32, pp. 78-80; Decem-
ber 18, 1959.) An instrument which provides 
strip-chart recordings simultaneously of signal 
strength and average fading rates from almost 
zero to 300 cps is described. 

621.391.821: 621.317.34 1378 
The Measurement of Atmospheric Radio 

Noise by an Aural Comparison Method in the 
Range 15-500 kc/s—J. Harwood and B. N. 
Harden. (Proc. IEE, Part B, vol. 107, pp. 53-
59; January, 1960.) "Atmospheric noise re-
ceived on a vertical aerial is compared with 
a locally generated keyed signal to estimate 
the level at which the signal is 95% intelli-
gible. This method was used in earlier high-fre-
quency equipment and has been adapted for 
the range 15-500 kc/s. The apparatus and its 
method of operation are described. Results ob-
tained at a number of sites are discussed in 
relation to more objective measurements. In 
particular, deduced noise powers are compared 
with existing world-wide predictions, revealing 
some differences." 

621.391.822: 621.317.794 1379 
Ultra-Low Noise Measurements using a 

Horn Reflector Antenna and a Travelling-
Wave Maser—R. W. DeGrasse, D. C. Hogg, 
E. A. Ohm, and H. E. D. Scovil. (J. App!. 
Phys., vol. 30, p. 2013; December, 1959.) Sky 
noise has been measured at 5.65 km cps with 
an antenna having a 2 degree beam width 
pointed at an angle of 0 to the zenith. When 
0=0, the sky temperature was found to be 
2.5°K and it varied according to sec 0 up to 
0= 80 degrees. 

621.391.822.001.2 1380 
Methods of Calculation for Noise Phe-

nomena—K. ',time. (NachrTech., vol. 8, pp. 
530-537; December, 1958.) The calculation of 
the noise-power spectrum, and representation 
by equivalent noise quadripoles are considered. 

621.391.827: 621.396.41 1381 
Crosstalk due to Finite Limiting of Fre-

quency-Multiplexed Signals—C. R. Cahn. 
(Paoc. IRE, vol. 48, pp. 53-59; January, 1960.) 
The case of a narrow gap in random noise is 
analyzed to determine the output signal/cross-
talk ratio in the selected channel as a function 
of clipping level. An optimum level is deter-
mined and applied to frequency-multiplex 
binary data transmission. 

621.396.621.52:621.385.633 1382 
Application of a Backward-Wave Amplifier 

to Microwave Autodyne Reception—J. K. 
Puffer. (TRANS. IRE ON M ICROWAVE THEORY 
%ND TECHNIQUES. Vol. NITT-7. pp. 356-359; 
July, 1959. Abstract, Paoc. IRE, vol. 47, p. 
1796; October. 1959.) 

621.396.66:621.316.726.078.3 1383 
Spectrum-Selection Automatic Frequency 

Control of Ultra-Short-Pulse Signalling Sys-
tems—H. Kiln and R. J. Klensch. (RCA Rev., 
vol. 20, pp. 499 -517; September, 1959.) A sys-
tem is described which maintains a constant 
frequency difference between a carrier fre-
quency modulated by ultra-short pulses of 
10 mpsec duration and a local electrically tuned 
oscillator. 

621.396.662.078 1384 
DOPLOC uses Phase-Locked Filter— 

F. M. Gardner. (Electronic Ind., vol. 18, pp. 
96-99; October, 1959.) Description of an auto-
matic Doppler-frequency tuning system which 
improves the signal-to-noise ratio of a received 
satellite signal by 43 db. 

621.396.666:621.391.812.3 1385 
Diversity Reception of Two Correlated 

Signals—F. du Catad and J. Den-lines. (.4 net. 

Télécommun., vol. 14, 
/February, 1959.) The 
signal distribution on 
amined and compared 
Rayleigh distribution 
(Staras)1. 

pp. 41-42; January 
influence of Gaussian 
diversity gain is ex-
with the gain for a 
see 1862 of 1956 

621.396.666:621.396.4 1386 
Multiple Diversity with Non-independent 

Fading—J. N. Pierce and S. Stein. ( Paoc. 
IRE, vol. 48, pp. 89-104; January, 1960.) The 
performance of an optimum (maximal-ratio) 
combiner is analyzed for an arbitrary number 
of diversity branches. Possible correlation be-
tween components of various signals is con-
sidered. Simplifications can be made in special 
cases and examples of application to digital 
communication problems are given. 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.376.2 1387 
The Computation of Single-Sideband Peak 

Power—W. K. Squires and E. Bedrosian. 
(Paoc. IRE, vol. 48, pp. 123-124; January, 
1960.) The average-to-peak SSB power ratio 
is derived for a continuous range of modulating 
signals from sinusoidal to square waveforms. 

621.391 1388 
Instantaneous Complex Frequency. Defi-

nition and Measurement—P. Braffort and R. 
Castagne. (Come rend., vol. 249, pp. 854-856; 
August 17, 1959.) The concept of instantaneous 
complex frequency may be used for a signal 
modulated in any way. Principles of measure-
ment for certain cases are described. 

621.391 1389 
Instantaneous Spectrum and Analysis of a 

Signal Simultaneously in Frequency and Time 
—P. Deman. (Ann. Télécommun., vol. 14, pp. 
21-32; January/February, 1959.) An analytical 
method is proposed for studying under inter-
ference conditions, a signal which is considered 
to be a succession of elementary signals repre-
sented in two dimensions by frequency and 
time. Practical aspects of the system are dis-
cussed. 

621.396:621.395 1390 
Voice Radio Systems for High-Noise Paths 

—J. A. Greefkes and F. de Jager. (Electronics, 
vol. 32, pp. 53-57; December II, 1959.) By 
transmitting speech amplitude and speech fre-
quency on different channels a communications 
link can be operated under poorer noise condi-
tions than with either SSB or FM systems. 
Operation is possible with a signal-to-noise 
ratio of 4 db. 

621.396.2:621.376.55 1391 
Phase-Shift Keying in Fading Channels--

H. 13. Voelcker. (Proc. IEE, Part B. vol. 107, 
pp. 31-38: January, 1960.) A theoretical 
analysis of the effect of fading and noise on 
phase-shift keying, a modulation technique 
with reduced bandwidth and superior to fre-
quency-shift keying at relatively low signal-to-
noise ratios. 

621.396.2:621.391.812.624/.63 1392 
Radio Transmission by Ionospheric and 

Tropospheric Scatter—(PRoc. IRE, vol. 48, 
pp. 4-44; January, 1960.) A report of the U. S. 
Joint Technical Advisory Committee prepared 
as a supplement to Radio Spectrum Conserva-
tion, 1952 (see 2446 of 1953). The report is in 
two sections covering ionospheric scatter trans-
mission and long-range tropospheric trans-
mission. Each section summarizes present 
knowledge concerning propagation theories, 
experimental data, design practice, fields of 
application, and factors affecting frequency 
allocation. 

621.396.4 1393 
Recent Communications Systems Develop-

ments—M. M. Perugini. (Electronics, vol. 32, 
pp. 72-75; December 18, 1959.) A summary of 
five papers presented at the Fall Meeting of the 
ALEE, Chicago, 1959, covering recent develop-
ments in microwave, telegraph and telephone 
systems. 

621.396.43:551.507.362.2 1394 
Satellite Test Open to All—(Electronics, 

vol. 32, pp. 44-45; December 18, 1959.) A note 
on "Project Echo" for which a 100-foot-diame-
ter metallized balloon is to be launched into a 
1000-mile-altitude earth orbit during spring 
1960, to act as a passive communications re-
flector. 

621.396.65:621.372.55 1395 
Automatic Control of Distortion in Wide-

Band-Frequency-Modulated Microwave Links 
—J. Tolman. (Electronic Engrg., vol. 31, pp. 
722-725; December, 1959.) An experimental 
automatic equalizer for correcting group delay 
slope is described and results are given for a 
600-channel circuit. The basic equations are 
developed, and curves are given for intermodu-
lation group delay distortion. 

621.396.65:621.391.8 1396 
Investigation of the Telegraphic Quality in 

Transhorizon Radio Beams—F. du Castel and 
J. P. Magnen. (Ann. Télécommun., vol. 14, pp. 
93-103; March/April, 1959.) An evaluation of 
the telegraphic quality obtained when some of 
the telephony channels of a multiplex system 
are used for telegraphy. Results show that, 
assuming good-quality telephonic reception, 
CCITT quality for telegraphy can only be 
ensured by the use of a diversity reception sys-
tem. With a quadruple-diversity system the 
number of hours of interrupted service on the 
telegraphy link would be less than those for the 
telephone link. The influence of rapid fading on 
the telegraphic signal is discussed. 

621.396.65:621.397 1397 
Radio Link Equipment in the 3800-4200-

Mc/s Band—J. Dascotte. (Onde elect., vol. 39, 
pp. 769-784; October, 1959.) Terminal equip-
ment is described for an 819-line television link 
having two double-sideband channels. 

SUBSIDIARY APPARATUS 

621-526:621.375.4 1398 
A Transistor Quadrature Suppressor for 

A.C. Servo Systems— I. C. Hutcheon and D. N. 
Harrison. (Proc. IEE, Part B. vol. 107, pp. 73-
82; January, 1960.) The spurious quadrature 
component in the error signal of an ac servo-
system is cancelled by a self- balancing circuit 
including thermistors. 

621.3.087.9: 621.383 1399 
Photoelectronic Chart Reader of Recorded 

Ink Line—H. Valiara, K. Nakajima, S. Koi-
zumi, V. Nakamura, and Y. Endow. (J. Radio 
Res. Labs., Japan, vol. 6, pp. 705-719; October, 
1959.) Design and construction details are 
given of an equipment which samples the level 
of a recorded line once every second and pro-
duces an integrated analog output voltage. 

621.314.1:621.382.3 1400 
Transistor Regulated D.C./D.C. Converter 

—A. Tailleur. (Onde élecl., vol. 39, pp. 795-801: 
October, 1959.) Regulation is controlled by a 
blocking oscillator whose frequency varies as 
a function of the error voltage. Details are 
given of a 100-watt regulator. 

621.314.63 1401 
On the Non-isothermal Diffuaion Theory of 

Rectifiers— T. Nutnata. (J. Phys. Soc. Japan. 
vol. 14, pp. 902-913; July, 1959.) A general 
theory is developed from formal conduction 
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theory; the rectification equation obtained 
depends upon temperature distributions in a 
barrier. Values of the dielectric constant of 
barrier materials in Cu2O and Se rectifiers, de-
termined by analysis of experimental results 
using the new theory, tend to approach those 
of the bulk materials. 

621.316.721.078.3:538.569.4 1402 
Stabilization of a Direct Current or a Mag-

netic Field by Paramagnetic Resonance—R. 
Reimann. (Compt, rend., vol. 249, pp. 517-519; 
July 27, 1959.) Description of a system for cur-
rent stabilization based on electron resonance 
in a sample of paramagnetic material such as 
diplienyl-picryl-hydrazyl. 

621.316.721.078.3:621.318.381 1403 
A Simple Current Stabilizer for Electro-

magnets—M. H. N. Potok. (Electronic Engrg., 
vol. 31, pp. 745-746; December, 1959.) The 
design of a stabilizing circuit operating with an 
amplidyne generator is described which gives 
10 amperes at 100 volts with stability within 
5 parts in 10,. 

621.316.721.078.3: 621.318.381 1404 
A Transistorized Current Stabilizer for an 

Electromagnet—J. C. S. Richards. (Electronic 
Engrg., vol. 32, pp. 22-23; January, 1960.) An 
auxiliary electromechanical control system 
permits an output of up to 4 amperes at 200 
volts with current stability within ± 2 parts in 
104 over 10 hours. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397: 621.391.822 1405 
The Interference caused by Noise Fluctua-

tions of Irregular Spectral Distribution—E. 
Sennhenn. (Elektron. Rundschau, vol. 13, pp. 
9-12; January, 1959.) Subjective tests were 
made to assess the dependence of the inter-
ference effect at different noise frequencies on 
picture brightness and content. The subjec-
tive noise sensitivity for the noise spectra of 
conventional scanning tubes is evaluated. 

621.397.132 1406 
From Monochrome to Colour Television— 

Santos and Dintzner. (Onde élect., vol. 39, pp. 
823-826; October, 1959.) General description 
of a closed-circuit simultaneous color-television 
system with a compact camera unit weighing 5 
kg. 

621.397.132:621.395.625.3 1407 
Magnetic Recording of Colour Television— 

J. Roizen. (Electronics, vol. 33, pp. 76-79; 
January 1, 1960.) Description of a system used 
commercially giving details of the method of 
maintaining the timing accuracy within 2 masec 
for faithful color reproduction. Special atten-
tion is given to the servosystem which controls 
the tape transport. 

621.397.132: 621.397.331.222 1408 
Production of Fine Patterns by Evaporation 

—S. Gray and P. K. Weimer. (RCA Rev., vol. 
20, pp. 413-425; September, 1959.) Methods 
for measuring the scattering of material at a 
wire masking grill are described. Various tech-
niques for reducing the scattering have been 
applied in the construction of an experimental 
target for a tricolor camera tube. 

621.397.331.22 1409 
The Testing and Operation of 44-in. Image-

Orthicon Tubes—D. C. Brothers. (J. Brit. 
IRE, vol. 19, pp. 777-805; December, 1959.) 
The basic principles of the image orthicon are 
described. The parameters affecting picture 
quality are examined in detail. Suggestions 
are made for the setting up and operation of 
this tube to obtain the best compromise be-
tween the requirements of the different pa-
rameters. 

621.397.331.24:621.318.4 1410 
Bilateral Linearity Regulator—R. Sniff-

mann and M. Meyer. (Frequenz, vol. 13, pp. 
11-15; January, 1959.) In the device described, 
a coil wound on a magnetically soft ferrite tube 
with ceramic permanent-magnet core is used to 
correct deflection linearity at the beginning and 
end of the line. 

621.397.6.001.4 1411 
The International Development of the Test-

Line Technique in Television— II. E. Frilling. 
(Frequenz, vol. 13, pp. 1-10, 147-1.55, and 175-
183; January, May, and June, 1959.) Details 
are given of the test systems adopted by various 
international broadcasting organizations. See 
also 679 of February (Springer). 48 references 

621.397.6.001.41:621.391.837 1412 
The Test Pattern of the Swiss Television 

Network—H. Probst. (Tech. Mill. PTT, vol. 
37, pp. 41-44; February 1, 1959.) Technical 
details are given and the interpretation of the 
pattern is discussed. 

621.397.743 1413 
Frequency Translators for the Television 

Service—H. Hessell),ich. (Freqztenz, vol. 13, 
pp. 21-25; January, 1959.) German and U.S. 
equipment is described with reference to stand-
ardized requirements. 

TUBES AND THERMIONICS 

621.382 1414 
A CdS Analogue Diode and Triode—W. 

Ruppel and R. W. Smith. (RCA Rev., vol. 20. 
pp. 702-714; December, 1959.) A comparison 
is made between space-charge-limited current 
flow through a vacuum and through a solid 
insulator. Diode and triode operation analogous 
to the corresponding vacuum devices is ob-
tained by applying ohmic and blocking con-
tacts to the insulator. Practical operation of 
both diode and triode is described, using a 
CdS single crystal lop thick. 

621.382:621.318.57 1415 
A Review of Semiconductor Switching De-

vices and Associated Design Requirements— 
A. W. Matz. (A.T.E.J., vol. 15, pp. 61-82; 
January, 1959.) 131 references. 

621.382.2 1416 
Modulation of Diffusion Length as a New 

Principle of Operation of Semiconductor De-
vices—V. I. Stafeev. (Fiz. Tverdogo Tela, vol. 1, 
pp. 841-847; June, 1959.) In diodes with a 
large d/L ratio, where d is the diode thickness 
and L the effective diffusion length, the for-
ward current is highly sensitive to changes in 
L. Specially shaped diodes have been prepared 
which show a) high magnetic-field sensitivity, 
b) a negative-resistance region in the //V 
characteristic, and c) high photosensitivity (up 
to 100 amp/lumen). An avalanche mechanism 
is described accounting for these characteris-
tics and for phenomena occurring in Ge diodes 
with Au and Fe impurities. An amplifier oper-
ating on this basis with a supplementary p-n 
junction in the diode wafer is proposed. 

621.382.2 1417 
On the Problem of the Volt-Ampere Char-

acteristic of a Diode at Ultra-High Injection 
Levels—V. I. Stafeev. (Fiz. Tverdogo Tela, vol. 
1, pp. 848-850; June, 1959.) Development of 
an expression derived earlier (Zh. tekh. Fiz., 
vol. 28, pp. 1631-1641; August, 1958) giving 
the total voltage drop across a p-n junction 
diode. 

621.382.2 1418 
Impact Ionization in an n-P Junction—G. V. 

Gordeev. (Fiz. Tverdogo Tela, vol. 1, pp. 851-
860; June, 1959.) Investigation of the current 
multiplication resulting from impact ionization. 

The boundaries of the transition region and the 
potential drop in the n and p regions are ex-
amined and an expression is derived for the 
multiplication factor in the case of an abrupt 
junction. 

621.382.2 1419 
Effect of Internal Heating on the Break-

down Characteristics of Silicon p-n Junctions— 
B. Senitzky and P. D. Radin. (J. A py. Phys., 
vol. 30, pp. 1945-1950; December, 1959.) 
Simple avalanche theory explains the onset of 
the breakdown, but experiment shows that the 
shape of the 1/// curve in this region is deter-
mined mainly by the internal heating. 

621.382.2 1420 
Heat-Treatment Centres and Bulk Currents 

in Silicon p-n Junctions—D. J. Sandiford. (J. 
Ape Phys., vol. 30, pp. 1981-1986; December, 
19.59.) Lifetime measurements on alloy p-n 
junctions made from heat-treated n-type Si 
show that space-charge generation is the impor-
tant mechanism for diodes with the shortest 
lifetimes, while surface leakage is predominant 
for diodes in the µsec range. 

621.382.2 1421 
The Optimum Noise Performance of 

Tunnel-Diode Amplifiers—K. K. N. Chang. 
(Paoc. IRE, vol. 48, pp. 107-108; January, 
1960.) It is shown analytically that for a given 
//V characteristic a minimum value exists for 
the product of the excess noise factor and a gain 
factor. 

621.382.2/.3:621.391.822 1422 
Investigation of the Temperature Variation 

of Noise in Diode and Transistor Structures— 
C. A. Lee and G. Kaminsky. (J. Ape Phys., 
vol. 30, pp. 1849-1855; December, 1959.) 
"Measurements of the white noise of transistors 
(principally diffused-base structures) and 
diodes have been made at temperatures ranging 
from ,--,77°K to 300°K for a range of about two 
decades in injection level, and from 10 kc/s to 
10 Mc/s. Comparisons of the noise measure-
ments with calculated levels are presented. The 
germanium transistors show a progressively in-
creasing deviation from the theory as the tem-
perature is decreased, and most of the silicon 
transistors exhibited excess white noise at 
room temperature and below." 

621.382.3:539.12.04 1423 
Selecting Transistors for Radiation En-

vironments—J. R. Bilinski and R. Merrill. 
(Electronics, vol. 32, pp. 38-40; December 25, 
1959.) Minority-carrier lifetime and hence the 
grounded-emitter current gain are degraded 
upon irradiation. Equations are derived for this 
effect and nomographs are drawn for Ge and Si 
transistors. 

621.382.3:621.376.32 1424 
Reactance Transistor—Fujimura and Mii. 

(See 1171.) 

621.382.3:621.391.822.3 1425 
Shot Noise in Transistors—A. van der 

Ziel. (Paoc. IRE, vol. 48, pp. 114-115; Janu-
ary, 1960.) The modified shot-noise theory for 
Si transistors is discussed to take account of 
trapping effects in the emitter space-charge 
region. See 2413 of 1959 (Schneider and Strut°. 

621.382.3-71:621.362 1426 
Transistor Operation Aided by Thermo-

electric Refrigeration—H. J. Goldsmith and 
R. A. Hilbourne. (Brit. Commun. Electronics, 
vol. 7, pp. 26-30; January, 1960.) Thermo-
electric cooling applied to Ge and Si transistors 
is considered. The range of temperature over 
which a Ge HF transistor may be operated can 
be extended upwards by at least 50°C. 
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621.382.333 1427 
Equivalent Circuit and Amplifier Charac-

teristics of Junction Transistors—W. Moon-
gat-Pick. (Arch. elekl. übertragung, vol. 13, pp. 
33-48 and 82-89; January and February, 
1959.) The equivalent circuit given by Giaco-
letto ( 1193 of 1955) is modified to enable 
transistor characteristics to be calculated ac-
curately under small-signal conditions for emit-
ter currents up to about 5 ma and frequencies 
up to 10 mc. 

621.382.333 1428 
Variation of Input Conductance of a 

Grounded-Base Junction Transistors—S. Deb 
and J. K. Sen. (Electronic Engrg., vol. 31, pp. 
753-755; December, 1959.) Methods are sug-
gested for maintaining the variation linear 
over a wide range of currents. Methods of re-
ducing thermal drift are also considered. Re-
sults are given. 

621.382.333 1429 
Transistor Avalanche Voltage—L. van 

Biljon. (Electronic Tech.. vol. 37, pp. 72-76; 
February, 1960.) An expression giving the col-
lector avalanche voltage in an alloyed junction 
transistor as a function of base resistance is de-
veloped from simple considerations of transistor 
currents. 

621.382.333 1430 
Frequency Dependence of the Noise and 

the Current Amplification Factor of Silicon 
Transistors—E. R. Chenette. ( Paoc. IRE, 
vol. 48, pp. 111-112; January, 1960.) Experi-
mental evidence is presented concerning the 
discrepancies between theoretical and experi-
mental behavior of Ge transistors at low 
temperature and of Si transistors. 

621.382.333.001.4 1431 
Life-Testing of Germanium Power Transis-

tors—B. J. Cooper and R. E. Ireland. (Brit. 
Commun. Electronics, vol. 7, pp. 14-19; Janu-
ary, 1960.) Heat-cycling and full-load tests 
have been made on a limited number of p-n-p 
junction transistors. Results indicate that un-
reliable transistors may be detected during an 
artificial aging process following manufacture. 

621.383.27 1432 
An Image Intensifier with Transmitted 

Secondary-Electron Multiplication-- \V. L. 
Wilcock, D. L. Emberson, and B. Weekley. 
(Nature, vol. 185, pp. 370-371; February 6, 
1960.) An experimental image intensifier is de-
scribed which produces a total electron multi-
plication of 3.5 X10, and a ratio of light output 
to input of 8X101 when the incident light is of 
the same mean wavelength as the phosphor 
emission. 

621.383.4 1433 
Sintered Cadmium Sulphide Photoconduc-

tive Cells—C. P. Hadley and E. Fischer. (RCA 
Rev., vol. 20, pp. 635-647; December, 1959.) 
Results of a long development program are 
given. Topics discussed include fabrication 
techniques, properties of the host materials, 
activation impurities, electrodes and pack-
aging. 

621.383.4: 535.215-15 1434 
Infrared Photoconductive Detectors using 

Impurity-Activated Germanium-Silicon Alloys 
—G. A. Morton, M. L. Schultz, and W. E. 
Harty. (RCA Rev., vol. 20, pp. 599-634; 
December, 1959.) 

621.383.4: 535.371.07 1435 
The Role of Space-Charge Currents in 

Light Amplifiers—A. Rose and R. H. Bube. 
(RCA Rev., vol. 20, pp. 648-657; December, 
1959.) Basic relations determining the per-
formance of the photoconductive-electro-
luminescent light amplifier are given, and the 

importance of space-charge current flow in the 
photoconductor is emphasized. The per-
formance capabilities of present photoconduc-
tors are analyzed. 

621.383.4: 535.371.07 1436 
Properties of a Single-Element Light Am-

plifier using Sintered Cadmium Selenide 
Photoconductive Material—F. H. Nicoll. (RCA 
Rev., vol. 20, pp. 658-669; December, 1959.) 
Moderate gains with high output luminance 
are possible with speeds in a range suitable for 
moving pictures. Operating characteristics are 
given. 

621.383.4: 535.371.07 1437 
Solid-State Image Intensifier under Dy-

namic Operation—C. P. Hadley and R. W. 
Christensen. (RCA Rev., vol. 20, pp. 670-681; 
December, 1959.) Simple theoretical analysis 
of dynamic operation is confirmed experi-
mentally. Suggestions for improving per-
formance are made. 

621.383.4: 535.371.07 1438 
Optical-Feedback-Type Storage Light In-

tensifiers--- I I. O. Hook. (RCA Rev., vol. 20, 
pp. 744-752; December, 1959.) Three designs 
of storage intensifier were tested. Construc-
tional details are given and performances com-
pared. 

621.385.032.212: 537.533 1439 
New Cold Cathode using Magnesium 

Oxide—T. Imai, V. Mizushima, and V. Iga-
rashi. (J. Phys. Soc. Japan, vol. 14, pp. 979-
980; July, 1959.1 Report of an effect observed 
using light pulses to initiate cathode emission. 
For a constant flash-time the integrated ex-
posure time of the cathode before emission 
commenced was found to be independent of the 
time between flashes. 

621.385.032.213.13 1440 
Doping Influences on Activator Diffusion 

Oxide-Coated Cathode Nickel— H. Mizuno. 
Phys. Soc. Japan, vol. 14. pp. 1295-1301; 

October, 1959.) Doping by Mn, Fe or Si de-
creases the diffusion coefficient of Mg, and 
doping by Mg increases the diffusion coefficient 
of Mn. 

621.385.032.531 1441 
Determination of Lead-Wire Inductances 

in Miniature Tubes—W. A. Harris and R. N. 
Peterson. (RCA Rev., vol. 20, pp. 485-598; 
September, 1959.) Measurements of internal 
inductances and resonance frequencies in mini-
ature valves operating in the UHF band are 
described. 

621.385.3 1442 
Influence of Grid Current on the Oscilla-

tions of a Triode—L. Sideriades and J. Bitoun. 
(Onde Bea., vol. 39, pp. 810-815; October, 
1959.) The effect of grid current may be repre-
sented by simple resistance and capacitance 
elements in conjunction with the grid circuit 
inductance. 

621.385.3 1443 
The Behaviour of Triodes in the Transit-

Time Region under Large-Signal Conditions— 
G. Heinzmann. (Arch. elekt. Oherfragung. vol. 
13, pp. 13-20; January, 1959.) The effect of in-
creasing drive on input impedance, gain and 
efficiency is investigated theoretically, and the 
results are compared with those obtained from 
measurements by other authors. 

621.385.3: 621.317.723 1444 
Logarithmic Characteristic of Triode Elec-

trometer Circuits—S. K. Chao. (Rev. Sci. 
Instr., vol. 30, pp. 1087-1092; December, 
1959.) An electrometer tube Type CK5889 can 
be used as a logarithmic circuit element in the 
grid current range 10-1, -10-6 ampere. Its ap-

plication in an ionization-chamber survey 
instrument is described. 

621.385.6: 621.391.822 1445 
Noise in Electron Beams and in Four-

Terminal Networks M. T. Vlaardingerbroek. 
(Philips Res. Rep., vol. 14, pp. 327-336; 
August, 1959.) Calculation of the minimum 
noise figure of electron-beam amplifiers, ob-
tained by varying the properties of the drift 
space, is shown to be analogous to the calcula-
tion of the minimum noise figure of a quadripole 
by varying the signal-source impedance. 

621.385.6: 621.391.822 1446 
Noise Propagation on Uniformly Ac-

celerated Multi-velocity Electron Beams— 
W. M. Mueller and M. R. Currie. (J. Ape 
Phys., vol. 30, pp. 1876-1880; December, 
1959.) Low values of beam noisiness can be ob-
tained by reducing the slope of the potential 
profile. Adjustment of this parameter provides 
a practical possibility of attaining low noise 
figures in slow space-charge wave amplifiers as 
the frequency is increased. 

621.385.623.5.072.6 1447 
Frequency Stabilization of a Reflex-Klys-

tron Oscillator—F. Bruin and D. Van Lades-
teyn. (Physica, vol. 25, pp. 1-8; January, 
1959.) See 93 of 1954 ( Bruin). 

621.385.624.2 1448 
An Experimental Investigation of a Two-

Cavity Klystron Operating under Large-
Signal Conditions— I. M. Stephenson. (Prot. 
IRE, Part B, vol. 107, pp. 60-66; January, 
1960.) Measurements on a klystron with a 
variable drift space confirm the space-charge 
effects predicted by recent theory, both for 
small and large signals. The effect of a large 
signal is to reduce the optimum drift length. 
The change-over from small- to large-signal 
conditions is governed by the ratio of signal 
frequency to plasma frequency, as well as by 
the modulating RF voltage. 

621.385.63 : 621.375.9: 621.372.44 1449 
Fast-Wave Couplers for Longitudinal-

Beam Parametric Amplifiers—A. Aslikin, 
W. H. Louisell, and C. F. Quate. (J. Electronics 
Control, vol. 7, pp. 1-32; July, 1959.) Theoreti-
cal considerations lead to new methods of 
treating the problem and two special cases are 
considered. A design procedure is given for a 
system consisting of a Koinpfner dip helix 
(3206 of 1950) preceded and followed by a 
velocity jump. 

621.385.632 1450 
Medium-Power L- and S-Band Electro-

statically Focused Travelling-Wave Tubes— 
D. J. Blattner, F. E. Vaccaro, C. L. Cuccia, 
and W. C. Johnson. (RCA Rev., vol. 20, pp. 
426-441; September. 1959.) Description of the 
"Estiatron" which has a bifilar helix as both 
RF circuit and electrostatic focusing structure 
and can be used with either a parallel-flow or 
convergent-flow electron gun of conventional 
design. 

621.385.632.3 1451 
General Aspects of Beating-Wave Ampli-

fication—W. G. Dow and J. E. Rowe. ( Paoc. 
IRE. vol. 48, p. 115; January, 1960.) A method 
is suggested for large amplification under high-
power conditions by coupling between electron 
beams with differing phase velocities. 

621.385.633.1.029.65 1452 
Type-0 Carcinotrons Operating at 2 mm 

Wavelength—Veou-Ta. (Onde elect., vol. 39, pp. 
789-794; October, 1959.) Results obtained with 
an experimental valve using permanent-magnet 
focusing are given. See also 4011 1 of 1958 
(Laborderie el al.). 
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621.385.64 1453 
Tuning and the Equivalent Circuit of Multi-

resonator Magnetrons—T. S. Chen. (J. Elec-
tronics Control, vol. 7, pp. 33-51; July, 1959.) 
An equivalent circuit is synthesized from the 
input-admittance function determined from the 
properties of the waveguide used to calculate 
wide-band tuning characteristics, which agree 
with measurements for waveguide tuning sys-
tems with and without iris coupling. 

621.385.832.032.269.1 1454 
Cathode-Ray-Tube Triode Gun with Beam 

Former Electrode—W. F. Niklas. (PRoc. IRE, 
vol. 1, pp. 120-121; January, 1960.) A sub-
stantial reduction in astigmatic aberrations has 
been obtained. 

621.387:621.316.722.078.3 1455 
The Characteristics and Applications of 

Corona Stabilizer Tubes—E. Cohen and R. O. 
Jenkins. (Electronic Engrg., vol. 32, pp. 11-15; 
January, 1960.) These hydrogen-filled tubes are 
suitable for voltage stabilization in the range 
350-4000 volts. Minimum stabilized current is 
a few microamperes. Maximum continuous 
current varies from 400 µa, for the low-voltage 
tubes, to 1 ma for the highest-voltage tubes. At 
200 µa the noise output varies from 6 mv rms 
for the smallest tubes to 165 mv for the largest. 

621.387:621.362 1456 
Characteristics of a Plasma Thermocouple 

—R. W. Pidd, G. M. Grover, E. W. Salmi, D. J. 
Roehling, and G. F. Erickson. (J. Appt. Phys., 

vol. 30, pp. 1861-1865; December, 1959.) The 
operation of a caesium thermocouple is de-
scribed for a range of hot-junction tempera-
tures from 1600° to 2600°K and for caesium 
pressures from 10-, to 2 mm Hg. The EMF's 
observed are between 1 and 4.5 volts and the 
largest short-circuit current density obtained is 
62 amp/cm2. 

621.387: 621.362 1457 
Space-Charge Neutralization by Fission 

Fragments in the Direct-Conversion Plasma 
Diode—F. E. Jablonski, C. B. Leffert, R. 
Silver, R. F. Hill, and D. H. Loughridge. (J. 
Ape Phys., vol. 30, pp. 2017-2018; December, 
1959.) 

621.38: 621.391.822 1458 
Noise in Electron Devices [Book Reviewl— 

L. D. Sinullin and II. A. Haus ( Eds.). Mass. 
Inst. Tech. Press, Cambridge, Mass.; John 
Wiley and Sons, Inc., New York, N. Y. and 
Chapman and Flail, London, Eng. 413 pp.; 
1959. (Proc. Phys. Soc., vol. 74, p. 800; De-
cember 1, 1959.) 

MISCELLANEOUS 

621.3.39+681.142 1459 
Radio Electronics—A. M. Kugushev. 

(Uspekhi Fiz. Nank., vol. 67, pp. 663-703; 
April, 1959.) Survey of progress since the early 
work of Popov ( 1859-1906) reviewing devel-
opments in radio communication, television, 
radar, radio astronomy, solid-state devices, 

particle accelerators and computers. 130 ref-
erences. 

621.37/.38 1460 
Latest Trends in Electron Devices—M. F. 

Wolff. (Electronics, vol. 32, pp. 31-33; Decem-
ber 25, 1959.) The developments outlined in-
clude improved storage and display devices, 
logic elements in the form of photoconductive-
electroluminescent panels, various low-noise 
and solid-state amplifiers, and a concentric-
electrode photomultiplier. 

621.37/.39:061.3 1461 
The Ninth Plenary Assembly of the C.C.I.R. 

—J. W. Herbstreit. (PRoc. IRE, vol. 48, pp. 
45-53; January, 1960.) A summary of the work 
of the fourteen study groups at the assembly 
in Los Angeles, Calif. April, 1959. 

621.39(047.1) 1462 
Communication Engineering and Radiolo-

cation—(VD/ Z.. vol. 102, pp. 177-190; Febru-
ary 11, 1960.) Progress report covering recent 
developments with references mainly to Ger-
man literature. The following sections are sur-
veyed: 

a) Sound Broadcasting and Television— 
E. Schwartz (pp. 177-182). 121 references. 

b) Telecommunications—W. Althans (PO. 
182-184). 

c) Electroacoustics—H. Harz (pp. 184-
186). 

d) High-Frequency Measurements—H. 
Brunswig (pp. 186-188). 

e) Radar and Radio Navigation—W. Stan-
ner (pp. 188-190). 
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Translations of Russian Technical Literature 

Listed below is information on Russian technical literature in electronics and allied fields which is 
available in the U. S. in the English language. Further inquiries should be directed to the sources listed. 
In addition, general information on translation programs in the U. S. may be obtained from the Office 
of Science Information Service, National Science Foundation, Washington 25, D. C., and from the Office 
of Technical Services, U. S. Department of Commerce, Washington 25, D. C. 

PUBLICATION FREQUENCY DESCRIPTION SPONSOR ORDER FROM: 

Acoustics Journal 
(Akusticheskii Zhurnal) 

Quarterly Complete journal National Science 
Foundation—AIP 

American Institute of Physics 
335 E. 45 St., New York i 7, N. Y. 

Automation and Remote Control 
(Aytomatika i Telemekhanika) 

Monthly Complete journal National Science 
Foundation—MIT 

Instrument Society of America 
313 Sixth Ave., Pittsburgh 22, Pa. 

Monthly Abstracts only 

Journal of Abstracts, 
Electrical Engineering 

(Reserativnyy Zhurnal: Electronika) 

Monthly Abstracts of Russian and non-
Russian literature 

Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, D. C. 

Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, D. C. 

Journal of Experimental and 
Theoretical Physics 

(Zhurnal Eksperiinentalnoi i 
Teoreticheskoi Fiziki) 

Monthly Complete journal National Science American Institute of Physics 
Foundation—AIP 335 E. 45 St., New York: 17, N. V. 

Journal of Technical Physics 
(Zhurnal Teklinicheskoi 

Monthly Complete journal National Science American Institute of Physics 
Foundation—AIP 335 E. 45 St., New York 17. N. Y. 

Proceedings of the USSR Academy of Bimonthly 
Sciences: Applied Physics Section 

(Doklady Akademii Nauk SSSR: Otdel 

Complete journal Consultants Bureau, Inc. 
227 W. 17 St., New York 22, N. Y. 

Radio Engineering ( Radiotekhnika) 

Monthly Complete journal National Science 
Foundation—\l IT 

Monthly Abstracts only 

Pergamon Institute 
122 E. 55 St., New York 22, N. V. 

Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, D. C. 

Radio Engineering am! Electronics 
(Radiotekhnika i Elcktronika) 

Solid State Physics 
(Fizika Tverdcigo Tela) 

Telecommunications ( Elekprosviaz.) 

Automation Express 

Electronics Express 

Monthly Complete journal National Science 
Foundation--- NI IT 

Monthly Abstracts only 

Monthly Complete journal 

Monthly Complete journal 

Pergamon nst it ute 
122 E. 35 St., New York 22, N. V. 

Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25. I). C. 

National Science 
Foundation—AIP 

National Science 
Foundation—M IT 

Monthly Abstracts only 

10/year A digest: abstracts, summaries, 
annotations of various journals 

American Institute of Physics 
335 E. 45 St., New York 17. N. V. 

Perga mou  Institute 
122 E. 55 St., New York 22, N. V. 

Office of Technical Services 
U. S. Dept. of Commerce 
Washington 25, I). C. 

Internat, mal Physical Index, Inc. 
1909 Park Ave., New York 35, N. V. 

10/year A digest : abstracts, summaries. 
annotati(ms of various journals 

International Physical Index, Inc. 
1909 Park Ave., New York 35, N. V. 

Physics Express 10/year A digest: abstracts, summaries, 
annotations of various journals 

— — - 
Express Contents of Monthly Advance tables of contents of 

Soviet Journal, Currcill4" being translated journals 
Translated int() English 

Technical Translations Twice a 

International Physical Index, Inc. 
1909 Park Ave., New York 35, N. V. 

Consultants Bureau. Inc. 
227 \V. 17 St., New York 22, N. V. 

Cent al directory in the I ". S. of ()TS and Special Superintendent of Documents 
month' translations available from all Libraries Assoc. U. S. Gov't Printing Office 

major sources in the V. S. Washington 25, D. C. 



Bit densities are revealed by the electron mirror microscope through the behavior al electrons reflected by the magnetic fringe fields of recorded data. 

Reflections from an Electron Mirror 
The photograph is a representation of the 
magnetic fringe fields above a small por-
tion of a recording surface. Behind these 
magnified tracks of recorded data is the 
story of a device now decades old in prin-
ciple. but which has only recently been 
applied to the study of high-density mag-
netic information storage. 
The electron mirror microscope was con-

structed by IBM scientists as a laboratory 
instrument. Based on the excellent resolu-
tion capabilities of an electron beam, the 
electron mirror principle has its primary 
application in the observation of tiny mag-
netic fringe fields. 

In the operation of an electron mirror 
microscope, an electron beam is acceler-

ated down a tube toward a specimen 
mounted on a conductive plate with a 
negative potential relative to the cathode. 
At the zero equipotential surface in the 
tube, the electrons traveling toward the 
specimen change their directions and are 
reflected in somewhat the same way light 
rays are reflected by a mirror. By control-
ling the potentials of the cathode and the 
conductive plate, the "mirror" can be 
placed at any height above the magnetic 
surface. When the mirror is set close 
enough to the surface to be in the fringe 
fields of recorded information, these fields 
distort the return paths of electrons in the 
beam. Passing the return beam through a 
magnetic lens results in a magnified repre-

sentation on a phosphor viewing plate, 
capable of resolving bit densities far 
greater than those in use in present systems. 

It is well known that the "writing" abili-
ties of present magnetic recording trans-
ducers exceed their "reading" abilities. The 
mirror microscope produces accurate evi-
dence of aIl-but-undetectable recorded in-
formation. Thus the magnetic recording 
process is no longer limited to verification 
by velocity-dependent readback capabili-
ties. By the same token, the mirror micro-
scope serves both as the spur to, and the 
measure of progess toward further refine-
ments in the art of magnetic recording. 

IBKRESEARCH 
Investigate the many career opportunities available in exciting new fields at IBM. 

International Business Machines Corporation, Dept. 6459,590 Madison Avenue, New York 22, New York. 



for 
noise 
levels of 
less than 
2 (II) 

Characteristics: 
Cat-oil Frequency (a 9KMC at zero bias 

Capacity at zero bas. . 
Working Voltage (g, 10eA 

30-70K MC 

0.8 to 1.5W 

  3.5 to 5.5 
Lead Inductance e 2KMC  3.5rnula 

9KMC impedance normalized 
at zero bias as a function 

of voltage.- .• 

llughes S and X Band Parametric Amplifier Diodes 
Hughes has designed parametric amplifier diodes that can give you noise levels of less 
than 2 db at X band using double sideband operation. In addition to low noise, these 
HUGHES' diodes also offer a number of other advantages. First, their high cutoff frequency 
means that you can obtain higher amplification and higher harmonic generation. Their 
ceramic package reduces stray capacitance and makes for more dependable performance 
levels. 

With these characteristics, Hughes S and X Band Parametric Amplifier Diodes are ideally 
suited to the following applications: radar preamplifiers, frequency converters, phase 
shifters and harmonic and subharmonic generators. 

For additional information, please write: Hughes, Semiconductor Division, Marketing Dept., 
Newport Beach, California. For export write: Hughes International, Culver City 5, California. 

Creating a new world with ELECTRONICS 

HUGHES 

MARTS AIRCRAFT COMPA NY 

SEMICONDUCTOR DIVISION 
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new, high-speed 

micro-

microammeter 

The new Keithley Model 415 micro-

microammeter offers high speed of re-

sponse, accuracy, and zero suppression. 

A speed of response of less than 600 

milliseconds to 90% of final value at 

10-12 ampere is possible where external 

circuit capacity is 50mmf. Accuracy is 

±2% of full scale on 10-3 through 10'8 

ranges and ±3% on ranges below. Zero 

suppression permits full scale display 

of one per cent variations of a signal. 

The 415 is ideal for use with ion 

chambers, ionization gages, gas chroma-

tography, mass spectrometry. 

Response to a current step of 10-12 amp. 
Input capacity is 35 Pmf. One major hori-
zontal division equals 200 milliseconds. 

SPECIFICATIONS 

Ranges: 10-12, 3 x 10-12, 10-11, 3 x 10-11, 

etc. to 10 -3 ampere f.s. 

Accuracy: ±2% Ls. 10-3 thru10-8amp; 
+3% f.s. 3 x 10 -9 thru 10-12 amp. 

Zero Drift: Below 2% of f.s. per day. 

Input: Grid current below 5 x 10-11 amp. 

Output: 1 v f.s. up to 5 ma. Noise less 
than 20 mv. 

Rise Time: On 10-12 amp range — at 
50, 150, 1500 mid Cm — rise time is .6, 
.8, 2.5 sec. respectively to 90% of final 
values; decreasing to .001 sec. on all 
ranges at 3 x 10-9 amp and above for 
stated input capacitances. 

Price: Model 415  $750.00 

For full details, write: 

'II 
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EYEFUL of technical data on precision resistor and potentiometer wire 

Two new catalog-manuals containing complete information on 

Mal  

TWO NEW HOSKINS 

800 OHM ALLOYS 
If you make potentiometers or precision wire wound 
resistors, these manuals are meant rut •011: rile', "re 
loaded with helpful technical information — show all 
physical properties and electrical characteristics, list 
bare and enameled wire specifications And they con-
tain much useful application data compiled especially 
to help you produce more and better control compo-
nents with these two new performance-proved alloys: 

Chromel-R: A modified 80-20 type nickel-chromium 
alloy possessing electrical resistivity of 800 ohms per 
cmf at 20° C., low temperature coefficient controlled 
within 0 ± 10 ppm per °C.—plus exceptional linearity 
and stability from — 65° to + 150° C. 

Alloy 815-R: A lower density, higher resistivity fe-cr-al 
material that gives you 14% more ohms per pound. 
Has good strength and ductibility, excellent resistance 
to wear and corrosion. Resistivity is 815 ohms per 
cmf at 20° C., temperature coefficient 0 ± 10 ppm 
per °C. in the range from — 65° to + 150° C. 

Send for copies today—plus samples of both alloys! 

HOSKINS MANUFACTURING COMPANY 
4453 Lawton Avenue • Detroit 8 Michigan 

I n Canada: Hoskins Alloys of Canada. Ltd., 45 Racine Rd., Rexdale P.O., Toronto, Ontario 

Producers of Castorn Quality Resistance, Resistor and Thermo-Electric Alloys since 1908 
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e Microwave Component News from SYLVANIA -Q 

Now... solve 

TWT space and 

temperature 

problems 
Magnetically shielded, 

temperature compensated TWTs 

Sylvania research offers you two new 
S-band traveling-wave tubes of the per-
manent magnet focused type—TW-4002F 
and TW-956H — which give you these 
unique advantages: 

Magnetically shielded — not af-
fected by proximity to magnets and 
magnetic materials such as other TWTs, 
solenoids, and hardware. This permits 
close packing without hazard of perform-
ance loss. 

Temperature compensated — 
they operate from —65°C to + 72°C with 
minimum degradation of performance, 
and without requiring heater blankets. 

Periodic PM focusing — they do 
not require weighty, space-and-power 
consuming solenoids. 

Broad band — they have a relatively 
flat frequency response over an octave, 
from 2.0 to 4.0 KMC. 

Electrically superior charac-
teristics — at room temperature they 
have the following specifications: 

TW-4002F —small signal gain is 37 db 
minimum; CW rf power output (satu-
ration) is 10 milliwatts minimum 

TW-956H—gain with 0.1 milliwatt input 
is minimum 37 db; CW rf power out-
put ( saturation) is 2 to 5 watts 

COMPACTNESS — they are about 15" 
long, have 1.4" capsule diameter, weigh 
3 pounds 

RUGGEDNESS— specially designed for 
airborne and missile applications 

Sylvania Electric Products Inc.— Special Tube Operations 

500 Evelyn Ave., Mountain View, Calif. 

SYLVAN 
106A 

TW-956FI-1/2 ACTUAL SIZE 
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The life of any electronic component 
is a hard one, and added to the 
work, the heat was just too much! 
I was down for the count when a 
McLean blower saved my life. Now 
my work is a breeze! 

McLEAN RING FANS & BLOWERS 

Sturdy units for a variety of uses. 

Extend the life of sensitive tubes, 
transistors and other components 
with McLean packaged cooling 
units. Prevent system failure . . . 
maintain calibration and accuracy. 
Find out how in McLean's 1960 
catalog . . . 44 pages of helpful in-
formation on cooling electronic 
equipment. McLean's rack-mounted 
fans and blowers are smart, com-
pact, easy-to- install and have a 
multitude of mounting possibilities. 
Over 100 models in various panel 
heights and CFM's. Mil.Spec.equip-
ment for packaged cooling also 
available. 

WRITE TODAY. 
44 Page Packaged>, 

Cooling Catalog 

McLEAN ENGINEERING 
LABORATORIES 

World Leader in Packaged Cooling 

Princeton, N. J. • WAInut 4-4440 

TWX Princeton, New Jersey 636 

j1 Ji A à t 
Recent advances in equipment and techniques with measurements of 

1 PPM resolution enaole us to supply resistance networks of unusual accu-

racies and characteristics as required for computers, summing networks, 

voltage dividers, etc. 

We are cufrently producing in quantity for major defense contractors to 

various specifications of phase angle, D.C. and A.C. ratios with controlled 

frequency characteristics. 

Hermetic sealing cr full encapsulation enable networks to meet applicable 

portions of MLR-93B and MIL-STD-202A. 

Our Engineering Department will gladly advise the limits of accuracies 

and physical sizes that may be attained for your specifications. 

RESISTANCE PRODUCTS COMPANY 
914 South 13th Street, Harrisburg, Pa. 

For the latest advarK•es in data illumination, read: 

PILOT 

Foremost Manufacturer of Pilot Lights 

D,IALIGHT 
CORPORATION 

60 STEWART AVE., 3ROOKLYN 37, N.Y. 

HYACINTH 7-7600 

ilhe only Brochure devoted especially to 
visual indication n means of read-out 

lights, data display, placard lights, word 

and number discs, lenses-with-legenes, etc. 

Applications: dodo processing, computers, 
automation, motor-controlled devices, 

automatic merchanaising ... Comprehensive, 

colorful. For a free copy, mail coupon now. 

DIALIGHT CORP. 
60 Stewart Ave., Brooklyn 37, N.Y. 

Please send copies of ' lights that Enlighten". 

I I: t: 

Name  

Position 

Company  

Address   

City 

Dept.  

 Zone State 
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EFFICIENT 

AIR MOVING 

SYSTEMS 

ARE 

'TAILOR 

MADE' 

There's a highly 

advanced technology 

to the business 

of moving air 

efficiently, quietly, to 

precise requirements. It 

takes, for instance, 

upward of a million. 

dollar investment 

in laboratory, 

testing, sound-

room, designing 

and experimental 

capabilities to 

tailor the right 

solution of the 

problem to the total 

systems require-

ment. That's 

the kind of 

capability Torrington 

has. And that's 

why Torrington 

is the world's finest 

in the specialized 

"science"* of 

creating air moving 

systems for the 

full range of industrial 

and engineering 

applications. 

Cooling thought for 

the day: Keep 

the name in mind. 

*
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SPECIALTY BLOWER DIVISION 

  Industrial 
Engineering Notes 

mom. d irmei tiule 92.1) 

products: radio and TV transmitters; radio 
and TV receivers (including home-type, 
military and industrial); electronic search, 
detection, surveillance, : old tracking de-
vices; electronic na viga Iiina I devices; 
electronic airborne computing and associ-
ated airborne information processing de-
vices; electronic missile guidance and 
missile control devices. electronic weapons 
tire control devices; electronic sound dis-
tribution (leviers iinchuling public address 
and music distribution apparatus, except 
records); electronic countermeasure de-
vices; complete audio IF and RF amplifi-
cation devices; amplification devices; and 
electronic power supplies for use in any of 
the foregoing classes of pr(xlucts. 

Specilically excluded from this 
tion are: electnin tubes and parts; si did-
state semi-conductor devices and parts; 
functional electronic component parts fin-
chiding but not limited to resistors, capaci-
tors, rat ys, Il(1 connectors); complex com-
ponents, packaged components, modules, 
and other similar components combina-
, dons or sub-a SSCI11111il'S manufactured as a 
single unit; structural electronic com-
ponents (including but not limited to cab-
inets, blank panels, binding posts, wire 
and cable harnesses and assemblies, tube 
sockets, dial assemblies, and knobs and 
control handles); structural components 

(Continued mi page 112.4) 

35 YEARS of PROVEN 
DEPENDABILITY 

ELECTROLYTIC 
AND 

PAPER TUBULAR 

CONDENSERS 

COSMIC CONDENSER CO. 
853 WHITTIER STREET, BRONX, N. Y. 

LUdlow 9-3360 

-reuE -ronFura (ITO» ra s.jIFelkICTILJI Ina 1%11G Ce IVII PALMY 

SPECIALTY BLOWER DIVISION Torrington, Connecticut 



To simplify your design problems-

Patented In Canada, No. 523,390; 
In United Kingdom, No. 734,583; 
licensed in U.S. under No. 2561520 

COMPLETE ENGINEERING AND SAMPLE SERVICE PLUS 

A NATIONWIDE NETWORK OF FIELD ENGINEERS— 

E-I glass-to-metal seals are the industry standard for depend-
ability .... have been service-proven on vital space age projects 
and in critical commercial equipment. If you have a seal 
problem ask E-I for a recommendation. Sales engineers are 
located in all principal cities. 

1. STANDARD SEALS 
—The most complete 
range of economical 
standard seas af-
fords widest design 
latitude. Includes 
single lead termi-
nals, headers, minia-
ture closures and 
threaded end seals. 

2. SPECIAL SEALS— 
For unusual require-
ments. E-I engineers 
will design seals to 
specifications or 
modify standard 
types for your par-
ticular application. 
Complete engineering 
facilities available. 

3. CUSTOM SEALING 
—Comp.ete fac lities 
for sealing compo-
nents or assemblies 
of your own manu-
facture. Send sam-
ples or drawings for 
quotations. Fast 
service on reason. 
able quantities. 

ELECTRICAL INDUSTRIES 
d 2/i.arme.c.ur.ticul lridzistrics L'urp. MURRAY HILL, NEW JERSEY 
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28 Fields of Special Interest-
The 28 Professional Groups are listed below, together with a brief definition of each, the name of 

Aeronautical and Navigational 
Electronics 

Annual fee: $2. 

The application of electronics to opera-
tion and traffic control of aircraft and 
to navigation of all craft. 

Mr. Lewis M. Sherer, Chairman, 
RTCA, Washington, D.C. 

34 Transactions, *5, *6. & *9, and *Vol. 
AXE- l. Nos 2 and 3; Vol. 2, No. 1-3; Vol. 3, 
No. 2; Vol. 4, No. 1, 2, 3; Vol. 5, No. 2, 3, 4; 
Vol. 6, No. 1„i, 4. 

Antennas and Propagation 

Annual fee: $4. 

Technical advances in antennas and 
wave propagation theory and the utili-
zation of techniques or products of this 
field. 

Mr. Arthur Darne, Chairman, Darne 
& Margolin, Westbury, LI., N.Y. 

27 Transactions, * Vol. AP-2, No 2; AP-4, 
No. 4; AP-5, No. 1-4; AP-6, No. 1, 2, 3, 4; 
AP-7. NII. I. 2, 3. 4 

Audio 

Annual fee: $2. 

Technology of communication at audio 
frequencies and of the audio portion of 
radio frequency systems, including 
acoustic terminations, recording and 
reproduction 

Mr. II-S. Knowles, Chairman, 
Knowles Electronics, 9400 Belmont 
Ave., Franklin Park, Ill. 

50 Transaction,. ' Vol Al".1. No. 6; 'Vol. 
AU- 2, No. 1, 4; Vol. AU- 3. No. 1, 3, 5; Vol. 
AU- 4, No. 1, 5-6; Vol. AU-5, No. 1, 2, 3, 4, 
5, 6; AU-6, No. 1, 2. 3, 4, 5. 6; AU-7. No. I. 
2, 3, 4, 5, 6. 

Automatic Control 

Annual fee: $2. 

The theory and application of auto-
matic control techniques including 
feedback control systems. 

Mr. John E. Ward, Chairman, Servo-
mechanisms Lab., MIT, Cambridge 
39. Mass. 

8 Transactions, PGAC-3-4-5-6, AC-4, No. 1; 
AC-5, No. 1. 

Broadcast & Television 
Receivers 

Annual fee: $2. 

The design and manufacture of broad-
cast and television receivers and com-
ponents and activities related thereto. 

Mr. Robert R. Thalner, Chairman, 
Sylvania Home Electronics, Batavia, 
N.Y. 

24 Transactions, 7. 8: BTR-I, No. 1.4; 
BTR-2, No. 1-2-3; BTR-3. No. 1-2; BTR-4, 
No. 2, 3-4; IITR 5, No. 2. 3 

Broadcasting 

Annual fee: $2. 

Broadcast transmission systenis engi-
neering, including the desiqn and utili-
zation of broadcast equipment 

Mr. George E. Hagerty, chairman, 
Westinghouse, 122 E. 42nd St., New 
York 17, N.Y. 

15 Transactions, Nu. 2, 4, ô, 7, 8, 9, 10. 11, 12, 
13, 14; 11C-6, No. I. 

Circuit Theory 

Annual fee: $3. 

liesign and theory of operation of cir-
t'tits for use in radio and electronic 
equipment 

Mr. Sidney Darlington, Chairman, 
Bell Tel. Labs., Murray Hill, N.J. 

1 ansactions, CT-2, Nu. 4; CT-.1, No. 2; 
N,. 3.4. CT-5, No. 1, 2, 3, 4, CT-o, No. 

I. 2, 3; ("r-7, No. I. 

Communications Systems 

Annual fee: $2. 

Radio and wire telephone, telegraph 
and facsimile in marine, aeriimiutical, 
radio-relay, coaxial cable and fixed sta-
tion services. 

Mr. J. E. Schlaijker, Chairman, 
IT&T, 67 Broad St., New York 4, 
N.Y. 

16 Transactions, CS-2. No. I; CS- 5. No. 2, 
3; CS-6, No. I. 2; CS- 7, No. 1, 2, 3, 4. 

Component Parts 

Annual fee: $ 3. 

The characteristics, applica-
tions, development, performance and re-
liability of component parts 

Mr. J. J. Drvostep, Chairman, Sperry 
Gyroscope Co., Great Neck, N.Y. 

18 Transactions, Vol. Cl'-3, No. 2; CP-4, No. 
1, 2, 3-4; Cl'-5, No. I. 2. 3, 4; CI'-ó, No. 1, 2, 3, 
4. 

Education 

Annual fee: $3. 

To foster improved relations between 
the electronic and affiliated industries 
and schools, colleges, and universities. 

Dr. John G. Trusal, Chairman, Dept. 
of EE, PIB, Brooklyn, N.Y. 

9 Transactions. Vol. E-1, No. 3, 4; E-2. No. 
1, 2, 3, 4; E-3, No. 1. 

Electron Devices 

Annual fee: $3. 

Electron devices, including particularly 
electron tubes and solid state devices. 

Dr. W. M. Webster, Chairman, RCA 
Labs., Princeton, N.J. 

27 Transactions, -Vol. ED- 1. No. 3-4; ED-3, 
N.,. 24; ED- 4, No 4: ED-5, No. 2, .3, 4; 
EU-6, No. 1, 3; ED-7, No. I. 

Electronic Computers 

Annual fee: $4. 

Design and operation of electronic com-
puters. 

Dr. A. A. Cohen, Chairman, Rem-
ington-Rand Univac, St. Paul 16, 
Minn. 

31 Transactions, EC-6, No. 2, 3; EC-7, No. 1, 
2, 3, 4; EC-8, No. 1, 2. 3. 

Engineering Management 

Annual fee: $3. 

Engineering management and adminis-
tration as applied to technical, indus-
trial and educational activities in the 
field of electronics. 

Dr. Henry M. O'Bryan, Sylvania 
Elec. Products, 730 3rd Ave., New 
York 17, N.Y. 

17 Transactions, EM-3, No. 2, 3; EM-4, No. 
I, 3, 4; EM-5, No. 1.4; EM-6, No. 1, 2, 31 
EM-7, No, 1. 

Engineering Writing and Speech 

Annual fee: $2. 

The pronzotion, study, development, 
asid improvement of the techniques of 
preparation, organization, processing, 
editing, and delivery of any form of 
information in the electronic-engineer-
ing and related fields by and to in-
dividuals and groups by means of direct 
or derived methods of communication. 

Mr. T. T. Patterson, Jr., Chairman, 
RCA Bldg. 13-2, Camden, N.J. 

5 Transactions, Vol. EWS-1, No, 2; EWS-2, 
No. 1, 2, 3. 

Human Factors in Electronics 

Annual fee: $2. 

Development asid application of human 
factors and knowli•dge germane to the 
design of electronic equipment. 

Mr. Curtis M. Jansky, Chairman, 
Royal McBee Corp., Port Chester, 
N.Y. 

1 Transaction. HFE-I, No. 1. 

THE INSTITUTE OF RADIO 
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-IRE's 28 Professional Groups 
the group chairman, and publications to date. 

Industrial Electronics 

Annual fee: $I 

Electronics pertaining to control, treat-
ment and measurement, specifically, in 
industrial processes. 

Mr. J. E. Eiselein, Chairman, RCA 
Victor Dey., Camden, N.J. 

11 Transactions, . PGIE 1, 3, 5, 6, 7, 8, 9, 10, 
11. 

Bio-Medical Electronics 

Annual fee: $3. 

The use of electronic theory and tech-
niques in problems of medicine and 
biology. 

Mr. W. E. Tales, Chairman, Air-
borne Instruments Lab., Mineola, 
N.Y. 

16 Transact ions, 8, 9, 11, 12; ME-6, No. I, 2. 3; 
M E-7, No. I. 

Nuclear Science 

Annual fee: $3. 

Application of electronic techniques and 
devices to the nuclear field. 

Dr. A. B. Van Rennes, Chairman, 
United Research, Inc., Cambridge, 
Mass. 

15 Transactions, NS-1, No. 1; NS-3, No. 2, 
3; NS.4, No. 2; NS-5, No. 1, 2, 3, NS-6, No. 
1, 2, 3, 4. 

Reliability and Quality 

Control 

Annual fee: $3. 

Techniques of determining and con-
trolling the quality of electronic parts 
and equipment during their manufac-
ture. 

Mr. P. K. McElroy, Chairman Gen-
eral Radio Co., West Concord, Mass. 

16 Transactions, *3, 5-6, 10, 11, 12, 13, 14, IS, 
16. 

Information Theory 

Annual fee: $3. 

Information theory and its application 
in radio circuitry and systems. 

Dr. Peter Elias, Chairman, MIT, 
Cambridge 39, Mass. 

19 Tran-actions, 1--4, N”. 2. 3; IT•2, 
No. 3: 1T-3, No. 1, 2, 3, 4; 1T-4, No. 1, 2, 3, 
4; 1T-5, No. 1, 2, 3, 4. 

Vehicular Communications 

Annual fee: $2. 

Communications problems in the field 
of land and mobile radio services, such 
as public safety, public utilities, rail-
roads, commercial and transportation, 
etc. 

Mr. A. A. MacDonald, Chairman, 
Motorola, Inc., 4545 W. Augusta 
Blvd., Chicago 51, III. 

13 Transactions, 5, 8, 9, 10, II, 12, 13. 

Microwave Theory and 
Techniques 
Annual fee: $1 

Microwave theory, microwave circuitry 
and techniques, microwave measure-
ments and the generation and amplifica-
tion of microwaves 

Dr. A. A. Oliner, Microwave Re-
search Institute, 55 Johnson St., 
Brooklyn I, N.Y. 

28 Transactions, :urr-4, No. 3-4; MTT-S, 
No. 3, 4; MTT-6, No. 1, 2, 3, 4; MTT-7, 
No. 2, 3, 4; MTT-8, No. 1. 

Production Techniques 

Annual fee: $2. 

New advances and materials applica-
tions for the improvement of produc-
tion techniques, including automation 
techniques. 

Mr. L. M. Ewing, Chairman, Gen-
eral Electric Co., Syracuse, N.Y. 

6 Transactions, No. 2-3, 4, 5, 6. 

* Indicates publications still available 

Instrumentation 

Annual fee: $2. 

Measurements and instrumentation uti-
lizing electronic techniques. 

Mr. C. W. Little, Jr., Chairman, 
C-Stellerator Assoc., Princeton, N.J. 

16 Transactions, 4; Vol. 1-6, No. 2, 3, 4; Vol. 
1-7, No. 1, 2; Vol. 1-8, No. 1, 2, 3. 

Space Electronics and Telemetry 

Annual fee: $2. 

The control of devices and the meas-
urement and recording of data from 
a remote point by radio. 

Mr. C. H. Hoeppner, Chairman, Ra-
diation, Inc., Melbourne, Fla. 

14 Transactions, Titc-1, No. 2-3; TRC-2, 
No. 1; TRC-3, No. 2, 3; TRC-4, No. 1; 
SET-5, No. 1, 2, 3, 4. 

Military Electronics 

Annual fee: $2. 

The electronics sciences, systems, ac-
tivities and services germane to the re-
quirements of the military. Aids other 
Professional Groups in liaison with the 
military. 

Mr. Henry Randall, Chairman, Office 
of Asst. Secy. Defense, Pentagon, 
Washington, D.C. 

8 Transactions, Ml 1.-l. No. 1; MIL-2, No. 
1; NI 11.-3, No. 2, 3, 4; M I L-4, Nii. 1. 

Radio Frequency Techniques 

Annual fee: $2. 

Origin, effect, control and measurement 
of radio frequency interference. 

Mr. J. P. McNaul, Chairman, Signal 
Corps, USA's RDL, Ft. Monmouth, 
N.J. 

1 Transaction, RF-1, No. 1. 

Ultrasonics Engineering 

Annual fee: $2. 

Ultrasonic measurements and connu uni-
cations, including underwater sound, 
ultrasonic delay lines, and various 
chemical and industrial ultrasonic de-
vices. 

Dr. Wilfred Roth, Chairman, Roth 
Lab., Hartford, Conn. 

8 Transactions, KiLlE, 5, 6, 7; UN-7, No. I. 

USE THIS COUPON 

Miss Emily Sirjane 
IRE-1 East 79th St., New York 21, N.Y. 

Please enroll me for these IRE Professional Groups 

PG-3-60 

Name   

Address   

Place   

Please enclose remittance with tisis order. 

ENGINEERS 1 East 79th Street, New York 21, N.Y. 
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do you tremble 

at the sign of a sine? 

Does a sine-c, ,, ,pu pot in your pet project mean special prices and 
annoying delay'.' No need to pay more . . . no need to wait. Ace 

has a full line of sine-cosine function pots — in sizes, conformities 
and driving resistances to meet all your requirements — and delivery 
is prompt. Our standard line — which meets 95% of your needs 
— we can ship promptly ... AND a special one goes off to you with 
minimum delay! Ace offers, as standards, conform-
ities in a 7s" or I- I/16" size that you'd pay for as 
a special in a 2" size elsewhere! Consider the space, 
weight and money you save! 

Ace's standard sine-cosine line includes sizes 
from 3/i" to 3", driving resistances from 1K to 1 

megolun. in comparable conformities from 0.5%, 

peak to peak. So if you think you have a special 
requirement — talk to us! Chances are it's an Ace 
standard sine-cosine pot! 

This 3/4" sine-cosine ACEPOT® features conformity of 1.0%, 
peak lo peak, in a resistance -range of 1K lo 30K. Other driving 
resistance nznues and conformiiies available. 

ACE ELECTRONICS ASSOCIATES, INC. 
99 Dover Street, Somerville 44, Moss. 

Acepotft) 

SOrnerset 6-5130 TUS SMV1. 181 West. Union WUX 

Acetrine Aceset® Acerehm® •Reg. Appt. tot 

Jt Industrial  R9E 
Engineering Notes 

(Continued f ron page 1 ORA ) 

and devices (including but not limited to 
antenna structures, pe(lestals, drives, 
launchers, trailers, plat forn1s, pallets, 
elevators, gimbals, and handling equip-
ment); computing and associated informa-
tion processing devices (except airborne); 
scientific indtistrial and laboratory instru-
ments; x-ray tubes and apparatus; electro-
therapeutic and electromedical instruments 
and apparatus; telephone and telegraph 
equipment (including but not limited to 
radio telephone and radio telegraph de-
vices of the kind generally manufactured 
for the use of public utility communica-
tions systems); and electronic control 
devices other than electronic missile 
guidance and missile control devices ( in-
cluding but not limited to signals, alarms 
111(1 automatic industrial controlst." 

Section 

Meetings 

.11..vuoGoano.HoLLoNtAs 

"Modern or Third Channel Stereo," Paul 
Klipsch. 2/8/60. 

ALOUQI'ERQI'E-LOS ALAMOS 

"Engineering Problems Relative to Tektronix 

519 Design and Applications," C. Moulton. Tek-
tronix. Inc. 2/29/60. 

ANCHORAGE 

"The Preservation of the History and Artifacts 
of Early Alaskan Communications," Col. C. A. 
Thorpe, IIQ, Alaskan Command. 1/4/60. 

"Polar Blackouts." Dr. G. C. Reid. Geophys-

ical Institute. 2/1/60. 
"Technical discussion of Generation of the 

Television Signal and Video Tape Recording," 

J. M. %Valden, Northern Television, Inc. 3/7,60 

BAY OF QUINTE 

"Surface Wave Transmission Lines," A. P. 

Treu, Northern Electric Co., Ltd. 2/17/60. 

BENELUX 

"Solar Radio Noise and Its Relation to Some 
Geophysical Phenomena," A. 11. de Votigt; F. R. 

Neubauer; A. D. Fokker; L. D. Feiter—all of 
Netherlands PTT. 3/5/60. 

BINGHAMTON 

"The Next Hundred Vears." Dr. C. C. Furnas, 
University of Buffalo. 2/24/60. 

CENTRAL FLORIDA 

"Environmental Testing,' Dr. Brittain, Elec-
tronic Communication, Inc. 2/18/40. 

CINCINNATI 

"Some Color Slide and Color Television Ex-
periments Using the Land Technique," Dr. %V. L. 
Hughes, Iowa State University; "Piercing the Un-

known" and "The Information Machine," J. Mar-
quandt, IBM Corp.; "A Transistorized Preampli-
fier for Magnetic Pickups," Prof. A. B. Bereskin, 
University of Cincinnati. 1/18/60. 

"Function of the IRE," Dr. R. L. McFarlan, 
President of the IRE; " Behind the Scenes in Air 
Traffic Control," B. F. Green, Air Force Cambridge 
Research Center. 3/1/60. 

(Continued un page 116A) 
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You'll find D. S. KENNEDY & CO. products will 

best complement your systeTs Fawn wave guide 
components to antennas larger than a football 
field; from Moon Bounce to BMEWS, KENNEDY 
knows what's needed. A3 pioneers in the field, 
KENNEDY has designed, fabricated and erected 
literally hundreds of types of antennas, in single 
units as well as production quantities in the 

thousands. This intimate knowledge of all phases 

of the antenna art plus KENNEDY's inherent ability 
to work efficiently and dependaliy as part of your 

team, can save you time, troub.e and money. 
Whether a few quality built wave guide com-

ponents is all you need pr iiteiligeit cooperation 
in the development and erection of the world's 

largest antennas, it will pay you to call KENNEDY. 

D. S. KENNEDY & CO. 
ANTENNA DIVISION 

Cohasset, Massachusetts 
EVergreei 3 2200 

TRACKING ANTENNAS • RADIO TELESCOPES • RADAR ANTENNAS 
SCATTER COMMUNICATIONS ANTENNAS • MICROWAVE RESEARCH 

AND DEVELOPMENT • TRANSMISSIOFJ TOWERS 
SWITCHYARD STRUCTURES 

Get the Facts about D. S. KENNEDY & CO. at the AFCEA Show — Booth 102 — May 24-26 — Washington, D. C. 
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TARZIAN 
Silicon Rectifiers do more 

than replace these 

40 tube types 

5AU4 5AW4 5AZ4 5T4 

5114 5V4 5Y4 5W4 

5Y3 5Z4 6X4 6063 

6202 80 82 83 

83V 5Z3 OZ4 5X4 

6AX5 6X5 5AU4 5931 

6087 6106 5R4 6AU4 

6AX4 6BL4 6U4 6W4 

12AX4 17AX4 25W4 816 

836 3628 866 866A 

Some common vacuum rectifier types 

that Tarzian silicon rectifiers replace 

THEY ALSO PROVIDE: 
1. Higher current ratings 

2. Inherently rugged construction 

3. Instant operation; no warmup 

4. Greater electrical stability 

5. m proved voltage regulation 

Tarzian tube replacement silicon rectifiers combine 
the advantages of solid state rectification and direct 
interchangeability with over 95% of all popular rectifier 
tube types. Although the silicon units are generally 
smaller than the tubes they replace, their dc current ratings 
are substantially higher, as much as three times 
as great in some ratings. 

If you have a rectifier application requiring high 
efficiency, long life, rugged construction, or wide 
temperature range, Tarzian tube replacement silicon 
rectifiers may solve your problem. They are available in 
nine standard models. Special designs and modifications 
can be worked out on request. 

For specifications and prices of tube replacement 
silicon rectifiers, contact your Sarkes Tarzian sales 
representative or distributor, or write to Section 4615F, 
Sarkes Tarzian, Inc., Semiconductor Division, 
Bloomington, Indiana. 

SARKES TARZIAN, INC. 
SEMICONDUCTOR DIVISION 

  BLOOMINGTON, INDIANA  

In Canada: 700 Weston Rd., Toronto 9, Ontario 
Export: Ad Auriema, Inc„ New York City 

Better than 1 ux Audio- band 
Noise in a Stereo Preamp? 

work wiLiE•fflimulltx 

,019.)erAe- console 
Only an engineer can fully appreciate the per-
formance characteristics and quality of con-
struction offered in Marantz equipment. As an 
example, only the Marantz model 7 Stereo 
Console can give you these features: 

• Unique very-low-noise input circuit 
• Equivalent total noise input, 20-20000 cps: 0.8 

/iv, typical; 1 itv max. ( total noise, 60db below 
1 mv input where Zgen = 2000 ohms max.) 

• Noise-selected film resistors in sensitive plate 
and cathode circuits. 

• Mu-metal shielded, hum-bucking power trans-
former. 

• Hum inaudible through thermal noise, even with 
RIAA phono curve. 

• Well filtered DC for heaters. 
• Carefully designed grounding system for mini-
mum hum. 

• Tubes and main assembly on heavy, fully shock-
mounted turret terminal board. 

• Laced cables. 
• Incremental tone controls accurately resettable 

in each channel. Each step switches individual 
feedback network, " Flat" position cuts out 
reactive components. 

• Hermetically sealed, ganged volume control 
with better than 2 db tracking at any setting to 
—65db. Attenuation renge, 90db. 

• Tape recording and monitoring facilities. 
• I.M. distortion, 10 V equiv. pk. RMS, 60-7000 cps 

4:1 ratio: less than 0.15% ( Proportionately less 
at normal output levels) 

• Gain: Phono ( RIAA); 641/2 db @ 1000 cps. Stepup 
transformers not needed. High Level: 221/2 db. 

• 15 Amp power switch. 6 AC line outlets for 1700 
watts associated equipment. 

• Heavy brushed aluminum panel, finely machined 
knobs, anodized pale gold color. Rack mount-
ing to order in clear anodized aluminum finish 
at slightly higher cost. 

• Every unit completely tested and adjusted to 
meet specs. Test card included. 

The model 8 Stereo Amplifier is a perfect match 
in standard of performance and construction. 
While many amplifiers measure quite well on 
sine wave test, this has little relation to their 
behavior toward the transient signals encoun-
tered in musical material. The exceptionally 
clean overload characteristics, instantaneous re-
covery, and unconditional stability of the model 
8, shows up where it counts—on the loudspeaker! 
It easily outperforms and outdrives high fidelity 
amplifiers presently available. 

• More than 30 watts per channel (over 40 W 
with selected tubes) 

• Silicon power supply includes Sprague I7D 
(telephone quality) Electrolytics for reliabil-
ity. 

• Metered adjustments for both static and dy-
namic balance. 

• Open circuit noise 90db below rated power. 
• Cool-running, conservative operation. 
• Harmonic distortion at full rated power—less 

than 0.1% @ 1000 cps, 0.5% @ 20 cps, 1% 
@ 20 kc. Proportionately less at lower output. 

Write for booklet 4I-H 

-M• 

25-14 Broadway, Long Island City 6, N.Y. 
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save time! save money! 
call your parts distributor for 

P&B 11,1t_ RELAYS 
These important savings are yours when you order—from your Electronic Parts 
Distributor—P&B relays listed with Underwriters' Laboratories, Inc. and Canadian 
Standards Association: 

SAVE TIIIME. You get fast, off-the-shelf delivery. Usually your order 
is shipped the day after it is received. And no waiting for U/L or CSA clearance 
. . . this has been done for you. Thus you get your project—and your product— 
off to a fast start! 

SAVE MONEY. You save the cost of getting relays listed with U/L 
or CSA ... and you need have no big investment in shelf inventory, either. 
Remember, you pay no premium over factory prices in quantities to 249. 

More than 40 different standard P&B relays in 450 different coil voltages and con-
tact arrangements are available from the leading Electronic Part Distributors in 
your area. For special applications, call your nearest P&B sales engineer. 

AB Series 

U/L File E29244 CSA Fae 15734 

For appliance and general purpose operations 
requiring long life and quiet operation. Quick 
conned terminals. Screw terminal adopters 
also furnished with each relay. Contact 
arrangement: DPDT. Rated at I 0 amps, 115 V., 
5 amps, 230 AC non- inductive by U/11. and CSA. 

ABC Series 

U/L File E29244 CSA File 15734 

Mectum duty pourer relay in dust cover. For 
small motors, industrial controls and similar 
appl.cations. Contort arrangement: DPDT. 
Rcred at 10 amps, 115 V., 5 amps, 230 AC 
noa-enductive by U/L and CSA. 

KA Series 

U/L File 529244 

Type 

PR I AY 
PR3AY 

Contact 
Arrangement* 

Contact 
Type Arrangen•ant* 

SPST-NO PR5AY S'DT 
SPDT-NO-DM PR7AY DPST-M0 

PR 1 I AY DPDT 

These relays are available in any of the following aperaling 
voltages: 6,12, 24, 115,230 volts 50/60 cycles AC. 

Contacts are rated at: 25 amps, 115/230 V. AC I phase. 
1 hp for 115/230 volt AC motors 1 phase. 

*Read: NO normally open, NC normally closed. DB double 
break, DM double make. 

U/L File 522575 

CSA File 15734 

Small, law cost, general pimpose relay for 
handling automation work, small motors, sole-
noids, other relays. Contact arrangements: 
SPDT, DPDT and 3PDT. Rated at 5 amps, at 
115 V., AC non-inductive by U/L and CSA. 

KB Series 

CSA Al. 15734 

U/L File 529244 CSA File 15734 

Compact latch relay ideal for memory work 
and overload applications. Operates on 
momentary impulse to either coil. Contact 
arrangements: 4*DT and 6PDT. Rated at 5 
amps at 115 V., AC non-inductive by U/L 
and CSA. 

POTTER G BRUIV1FIELID 
DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 

IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELFH, ONTARIO 



DEEP THOUGIITS 150.51 DEEP DOMES/ NO. 4 OF .4 SERIES 

Zoster on Education 

' Edncation is the process of moving from cockourt ignor-
ance to thoughtful uncertainty," said Dr. Herpes Sophocles 
Zoster ( 1823-1887). famed Athenian teacher, inventor of 
the Patent Disciplinator for Hardnosed Pupils, summing 
up some of our modern no-go missile experience years 
ahead of his time. We know one missileman who has hand-
worked this sentiment in needlepoint to hang by his block-
house window, where he can see it as he triggers the Mark 
VII-C Rocket Destructor. 

But dawn is imminent. Emerging from its brown study 
of thoughtful uncertainty, HOOVER ELECTRONICS 
COMPANY has Taken Steps, and a whole family of accu-
rate, reliable, versatile, flexible ( even repeatable) Elec-
tronic Ground Support Equipment has been born: test sets, 
data translators, tracking equipment, instrumentation-
centrol vans, and others. Steps toward Carefree Certainty, 
to say the least. 

Well, to get to the point quickly space in this 
magazine being priced beyond rubies, we at 
HOOVER ELECTRONICS have pvoduced a hand-
some 'older about the EGSE hinted at coyly 
above. We wouldn't be reluctant to send a 
copy, if you'd just put your name and address 
on a ' etterhead. Today, eh? 

HOOVER 
ELECTRONICS COMPANY 
SUBSIDIARY OF THE HOOVER COMPANY 

110 WEST TIMONIUM ROAD • TIMONIUM, MARYLAND 

Field Liaison Engineers 
Los Angeles, California 

1 Section 
Meetings 

(Continued fr.,' page 112A) 

CLEVELAND 

"Silicon Controlled Rectifiers," Panel discus-
sion. Moderator, J. Flick, jack & Heintz, Inc. 

Panalists: E. E. Von Zastrow, G.E. Co.; R. Mc-

Kenna. Texas instruments, Inc.; Eric Jackson, 
Transitron, Inc. 2/11/60. 

Coo:taws 

"The Technical Society in Vour Life and Vice-
Versa," II. A. Holz, Ohio State University. Presen-
tation of Student Awards. 3;7/60. 

DALLAS 

"Advanced Energy Conversiim ti iiicij,les.' 
R. L. Petriz, Texas Instruments, Inc. 2 IS 4). 

"Engineering Management." P. E. Haggerty, 
Texas Instruments. Inc. 2;2; NI. 

"Radio Engineering in Controlled Fusion Re-
search." W. W. Salisbury, Varo Mfg. Co.; 2/25 MI. 

"Masers," F. R. Aram, Cutler- Hammer, Inc. 
3..4 60. 

DAYTON 

"Weapon System Management in a Decen-

tralized Corporation," I. II. McLarem, Bendix 
Corp. 9/10/59. 

"Progress Report on the Department of De-
Pulse Adlloc Committee Study on Electronic Parts 
and Tube Specification Management for Reliabil-
ity," A. \V. Rogers. Fort Moutnouth Signal null; 
E. J. Nucci, Dept. of Defense. Pentagon; R. E. 
Moe, General Electric Co. 5u. 

"Molecular Engineering Philosophy.4 Elec-

tronic System Design," Dr. S. \V. Ilerw.d.l. \Ve-d-
inghouse Electric Corp. 12 3 5'). 

"Ce,ium Ion Propulsion," Dr. A. T. Forrester 

Electro Optical Co. 2 4 ,b0. 

(Continued on Infge 120.4) 

MINCOM 
announces a new double-duty 

magnetic tape system 

the C M-100 
records & reproduces 6 SPEEDS 

Greater bandwidths at lower 

speeds in both analog and 

pulse recording/reproducing 

(for example, 500 kc at 60 ips). 

All in one compact standard 

rack. Details? Write for brochure. 

... WHERE RESEARCH IS THE KEY TO TOMORROW 

MINCOM DIVISION 
M INNESOTA 

3M 
COMPANY L. M INING AND 

M ANUFACTURING 
COMPANY 

2049 South Barrington Avenue, Los Angeles 25, Calif. 
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vcival sire 

MOTOROLA "MEG-A-LIFE' 
INDUSTRIAL ALLOY TRANSISTORS 

the first industrial components available utder 
the " Meg-A-Life" program are types 2N650A, 
2N651A and 2N652A. Units provide ext-erreli re-
liable amplifier and switching serdice ir :ti≥ zedio 
frequency range and are designed for con:inuous 
opereio at junction temperatLres up to !WC 

Type 

Number 

hr. (Vcac =-. 6V, 

MIN 

I. = 1 M3) 

MAX 

2N652A 100 225 
i 

2N551A 50 120 

2N650A 30 70 

P. 20.) mw 89,-. ,_ 45 volts 89,./11 . 10k1 = 30 volts 

FROM 

MOTOROLA 

INDUSTRIAL 
TRANSISTORS 

CERTIFIED 
RELIABILITY 
MILITARY UNITS 
Why MOTOROLA Introduced 
The MEG-A-LIFE Program 

In many industrial applications, assurance of semi-
conductor reliability is as desirable as it is for military 
applications. For this reason, Motorola has introduced 
"Meg-A-Life" . . . a quality assurance program pat-
terned after the procedures used for standard military-
approved components. 

"Meg-A-Life" tests are in accordance with MIL-S-
19500 (general military specifications for transistors). 
Sampling is based upon MIL-STD-105. In addition to 
electrical, mechanical and environmental tests (includ-
ing shock, centrifuge, vibration, humidity and temper-
ature tests), 1000-hour storage tests at 100°C and 1000-
hour operating life tests at maximum rated power are 
performed. 

Approved units are stored in a bonded area. Written 
certification of compliance to "Meg-A-Life" reliability 
requirements is available. Since all tests represent the 
most adverse conditions for which the devices are de-
signed, Motorola's "Meg-A-Life" program provides the 
industrial user an assurance of reliability previously 
not available. 

FOR COMPLETE INFORMATION on the Motorola "Meg-A-
Life" program contact your Motorola Semiconductor 
district office: 

BOSTON 385 Concord Ave., ielmont 78, Mon.  Wanhoe 4-5070 
CHICAGO 51, 5234 West Diver My Avenue  »Fen., 2-4300 
DETROIT 27, 13131 Lyndon Avenue  BRoadway 3-7171 
LOS ANGELES 1741 Iva, Avenue, Hollywood 211, Calif.  H011ywood 2-0821 

Liberty 5.2198 b 
NEW YORK 1051 Bloomfield Ate., Clifton, W.F.    GRegory 2.5300 

Sewn New York    Wisconsin 7-2980 
SAN FRANCISCO 1299 Bayshore Highway, Burlingame hi  Diamond 2-3228 • 
SYRACUSE 101 South Salina   GRanite 4-3321 

MINNEAPOLIS V, 7731 6th Avenue North 

MOTOROLA 
Semiconductor Products loc. 

A SUBSIDIARY or MOTOROLA. INC 
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UNLIMITED 

PRODUCTION 

CAPACITY 

HIGHEST 

QUALITY 

NEW MATERIAL 

RESEARCH 

I good reasons for letting 

KNAPIC grow your 

Silicon Crystals i 
L_ 

LOWEST COST 

PER GRAM 

NO CAPITAL 

INVESTMENT 

SPECIFICATIONS 

TO ORDER 

KNAPIC specializes in Silicon and Germanium Crystals 

for Semiconductor, Solar Cell and Infrared uses 

Major manufacturers of semiconductor devices have found 
that Knapic Electro- Physics, Inc. can provide production 
quantities of highest quality silicon and germanium mono-
crystals far quicker, more economically, and to much tighter 
specifications than they can produce themselves. 

The reason? Knapic Electro-Physics are specialists with ac-
celerated experience in growing new materials to specification. 

Why not let us grow your crystals too? 

Check These Advantages 
El Extremely low dislocation densities. 
D Tight horizontal and vertical resistivity tolerances. 

Diameters from IA" to 2". Wt. to 250 grams per crystal. Individual crystal lengths to 10 
D Low Oxygen content I x 10' 7 per cc., in 10' 6 for special Knapic small diameter material. 
C] Doping subject to customer specification, usually boron for P type. phosphorous for N type. 
D Lifetimes: 1 to 15 ohm cm.— over 50 microseconds; 15 to 100 ohm cm.— over 100 micro-

seconds; 100 to 1000 ohm cm— over 300 microseconds. Special Knapic small diameter 
material over 1000 microseconds. 

Specification Sheets Available 

Dislocation density. Knapic silicon 

monocrystals grown by a modified 
Czochralski technique: Crystal 

diameter to %"— None; Mr to %"— 

less than 10 per sq. cm.; ;6" to 

11/4 "— less than 100 per sq. cm.; 

1Va" to 2- less than 1000 per sq. cm. 

napic Electro-Physics, Inc. 
936.40 Industrial Ave., Palo Alto, Calif. • Phone DAvenport 1-5544 

SALES OFFICES: 

fastata-405 Lexington Avenue, New York, N. Y. • Phone YUkon 6-0360 

listara- 204 South Beverly Dr., Beverly Hills, Calif. • Phone CRestview 6-7175 

Fareassa--02 Prins Frederick Hendriklaan, Naarden, Holland • Phone K 2959.8988 

• .. Also manufacturer of large diameter silicon and germanium lenses and cut domes for infrared use 
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At the zero second everything must 
function without failure. ANDREW 
HELIAX cable is used in postassembly 

and preflight checkouts of missfle ra-
dio frequency systems. The cable forms 
a closed circuit over which interroga-
tion ano response signals are transmit-
ted between checkout equipment and 
airborne radio frequency packages. The 
HELIAX cable runs from a mobile trailer 

to connecting points on the missile. 

A truly flexible 

air- dielectric cable. 

The ruggedness of HELIAX makes it 
well sinted to this challenging task, 
where its low VSWR, low RF leakage 
and low attenuation give accurate 
measurement of systems performance. 
Flexibility permits the cable to be 
taken down, recDilecl and subsequently 
reused many times 

If you require similar characteristics 
in a cable, corsider the special advan-
tages of HELIAX. 

ANTENNAS • ANTENNA SYSTEMS 

TRANSMISSION LINES 

A le CORPORATION P, G. BOX 807 • CHICAGO 42, ILLINOIS 

HELIAX is normally supplied as an 
assembly, complete with end fittings 
factory attached, reducing installation 
labor and improving quality. 

Complete uniformity throughout its 
entire length gives HELIAX superior 
electrical characteristics. 

HELIAX is always less difficult, less 
costly to install, easier to handle. 

HELIAX is available in 7/8 "size (Type 
HO) and 15/8" size (Type HI). 

WRITE FOR FREE SAMPLE LENGTH 

Offices: Boston • New York • WesNngton, D C. • Los Angeles • Toronto 
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BECAUSE 
IT'S DIGITALLY 
PROGRAMMABLE-
NEW 
CON AVIONICS 
DC POWER 
SOURCE... 

...INSTANTLY PROVIDES ON COMMAND ANY VOLTAGE 
FROM 0.1 TO 50 VOLTS DC- UP TO 15 AMPERES 

Another first by Con Avionics, this digitally programmable power source 
translates manual push-button setting or output of your program device 

into the selected voltage. It can be made to respond to any digital 
code from sources such as paper or magnetic tape readers, punched 

card readers, or keyboards. Voltages may be changed from any setting 
to any other within 300 milliseconds. Voltage is stable and accurate 
within 0.1% of the selected value. Ripple is less than 0.05% rms. 

The completely self-contained design of the Con Avionics DC Power 
Source .elim nates external rheostats, step switches and other devices. 

This unit reduces equipment complexity in data systems, automatic 
checkout equipment or precision testing applications. 

Outstanding results are obtained both in the lab and on production work. 

CONSOLIDATED AVIONICS CORPORATION 
A SUESIDIARY OF CONSOLIDATED DIESEL ELECTRIC CORPORATION 

800 Shames Drive • Westbury, L. I. • EDgewood 4-8400 

Section 
Meetings 

C. ,1,1,111g•el ' Pe."( 16.4 I 

DI.: l'ROIT 

"Simulation of Nervous System Processes 

with Artificial Neurons." L. D. Ilarman, Bell Tele-
phone Lab,: 2119 'MI 

FA;ver 

'Non-destructive Testing ot Materials Using 

X- Ray and Ultrasonics," Dr. R. O. Schumacher, 

Philips- Hamburg Co., Germany. 2/5/60. 

ERIL: 

'IRE Activities." Dr. R. McEarlan, 
10/1;50. 

FLORIDA \VEST COAs1 

'SI ol I Ill 'ill, Skeleton in the Closet,' DI". 

Louis Polskin. Private Physician. 2/17/60. 

FOR I I li -ActuucA 

"Motorola C.otnniercial Two-way Conumorica-

tion Systems," John Byrne, Motorola. Inc. 2'29 '60. 

FOR I %VieRtli 

Giff„id 

White. 1V1iite Instrunwin Labs. 2 ".> 

Ilot 

"Printed Circuit , net Mntot. and M 
butt Calpera, Photocir. nits Corp. 2 .1.4/64). 

¡li \ I',VILLE 

"Design of Phase Lock Receivers," Arthur 
Kline. Motorola, Inc.; 2/24 /60. 

ImnANAeous 

'Power Ttansmission Without %'ires Using 

Microwaves," Dr. R. I.. McFarlan. President of the 

IRE. 2126,60. 

"Scient-e and Engineering in Modern Society," 

Dr. R. L. McFarlan, President of the IRE 2/27 160. 

1.1iNuoN 

"The World's Sources of Energy." Dr. Robert 
Uffen, University of Western Ontario. 3/8 /60. 

Students Night. Five contestants as follows: 

'100 KV Proton Accelerator"-- Roy Kochlen. 

1st prize 

"A Logical Switching Demonstration"—Gus 

Leipens. 2nd prize 

"Traveling Wave Tubes"—Ed I lartlin. 3rd prize 

"Pressure Pulse Measurements"- - Bob Johnson 

"Microwave Optics" - Dave Boyle 2/9/60. 

tittocK 

"M iCLOWI/ ye Applications." Larry Pease, 

Southwestern Bell Telephone Co. 2/23 /60. 

MONIREAL 

"Tropospheric Extended Range Transmis-

sion," S. A. Stone. National Research Council. 

2/1 7/60. 

NOR N ALFIERI A 

"The I RE and Canada," A. I'. II. Barclay, 

Director Region VIII. 2/22/60. 

NOR TIMES! FLORIDA 

"The Use tit Miciowave Energy to Support 

Space Platforms," Dr. R. L. M. E v lo,. Pre›ideut 

M the IRE. 2,10 /60 
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ANOTHER FAIRCHILD FIRST 

onle 
120 

FAIRCHILD'S 2N1613 

2/ 
DIFFUSED SILICON PLANAR TRANSISTOR 

GUARANTEED USEFUL BETAS FROM 
100uA to 0.5A: 
15 (// .1mA 20 ((/ lmA 30 ra 150mA 15 ol 500mA 
Guaranteed minimum Beta over a 5,000 to 1 range 
of collector current makes the 2N1613 the most 
versatile transistor presently on the market. 

WIDE RANGE OF APPLICATIONS: in Fast Switching 
(logic and high current): Amplifiers ( low level, low 
noise, wideband, VHF power). 

RELIABILITY IN A NEW DIMENSION: The Planar 

TENTATIVE SPECIFICATIONS— 
FAIRCHILD 2N1613 

ft typical . . . . . . 100 mc 

Pc fa 25 °C. Case Temperature 3W 
hFE (see Beta paragraph above) Min 30 

VCER • • . 40V 
VCBO . 75V 
VBESAT. (Max.) 1.3V 

VcESAT. (Max.) . . 1.5V 
Ico (,t 25°C. (Max.) measured 

at 60V . . . 25mj.JA 

Transistor is the most thoroughly proven transistor 
ever introduced commercially, with over 5,000,000 
transistor hours plus 300°C. stabilization on all 
units. 

SOME IMPORTANT PARAMETERS: 7 db—Noise 
Figure: 100 megacycles—Gain- bandwidth product; 
0.0005JJA lcgo typical at 60V, 25 1C. 

IMMEDIATE AVAILABILITY: Quantities from 1-999 
from franchised Fairchild distributors at factory 
prices. 

71kCele» 
SEMICONDUCTOR CORPORATION 

545 WHISMAN ROAD MOUNTAIN YEW, CALIF. YOrkshire 8-8161 

For full specifications, wr te Dept. E-5 

A WHOLLY OWNED SUBSIDIARY OF 

FAIRCHILD CAMERA AND INSTRUMENT COMPANY 

PROCEEDINGS OF THE IRE May, 1960 
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ood electronic design 

you limit compromise by 

PROOF: G-E 7077 

over a wide spectrum of 

111-gaCKelleell› 

WIDE-BAND -rApERECORDER. 

For Lockheed, California Division, 28 General Electric 
7077's serve as pre-amplifiers in a 14-channel 500-kc 
60"-per-second tape recorder that stores wide-band 
information from an air defense exercise five times as 
rapidly as before. Extreme requirements of frequency, 
timing accuracy, and reproducibility are met by the 
7077's low noise, high impedance, and high Gm. Also, 
the tube's small size matches the miniaturization needs 
of the Lockheed tape-recorder equipment. 

MOTOROLA 

V ARI ABLE VAR ABU 

AMA AT (N 

LOCAL Pul E 

INPUT 

AC,C 

GROUND-SURVEYING RADAR. 

Motorola's Western Military Electronics Center in 
Phoenix uses four General Electric ceramic 7077's for 
high-speed RF switching and pulse attenuation in a 
440-mc distance measuring circuit where timing to 
one billionth of a second is needed for pulse delay meas-
urement. Minimum plate-to-cathode capacitance, high 
gain, low noise, and a configuration that makes the 
tube ideal for grounded-grid service, were reasons 
back of Motorola's choice of the G-E 7077. 



involves trade-offs... but 

using ceramic tubes. 

meets designers' targets 

frequency and function. 

IPARSONSI 

) *21 
.."aeid 14-4( .12 r • 

MISS-DISTANCE INDICATOR. 

Ralph M. Parsons Company uses seven General Electric 
ceramic 7077's in tuned stages as high-gain, low-noise 
RF amplifiers in its PARAMI system for determining 
air-intercept missile accuracy. A 324-me circuit, the 
Parsons PARAMI system has a gain-bandwidth prod-
uct approaching the limit of the state of the art. 

Phone your nearest General Electric 

New York: Wisconsin 7-4065, 6, 7, 8 Chicago: 

TEIVICO 

UHF 

DISTRIBUTED 

AMPLIFIER. 

Many receivers—one antenna, with Temco Electronics' 
broadband distributed amplifier. Arranged in six five-
stage units, 30 G-E 7077's are used as RF amplifiers, 
operating over a 750 me bandwidth, between 250 and 
1000-mc. Fills the frequency gap between TWT's and 
existing distributed amplifiers. 

Receiving Tube Department Office: 

SPring 7-1600 Los Angeles: GRanite 9-7765 

Progress is Our /Yost important Product 

GENERAL ELECTRIC 



UNPRECEDENTED EFFICIENCIES 
IN HARMONIC GENERATION ... 

11 kMc ' 
input (/ 
500 mw 

Nine new examples of Microwave 
Associates' capabilities in the design of 
harmonic generators are available now. 
These models feature exceptionally 
high output power with conversion 
losses well below existing devices. 

New designs incorporating solid state 
elements can be used to eliminate costly 
klystrons. DC bias supplies and high 
voltage power supplies. All units fea-
ture broadband fixed-tuned operation, 
filters eliminating unwanted harmonics, 
and versatile coaxial, waveguide and 

33 kMc 
output (t 
5 to 20 mw 

strip-line packaging. 
These models are typical examples of 
our progress to date . . . presently we 
are working for even greater efficiencies 
and performance. Additional models in 
development converting 1 watt at 2000 
Mc to 100 mw or more, at 4000 and 
6000 Mc, to be announced soon. 

Your specific application problems are 
of prime interest to us. Our Applica-
tions Engineers would welcome the 
opportunity to design harmonic gen-
erators to meet your specifications. 

SPECIFICATIONS 

INPUT OUTPUT 

Model 
Connector Frequency mw Connector Frequency 
Type UG- Input kMc/s Band input Type UG. Output kMc/s 

Conversion 
Loss (max.) 

Output 
mw 

MA796 

MA797 

MA798A 

MA7988 

MA798C 

MA798D 

MA799A 

MA799B 

MA799C 

23/U 

23/U 

39/U 

39/U 

39/U 

39/U 

39/U 

39/U 

39/U 

0.26 - 0.28 

1.30 - 1.43 

9.0-t-150Mc 

10.0+150Mc 

11.0+150Mc 

12.0+150Mc 

9.0+100Mc 

10.0+100Mc 

11.0+100Mc 

X 

X 

X 

X 

X 

X 

20 

100 

500 

500 

500 

500 

500 

500 

500 

23/U 

23/U 

596/U 

596/U 

596/U 

596/U 

600/U 

600/U 

600/U 

1.30 - 1.43 

5.22 - 5.72 

18.0+300Mc 

20.0+ 300Mc 

22.0+300Mc 

24.0+300Mc 

27.0+300Mc 

30.0+300Mc 

33.0+300Mc 

13db 1 

15db 3 

17db 10 

17db 10 

17db 10 

17db 10 

Ka 20db 5 

Ka 20db 5 

Ka 20db 5 

Write or call: 

MICROWAVE ASSOCIATES, INC. 
BURLINGTON, MASSACHUSETTS 

Western Union FAX-TWX: Burlington, Mass., 942 • BRowning 2-3000 

Section 

Meetings 

(( 'nil nuell from page 1 20.-1) 

Llut.alloo 

"Navigation and Communication Systems and 

Friture Communications," Il. Scarborough, I.T.T. 
Labs. 2/17/60. 

OTTAWA 

"Tunnel Diodes," Dr. John Simpson and Mr. 
Pulford of the National Research Council, Ottawa. 
3.3 '60. 

PHILADELPHIA 

"The IRE and Its Relation to Medical Sci-
Dr. R. I.. McFarlan. President of the IRE. 

3 

PITTSBURGH 

Presentation of Fellow Award by Dr. R. L. Mc-
Farlan, IRE President. 3/2/60. 

"Low Noise Solid State Microwave Receivers." 
Dr. R. D. Harm, Jr., Westinghouse Research Lab-
oratories. 3/7/60. 

PRINCETON 

"Some Recent Developments in Infrared and 
Their Application to Missiles." Eric ‘Voranser. 
Barnes Engineering Co. 1/14/60. 

"Electrical Control of the Brain," Dr. Jose 

Delgado. Yale School of Medicine. 2/11/60. 

REGINA 

"Description of Video System." L. McBride, 
CKCK-TV; "Filters," Dr. D. V. Tilston. Sinclair 

Radio Labs. 1/16/60. 
"Present Day Electronics," A. P. H. Barclay. 

Director Region VIII. Tour and display of 
R.C.NI.P. Crime Detection Lab. 2/17/60. 

Rio DE JANEIRO 

"Automatization of the Telephone Service in 
the Area of Borda do Campo," Dr. V. Martinis, 
Comp. Tel. da Borda do Campo. 3/9/60. 

ROCHESTER 

"Cold Cathode Tubes," Dr. M. Skellett. Tung-
Sol Electric, Inc. 9/24/59. 

"TASI :rime Assignment Speech Interpola-
tion." E. F. O'Neill, Bell Telephone Labs. 12/3/59. 

"Who's Ahead in the Battle of the Sexes-Or-
Ilow to Play Both Sides in Stereo," A. G. !ichitino. 
Stromberg-Carlson. 12/8/59. 

"Christmas Message," Dr. A. S. Turnipseed, 
l'astor, First Methodist Church. 12/15/59. 

SAN ANTONIO-AUSTIN 

"The Log- Periodic Antenna." C. R. Graf. 
USAF Security Service. 2/19/60. 

SAN rmlico 

"Soviet Computing Technology 1059," Dr. 

\V. IL Ware, The Rand Corp. 3/2/60. 

SvaAct,sg 

Presentation of Fellow Awards. 3;3/60. 

Togvo 

"Miscellaneous Ilistory on Radio Waves," Dr. 
Shogo Namba, Kokusai Denshin Denwa Co. 
Presentation of Fellow Award. 2/1/60. 

TORONTO 

Field Tour of Radio Valve Co., Ltd. 11/23/59. 

"Tubes Versus Transistors," D. S. Simkin and 
J. Il. Beardall, Philips Electronics Industries, Ltd. 

12/14/59. 
Field Tour or Maclean.I lunter Printing Plant. 

Toronto. 1/12/60. 
"Students Night." 2/18/60. 
"Backstage Impressions of tlw CBS.," 

F. Davis, CBS. 3/7/60. 

(COntilined paye I 28,1) 
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Another 
Continental Electronics 

Contribution 
in Super Power Radio 

A Subsidiary of 
Ling-Altec Electronics, Inc. 

WASHINGTON TO HAWAII 
VIA OUTER SPACE! 

Right now the Navy's "moon bounce" transmitter is operational ... virtually jamproof 
against enemy and immune to ionospheric storms. 

Essentially, the Navy's "Communications Moon Relay" is a 4-channel multiplexed 
teletypewriter-facsimile circuit between Washington and Pearl Harbor via the moon. 
The narrow beam, highly directionalized L-Band signal pulses travel to the moon and 
bounce back to the receiver in 21/, seconds ... utilizing a half million mile signal 
path to span 5,000 miles! 

Continental Electronics" transmitter is 100 KW, conventional transmission, and is 
unusual for the high level of continuous power used. Each Transmitter-Receiver site 
uses an equatorially mounted, high gain, fully steerable dish-type antenna 84 feet in 
diameter, aimed at the moon by astronomical data. 

When fully developed, this communications system opens a whole new spectrum of 
radio communications for our overcrowded Long Range Communications; the num-
ber of channels that can be carried by time-sharing on a single antenna is 
readily expanded. 

Cuniim_e_n_t_aL Ête,citz_trnix,d_ 
MANUFACTURING COMPANY 

4212 S. Bucknr B vd. • Dallas 27, Texas 

EVErgreen 1-113 5 



THE SHORTEST PULSE ON RECORD... 

GF KI rDATril RV -rim NEW 

Amperee 
TYPE 7093 K-_ AGNETRON 

The 7093 permits the design of an extremely compact. 
short range radar system providing resolution of 4 meters 

at 1000 yards and a minimum range of only a few yards. 

NOTEWORTHY FEATURES OF THE AMPEREX TYPE 7093 
Frequency Range: 34,512 - 35,208Mc. 

Power Output: 25KW 

Pulse Length: 0.02 microseconds 

Rise Time: 600KV per microsecond 

Weight: 4.2 Ills. 

Cathode: Philips dispenser-type 

Immediately available in production quantities. 

Illustration above is a direct line-conversion from an unre-
touched radarscope photo of Schiphol Airport, Amsterdam, 
Netherlands. Range- 1500 meters. 1 jeep traveling down run-
way at 5.5 mph. 2 slow moving vehicles and people walking. 

ask A rrapereit 
about 

microwave tubes 
for microwave applications 

AMPPEX ELECTRONIC CORPORATION 
VI() Duffy Avenue, Hicksville, Long Island. New York 

page 
... in new 
ultra modern 
laboratories 
and offices... 

in the heart of Old 
Georgetown in the 
Nation's Capital 
World-wide communications 
capability in 

Submarine Cable 
Microwave and HF 
Tropo and lono Scatter 
Active and Passive Satellite 
Communications 

Engineers: 
Fur interesting., and rewarding 

ions on our technical 
staff, ; address votar inquiry to: Mr. 
J. I'. Gaines, l'ers. Mgr. 

rage 
COMMUNICATIONS 
ENGINEERS, INC. 
Subsidiary of Northrop Corporation 

2001 WISCONSIN AVENUE, N.W., 

WASHINGTON 7, D.C. 
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fast, direct- reading, easy-to-use 

PANORAMIC LP-la 
SONIC SPECTRUM ANALYZER 

20 cps-22.5 h. 
"Coast-dcwn" analysis of Gyro Motor by Model LP- la Spec-
trum Analyzer. Area A shows decreasing fundamental fre-
quency, iesonant rise and decay, and vibra:ion components 
over 60 successive scans in one minute. 

The Model LP- la ' quick-look" helps locate and evaluate discrete 
or random signals faster and easier by scanning the entire spec-
trum logarithm rally from 40 cps to 20 kc. Once every second it 
automatically separates, measures and plots the frequency and 
voltage of waveform components on the calibrated X and Y axes, 
respectively, of a long persistence 5" CRT. 

For very detailed analysis, linear segments 40 to 5000 cps 
wide, centerable be.ween 0 and 20 kc, may be magnified on the 
screen. 

Amplitude ratios of up to 40 db can be simultaneously measured. 

High sampling rate and panoramic displays assure 

o Minimum risk of missing weak signals or spectrum holes. 

2 Fast measurements by eliminating slow point by point plots. 

3 Simultaneous measurement of signals with widely divergent 
amplitudes and/or frequencies. 

4 Continuous analysis of rapid changes in spectral content or de-
sign parameters. 

Proved in hundreds of research, design and production installa-
tions, the LP- la is a valuable tool for Noise and Vibration analy-
sis • Harmonic and IM measurements • General waveform stud-
ies • Power Spectral Density Analysis • Response Curve Tracing 

SUMMARY OF SPECIFICATIONS: 
Frequency Runge: 20 cps-22.5 kc. 

Ill Preset linear frequency scans: any segment width of 200, 
1000, 5000 cps centerable from 0-20 kc; Variable from 40 
cps to 5000 cps with Auxiliary Function Unit C. 

(21 Preset Log Scan-40 cps to 20 kc. 

Frequency Scales: Linear and Log 

Center Frequency Control: Calibrated 0-20 kc ( used on lin scan) 

Dynamic Range: 60 db 

Amplitude Scales: Linear and 2 decade log ( Expandable to 60 dbl 

Sensitivity: 500 icy to 500 v for full scale linear deflection 

Voltage Accuracy: Lin Sweep (40 cps-22.5 kc): -±-5% or 
-±0.5 db. Log Sweep (40 cps-20 kch -.± 10% on lin. 
ampl. scale, -± 1.5 db on log ampl. scale. 

Scan Rate: 1/sec , internally generated; adjustable with accessory 
equipments 

Resolution: For tog scan, automatical y optimized. For lin scan, 
preset 30, 75 and 170 cps at 200, 1000 and 5000 cps 
sweepwidth, respectively. Variable from 10 cps to 1 kc 
with AuxiVory Function Unit C. 

Pre pioneer 

-71d thlrAngler 

II" 

HIGHLIGHT FEATURES: 

• 1-sec. " quick- look" at entire spectrum (40 cps-20 kc) 

• Magnified analysis on reduced sweep widths 

• Direct reading frequency—selective voltmeter 

• Exceptionally stable circuitry: better than 5 cps/hr. 

• Economical 

cfrpendable 

CERTIFIED 
SPECIFICATIONS 

ter accurate 
\ data 

• '-

Write, wire or phone NOW for 
detailed information and specifications 
on the Model LP- la. 

Ask for Vols. I, 2 and 5 of the " Panoramic 
Analyzer" . . . featuring applications and 
techniques of Spectrum Analysis, and get on 
our regular mailing list for this helpful publica-
tion. NEW CATALOG DIGEST AVAILABLE 

• Simple Operation 

PANORAMIC RADIO PRODUCTS, INC. 

522 South Fulton Avenue, Mount Vernon, N.Y. • Phone: OWens 9-4600 
Cables: Panoramic, Mount Vernon, N.Y. State 

PROCEEDINGS OF THE IRE May, 1960 
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BARNSTEAD 
ENGINEERED 

WATER PURIFICATION 
EQUIPMENT 

18,000,000 OHM WATER 
This Barnstead equipment engineered in 
series consists of sand and carbon filter, 
high-capacity four-bed demineralizer. two 
Barnstead High-Purity Stills, Tin-lined 
tank, Mixed-Bed Demineralizer, MF Sub-
micron Filter, Tin-lined Heater. Pro-
duces 18.000,000 ohm water in production 
quantities, completely free of minerals, 
organics, bacteria, and submicroscopic 
particles down to 0.45 micron. 

COOLING WATER 
RE-PURIFYING SYSTEM 

adds thousands of lours to UHF trans-
mitting tube life. Saves additional hours 
of maintenance ordinarily spent in citric 
acid cleaning procedures within the cool-
ing system. Write for detailed Bulletin 149. 

E 

TRANSISTOR WASHER 
Rinses transistors, diodes, and other small 
components in hot, ultra pure water. Sys-
tem filters out particles to 0.45 micron. 
Continuous re-purification system con-
serves water resulting in substantial sav-
ings. Write for Bulletin 146. 

PM MOM MI 1 I« 0 

arnstead 
STILL AND STERILIZER CO. 
56 Lanesville Terrace, Boston 31, Mass. 

BOSTON 
JAmaica 
2-8490 

CHICAGO 
ROgers Park 

I-6173 
LIS ANGELES 

RYan 
1-6643 

NEW YORK CLEVELAND 
Klngsbridge ACademy 
I-1557 6-6622 

PHILADELPHIA WASHINGTON, D.C. 
LOeust DIstriet 
8-1796 7-1142 

SAN FRANCISCO DETROIT 
TEmplebar ENterprise 
2-5391 7422 

PRIZE 
PROGRAMMED 

PULSE 
PACKAGE 
... for the engineer who needs 
fully controlled, bi-polar, 
high amplitude current pulses 
for R & D in thin magnetic 
films and high speed ferrites. 

For eight step programming, 
large load handling capacity, 
multiple current outputs . . . 
Rese Model 1020 Programmed 
Current Pulse Generator. 
Write for Bulletin 57-B. 

rese engineering, inc. 
731 ARCH ST., PHILADELPHIA 6 

MAGNETIC CORE TESTERS • HIGH SPEED MEMORIES • LOGIC CIRCUIT PLUG- INS 

Section 

Meetings 

(Continued fr,on ray, 121:1) 

TUCSON 

"Relativity. Atomic Clocks and Satellites," Dr. 
II. Lyons, Hughes Aircraft Co. 2/18/60. 

TULSA 

"Modern Stereo," P. W. Klipsch, Klipsch & 
Associates. 2/18/60. 

VIRGINIA 

"The Day The Earth Tumbles." C. P. Thomas, 

Hughes Aircraft Corp. 1/22/60. 
"Project Mercury," G. V. Graves, NASA. 

2/12/60. 

W ESTERN M ASSACHUSETTS 

"The Frontiers of Space," T. Mehlin, Williams 

College. 2/17/60. 

W ICHITA 

"Your Institute of Radio Engineers." C. E. 
Harp, University of Oklahoma. 1/20/60. 

"Electronic Switching." W. B. Quirk, Bell 
Telephone. 2/18/60. 

W ILLIAMSPORT 

"State Police Radio," Lt. R. Bomboy, Penn-
sylvania State Police. 2/24/60. 

W INNIPEG 

'Electronics and the IRE." A. P. H. Barclay. 

Director Region VIII. 2/15/60. 

(Continued on rage 1.10A) 

H EAT HKI T 

CATALOG 

• HIGH FIDELITY 

• HAM RADIO 

• MARINE 

• INSTRUMENTS 

- - 
Over 150 do-it-yourself electronic kits 
• are illustrated and described in this 
complete Heathkit Catalog. 

DO-IT-YOURSELF... IT'S FUN 

IT'S EASY & YOU SAYE UP TO 1/2! 

HEATH COMPANY I DAYSTROM 
leor 

Benton Fkrbor 4, Michigan 

Please send the FREE Heathkit Catalog 

NAME 

ADDRESS 

CITY ZONE STATE  
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FLAT-FACE 

RADAR 

DISPLAY 

TUBES 
IL 

Featuring face plate radius of 150 inches 

minimum and High Resolution 
Capabilities 

Available in 22", 16", 12" and 8" 
Sizes ... 22" Tube Types available 
with 713P or 53° Deflection Angle, 

PARABLE WITH ONE OF THE 
FOLLOWING THREE GUNS 

• Magnetic Focus Gun... gives uniform 
iine width across entire tube. 

• Electrostatic High Resolution Gull... 
capabilities exceeding 1000 TV lines .at a 
light output of 80 foot- lamberts. 

• Magnetic High Resolution Gua... capa. 
Dillies exceeding the electrostatic gun. 

Rauland research makes possible these remarkably 

advanced Radar Display Tubes. Their Flat Face 

feature assures minimum parallax error, and their 

high resolution affords maximum display accuracy. 

SIGNAL STORAGE TYPE TUBE—Has 
resolving capability of 1000 TV lines, 
half-tone presentation and storage char-
acteristics var,able from a few seconds to 
several minutes. 

HIGH- RESOLUTION, HIGH-BRIGHT-
NESS TUBE— Round 21' high voltage 
CRT will resolve at least 1000 TV lines at 
300-500 foot- lamberts I ight output. For dis-
plays under high ambient light conditions. 

SHUTTER IMAGE CONVERTER TUBE 
--- Used for ultra-fast photography with 
exposure times in the milli- microsecond 
range; will present a stroboscopic picture 
of high speed phenomena. 

CONSULT US ON ANY SPECIAL TUBE PROBLEM...ask for lat:,,st 

"Mr 

The RAULAND Corporation 
4247 North Kiox Avenue • Chicago 41, Illinois EC 

oe 

TIM RESEARCH 
A ,4, drrm e SUBSIDIARY 

• MUlbarry 5-5000 
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But his big job is keeping you 
posted on the developments in 
engineering today. Follow him as  
he reviews the facts behind our ‘ 

terse, timely column in the 
New York World-Telegram. 

RACK MOUNTED OSCILLOSCOPES 
Illustrated is No. 90923, one of the Millen line 
of rack mounted oscilloscopes. No. 90923 is 
complete with amplifiers and sweep. Good low 
frequency response and linearity. For monitor-
ing, production test,or laboratory use.Compact. 
Uses type 3XP1 3- x 1 ! 2.. rectangular cathode 
ray tube. 

JAMES MILLEN MFG. CO., INC. 
MAIDEN 

MASSACHUSETTS 

An engineer talks shop in the 

NewYorkWorld-Telegram 
three times weekly-

Monday, Wednesday, Saturday 

Rockets and computers are just part 
of Dick( Slawsky's beat. As an 
engineer turned reporter he takes 
a lot of time to cover the machines 
that make miracles possible. 

„0049911111ai „friam„.,, s111 

( 
scientific breakthroughs... in a 

-   

A SCRIPPS-HOWARD NEWSPAPER 

Section 

Meetings 

(C,iit,attierl Iron. Mgr 1.MA 

SUBSECTIONS 

Itt•ENAV ENT 'R A 

lilt ion in /Uedicine." Robot Martin. 

I wvelopment Corp. 2/ 17,60. 

EAS I BAY 

"Iteceigt 1....xperience at Saclay, 

France"; " Ite,cat \Vork Photo Mi ii ipliers." 

Q. A. Kern.,, Lawrence Itad'a4 kin Lab. 2/IS /60. 

FAIRFIELD C<H'N'I 

'State of tie Art in the Field of Receivers as 

Pertains to Weak Signal Reception," F. S. Danis, 

Microwave As.ociates. 2/25.'60. 

Ki ICIIENER-W ATERLDO 

"Parametric Amplitier›. - Dr J. L. Ven, ( ni-

versity of Toronto; Demmetration of Parametric 

Amplifiers by S. Demitrevs*:y, University of Toron-

to. 2,22/60. 
LANCASTER 

"The Significance of Military Communication 
Satellites," C. D. May, Jr.. Army Communication 

Servke. Wa,Itington, D.C. 1/21/60. 

LEHIGH VALLEY 

"Facilities and Functions of the New Betide-
hem Steel Company Researai Laboratary, .1. S. 

Marsh, Bethlehem Steel Co. ini/o0. 
'Inertial Guidance and Space Na.vigatiim," 

G. C. Ander ,on. NorCi American. 2/24/60. 

(Cmginneni in Page HM) 
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OFFERS YOU MORE HIGH PERFORMANCE FEATURES 
THAN ANY OTHER RECORDER...at any price! 

NEWEST way to write performance • . • 

SELF-BALANCING POTENTIOMETR'IC RECORDER 

The old cliché, "You can pay more but you can't buy 
better" was never more applicable than in the new 
"servo/titer" recorder. Texas Instruments has devel-
oped a self-balancing potentiometric recorder that 
incorporates premium engineering refinements, sensi-
tivity, reliability and quality construction as standard 
equipment. 

High-Sensitivity — Standard electrical span of 2.5 
millivolt d-c with off-balance input resistance of 4 
megohms gives a power sensitivity of better than 
10-17 watts. 

Fast Pen Speed — Span step response is less than 
0.5 second. 

High Interference Rejection— Good filtering provides 
high orders of rejection to common-mode d-c and all 
types of 60 cps interference. Guard shields permit 
making full-accuracy measurements at hundreds of 
volts above ground. 

Long-Term Reliability — Tube life is prolonged by 

\ V ° TEXAS 
GEOSCI ENCES 

heat-dissipating shields. Amplifier gain is stabilized 
by partial negative feedback. Non-lash, non-wearing, 
toothed belt drive gives long consistent performance. 

Superior Operating Conveniences — Recorder func-
tion is easily changed by plug-in input units. Presently 
standard are 2.5, 5, or 10 millivolt d-c electrical spans 
. . . special applications and ranges are easily accom-
modated. "Micrometer" control for zero adjustment 
and main amplifier gain control are readily accessible 
as are all other adjustments, connections, and con-
trols. The popular 10-speed chart gears and the high-
capacity, easy-prime ink handling system proved on 
the "recti/riter" recorder are standard equipment on 
the "servo/titer" recorder. 

There are four "servo/titer" recorder models to choose 
from.. . Single Channel, Narrow Grid; Single Channel, 
Wide Grid; Dual Channel, Narrow Grids; and Dual 
Channel (overlapping pens), Wide Grid. Write for 
technical literature and TI engineering assistance in 
your specific end or OEM use. 

INSTRUMENTS 
INCORPORATED 

8r INSTRUMENTATION DIVISION 

3609 BUFFALO SPEEDWAY • HOUSTON 6. TEXAS • CABLE: TEXINS 

The new "serva/riter" 
recorder is a companion ta 
the proved "re:it riter" 

re:order. 

•"servo ' iter' : s a t'aderrark 

cl Teaas Instruments 

287 



new 

Min/late 
miniature rack & panel connectors 

with POK.-E-ReMEecontacts 
Solve space, weight and size problems with AMPHENOL'S new 

Min Rae 17 connectors, true miniatures with the "Big Plus" 

advantage of Poke Home contacts! Min Rae 17's are rack & panel 

connectors ideally suited for today's compact chassis designs, 

connectors half the size and weight of standards, delivering 

full size efficiency. And with the patented Poke Home contact 

concept (U.S. Pat. 2,419,018), Min Rae 17's are easily, 

reliably assembled—contacts are crimped or soldered outside 

the connector body, then "poked home" for assembly. 

Min Rae 17's are available in 9, 15, 25, 37 and 50 contacts 

in rack & panel, cable-to-chassis and cable-to-cable designs. 

Contacts are gold plated. Shells may be ordered with 

clear chromate or gold indite finish. 

e 

Q%..1PHENCIL CONNECTOR DIVISION 
--) 1830 S. 54th AVE ., CHICAGO 50. ILLINOIS 

These remarkable conriectors 
are available now—write 
for full catalog! 

Section 

Meetings 

. .i 1, 1„ge 1$0A) 

Mnixtems 

ngineering•Science Teaching as a Career," 

I. Freyinuth. Southwestern : it Memphis. 2/25/60. 

NIraaimAcg VALLEY 

"The Hawk Missile System," J. J. Kirby. 

Raytheon Co. 2 15-60. 

NOR1 VERMON I 

"Progress Report----Space Fer hnology." D. E. 

Mullen, General Electric. 2/23,'60. 

SAM A ANA 

"Tile Ellgille, t'S StallIS to Ills Company, the 

Profession and His Community," Panel discussion 

by I. J. E:1;11- anal E. E. Ferry of Hoffman Elec-

tronics Corp., and Arthur Curtiss, RCA. 2/24/60. 

SANTA BARItARA 

"Nlonstious Grouth in High Energy Physics," 

Dr. II. 'burbler, University of California. 1/22/60. 

"Millimetric Waves." J. Markin. Raytheon 

Co. 2 24/60. 

W ESTERN NORTII CAROLINA 

"Properties of Teflon," J. P. Shoffner, Dupont. 

"Teflon Fabrication and Applications," B. Ely. 

Pennsylvania Fluorocarbon Co. 2 / 26/60. 

10 TO 60 MILLIWATT SENSITIVITY! 
SERIES 6000 

MICRO 
RELAY 

For Tube or Transistor Circuits. 
Hermetic Seal 
Plug in or Terminals 

(ACTUAL SIZE) 

SPECIFICATIONS 

• S P.D T. Switch 
• 60 Milliwatt Nominal 

(Special to 10 Milliwatt) 

• Rating-1 Amp., 24 V. Non-Inductive 

• 24 to 10,000 Ohm Coils 

• Vibration Characteristics Excellent 

• Built to Match Your Circuit 

TERADO COMPANY 
1065 RAYMOND AVE. • ST. PAUL 8, MINN. 

Amphenol-Borg Electronics Corporatio IL 



Tunnel Diode Switching Time Measurement 
with Tektronix Type N Sampling Plug-In Unit 

Tektronix 
I Plug-In +GATE 

Oscilloscope °Ler 

GND. 

TYPE 
N 

o. •• 

—3 ft RG58A/U 

—3fr RG8AAU 

1000 Pf 330.9 470 2 225 0 

TUNNEL DIODE 

Value for 10-25ima diodes 
Larger for lowercsrrent diodes 

A convenient low-cost method of testing tunnel ( Esaki) diodes 
with nanosecond switching speeds is shown above, A Tek-
tronix Plug- In Oscilloscope provides both the current ramo 
source for the tunnel diode and the pretrigger for the Type N 
Unit. The N Unit is set up in the usual way — however, °he 
oscilloscope main sweep generator is allowed to free -un at 
1 jusec/cm. The + GATE OUT not only triggers the N Unit 
but also provides a delayed current ramp with a low rate of 
change—which a. lows the tunnel diode to switch at essentially 
its own rate 

TYPE !PA OSCILLOSCOPE 
 TME SASE   
1".11a I.G11.14 MC01 ROGrAll 110,1 

MOM. IIVI. 

I 
$13 

0.0) 

(NEWPULSE-SAMPLING upon' 
for all Tektronix Plug- In Oscilloscopes 

.. — .... . 
The new Type N Unit converts your Tektronix Plug- In 

Oscilloscope to a Pulse- Sampling Oscilloscope with a rise 
time of 0.6 nanoseconds. Applications in which the signa 
source can furnish a " pretrigger", such as that shown above, 
require no additional equipment. 

For a completely versatile Pulse-Sampling System, 
Tektronix also manufactures a Pulse Generator and 
Trigger Takeoff, a 60-nsec Delay Line, a Pretrigger 
Pulse Generator, and several useful accessories. Please 
call your Tektronix Field Engineer for complete details 
and, if desired, a demonst-ation of the Type N Unit or 
the complete Systerr. 

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

Phone Mitchell 4-3161 • TWX—BEAV 311 • Cable: TEKTRONIX 

Characteristics 

0.6 nsec risetime (appronimately 600 mc). 

10 my cm sensitivity. 2 In or less amplitude noise.) 

1, 2, 5, and 10 nsec/cm equivalent sweep rimes 
(20 to 50 psec time noise). 

50-ohm input impedance. 

50, 100, 200, and 500 samples per display. 

Sampling rate — 50 c :o 100 kc. 

±-120 my minimum linear range ( safe overload 4 v) 

Trigger input requirement: + 0.5 v, 1 nsec duration, 
40 nsec in advance of s:gnal. Recovery time is I 0 
ittsec. Counts down from 50 mc. 

PRICE $600 
f.o.b. factory 

TIEKTICNIX HELD OFFICES: Alb..qi.erq:c. N. Mi'v. • Aila-nta, Ga. • istairnore iTo.sra, MO! • boson Heviegton, Moss.) • Buffalo, N.Y. • Chicago ( Pork Ridgc, I(I.) • Cleveland, Ohio • Dallies, Texas • Der cn, 
Ohio • De•vrt, . Detroit ( lothrt p Vil age, Mich] • Endicott ( Endurait, N.Y.) • Greensbc-o, Houton, Ten.. Konsos City IMason. Von.) • East Los Angeles, Calif. • West Los Arlie es, Calif. • iirnin• 
nt.opol ,s., M., • Net. 'for, City Amen IAlber•,on. 1.1 .N.Y.• Stamford, Conn. • Union, N.J.) • °Horde, lia. • Philadelphio, Pe.. Phoenix, ( Scottsdale, Aria.) • Son Diego, Calif. • Son Francisco Maio Atto. Calif.) 
. St. Fe'et,tt..•9 FH • `- tro,,, N • • ,./. 11o.dol.. Ont.) Cornds . Woshingtan, DC 1Annanciale.Ve. 

TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronic, PnrtIond, Orronn • Seottle. Washington. Tektronix is represented in twenty overseas countiies by qualified engineering °rpm:Oran,. 

In Eu:ope please write Tektron'c Inc., Victoria Ave.. St. Sampsons, Guernsey C. t., for the address of the Tektronix Representative in your countsy. 
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• Space Electronics—a new and 
rapidly expanding dimension in 

creative electronics— offers an 
environment to senior engineers 

and scientists which embodies 

those challenges and opportu-
nities vital to individual growth. 

Young, but possessing a wealth 
of experience in missile elec-

tronics that is unsurpassed by 
any comparable firm, Space 

, Electronics already has made 
significant and practical contri-
butions to our nation's missile 
and space program. 

One such example is   

digiloèk 
the first orthogonal PCSA system for ultra long range telemetry... 

...offering an unmatched efficiency 

SPACE ELECTRONI cs 4: CORPORATION 
930 Air Way Glendale 1, California CHapman 5-7651 

Those qualified to Join an exceptional team of senior engineers and scientist', 

are invited to inquire 

Positions 

Open 
111111111111 111111111111:11111! 

The following positions of interest to 

IRE members have been reported as 

open. Apply in writing, addressing reply 

to company mentioned or to I lox No..... 

The Institute reserves the right to refuse any 

announcement without giving a reason for 

the refusal. 

Proceedings of the IRE 

1 East 79th St., New York 21, N.Y. 

TEACHING POSITION 

Expanding, recently organi/ed dept. with a 
modern science•oriented curriculum, seeks a well-

qualified person who is interested militarily in 
teaching. Advanced degree required. This is nn 

unusually attractive position for the right in-

dividual. 12 month salary assured, if desired 

for approximately RP:, months service. Possible 
to have every other slimmer off while earning 
full salary. Salary range is approximately 

$6.000 to $8,000. Private, nictlinin-si/ed university 

in midwest. Send vomplete resume to ' lox 2011. 

ENGINEER 

Electronics Research atol I )evelopment 
needs man with experience in transistor-circuit 

development. Position carries opportunity to 
study for advanced degrees in Physics or Engi-

neering. Salary consistent with training and 

experience. Applicants will he required to have 
BS, degree or better in Physics or Engineering 

to qualify. For niore details write Research 
Foundation, Oklahoma State University, Still-

water, Okla.. cir call R. F. Mick, FRontier 
2-6211. Ext. 57,/, after 5 P.M. or holidays call 
FRomier 2-$450. 

ELECTRICAL ENGINEERS 

University ippoimmcots I.litiil Engineer• 
ing. Three openings int ! tiding the ( hail- in Elec-

trical Engineering in new Faculty of Applied 

Science with opportunity for tidvancement and 
research. Attractive salary schedule. New build-
ing under construction. 1'11.1/. or Master's degree 
desirable. Apply to F. A. DeMarco, Principal, 
Essex College, 1Vindsor, Ontario. 

TEACHING POSITION 

Expansion id. , r:oloate work in E.Eat Syra' 
cuse Universit> has created several openings at 
the Assistant and Associate Professorial ranks. 

Except in very unusual circumstances. appli• 
cant: should have a Doctorate in E. E, or a 

closely allied field. Opportunities exist for com• 
Intuition of teaching and research during the 
academic year. and for sumiller employment on 
research. Teaching is primarily at the graduate 

level. Salary delientls Oil experience, but in most 
cases the yearly salary ( for Il months work) 

is reasonably competitive with iculustry. Write to 
Dr. W. R. LePage, Chairman, Dept. of E.E., 

Syracuse University, Syracuse 10, New York. 

ASSOCIATE OR ASSISTANT PROFESSOR 

Expert in field of semiconductors. l'In. D. is 

minimum requirement, applicant must have some 
teaching experience. Academic rank and salary 
dependent on demonstrated ability and over-all 

experience. The man in this position will divide 

his time between teaching anti research. Ap-
pointment begins Sept. 1960. W'rite, including 

resume to W. R. Beam, Head, E. E. Dept., 
Rensselaer Polytechnic Institute, Troy, N. Y. 

(Continued on rage 138.4) 
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How the continuous need 

to improve the nation's 

space surveillance 

capabilities opens 

avenues for new 

engineering careers 

4 

a árect.- .e.o10414".--

1. 

The continuous need we are talking about at Gen-
eral Electric refers to the fact that future-generation 
missiles, satellites and deep space probes will re-
quire refined or entirely new detection techniques, 
including many that have not yet been conceived. 

For example, it is anticipated that ¡or every 

technical discipline now utilized in the detection 
field, at least one more must be jound to apply 
within the next 10-year - period. 

With this in mind, General Electric is increasing 
its electronics engineering staff now working on 
advanced missile, satellite and deep-space probe 
detection systems. Keeping pace with this expan-
sion, the Company added a new building lasi year, 
and another will be ready for occupancy in a few 
months. 

First clues to this trend were obvious in General 
Electric's well known "Golfball Study," published 
five years ago. This study compared the problem of 
missile detection to that of locating a golfball 200 
miles away, using the most advanced techniques 
available in 1954. The problem no longer has such 
proportions, thanks to the creative imagination of 
dedicated General Electric engineering, scientific, 
and technical personnel responsible for designing 
and developing the unique surveillance sub-system 
of the Ballistic Missiles Early Warning System 
BMEWS) which is receiving headline attention 

today. 

Find out more about these creative and self-

expressive opportunities now open to qualified 
personnel in one of the most vital technologies 
of the space age. 

, 

GENERAL ELECTRIC 
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RADAR EQUIPMENT SYSTEMS SPECIALISTS capable of con-
ceiving and directing the design of long-range radar systems. 
Desirable experience includes 3 to 10 years in at least one of 
the following: radar systems design, antenna systems, RF com-
ponents, transmitters, radar receiver systems or radar data 
processing systems. Salary structure is fully equal to the pro-
fessional requirements of the job. 

ADVANCED SYSTEMS ENGINEERS capable of defining future 
defense and space detection problems including deep space-probe 
tracking. Also the ability to conceive and establish the feasibility 
of optimum systems solutions to these problems—making use 
of the most advanced techniques and understandings. Also 
required is an ability to recognize the need for, and coordinate 
the development of, new techniques and the exploration of new 
phenomena. Experience requirements include a Bachelor degree 
plus a combination of advanced training and several years' 
experience in both the theoretical and practical aspects of detec-
tion systems engineering. A desire to work in the conceptual 
phase of systems design with the analytical ability required to 
evaluate and demonstrate the effectiveness of the proposed 
systems is essential. 

FIELD OPERATIONS ENGINEERS for systems management teams 
to be deployed at complex radar systems installations of the 
BMEWS type. Systems-oriented Electronics Engineers are needed 
who have the ability to assume responsibility for installation, 
checkout, and integration of major radar systems. Background 
in high-powered Klystron transmitters, low-noise receivers and 

digital data processing equipment is desirable. A Bachelor degree 
is required. 

ADDRESS YOUR INQUIRY IN CONFIDENCE TO: 
MR. JOSEPH WOOL, PROFESSIONAL PLACEMENT, DEPT. T-4 
MISSILE DETECTION SYSTEMS SECTION 

HEAVY MILITARY ELECTRONICS DEPARTMENT 

GENERAL ELECTRIC COMPANY 

COURT STREET, SYRACUSE, NEW YORK 

Qualified applicants will be invited to visit us in Syracuse at 
Company expense. Relocation assistance will be provided. 177-25 

GENERAL ELECTRIC 



At Bendix York, we have a number of immediate openings for Electronic 
Engineers and Physicists. 

There are many worthwhile advantages awaiting the Professional Engineer 

who chooses to advance his career with us at Bendix York. 

A white rose... 
The white rose is a symbol at Bendix York . . . a symbol with two mean-

ings. Both of vital importance to your future. 

First, the white rose is the official flower of York, Pennsylvania. It is 
a symbol of the good life in our dynamic community, located in the heart 
of the scenic Pennsylvania Dutch region. It is a wholesome, happy area 

with excellent schools, delightful recreational opportunities and many 

cultural advantages. Here—away from high-pressure, high-cost, big-city 

living—you will enjoy the fuller, more rewarding life that you want for 

yourself and for your family. 

Second, the white rose is a symbol of perfection . . . the perfection for 

which we strive at Bendix York—perfection in the engineering and 
scientific pioneering and development in missile electronics that is our 

principal objective. 

We offer a small Division's assurance of individual recognition and 

advancement, and yet you have the security and employee benefits of a 

large corporation. 

We would like to have the opportunity to tell you more about Bendix 

York. We invite you to contact us—by dropping us a post card, by giving 

us a call or, if you will, by sending us a brief resume. Address Pro-

fessional Employment: Dept. P 

AVIATION CORPORATION 

YORK olyisiom York, Pennsylvania 
" Phone: Ycrk 47-1951 
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ENGINEERS 
NOW—CHOOSE YOUR ASSIGNMENT 

AND LOCATION THROUGH OUR 

NATION-WIDE PLACEMENT SERVICE 

SALARIES $7,500 TO $ 18,000 

We can offer you a large selection of diversified posi-
tions with America's foremost electronic organizations. 
Some positions for non-citizens. 

The following are just a few of a large number of 
desirable opportunities. 

SR. ENGR.—DIGITAL COMPUTERS— 

Exp. required in systems, logical 

design, packaging, system integra-

tion or pulse circuitry. To $ 15,000 

FLIGHT TEST EVALUATION—Sr. Opp 

in Ground êt Flight Test on data 
links, precision transducers, tele-

metering equipment, power supplies, 

circuit monitors and impedance 

matching units. To $ 15,000 

RF ANTENNA—Proj. Engr. $ 15,000 

INFRA RED—Proj Engr. $15,000 

CIRCUIT DESIGNERS — 2-5 years 

Transistor experience. $ 11,000 

ADVANCED SYSTEM DEVELOPMENT 

—Supervisory position in digital 

computer, fire control or missile 

guidance development. To $ 17,000 

PHYSICIST Phd.—Nuclear experi-

ence pertaining to radiation from 

propulsion units—unusual opportu-

nity. To 818,000 

PROJECT LEADER—Antenna Pedes-

tals. S13,000 

SR. ENGINEER—DEVELOP Airborne & 

spaceborne Loinmunications systems. 
$15,000 

Just tell us what you would like to do and where you would like to locate, 
and we will handle everything for you without cost or obligation. 

LOCATION DESIRED POSITION DESIRED 
D New England 
O Northern East Coast 
• Southern East Coast 
D Midwest 
• Southwest 
D West Coast 

0 Systems 
0 Radar 

ID Transistors 
[7] Tubes 
D TV Receivers 
D Microwave 
D Anal. Computers 
D Dig. Computers 
D Antenna 

D Servo-Mechanisms 
D Navigation 
D Counter Measures 
• Telemetering 
Ei Nucleonics 
• Ind'I. Instruments 
D Components 
D Circuit Design 

WHAT SATISFIED ENGINEERS SAY: 

Dear Mr. Brisk: 
This is to advise you I hare a,,epted 

employment with   Company 
as a Protect leader at $ 15,000. 

Your serrire has been a real help to 
me, for I am sure I could not hare found 
this unusual opening by myself. 

Thank you. 

Dear Mr. Brisk: 
1 hare today advised  Com-

Pan; that I would be Pleased to accept 
their offer. I start August Is: as a senior 
engineer at $13,000. 
The opportunity is one of the most 

outstanding I hate seen. 

I.S.E. 

A National Electronic Placement Service Established in 1937. 
You ore assured of prompt and completely confidential service by 

forwarding three resumes to HARRY L. BRISK, (Member IRE) 

ersonnel ervice 
Employment Counselors Since 1937 

Department A 

12 South 12th St., Philadelphia 7, Penna. WAInut 2-4460 

_________ - ........... 
...... ...... ........ ....... 

'.•:•:•:. 

Positions 

Open 
\\11 1111111110111r 

(Continued frem page 134A) 

EDITOR 

Scientific book publisher needs radio engineer 
to plan and develop new books. Publishing ex-
perience desirable. Write in detail. State salary. 
Box 2012. 

ENGINEERS 

Major firm seeking ( 0 Section leader, Elec-
tromechanical design, ( 2) Section leader, test-
ing and reliability, knowledge of Military Sc. 
ceptance testing, ( 3) Manufacturing engineers, 
knowledge of standards, process and tool engi• 
neering for electromechanical display equipment. 
Top future positions. Benefit programs. Salaries 
$8,000-$15,000. Contact Mr. W. Hart, Witty-
Polo's Management Consultants, 176 East 75 
St., New York 21, N. Y. Telephone: I.ehigh 
5-4222. 

INSTRUCTOR AND ASSISTANT 
PROFESSOR 

For those interested in teaching fundamental 
electrical & electronic subjects. Opening for fall 
semester beginning Sept. 1960. Salary depends 
on qualifications. New building and equipment. 
Opportunity for advancement and further study. 
9 month academic year. Part time evening ses-
sion work available. Health Insurance and Pen-
sion Plats. Send complete resume to l'rof. 1. L. 
Kosow, Dept. Head. Electrical Technology, Staten 
Island Community College. 50 Bay St.. Staten 
Island 1. N. Y. 

ELECTRICAL ENGINEERING PROFESSORS 

Fast growing Engineering School on west 
coast needs 3 electronic-electrical engineers able 
to teach circuits and electronics, with a special-
ty in communications, industrial electronics or 
computers. MS. degree plus industrial experience 
is the minimum requirement; a P h.D. is de-
sirable. Salary and rank will depend on experi. 
ence. The dept. has just moved into a new 
building and needs aggressive men who wish to 
develop curricula and labs. Apply I.. Crom-
well, Head, E.E. Dept., Los Angeles State Col. 
lege, 5151 State College Dr., Los Angeles 32, 
Calif. 

PROFESSOR 

Assistant and/or Associate Professor of E. E. 
with interest and experience in one of the fol-
lowing areas: electromagnetic theory, information 
theory, digital computer logic and numerical 
methods, solid state. Ph.D. required, Combina. 
tion of research, graduate and undergraduate 
teaching. Address inquiries to Dr. C. Polk, Head 
Dept. of E.E., University of Rhode Island, King. 
ston, Rhode Island. 

PROJECT ENGINEER 

Project Engineer to supervise complete pro-
jects in design and development of automatically 
sequencing, self checking test equipment used 
to evaluate complex airborne guidance systems 
and components, as well as industrial process 
instrumentation. E.E. plus 5-7 years experience. 
Kearfott Div.—General Precision, Inc. Ait: P. 
Kull, 1500 Main Ave., Clifton, New Jersey. 

SENIOR ELECTRICAL ENGINEER 

EE. degree and 8-10 years experience in. 
eluding experience in electronics. Interesting 
work in conjunction with a nuclear physics re-
search program. Benefits include a reduced tui-
tion rate for the employee and free tuition for 
children of employees with 5 or more years of 
service. If interested, send complete resume, in-

(Continued on Page 143A) 
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This " bazooka" type cannon of 1395 fired lead, 
lapidary and finned missiles. Their main disadvan-
tage — practically impossible to aim or guide to 
its target. The missile was named after Henry VIII 
because he was considered a connoisseur of walking 
sticks which were often used to conceal weapons. 

Today, as a vital part of one of the world's largest 
electronics companies, Raytheon's Missile Systems 
Division is making significant contributions to the 
art of missilry. The exciting new Pin Cushion Project 
for selective missile identification, the constantly 
advancing Navy's air-to-air SPARROW III and 
Army's HAWK are examples of their outstanding 
creative work. 

We are seeking highly creative people to maintain 
Raytheon's leadership in this challenging field. For 
these people, Raytheon's Missile Systems Division 
creates a climate for talent — perhaps your talent. 

14 th CENTURY 
WALKING STICK 

SPECIFICATION ENGINEERS . . . will pre-
pare design specifications, clearly defining contractual 
obligations and responsibilities. Close contact with 
design and development personnel to provide tech-
nical information necessary for specifications. 
B.S.E.E. or equivalent desirable, with strong elec-
tronic experience in radar, or missile systems. 

Please reply to Mr. Walter N. Wells, Professional 
Personnel, Missile Systems Division, Raytheon 
Company, 520 Winter Street, Waltham, Mass. 

19WSE 

MISSILE 
SYSTEMS 
DI VISION 

...creates a climate for talent. 
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How will this picture look 
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Housed in the tip of this Hughes survey meter is 
the smallest, fastest, most accurate radiation detector 
ever devised— just one example of Hughes' activities in 
the expanding field of nuclear electronics. 

in ten seconds? 

In ten seconds these aircraft, flying at 

jet speeds, will create an entirely new 
tactical picture. How do you keep track 

of hundreds of them at the same time? 

Hughes Fullerton engineers have solved this prob-
lem with a unique and highly advanced digital 
computer. This computer simultaneously tracks 
large numbers of aircraft and provides three-
dimensional coordinate and velocity information 
on them. 

These Fullerton engineers have designed the com-
puter to provide extrapolated position data to the 
observer several times per second. In addition, it 
will measure the position and report velocity 
characteristics changes every few seconds for each 
of a large number of targets. 

The computer utilizes advanced semiconductor cir-
cuitry throughout. The out- puts to the displays 
are made through high-speed digital to analog 
converters capable of providing an accuracy of 
one part in ten thousand — and within lo x 10-6 
seconds. 

This giant transmitting antenna creates the 
beam for experimental antenna pattern measurements 
—part of the Hughes microwave research and develop-
ment programs. 

Utilizing the latest techniques in packaging and 
subminiaturization, Hughes Fullerton Engineers 
have designed this unit as a mobile system which 
will withstand rigorous field use. 

Other Hughes activities provide similarly stimu-
lating outlets for creative engineers. Constantly 
moving forward into new areas, Hughes projects 
include: hydrofoil systems, anti-submarine war-
fare systems, miniaturized communications sys-
tems, new solid state electronics devices, nuclear 
electronics systems and unique navigational sys-
tems— just to name a few. 

The commercial activities of Hughes have many 
interesting projects for engineers in the research, 
development and manufacture of semiconductors, 
microwave components, storage tubes, radiation 
detectors, radiation handling equipment and 
microwave tubes. 

Whatever your field of interest, you'll find 
Hughes' diversity of advanced projects gives you 
widest possible latitude for professional and 
personal growth. 

Newly instituted programs at Hughes have created immediate 

openings for engineers experienced in the followang areas: 

Electroluminescence 
Infra- red 
Solid State Physics 
Digital Computers 
Re'iability & Quality Assurance Field Engineering 
Systems Design & Analysis Circuit Design & Evaluation 

Equipment Engineering 
Microwave & Storage Tubes 
Communications Systems 
Inertial Guidance 

Write in confidence to Mr. M. W. Welds 

Hughes General Offices, Bldg. 6-E5, Culver City, Calif. 

Creating a new world with ELECTRONICS 

HUGHES 
- J 

HUGHES AIRCRAFT COMPANY 

Culver City, El Segurdo, Fullerton, Newport Beach, 
Malibu, Oceanside and Los Angeles, California; 
Tucson. Arizona. 
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PRELIMINARY 
DEVELOPMENT 

SENIOR 
ENGINEERING 
SPECIALISTS 

Honeywell Aero Preliminary Devel-
opment Staff has several openings for 
technically qualified and mature en-
gineers with significant military sys-
tem development experience. Each 
man will provide guidance and sup-
port in his specialty to Honeywell de-
sign projects for the best use of ad-
vanced techniques in development of 
new airborne systems. These staff 
positions offer scope for original per-
sonal contributions and will require 
active participation in the formula-
tion and execution of Division engi-
neering programs. Among the open-
ings are: 

WEAPON DELIVERY AND 
CONTROL SYSTEMS 

SPECIALIST 

Background of sy•tetn and computer 
development for bombing, fire con-
trol, or navigation. Firsthand experi-
ence with system analysis, tie-in 
requirements, analog and digital 
computers, operations analysis, and 
weapon effectiveness evaluation. 

DETECTION SYSTEMS 
SPECIALIST 

Primary background of airborne 
radar development in one or more 
areas such as AMTI, Doppler, pulse 
Doppler, automatic tracking, and 
countermeasures. Experience in in-
frared or communications will be 
valuable. Experience should include 
system analysis, design requirements, 
equipment development, and per-
formance evaluation. 

ELECTRONIC CIRCUIT AND 
PACKAGING SPECIALIST 

Background of circuit design for ad-
vanced control and computation 
equipment. Should be familiar with 
dc, low frequency, pulse and rf tech-
niques. Must be able to establish 
sound analytical basis for circuit de-
sign to specific levels of reliability 
and performance. Must be experi-
enced with solid state devices and 
prepared to contribute to Aero Divi-
sion work on microcircuit techniques. 

To discuss openings for these and 
other specialties, write or phone 
Mr. J. R. Rogers, Chief Engineer, 
Preliminary Development Staff, Dept. 
610E, Aeronautical Division, 1433 
Stinson Blvd., Minneapolis 13, Minn. 

Honeywell 
1-1[ Irelittakeedue getor 

To explore professional opportunities in other 
Honeywell operations coast to coast, send your 
application in confidence to H. K. Ecksirom, 
Honeywell, Minneapolis 8, Minnesota. 

Electronic Engineers 

EXCELLENT POSITIONS ARE OPEN IN 

PACIFIC MISSILE RANGE PROJECTS 
Career civil service positions with the Navy are now open for 
qualified electronic engineering applicants. Salaries range from 
$8810 to $10,130, plus excellent additional benefits and established 
promotional and advancement opportunities. 

Work involves project management, design, development and in-
stallation of vast-scale electronic instrumentation systems for the 
Pacific Missile Range. 

Areas of employment are the Pacific Missile Range, Point Mugu, 
Calif.; the Naval Missile Facility, Point Arguello, Lompoc, Calif.; 
and the Office of Resident Industrial Manager, San Diego, Calif. 
Inquiries should be directed to the Industrial Relations Office, 
Dept. A. 

NRF 
U. S. NAVAL REPAIR FACILITY 

San Diego 36, California 

STANFORD RESEARCH INSTITUTE 
Invites 

ELECTRONIC ENGINEERS 

PHYSICISTS 

MATHEMATICIANS 

to participate in research for: 

PROPAGATION 

CONTROL SYSTEMS 

MICROWAVE COMPONENTS 

SYSTEMS ANALYSIS IN 

Missiles 

Space Systems 

Communications 

ANTENNAS 

COMMUNICATIONS THEORY 

MATHEMATICAL RESEARCH 

INFORMATION THEORY 

COMPUTER MAGNETIC DEVICES 

If you are interested in research as a 
way of life, SRI offers you varied and 
professionally stimulating research in 
an atmosphere of quiet dignity. 

You can share rewarding professional 
association, excellent research facili-
ties and responsible assignments with 
the delightful bonus of living and 
working in California's San Francisco 
Bay Area. 

Projects are open to qualified per-
sonnel on the MS and PhD level who 
have 3 years or more experience in 
Electronic Engineering or Applied 
Physics. 

Advanced study opportunities 
Industrial level salaries. 

Write to... 
PROFESSIONAL EMPLOYMENT 

MANAGER 
STANFORD RESEARCH INSTITUTE 

MENLO PARK, CALIFORNIA 

142A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE May, 1960 



Positions 

Open 

(Contimicd from page i) 

eluding salary expectations to J. R. Whitley, 

Employment Supervisor, University of Rochester, 
260 Crittenden Blvd., Rochester 20, N.Y. 

MEDICAL ELECTRONICS 
Biophysical Electronics, Inc. devotes its 

efforts to the design and manufacture of in-

struments assisting the physician, psychologist, 

and research scientist to meet the challenge of 

preserving and extending life. Positions are 

open for: Senior Transistor Circuit Designer, 
Sales and Office Manager and experienced Elec-

tronic Technician. Submit resume, availability 

and salary requirements in first letter to Bio-

physical Electronics, Inc., New Hope, Pa. 

ELECTRONICS ENGINEER OR PHYSICIST 
High qualifications and varied experience, par-

ticularly in control, rf or nuclear electronics. 

Appointment as Assistant l'rofessor at $ 7,000-
$8,900 or as Associate Professor at $9,000-
$11,700, or to non-academic position at equiva-

lent salaries. To supervise construction of a 
spiral-ridge cyclotron to produce 50 Mev protons. 
Apply to Dr. It. G. Whitmore, Physics Dept., 

University of Manitoba, Winnipeg 9, Manitoba, 

Canada. 

ENGINEER 
To assist in construction of new cyclotron in-

stallation. Permanent position. Experience in 

building and maintaining scientific apparatus es-
sential. Specific experience with cyclotrons de-

sirable. Salary dependent on qualifications and 

experience. Apply to Dr. B. G. Whitmore, 

Physics Dept., University of Manitoba, Winni-

peg 9, Manitoba, Canada. 

(Continued on poge 144.4) 

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 :he 
Permanent Employment Agency) 

825 San Antonio Rd. 
Palo Alto, Calif. 

TAKE A GIANT STEP 

...into your future and seek out the professional opportunities 

awaiting creative engineers and scientists at Martin- Denver... 

For here exists the most challenging problems in space and 

human engineering. Join with us and communicate with N. M. 

Pagan, Director of Technical and Scientific Staffing ( Dept. 

DD-10), The Martin Company, P. 0. Box 179, Denver 1, Colo. 

MAC& Fif /WI 
0 =IV E f=2 
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Professional Opportunities Are Available For 

Electrical Engineers 
with interest and experience 

in the following fields: 

• Design and Development of: 
Industrial Electronics and Power 
Controls and Instrumentation 
Electronics 

• Operation 8.4 Maintenance of 
Nuclear Devices 

For information please write to: 

Personnel Manager 

Brookhaven 

National 

Laboratory 

UPTON, LONG ISLAND, N. T. 

Ti 

e.110Nqz11 

A Center for 
!car Research 

z7 and Development 

LINCOLN LABORATORY 

invites inquiries from persons 

with superior qualifications. 

SOLID STATE Physics, Chemistry, and Metallurgy 

RADIO PHYSICS and ASTRONOMY 

NEW RADAR TECHNIQUES 

COMMUNICATIONS: 

Techniques 

Psychology 

Theory 

INFORMATION PROCESSING 

SYSTEMS: 

Space Surveillance 

ICBM Detection and Tracking 

Strategic Communications 

Integrated Data Networks 

SYSTEM ANALYSIS 

• 
4 e 4 

Research and Development 

LINCOLN LABORATORY 
Massachusetts Instltute of Technology 

BOX 16 • LEXINGTON 73. MASSACHUSETTS 

Positions 

Open 

(Continued from page 143A) 

TEACHING-RESEARCH, 
ELECTRICAL ENGINEERS 

Expanding university program provides un-
usual opportunities for positions combining 
teaching and research. Rank and salary open. 
Teaching in all E.E. fields. Research primarily 
in microwave electronics. Apply: Dean E. C. 
Easton, Rutgers University, New Brunswick, 
New Jersey. 

TEACHING AND RESEARCH 

Attractive opening for Electrical Engineer 
with Ph.D. to help develop graduate program, 
supervise graduate research and do some teach-
ing. Encouragement given to private research and 
consultation. Good salary and faculty rankins 
will be offered to exceptional individual. Poe 
tion available Sept. 1960 or sooner. Write, Dean, 
School of Engineering, Vanderbilt University, 
Nashville 5, Tenn. 

ELECTRONIC ENGINEERS 

Positions open to Electronic Engineers teach-
ing lecture and laboratory courses in a rapidly 
growing 4 year college. A background of servo-
mechanisms, circuit analysis, microwaves, and/or 
transistors is desired. Applications desired from 
both academic and industrial personnel. Write, 
Harold P. Skamser, Dean of Engineering, Calif. 
State Polytechnic College, Kellog-Voorhis Cam-
pus, Pomona, Calif. 

TEACHER IN ELECTRICAL ENGINEERING 

Teacher in E.E. beginning Sept. 1960. One 
qualified and interested in teaching fundamental 
undergraduate courses plus one graduate course. 
Ph.D. or MS. required with salary and rank 
dependent on qualifications. City location with 
many industrial contacts. Apply Dept. of E.E., 
Saint Louis University, St. Louis 8, Missouri. 

STAFF ENGINEER 

Research engineering position for creative per-
son to form nucleus of a new section in the 
Electro-physical Labs. Will propose and evaluate 
new electronic component, circuit and systems 
concepts. Minimum experience and educational 
background would be 5 years with at least an 
MS. in E.E. or Physics. A Ph.D. degree would 
be preferred with strong interests in electronics, 
theoretical physics or mathematics. Forward 
resumes to Mr. R. D. Williams, Employment 
Mgr., P. R. Mallory & Co. Inc. 3029 E. Wash-
ington St., Indianapolis, Ind. 

ANALYST 

Research and consulting in fields such as 
transportation, logistics, equipment investment, 
inventory control, marketing, operations research, 
data processing. Educational background in eco-
nomics, transportation, mathematics, statistics, 
engineering. United Research, Inc., 808 Me-
morial Dr., Cambridge, Mass. Mrs. Paulsen, 
Personnel Director. 

TEACHING POSITIONS 

The E.E. Dept. of The City College of Ne% 
York has several positions available on the teach-
ing staff beginning September 1960. Rank and 
salary commensurate with qualifications and ex. 
perience. Opportunity for graduate study. Appli. 
cants must be present resident of the U.S. Address 
inquiry to Prof. H. Taub. Dept. of E.E., The 
City College, Convent Ave., & 139th St., New 
York 31, N.Y. 

(Continued on page I46A) 
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fat 
.000 MA< M. 

SAN JOSE 
Current Career 

Opportunities 

In Commercial Products 

R&D 

ELECTRONIC ENGINEERS 

PHYSICISTS 

experienced in 

Industrial Electronics 

and Automation 

Creative top level engineers 

and physicists are needed now 
to work on advanced assign-

ments in the design of optimum 

systems using electronic and 

mechanical components. 

FMC Central Engineering's 

current expansion into auto-

matic measurement and control 

fields offers permanent career 

opportunities for technical 

accomplishment on important 

company- sponsored, long-

range programs. Systems en-

gineers, circuit designers and 

specialists needed to staff new 

million dollar laboratories. 

With corporate headquar-

ters in San Jose, California, 

FMC is highly diversifed in both 

machinery and chemicals, with 

15 divisions operating through-

out the U. S. and overseas. 

BS required and advanced 

degrees desirable for these 

responsible positions. Experi-

enced applicants or recent 

graduates should send com-

plete resume: 

Contact E. M. Card, Jr., or C. F. 

Duvall at FMC Central Engineer-

ing, P.O. Box 760, San Jose, Calif. 

Phone: CYpress 4-8124. 

(RC 
Putting ideas to Work 

Central 
Engineering 

e Laboratories 

FOOD MACHINERY AND 
CHEMICAL CORPORATION 

An Invitation To Join 

ORO...Pioneer In 

Operations Research 

Operations Research is a young science, earning recog-
nition rapidly as a significant aid to decision-making. It 
employs the services of mathematicians, physicists, 
economists, engineers, political scientists, psycholo-
gists, and others working on teams to synthesize all 
phases of a problem. 

At ORO, a civilian and non-governmental organiza-
tion, you will become one of a team assigned to vital 
military problems in the area of tactics, strategy, 
logistics, weapons systems analysis and communications. 

No other Operations Research organization has the 
broad experience of ORO. Founded in 1948 by Dr. 
Ellis A. Johnson, pioneer of U. S. Opsearch, ORO's 
research findings have influenced decision-making on 
the highest military levels. 

ORO's professional atmosphere encourages those 
with initiative and imagination to broaden their scientific 
capabilities. For example, staff members are taught to 
"program" their own material for the Univac computer 
so that they can use its services at any time they so 
desire. 

ORO starting salaries are competitive with those of 
industry and other private research organizations. Pro-
motions are based solely on merit. The "fringe" benefits 
offered are ahead of those given by many companies. 

The cultural and historical features which attract 
visitors to Washington, D. C. are but a short drive from 
the pleasant Bethesda suburb in which ORO is lo-
cated. Attractive homes and apartments are within 
walking distance and readily available in all price 
ranges. Schools are excellent. 

For further information write: 

Professional Appointments 

OPERATIONS RESEARCH OFFICE 
low)! The Johns Hopkins University 

6935 ARLINGTON ROAD 

BETHESDA 14, MARYLAND 

PROCEEDINGS OF THE IRE May, 1960 145A 



NEW OPPORTUNITIES IN 
LOW-NOISE AMPLIFIERS SEMICONDUCTOR DEVICES 
MICROWAVE CIRCUITS PHOTOEMITTER SURFACES 
ELECTRON-BEAM DYNAMICS DISPLAY DEVICES 

TV AND RADIO RECEIVER DESIGN 

Chicago, Ill., and Menlo Park, Calif. 
The continuing expansion program at Zenith has created new 
opportunities for engineers with experience in the above fields. 

The fast-wave electron-beam parametric amplifier, 
conceived at Zenith, has opened up challenging new fields 
for research and development activity from UHF to SHF 
bands. Broad company interests in the microwave-tube 
area provide fertile atmosphere for original ideas and in-
dividual initiative. 

An expanding research program in new fields centered 
around compound semiconductors provides opportuni-
ties for individuals with backgrounds in the solid-state art. 
Development of special devices for highly specific purposes, 
in collaboration with applications engineers, represents an-
other area of active interest in the semiconductor field. 

Positions are now available in the Research Department 
at Chicago; some openings are available in the San Fran-
cisco Bay Area. Congenial small-group atmosphere prevails, 
with all the advantages of a large, progressive company. 

Interested applicants please contact: 

DR. ALEXANDER ELLETT 
Zenith Radio Corporation 
6001 Dickens Avenue 

Chicago 39, Illinois 

BErkshire 7-7500 

PROFESSORS 
Electrical Engineering Faculty in new and rapidly expanding 

university has openings at senior levels. Duties include grad-

uate teaching and research. Immediate opening for professor 

interested in developing courses and participating in research 

in logic, switching and computery. Ph.D. essential. Salary up 

to S13,000. Apply Chairman, Electrical Engineering Depart-

ment, University of Waterloo, Waterloo, Ontario. 

Positions 

Open 

(Co,ttinued from page 11-I.-1) 

ENGINEERS 

The University of Denver's Research Institute 
is seeking graduate electronic engineers in the 
areas of circuit design and development, system 
design, and field engineering. Openings exist at 
all levels from engineers with advanced degrees 
and several years experience to recent graduates. 
Opportunities are available for advanced study or 
part-time teaching in the College of Engineering. 

Address inquiries to C. A. Hedberg, Head, Elec-
tronics Div., Denver Research Institute, Uni-
versity of Denver, Denver 10, Colo. 

ELECTRONICS PATENT ATTORNEY OR 
AGENT 

Eastern U.S. company engaged in a broad line 
of developments in the electronics field has an 

opening for a patent attorney or agent. Applicant 
should have excellent comprehension of electronics, 
together with some experience in patent prosecu-
tion. Salary and position will he dependent on 
background and indicated ability. In reply please 
supply information as to education, experience 
and salary expected. Box 2017. 

PHYSICIST OR ELECTRICAL ENGINEER 

Research on interaction between EM waves 
and structures or particles. An opportunity to do 
independent undirected research in the field of 
plasma or electron physics with excellent techni-
cal support and recognized colleagues. An ex-
perienced research with original ideas is desired. 
Salary $ 10,000 plus, depending on training and 
experience level. Write Box 2018. 

ANALOG COMPUTER ENGINEER 

The Standard Oil Co. ( Ohio) has an immediate 
opening for an Analog Computer Engineer. A 
minimum of a B.S. in E.E. or Physics and 2-5 
years analog experience is required. Applications 
are in the field of simulation and study of chemi-
cal and refining processes and process control 
systems. Salary commensurate with experience. 
Apply Mr. C. A. Bruggers, The Standard Oil Co. 
(Ohio), 1737 Midland Bldg., Cleveland, Ohio. 

MEDICAL ENGINEERING 

Electronics Engineer or Physicist. Permanent 
position in Dept. of Surgical Research of a large 
eastern university, involves design of new instru-
ments, supervision of maintenance of equipment, 
and consulting with physicians. Salary range open. 
Send complete resume to Box 2019. 

ENGINEER 

Engineer to conduct a research and develop-
ment program on instrumentation for data accu-
mulation, reduction, and processing in geology, 
water resources investigations, photogrammetry, 
and allied fields including the development of new 
equipment and techniques for sensing, digitizing, 
logging, transmitting, storing, and processing of 
mass data. Contact Personnel Officer, U.S. GEO-
LOGICAL SURVEY, Washington 25, D.C. 

ELECTRONIC ENGINEER 

Electronic Engineer to teach lecture and labo-
ratory courses. Up-to-date knowledge of the field 
required. Working and living conditions excellent; 
salary and opportunity very attractive. Write to 
Dean of Engineering, California State Polytechnic 
College, San Luis Obispo, Calif. 

(Continued on rage 152A) 
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active 
programs in 

19 critical 
electronic 
areas 
Offer You Opportunities 
To Participate In Significant 

Advances at 

STROMBERG-CARL SON 
Division of General Dynamics 

Top-calibre research and development teams at 
Stromberg-Carlson are tackling the prime problem 
areas in electronics affecting commercial communities 
and national defense. Programs and R & D staffs are 
expanding, backed by the vast resources of General 
Dynamics and the Stromberg-Carlson engineer-
oriented management. 

Every senior engineer and scientist who feels he 
can contribute to the expansion of man's capabilities 
in any of the following areas is invited to contact us. 

We are particularly interested in people with 
advanced degrees in Physics, Electrical Engineering 
or Mathematics and experience in one or more of the 
areas listed. Please send resume in confidence to 
Technical Personnel Department. 

ENGINEERING AND 
ADVANCED DEVELOPMENT 

Advanced ICBM Communications 
Electronic Switching 
Nuclear Instrumentation 
High-Speed Digital Data Communications 
Electronic Reconnaissance Systems 
Single Sideband Communications 
Synchronous Data Transmission 
Advanced ASW Techniques 
Machine Tool Automation 
Radio Data Links • Tacan Equipment 
High Intensity Sound Generators 
Advanced Air Acoustics 
Shaped Beam Display Systems 
High-Speed Automatic Missile 

Check-Out Equipment 
Super-Speed Read-Out and Printing Equipment 

RESEARCH 

Paramagnetic Resonance • Ferroelectricity 
Thin Photoconductor Films 
Propagation and Coding • Speech Analysis 
Bandwidth Compression • Hydro-Acoustic Transducers 
Defect Solid State Physics 
Parametric Devices • Molecular Electronics 
Tunnel Diode Logic • Scatter Propagation Analysis 

STROMBERG-CARLSON 

A DIVISION OF GENERAL DYNAMICS 
1476 N. Goodman St., Rochester 3, New York 
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CRYSTAL 
111.TERS 

Within three years Hermes 
Electronics Co. has become the 

nation's leading producer of fre-
quency selective devices uti-

lizing piezoelectric crystal res-

onators. The growing demand 
for crystal filters and related 

devices has created a number of 

career opportunities for: Circuit 
Design Engineers, Crystal 

Physicists, and Network Theory 

Specialists. 

Hermes Electronics Co. is a 
unique organization' where re-
sponsibility and initiative are 
encouraged. Here you will also 
find the stimulation and en-
vironment of a young and grow-

ing company. Your association 
will be with staff members who 

are in the vanguard of many of 
today's rapidly expanding tech-
nical frontiers. 

Salaries and other benefits are 

comparable to those of major 
research and development or-
ganizations. The company's lo-
cation in Cambridge, Mass. 
affords unequaled cultural, liv-
ing, and recreation facilities. 

Liberal educational benefits are 
allowed for graduate study at 
leading universities in this area. 

Interested scientists and engi-

neers are invited to address in-

quiries to: Mr. E. E. Landefeld, 
Personnel Director. 

Herm es 
rcmi ies Co». 

75 CAMBRIDGE PARKWAY 

CAMBRIDGE 42, MASSACHUSETTS 

Electronic Engineers • Physicists 

COMMUNICATIONS PHYSICIST 
Plan applied research in such areas 
as telemetry and radar detection 
as affected by plasma sheaths. In-
terpret space communication needs 
and problems. MS or PhD in EE or 
applied physics. 

SYSTEMS ENGINEER 
COMMUNICATONS 

EE or Physicist with 10 years' expe-
rience in systems design of airborne 
communications; to work on design 
of communication systems to meet re-
quirements for future space vehicles. 

ENGINEER-NAVIGATION 
AND GUIDANCE 

To conduct analytical studies on in-
ertial guidance and control for space 
vehicles. Should have background 
in closed-loop systems with 10 years 
of applicable experience and degree 
In EE or physics. 

SYSTEMS ENGINEER 
NAVIGATION & CONTROL 

EE with control systems back-
ground. Required are five years' 
experience in design of control and 
navigation systems, preferably in 
space vehicle systems. 

ENGINEER ADVANCED 
ANTENNA & PROPAGATION 

STUDIES 
To provide high level theoretical 
and experimental studies of anten-
nas, propagation and target reflec-
tors for all radio frequency bands, 
leading to new and improved con-
cepts of equipment. BS, EE (ad-
vanced degree desirable). Six years' 
experience in above fields required. 

ANALYSIS AND 
SYNTHESIS ENGINEER 

Responsible for synthesis of new 
instrumentation and communication 
systems to meet missile and satellite 
requirements. Analytical knowledge 
in the field of instrumentation, com-
munication and data processing with 
BS or MS EE essential. 

INSTRUMENTATION SYSTEM 
TEST & EVALUATION ENGINEER 
Coordinate tests on missile and 
satellite instrumentation systems. 
Requires experience in instrumen-
tation and communication test and 
ground station equipment with BS,EE. 

Other significant opportunities  
exist in the following areas: 

Systems Engineering • Aerodynamics • Space Mechanics • Arming & Fuzing 

Systems • Airframe Structural Design • Materials Studies • Flight Test 
Analysis • Vibration Engineering • Producibility Engineering • Human Factors 
• Plasma Physics • Gas Dynamics • Applied Mathematics • Ground Support 

Equipment • Reliability Engineering • Project Engineering 

For further information regarding 
opportunities here, write Mr. Thomas H. Sebring, Div. 53ME. 

You mill receive an answer within 10 days.  

MISSILE & SPACE VEHICLE DEPARTMENT 

GENERAL 9t ELECTRIC 
3198 Chestnut Street, Philadelphia 4, Pa. 
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Electronic Engineers • Physicists 

...General Electric's New $14,000,000 Space Research Center, 
to be built near Valley Forge Park 17 miles from Philadelphia 

RESOURCES FOR 

THE CHALLENGE 

OF SPACE 

General Electric is carrying its tradition of pace-setting electronics research into 
the field of space vehicle applications, primarily through the agency of its Missile 
and Space Vehicle Department. 

Qualified engineers interested in working in these areas are invited to review 
the opportunities described on this and the opposite page. Those who join us will 
work in a professional atmosphere with other highly trained and competent people 
who have taken part in such G-E achievements as the FIRST demonstration of 
effective space vehicle stabilization control and navigation, and the FIRST measure-
ments in space of earth's magnetic field and infrared radiation. 

Upon completion of the Department's Space Research Center in suburban 
Valley Forge, new and unique facilities will be available to our staff, to further long 
range programs in space electronics. 

ENGINEER-TRANSISTOR 
CIRCUIT DESIGN 

BS, EE or Physics with advanced 
degree desired. Five years' experi-
ence in circuit design, information 
theory and circuit philosophy. 

ENGINEER-TELEMETRY DESIGN 
Will design and evaluate airborne 
and ground telemetry, voice and 
video circuits and components. 
Thorough knowledge of both trans-
mitter and receiver design, five 
years' experience; BS, EE required. 

4 Check additional openings listed to the left, and write 

ThomasDiv. 53ME. 
to Mr.  H. Sebring, 

GENERAL 

DIGITAL CIRCUIT DESIGN 

To provide high level technical eval-
uation of digital techniques as ap-
plied to airborne digital and pulse 
circuitry, EE with five years' expe-
rience in this field. 

ENGINEER-CONTROLS 
Will be responsible for analytical 
studies in adapted controls, non 
linear systems and analogue and 
digital computation. Requires ten 
years of controls background with 
BS,EE or related degree. 

ENGINEER-DYNAMICS 
To conduct analytical studies in the 
dynamics of rigid bodies as applic-
able to navigation and control 
systems. Requires eight years of 
experience with MS degree in 
mechanics or physics. 

ENGINEER-SYSTEMS ANALYSIS 
Requires eight to ten years experi-
ence in analytical studies of com-
plex systems, with some control 
experience. Background in analogue 
and digital equipment also desirable. 

MISSILE & SPACE VEHICLE DEPARTMENT 

ELECTRIC 
3198 Chestnut Street, Phi:adelphia 4, Pa. 
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COMPUTER SYSTEMS SUPERVISOR 
We are seeking an engineer with a record of outstanding achievement 
in research and development to direct the activities of our Computer 
Systems Section. As supervisor of this important activity, you will have 
the opportunity to develop research programs of greatest appeal to 
you and your staff in the following areas: 

Analysis of Components and Systems 
Advanced Development 

Digital System Organization 
Logic 
Stora ge 
Input/Output 

Self-Organizing Systems 

As a Foundation staff member you will be joining a mature, independent 
research organization with a staff of over 600 engineers and scientists 
contributing to a wide variety of military and industrial research 
programs. 

You will receive a competitive salary plus liberal insurance and retire-
ment benefits in addition to four weeks vacation after one full calendar 
year of service. Our location in a major midwestern city offers excellent 
cultural and recreational opportunities. 

If this is the unusual professional opportunity you have been looking for, 
reply in confidence to: 

John F. Collins 

Armour Research Foundation 
of Illinois Institute of Technology 

10 West 35th Street 
Chicago 16, Illinois 

THE 

EXCEP-
TIONAL 

MAN 

when the position you wish to fill is 

vital to your organization ... 

when the man you seek requires all the 

attributes of leadership ... plus the 

ability to make significant technical 

contributions to the work for 

which he will be responsible ... 

when you need a man who can command 

the respect of his associates and 

subordinates because of his intimate 

knowledge of and first-hand experience 

in their fields ... 

when you need a man who is well 

educated and trained in the specialized 

fields of knowledge you require ... 

you need The Exceptional Man. 

Let us locate him for you. 

arks A. 13,0li:sE. er ASSOCIATES 

EXECUTIVE SEARCH SPECIALISTS 

407 AMERICAN BUILDING • BALTIMORE 2, MD. • PLAZA 2-5013 

DESIGN 
ENGINEERS 

check these openings in 

advanced gyro and electrical 

components design 

In 1949, Honeywell developed 
and flight tested the floated gyro 
for control systems. Since then, its 
Gyro Design Group has become the 
focal point for a multi-million dollar 
component development program, 
supporting the inertial navigation 
industry. This is, perhaps, the most 
advanced program of its kind. It 
has expanded rapidly and now has 
openings for additional top level 
engineers. 

This group is involved in all 
fields of gyro design. It works in 
such areas as precision gyro and 
accelerometer design, hydro-dynamic 
bearings, vibratory mechanisms, pre-
cision electric suspension techniques 
and gyro magnetics. 
The men needed to fill these posi-

tions should be capable of develop-
ing advanced concepts for gyros 
and of following through on their 
projects. They should have a mini-
mum of two years' (and up to 
twenty years') experience in such 
areas as precision gyro mechanics, 
servo techniques, digital data han-
dling, electronics packaging, advanced 
instrumentation, or magnetic com-
ponent design. 

To discuss these or other openings, 
write Mr. Bruce D. Wood, Dept. 
610D, Aeronautical Division, 1433 
I Stinson Blvd., Minneapolis 13, Minn. 

Honeywell 
lutauiPta,4-qmtt 

To explore professional opportun-
ities in other Honeywell operations 
coast to coast, send your applica-
tion in confidence to H. K. Eck-
strom, Minneapolis 8, Minnesota. 
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T/I S-C wants senior electro-mechanical 
e 

engineers who prefer to pursue projects 

You won't find frustrating bottlenecks in TI's 
immense semiconductor mechanization program. 
Unhampered progress toward ideal end results is 
assured because TI permits mechanization engi-
neers to stay with their projects from beginning 
to end. Hence the remarkably short time interval 
between conception and production of new TI 
semiconductor manufacturing machines and the 
devices they produce. 

In a broader sense your work will be a coopera-
tive venture. For at TI S-C you are free to work 
even in the shop with tool makers, as with all 
other professional and technical specialists whose 

INTERVIEWS are scheduled for your area. If 
qualified for this position please send confidential 
resume immediately to C. A. SESIO, Dept. 111 

TEXAS INSTRUMENTS 
INCORPORATED 

SEMICONDUCTOR - COMPONENTS DIVISION 

POST OFFICE BOX 312 • DALLAS. TEX AS 

talents will help you convert your conceptions 
into realities. In this ideal working climate your 

challenging assignments will include design, de-
velopment and evaluation of mechanical, electronic 

and electrical mechanization equipment of widely 
varying types and sizes. 

Requirements include a BS or MS in Mechani-

cal or Electrical Engineering with emphasis on 

mechanical or servo-mechanism design and at 

least three years in two of the following fields: de-

sign of semiconductor test equipment, mechanized 

semiconductor machinery, computers, servos. 

whether applying or not, mail coupon for your 
copy of TIps today and learn more about T/I 
Semiconductor-Components division. 

TEXAS INSTRUMENTS INCORPORATED 
Semiconductor-Components Division 
P. 0. Box 312, Dept. 111 Dallas, Texas 

Please send me TIps, containing specific facts 
about now available T/I S-C assignments 
in my field, and related information. 

NAME  

ADDRESS  

CITY STATE  

My professional field is  

My specialty is  
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Positions 

Excellence in Electronics 

SENIOR MICROWAVE ENGINEER 

You will be given system responsibility for the development 
of new concepts in the generation, propagation and radiation 
of microwave power for heating, cooking and curing purposes, 
in numerous commercial and industrial applications. ( Raytheon 
is one of the few electronics companies whose staff includes 
systems, advanced development, and design engineers in these 
fields). 

You must have a BSEE or equivalent and should have 8 years 
of broad design or advanced development experience in the 
microwave field in order to handle the planned assignments. 
(Experience in radar development, for instance, or DC power 
generators or magnetrons.) Since we're looking for an excep-
tional individual—who will be rewarded accordingly—the de-
ciding factor will probably be your creativeness and ingenuity, 
as evidenced by: patent disclosures; significant publications; 
or descriptions of accomplishments not formalized by patents 
or publication. 

MICROWAVE LICENSEE ENGINEER 

You will serve as liaison between Raytheon and licensees, 
assisting in the design of microwave cooking units for these 
licensees' commercial ovens. This will involve working with 
the licensees' design engineers to solve such problems as heat, 
sanitary considerations, microwave distribution, wave modula-
tion, insulation and cost reduction. You will also help translate 
licensees' suggestions into product improvements. 

You should be a senior-level electronics engineer with a BSEE 
or equivalent and should have 5 years' applicable experience. 
Background in design of test equipment, high-power modu-
lators, or commercial microwave equipment is especially useful, 
as is knowledge of magnetrons, underwriters' requirements and 
FCC regulations. Basically, we're looking for a top design and 
sales engineer (travel will be limited, however) so salary is 
commensurate—that is, excellent. 

Both positions are in the suburban Boston area and offer attrac-
tive cultural, educational and recreational opportunities. Relo-
cation assistance is available. Please phone collect ( Bigelow 
4-7500) or forward your detailed resume to Mr. Paul R. Alex-
ander, Manager of Professional Personnel, Commercial Appa-

ratus & Systems Division, Raytheon 
Company, Watertown, Massachusetts. 

COMMERCIAL 

APPARATUS & SYSTEMS 

Sophisticated Engineers: A New State of the Art 
We have succeeded in the development of an entirely new concept for 
the SUCCESSFUL placement of qualified engineers and scientists. If your 
present position is frustrating, lacking financial reward or if your employer 
has failed to utilize your full potential why not communicate with us at 
once. We now have in excess of 4000 senior positions in the $9,000.00 to 
$35,000 bracket. Some of these positions offer bonus, stock participation, 
or profit sharing. For confidential consideration submit your resume in 
duplicate to Mr. Richard L. Berry (MEMBER IRE). Be sure to indicate your 
salary requirements and location preferences if any. All search fees and 
expenses paid by our clients. 

RICHARD BERRY ASSOCIATES 
1014-1015 Commercial Trust Bldg., Philadelphia 2, Penna. LOCust 3-6654 

R  Open 

(Continued from page 146A) 

ELECTRICAL ENGINEERING 

Excellent opportunities for qualified Ph.D.'s 
in logical design, network synthesis and other 
areas. Rank and salary commensurate with re-
search and teaching qualifications. Teaching loads 
at all ranks are low. They are reduced further for 
those handling sponsored research projects. Each 
faculty member is expected to develop and main-
tain a strong research program. Send complete 
resume including research publications to Chair-
man, Dept. of E.E., Northwestern University, 
Evanston, Ill. 

ELECTRICAL ENGINEERS 

Electrical Engineering staff openings. Both 
graduate and undergraduate courses. M.S. re-
quired, Ph.D. desirable. Modern facilities. Active 
research program. Write: Joseph C. Michalowicz, 
Head, E.E. Dept., Catholic University, Wash-
ington 17, D.C. 

o 
Positions 
Wanted 

By Armed Forces Veterans 

In order to give a reasonably equal op-
portunity to all applicants and to avoid 
overcrowding of the corresponding col-
umn, the following rules have been 
adopted: 
The IRE publishes free of charge 

notices of positions wanted by IRE mem-
bers who are now in the Service or have 
received an honorable discharge. Such 
notices should not have more than five 
lines. They may be inserted only after a 
lapse of one month or more following a 
previous insertion and the maximum num-
ber of insertions is three per year. The 
IRE necessarily reserves the right to 
decline any announcement without assign-
ment of reason. 
Address replies to box number indi-

cated, do IRE, 1 East 79th St., New 
York 21, N.Y. 

ENGINEER 

Ph.D., June 1960. 5 years industrial experience, 
several semesters experience teaching lecture 
courses at the senior EE level. Interested in 
teaching and research at progressive EE Dept. 
Prefer western U.S. Box 2049 W. 

SENIOR ELECTRONICS ENGINEER 

BEE., MEE. Had project responsibility in 
audio, video, computer circuits and equipment; 
conscientious supervisor. Desires managerial re-
sponsibility and substantial challenge. Box 2058 
W. 

ELECTRONICS ENGINEER 

BEE. 1952. MEE. 1955. Age 31. Desires Proj-
ect Engineering or managerial position with 
growth potential. 4 years experience, to Project 
Engineer level, designing and developing large 
radar systems. Some teaching and research ex-
perience. Former Signal Corps officer. Licensed 
Professional Engineer in New York. Box 2059 W. 

(Continued on page 154A) 
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Building 

Strength 

Upon 

Stre.ngth 

the 

USAF 

Ballistic 

Missile 

Program 

The strength and prestige of this 

ration e,epends upon many 

things important among these are . 

the successes of the Air Force 

Ballistic Missile Program and related 

advunced space projects. 

In turn, these programs depend upon 

the ccritinuing flow of new ideas 

and nwentions. A-1 of these are part of 

a common pod cf kntwledge and 

knaw-how which are drawn upon for today's 

ipahility lnd tomorrow's advances. 

In building strength upon strength in the race for 

space technology leadership, the knowledge 

and :xperience gained from Atlas, Thor, and Titan 

ballistic missile systems developement is 

being applied to advance Minuteman. For these 

programs, under the management of the Air 

Force Ballistic.Missile Divisicn, Space Technology 

Laboratories has had the direct responsibility 

for over-all systems engineering and technical direction. 

As these ballistic missile and related.space programs 

go forward, STL continues to contribute technical 

leadership and scientific direction. 

In this capacity STL offers unusual opport•Inties for creative 

work in the science and technology of space systems. To 

those scientists and engineers with capabilities in propulsion, 

electronics, thermodynamics, aerodynamics, structures, 

astrophysics, computer technology and other related fields and 

disciplines, STL now offers immediate opportunities. Please 

address your inquiries an 'or resumes to: 

SPACE TECHNOLOGY LABORATORIES, INC. 
P. O. Box 95004, Los Angeles 45, California 

Los Angeles • Santa Maria • Cape Canaveral • Washington, D. C. 

Manchester, England • Singapore • Hawaii 
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alpha has systems management capabilities in many fields 

Telecommunication systems ... such as SAC's "Short Order" ... are just one 
of Alpha's areas of capability 

Do You Have 
Diverse Systems Engineering Capabilities? 

Alpha functions at the systems level, depending upon 
reputable and competent manufacturers for the original 
design of subsystems. Alpha personnel devote their time 
and energies to the dynamic, economic, and logistic inter-
action of the individual entities which make up the system. 
Concentration upon the system as an entity enables Alpha 
to answer the need for centralized management control of 
complete systems. 

• Alpha current prime contracts include: 
• HF SSB communications systems for the Strategic 

Air Command 
▪ Integrated Fleet Communications System for the 

U. S. Navy 
11 Ground based deep space and satellite surveillance 

systems for the Signal Corps (ARPA) and the Jet 
Propulsion Laboratory ( NASA) 

Ill Telecommunications and command-destruct systems 
for major missile ranges 

• Ground and air transportable electronics systems, 
including high power communications 

• Tropospheric scatter communication system in the 
Far East for the U. S. Army 

.1 Scatter/microwave communications systems for com-
mercial companies 

Alpha assumes responsibility not only for the electronic 
equipment, but also for the outside plant and other equip-
ments and structures necessary to an operative system. Do 
you have capabilities in the design, engineering and imple-
mentation of complete systems? Write: 

C. P. NELSON 
Employment Manager 

CORPORATION 
A SUBSIDIARY OF COLLINS RADIO COMPANY 

SYSTEMS DESI3NERS, ENGMEERS, CONSTRUCTORS, WORLD-WIDE • RICHARD30h, TEXAS • TELEPHONE DALLAS AD 5-2331 

IltIflIllIlTi lull 1111111 

o 
Positions 
Wanted 

1111111111111i11111111111111111111111111111111111111111111111111111111I111111111111111111 

By Armed Forces Veterans 
(Continued front page 152.4) 

ENGINEER 
Desires position not wholly technical involving 

possible overseas travel. 1,T1t; USNR. Tau Beta 
Pi, Eta Kappa Nu. Unmarried. BS. and MS. in 

E.E. front large midwestern universities. Box 
2060 W. 

ELECTRONIC ENGINEER 
BS. 1956; MS. 1957 in E.E., Stanford Univer-

sity. Experience (I months digital circuitry design, 

2! years in trajectory computation and guidance 

analysis, including some programming for large 
digital computer for USAF. Attended special 
USAF course ill Ballistic Missile Fundamentals. 

Desires position in missile or computer R & 1) 

with opportunity for responsibility. 1st Lt. Age 

25, married. Available July 1960. Box 2064 W. 

ELECTRONIC ENGINEER 
BE and MS in E.E. ( electronic option) from 

USC. Phi Kappa Phi, Tau Beta Pi, Eta Kappa 
Nu. Available July 1960 upon completion 5 years 

co llllll issioned service with Navy ( Lt.). Experience 

in shipboard electronics, teaching at Naval Acad-
emy. Interested in instrumentation, computer 

application. Southern Calif. area desired ( possibly 

future in Latin America). Age 28, married. 

Resume upon request. Box 2065 W. 

ELECTRONIC ENGINEER 
BS EE. 194X. Heavy experience in industry 

controls and allied fields. Desires managerial posi-
tion with strong and growing company in the field 

of industrial electronics. Location anywhere. Box 
2067 W. 

(Continued roi rage I 7VA ) 

CLEVITE 
REQUIRES THE TALENTS OF 

SEMICONDUCTOR 
ENGINEERS 

PHYSICISTS • METALLURGISTS 
DEVICE DEVELOPMENT 

ENGINEERS 
MECHANICAL DEVELOPMENT 

ENGINEERS 

OPPORTUNITY FOR GROWTH 
Clevite. a young. fast-growing company 
offers plenty of room for advancement. 

Reloc•tion expenses fully paid 

CITIZENSHIP NOT REQUIRED 

Phone or send resume in confidence to: 

Engineering Placement Director 

CLEVITE 

\,e 

CLEVITE 
TRANSISTOR PRODUCTS 

257 Crescent St., Waltham 54, Mass. 

Phone TWinbrook 4-9330 
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NASA announces... 

THE TRANSFER OF THE DEVELOPMENT 

OPERATIONS DIVISION OF THE ARMY BALLISTIC 

MISSILE AGENCY TO THE NATIONAL 

AERONAUTICS AND SPACE ADMINISTRATION 

Dr. Wernher von Braun, director of the new NASA Marshall Space Flight Center in Huntsville, Ala., pictured with NASA's Mercury Astronauts 

Dr. Wernher von Braun and his space team join NASA 
The National Aeronautics and Space Ad-

ministration leads the nation's efforts to 
find, interpret and understand the secrets of 
nature as they are revealed in the laboratory 
of space. 
This vigorous effort requires boosters for 

space vehicles which greatly exceed the 
thrust of any boosters currently available. 
For this reason, the $100 million Huntsville 
plant, together with its famous space team, 
are being transferred to NASA. The new 
NASA facility in Huntsville will be known 
as the George C. Marshall Space Flight 
Center. 

NASA is now the largest civilian research 
organization in the United States. For details 
about outstanding professional opportuni-
ties, address your inquiry to the Personnel 
Director of any of these NASA centers: 

NASA Goddard Space Flight Center 
Washington 25, D. C. 

NASA Flight Research Center 
Edwards, California 

NASA George C. Marshall Space Flight Center 
Huntsville, Alabama 

NASA National Aeronautics and Space Administration 
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po-srtion 

Problem: Determine positional accuracy of automatic 
inertial parigation system. 

SolutionreetretialeXertranics' visual Type 
LI Periscope System or R71 Wii0Ti/raiiiidi6àlett 
Sextant, Mark II. 

Result: Bird away and on target. 

Pioneering by Nortronics' Precision Products 
Department in the field of navigation and stabilization 
systems has created unique career opportunities in 
advanced design, production and applications 
engineering. 

NORTRONICS 
A Div,slon of NORTHROP CORPORATION 

PRECISION PRODUCTS DEPARTMENT 

NORWOOD, MASSACHUSETTS 

Field Offices 

Highway #46 2486 Huntington Drive 

Teterboro, New Jersey San Marino, California 
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By Armed Forces Veterans 

Positions 
Wanted 

((yntinued I re ,at page 15 1. S) 

ELECTRONIC ENGINEER 

IIISEE. 1057. 1/1.t. USAF. Electronic instruc• 
tor while on active duly. Some graduate work 

completed. Desires au, R I) piisition in the mid-

Atlantic area. ?tut- 21. married. I child. Box 
2t1o8 W. 

SALES ELECTRONICS 

Experienced sales and engisseci background 

in electronics to distributors. o f.N1 and direct 

customers. Age 38 with excellent sales record in 
product :Ind COMpOtœlliS. EXperietWell ill sales pro. 

motion. Desires position with responsibility and 
lituire. Itus 2mm ‘v. 

ELECTRICAL ENGINEER 

BSEE. 1058. 1.1. ( j(i) USSR. Completing 2 
years as Electrical S: Engineer officer afloat and 

ashore. Experience in repair and maintenance of 
various types of equipment and in personnel 
management. :Married. Desires position in south. 
Wc>1. Available August 1060. Box 2070 W. 

ENGINEERING EXECUTIVE 

At 35. holding SBEE and NISEE electronics. 

and wonderfully settled with family in Honolulu, 

desires a position in this area. Unusually familiar 
with resourse, limitations and energetic future of 

Hawaii. 15 year. experience with shipboard, 

missile and management of Naval Electronics. 
Box 2086 W. 

SENIOR ENGINEER 

NI S., solid supervisory experien.c in transistor 
applications and technoliii.... ilesii es technical or 

administrative position itt Ettrime with U.S. or 

European semiconductor manufacturer. Fluent 
French. some Italian: married with family. Ifox 
2087 \\". 

SENIOR PROJECT ENGINEER— CHIEF 

11SEE. all requirements NIS but thesis. Age if.. 

married. 2 children. 10 years design and project 

supervision experience in air navigation sysierns. 
HI' and VIIE communications and industrial TV 

systems. Also teaching experience in transistors. 
:Member IRE and Tatt Itela l'i. Prefer location 

south or southweq. Box 2088 W. 

ENGINEERING TECHNICIAN 

Graduate of DeVry Technical Institute in Elec. 

tronic Technology and Design: married; age 2o. 
5 years experience in radar and Ty repair; 17 

months experience as Service Nlanager Mr large 
Detroit electronic distributor; wants position with 

Imo:Ind-coming firm that is going places. 

11001v for further study and advancement ilesir-
aide, Ava liaide July limo. Box 21180 W. 

115 Membership 
e, 

The following transfers and admissions 
have been approved and are now effec-
tive: 

Transfer to Senior Member 

Barrack, C. M., Pikesville, Md. 

Bales, D. J., Culver City, Calif. 

Beecher, D. E., f.os Angeles, ( alif. 
Boesch, P. W.. Washington, I), C. 

Bull. R. W., Mount Prospect. Ill. 
Davis. L. W., Albuquerque. N. Mex. 

Feldman, N. E., 1.o- .\ ngeles. Calif. 

Finley. J. D.. Eau Gallic., Fla. 
tiro... V., Ilayside, N. V. 

flendrix. C. E.. China Lake, Calif. 
Horowitz, J., Brooklyn, N. V. 

Hsu. IL. Clay. N. V. 

Jones. II. S. Jr.. 'iashington. It. C. 
Kaprelian. K.. !led Bank, 
Kennedy, Il. D.. Cincinnati, t hio 

1XlinvIer. D. E., .\ itti .\ rhor. Nlich. 
Km...v. C. It_ Panama CiG. Ela. 

\ \Vaketield, Mass. 

lad:grim, E. W.. Nledford. Mass. 
Miller. I). C., \Valilron. Ind. 

Nlott, ii.. Raleigh. N. C. 

(t'Brien. \V. C.. San Pedro. Calif. 
Parch', R. II_ St. Petersburg, Ela. 

l'izzicara. 1). J.. Plain, iew. I.. I_ N. Y. 

Plait. A. O., Fort \Vayne. 
Itielonam L., Huntingdon Valley, l'a. 
120bert, \V. 12.intie, N. V. 

12.111, H. IL. Roslyn Heights. N. V. 

Rubin, S. \V., Long Island City, N. V. 
Shepard. E. 5.. St.. :\riz. 
Sintzleton. 12. C., Palo .\ 11ii. Calif. 

Smith, D. S. J., Itoehester, N. V. 
Smith. G. W., Littleton. Colo. 

Southard. ( . 1).. Endwell, N. 
Stephens. J. F„ Owensboro, Ky. 
Stone, E. W.. Syracuse. N. V. 

‘Veis,, \V. J.. Skokie. Ill. 
White. E..\.. Fort ‘Vayne, 

.‘. E.. Lancaster, Calif. 

Admission to Senior Member 

Billing, A. R.. Neillands, lVestern Australia 

Blair, C. I.., Little Silver, N. J. 
Bloom. S.. Plainfield, N.!. 

Buescher, R. IL. College Park. ml. 
Cahn. IL, .\ slittry Park. N. J. 
came... T. .1.. Liiiiipm•k. Calif. 

Chrtilicala. W. J.. Burbank. Calif. 

Collar. If. W.. Sewell, N. J. 

Cooney, T. R., Dayton, Ohio 

Daly, E. J., Livertniire. Calif. 
Davies. F. T.. Ottawa, b nt., Canada 

Del Ciro- so. V. .\.. \Vashington, 1). C. 
t ;. C.. Princeton. N. J. 

Emerson. \V. IL, District Heights, `Md. 

Finkel. NI.. Rolling I lills. Calif. 

Frenzel, IL P.. (:azeionia. N. 1'. 
Graham. J. J., ()akls it, N. ,l. 

Hamilton, J. .1.. Schenectady. N. Y. 
Hannon. R. J.. Lexington, Nlass. 
Harris, 12. C.. Plainfield. N. J. 

Hauser. IL, 11":1.1tingtott, It. C. 

llertiqvist. K. Princeton. N. J. 

Hey. II. C.. 'tiurras Ilill. 

Hogan. NI. It.. Syracuse. N. V. 

I ! mid:tick. \. J., I le, eland. (lItio 

lvanek. Siam...rd. Calif. 

Jones, J. L.. Eatiintown. N. J. 

Klein, 12. J., I il, Itidge. Tenn, 
Kortiei, O.. I oisining. N. V. 
Kundu, NI. R.. .4i, .\ rhor. Nfich. 

Link. E. M.. Westwood. N. J. 

Maclinta..\. J.. l'a. 
Malin,. ski. L. Itiverside, Calif. 

Mandelbrot, It. It., 1).•ining, N. V. 
Nlattii, l'.. Sakurakoji. 

Nlarshall. It.. Drexel Hill, Pa. 

McColl, D. R. S.. Sudbury. Mass. 

McGee. J. E.. El Pasii, Tex. 
NIelteytiolds. O. J.. Bethesda. Mil. 
Miller. \V. E.. Urbana. III, 
Morita. NI., 'tokohama. Japan 

Nailer, J. S.. Cincinnati. Ohio 
Nimura, T., Sendai. Japan 
()chi, S., Gist:, Nlesa. Calif. 

O'Donnell, R. V., Freehold, N. J. 
Pawlimski. IL .1.. \\:aketield, Mass. 

Pliskin, \V. A.. Poughkeepsie, N. V. 
Pula. ' I:. J., Baltimore, Nlil, 

Ricketts, NI. V., Burbank, Calif. 

Rosenbaum, Satu Ifiego, Calif. 
Ruff. D., ‘Vashington, D. C. 

Schweiger, R. N., \Vilmington, Mass. 

((main/fed eat rage 138:I) 

po-srtion 
A NOTE FOR TALENTED 
ENGINEERS: 
We invite your inquiry as to 
important positions that exist nt 
Nortronics' Precision Products 
Department (formerly the 
Military Products Division 
of American-Standard). 

Plan your future with 
Nortronics' Norwood team- and 
stimulate your professional 
growth. If you can qualify in 
one of several electro-meehanical 
areas you will work on 
challenging programa with 
professionally dedicated 
associates. 

FOOTNOTE: Excellent salarià 
for qualified engineers in both 
our Systems and 
Components Groups. 

Contact E. P. REARDON, 
NORTRONICS Precision. 
Products Department, 
Norwood, Massachusetts 

NORTRONICS 
A Division of NORTHWCP CORPORATION 
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A Major New Power In 
Electronics Is Born 

The recent formation of 

LOCKHEED ELECTRONICS COMPANY 

marks the beginning of new expansion— 
entry into new markets and new activities 
in both military and non-military fields. 

On the East Coast, Lockheed Electronics Company has organized 

3 operating divisions. Immediate positions are available for 

experienced engineers and scientists who possess proficient ex-
perience in the following activities and who desire unlimited professional growth with a zation.dynamic  

, new and expanding organi-

Military Systems-Stavid Division 
STAVID will continue to expand its present capabilities in military 
electronics, and will place special emphasis on: Airborne ASW 

research and development; Sonar; Sonobuoy systems; unique 

underwater detection devices; advanced radar systems; opera-

sign. 
fions research—systems analysis; ECM and digital computer de-

Information Technology Division 
This new division is engaged in the development and marketing 
of data systems and sub-systems including: data processing, stor-
age and display systems; telemetry; special purpose computers; 

systems analysis; communications and navigation systems. Special 
demand for solid-state circuit design engineers with particular 
emphasis on DC amplifier and low level, low noise amplifier de-
si3n; VCO and FM discriminator design experience. 

Engineering Services Division 
(F:ELD OPERATIONS) will continue to expand and diversify in 
the areas of product service, test, evaluation, range instrumenta-

tion and operation, high quality engineering and consulting serv-

ices. Current professional opportunities immediately available on 
programs involving: experimental data processing equipment; 
simulators and trainers; radar and navigation systems; missile 
guidance and associated general support equipment. 

If you would like to investigate present and future op-

portunities in this growing company, you are invited 

to submit your professional resume in confidence to: 

PROFESSIONAL PLACEMENT DEPT. PP 

Interviews arranged promptly 

LOCKHEED flalilllitiS CO 
PLAINFIELD, NEW JERSEY 

PLAINFIELD 7-1600 

WHEN WRITING TO ADVERTISERS PLEASE 

I Membership 

(Continued (ruin Page 1:)74 

Smith, D. D., Silver Spring. Md. 

Soderquist, G. W., Eau (; allie. Fla. 
Stegner. C. II., Verona, N. I. 

Sterrett. I). S., Charleston. S. C. 

van der Burgt, C. M., Eindhoven, Netherlands 
Waiter, J. F.. lYashington, I). C. 

Transfer to Member 

Anderson, R. J., Falls Church, Va. 

Alipelhaum, f',., New Rochelle, N. V. 
Iteamsley, G. V., Long Beach, Calif. 

Becker, H. D., Williamsville. N. V. 
Iteer, A. E., Sea Cliff, I.. I.. N. V. 
Ileitis, H. M., Park Ridge, N. J. 

Benjamin, H. L. New Hartford. N. Y. 
Iterkowitz. B., Brooklyn. N. V. 

Ilerwin, T. W., Encino, Calif. 
Itcvan, R. K.. Tarrytown, N. Y. 

O., Kokomo, Tnd. 

Ilidner, Il., Kew Gardens, I.. I., N. Y. 
Itiscoe, G. W., Glen Cove, I.. I.. N. V. 
Board. C. Z., Tempe, Ariz. 

llorghi, R. P., Mountain View. Calif. 
Bowen. C. H.. Arlington. Va. 

llowker, M. W.. Murray Hill, N. J. 
Brown. L., Haddonfield, N. J. 
Rubbers, J. J.. Huntington. I.. T., N. Y. 

Roll. T. R., Richmond Hill, dot., Canada 

Busier, J. C., Tempe, Ariz. 
Buzzard, R. D., Ann Arbor, Mich. 

Carbine, I. L., Las Cruces, N. Mex, 

Cheeseman, P. R.. Princeton. N. J. 

Chitouras, C. G., West Concord, Mass. 

Cipolla. A. I'.. Massapequa Park, I.. f., N. Y. 
Coelho. C. A. B.. Rio de Janiero. Brazil 
Coerver, h.. E., Jr., Los Angeles, Calif. 
('noie in. ('. P., Ordain Pa. 

Conway. P. W., Northbrook. Ill. 
Cooper. R. S., Cambridge, Mass. 

I Cope, R. W., Towson, Md. 

Crowe, E. W., Berkeley, Mo. 
Cupp. J. D., Ontario, Calif. 
Dagostino, V. I.., Stamford, Conn. 
Dalrymple, G. F., Lexington, Mass. 
Davies, W. R., Seattle. Wash. 

Davis. W. H., Pasadena, Calif. 

Credico, R. J., Woodbury. N. J. 
Derzai, M., Montreal, Que., Canada 
Devereaux, R. N., Jackson, Mich. 
Didriksen, J. B.. Riverside, Conn. 
Diem, C. W., Detroit, Midi, 

Donelson, I.. E., Detroit, Mich. 
Doxtator. R. H., Endicott, N. Y. 

Duff, T. O., Dover, Del. 
Duncan, H. P.. Mangham. I.a. 
Eberhard, R. C., Fort Worth. Tex. 

Ellin, F. P., Alamogordo. N. Mex. 

Eisenberg, H.. Chicago, N. 

Enander, B. N., Stockholm, Sweden 

Erb., T. T., Milwaukee, Wis. 
Evans, R. J., St. Paul, Minn. 
Fisher, R. D., Greendale, Wis. 

Fitzgerald, P. J., Elmhurst. L. T., N. Y. 

Freedman, I. M., Revere, Mass. 
Freeze, R. C., Thorofare, N. J. 
Fricke. L. H., Jr., Maplewood. Mo. 

Friedmann, D. C., Baltimore, Md. 
Gardner, T. W., Brigham City, Utah 

Garrett. W. A., Kansas City, Mo. 
Gerig, J. S., Palo Alto, Calif. 

Gilbert, E. M., Pikesville. Md. 

Glass, C. E., Richard, Wash. 
Golick, S., Bayside. L. 1.. N. Y. 

Goodwin, R. O., Nashau. N. H. 
Gosch, V. E., San Antonio, Tex. 

Graham, J. D., Brookfield, Wis. 
Granger, B. W., Lansdale, Pa. 

Gregory, L. A., Jr., Wayne, N. J. 
Grover, A. C., Jr., North Plainfield, N. J. 
Hamilton, R. H., Florissant, Mo. 
Hayman, R. A., Buffalo, N. Y. 

(Continued on page 160.4) 
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men 
with 

ideas 
are needed at HRB-SINGER in the 
following professional areas: 

• Infrared 

• Systems Design and 
Evaluation 

• Microwave Circuit and 
Receiver Design 

• Video Processing and Data 
Reduction 

• System Reliability Study and 
Analysis 

• Theories of Communication 

• Electronic Circuitry 
Development 

HRB offers the opportunity to 
work on vital electronic problems; 
an attitude of research emphasiz-
1ng freedom of expression; a loca-
tion combining the cosrropolitan 
atmosphere of a city with the 
advartages of small-town living. 
Through the tuition- refund plan 
employees are encouraged to put'. 
sue graduate stuoy at the nearby 
Pennsylvania State University. 
Write in confidence to Personnel 
Director, Dept. R-3, HRB-SINGER, 
INC. 

HRB-SINGER, INC. 

Science Park, State College, Pa. 

A SUBSIDIARY OF 

THE SINGER MANUFACTURING CO. 

Problems 

In the final analysis, 

termines the atmos 

company is dull and 

cal items ... then it 

For The Inquiring Mind ! 

it's the product a company manufactures which de-

phere surrounding an Electronic Engineer. If the 

prosaic ... endlessly stamping out millions of identi-

almost certainly follows that so-called engineering 

will be mundane and uninteresting. E On the other hand, it's quite possible to be 

involved in work that's so far out it is insecure. Take missiles versus aircraft, for 

example. It appears now that missiles will inherit the mantle... but which ones? 

Yours might be a winner and it might not. E Ours is one of the select few com-

panies which offers stability plus the excitement of almost infinite variety. You 

see, we are completely occupied with unique electronic engineering problems re-

lating to the development and production of thousands of different extremely pre-

cise devices. We're about at far as you can get from an assembly line, operating as 

we do on a special project basis for the nuclear weapons program. This makes 

BENDIX a fascinating place to work. Our long-term prime contract with the Atomic 

Energy Commission makes .t a secure place to work. E Our wonderful community 

adds the pleasures of comfortable suburban living to the rewards of a basically 

important line of endeavor. Our climate and terrain are much like those in Virginia. 

We have four mild but readily- identifiable seasons in a rolling, wooded landscape 

which is famous for its beauty. Housing is comfortable, inexpensive and close to 

work. We have excellent schools and universities, art galleries, a symphony orches-

tra and major league baseball. D  You'll like 

BENDIX and you'll like Kansas City. We guar-

antee it. Write Tim Tillman, Technical Place-

ment Supervisor, Box 303-PE, Kansas City 41, 

KANSAS CITY DIVISION Missouri. He will supply you with all details. 

'Moe, 
AVIATION CORPORATION. 
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SYSTEMS 
ENGINEERS 

ELECTRONICS 
ENGINEERS 

CHALLENGING R&D OPPORTUNITIES 
Fundamental and applied research in the fields of hydrodynamics, 

acoustics, electronics, network theory, servomechanisms, mechanics, 

information theory and noise reduction. Also design of electronic in-

strumentation for underwater ordnance and application of analogue 

and digital computers. 

Opportunities for Graduate Study 

Faculty Appointments for Qualified Applicants 

Excellent Working and Living Conditions 

Send Resume to 

ARNOLD ADDISON, PERSONNEL DIRECTOR 

ORDNANCE RESEARCH LABORATORY 

THE PENNSYLVANIA STATE UNIVERSITY 

BOX 30, UNIVERSITY PARK, PA. 

Mr. Engineer. 
Retain your identity at 

u. 

BECKMAN'S SYSTEMS DIVISION 
In Orange County, California 

Here's your elutnee to be a big fish in a small pond . . . not that our 
Systems Divis  is too small . . . it's just that we're not so large and 
over-organized that the individual and his efforts are submerged in a mass 
of l amity and a welter of paper work. 

Our business is the design, development, and manufacture of proprietary 
electronic data processing and data acquisit•  system . . . research anti 
development study projects pertaining to satellite programs . . . varied 
engineering design projects and other activities with both military and 
commercial significance. 

There's ample elbow room for the 
the following profes  • al areas: 

Logic Design 

Analog Design Systems 

Project Management 

Electronic Design 

Field Engineering 

non-organization man in any one of 

Systems Design 

Engineering Digital Design 

Project Engineering 

Systems Evaluation and Modularixation 

Applications Engineering 

If you'd like to receive ttttt re information about us, we suggest you write 
to our Mr. J. W. Carlton enclosing a brief description of your background. 

BECKMAN INSTRUMENTS, INC., SYSTEMS DIVISION 

Beckman ( R) 

325 North Muller, Anaheim 5, California 

(25 miles south of Los Angeles, near the Pacific Coast) 

(C) 1960 B.I.I. 

."4? I Membership 

(Continued Page /58,1) 

Heinzmann, F. C., Palo Alto, Calif. 
Heller, P. N., Cambridge, Nlass. 
Hines, R. I.., Fort Worth, Tex. 
Hoger, D. T., Haddon Heights. N. t. 
Holeczy, A. A.. King of Prussia. Pa. 
Howard, W. R.. Twinsburg. Ohio 
Howson, J. C.. Salt l'oint. N. V. 
Humphrey. C. D., Glastonbury, Conn. 
Huntley, W. P., Los Angeles, Calif. 
Ismail, M. A. W., Cairo, Egypt 
Jackson. D. A.. San Francisco, Calif. 
Jamison, R. S., Los Angeles, Calif. 
Johansen, E. L., Ann Arbor, Mich. 
Johnson, E. P., Jr., Waltham, Mo s. 
Johnson, H. S., Denver. Colo. 
Johnson, M. E., Tonawanda, N. Y. 
Jones. G. R., Greenbelt, Md. 
Kalviste. A., Seattle, Wash. 
Kannair, C. J., Jr.. Reeds Ferry, N. H. 
Karmic, E. J., Norwich, Conn. 
Kidwell. R. l'.. Las Cruces. N. Mex. 
Kieffer, G. Elkhart. Ind. 
Kimlinger, J. A.. St. Paul, Minn. 
King. J. J.. Huntsville, Ala. 
Kinsley. R. IL. Utica, N. Y. 
Klimko, C. A.. Campbell. Ohio 
Konesol, A. E.. Kenmore, N. Y. 
Kos, S. M., East Northport, I.. L. N. Y. 
Krupinski. J. A.. Rome, N. V. 
Lackey. R. B., Columbus, Ohio 
La Forte, J. T., Sauquoit, N. Y. 
Lane, J. J., Huntington Station, I.. I.. N. Y. 
Leland, FL E.. Dayton, Ohio 
Levin, H. Paterson. N. J. 
Lewin, N. L.. Chicago. Ill. 
Lewis, D. E., Dayton. Ohio 
Lieberman, G., Haddonfield. N. J. 
Lincoln. C. F.. Jr., Dallas. Tex. 
Utterer. J. E.. Columbus, Ohio 
Lombard. W. A., Syracuse. N. Y. 
Madeson. A. H., Newton. Mass. 
Majeau, H. Brooklyn. N. V. 
Malech. R. C., Carlisle. Mass. 
Mar. %V. A., Los Angeles, 
Marantz, D. R., Rego Park. I.. I.. N. V. 
March. J. W., Jr.. Washington, D. C. 
Marino, D. J.. Winchester, NUss. 
Martinelli. A. A.. %Vaterhury. («min. 
Mason. R. K.. Binghamton, N. Y. 
May. Fl. A., Baltimore. Md. 
McCann, R. W., Bradford, l'a. 
McIntyre, J. \V.. Kenvil. N. J. 
McIntyre, R. G., Toronto, Out.. Canada 
McKenzie. J. N.. Gardena, Calif. 
McMath, D. C., Jr.. Cocoa. FI:t. 
Messina. A. S., Brooklyn, N. Y. 
Meyer, IT. R.. Concord. N. II. 
Merger. J. P., Milwaukee, \Vis. 
Nfichelsen, I'. W., Seattle, Wash. 

Mieher, R. I... Waverly. Ill. 
Milano, U., Waltham, Mass. 
Minor, L. C., State College. Pa. 
Monroe, G. R., Poughkeepsie. N. Y. 
Montgomery, E. It.. Phoenix, Ariz. 
Murphy, M. L., Midland, l'ex. 
Nesenoff. N., Plainview, f.. I.. N. Y. 
Newhouse. V. L., Marion. Iowa 

Nixon. N. E.. Littleton, Mass. 
Northrup, R. M., Emporium. Pa. 
Oeil, J. A., St. Paul. Minn. 
Otto, J. L., New Orleans, l.a. 
Palatinus, A. C., Maspeth. L. I.. N. Y. 
Pallange, E. P., Quaker Hill. Conn. 
Palmieri, C. A., New Hyde l'ark, L. T., N. Y. 
Reynolds, D. J., Poughkeepsie, N. Y. 
Richardson, R. L., Syracuse, N. Y. 

Rieders, A. T., New York. N. Y. 
Shrager, J. S., Philadelphia, Pa. 
Urban, L. R., Inglewood. Calif. 
Werner, R. E., Pleasanton, Calif. 
Wheeler, A. J.. Somerville. N. J. 

(Continued on rage 161.4) 

160A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE May, 7960 



ENGINEERS 
SCIENTISTS 

FUTURISM 
in 

contemporary 
R&D 

Radical departures from traditional 
forms of scientific investigation are 
the keynote of Republic Aviation's 
forward-looking programs in space 
exploration and upper atmosphere 
flight. In an environment that re-
gards with skepticism the seeming 
validity of conventional conclusions, 
engineers and scientists seek below-
the-surface solutions of problems... 
bypassing the superficial. 

Expanding the scope and depth of 
present programs is Republic's 
recently completed $ 14 million 
Research and Development Center. 
Extensive facilities here are an in-
vitation to professional men to real-
ize the future by solving today's 
most perplexing problems. 

SENIOR LEVEL OPENINGS EXIST 
IN THESE IMPORTANT AREAS: 

Navigation & Guidance Systems/ Radar 
Systems / Information Theory / Radio 
Astronomy / Solid State & Thermionic 
Devices / Microwave Circuitry 8. 
Components / Countermeasures / 
Digital Computer Development / 
Radome & Antenna Design / Receiver 
& Transmitter Design / Miniaturization-
Transistorization / Radiation & Propa• 
gation (RF, IR, UV) / Telemetry. 
SSB Technique 

Please forward resumes to: 
Mr. George R. Hickman 

Technical Employment Manager, 
Department II. 

o 
IIIIElf0111151,./Ig' Mee irffcriv 

Farmingdale 
Long Island, New York 

A message to 

Electronic Engineers 

from R. P Gifford, 

Engineering Manager 

of General Electric's 

Communication Products 

Department in 

Lynchburg, Virginia— 

"An electronic design engineer 

earning $10,000 should be a 

decision-maker beyond his project's 

immediate technical problems." 

"I believe that any electronic design engineer eat nit% SI 0,000 or more welcomes 

the authority to make a variety of high-level business decisions— in such areas 

as features versus cost and reliability versus weight— working closely, of course. 

with his marketing counterparts in Product Plariting and also with the Manu-

facturing Engineers. 

"At Communication Products Department we gbe the experienced engineer the 

necessary authority to do just this. He generally enters the design project early 

in the development planning phase, so that he can take responsibility for esti-

mating the project expense and schedule—thus contributing to the establishment 

of bogeys for product cost and delivery. 

"Of course our communication systems must do the customer's job, but also 

they must be marketable at a profit to the Department; to make this come true 

is a vital part of the design engineer's challenge. This means exposure to many 

management problems and a rare opportunity to grow and move ahead rapidly. 

"Our communication products are primarily commercial, including Mobile 

Radio. Microwave Radio Relay, Terminal Equipment, Telephone Carrier, Mul-

tiplex, and Personal Communication Systems. Military contracts also in the 

house include a 24-channel SSB tropospheric scatter system." 

Right now, we have immediate openings for Achance, Development, and Sys-

tems Engineers who have significant backgrounds in these areas: 

¡t. F. circuit design 
11)(Itiplex equipment'  
3licrowave systems 

design 
Solid state devices 

Microwave plumbing, 
antennas 

Piezoelectric devices 
Mobile transmitter, 

receiver design 

Electronic equipment 
mechanical design 

Automatic test 
equipment D&D 

Micromi mm iaturization 

For prompt consideration, fornard your resume in 

confidence to Mr. C. Fullmer, Dept. 53-ME 

COMMUNICATION PRODUCTS DEPARTMENT 

GENERAL ELECTRIC 
Mountain View Road, Lynchburg, Virginia 

Miiiifflimenseve sreure.- te. 
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ACF ELECTRONICS DIVISION 

ELECTRO-PHYSICS LABORATORIES 
Responsible assignments in furthering the state-of-the-art of Ionospheric Physics, 
combining competitive salaries and unusual growth potential, are offered to men 
who can contribute. Our present needs are for: 

reelo 
,jíe/r1 ,Weteeit 

FOR RESEARCH PROGRAMS IN 

IONOSPHERIC PROPAGATION 
& HF COMMUNICATIONS 

SENIOR IONOSPHERIC PHYSICISTS 
Ph.D. preferred, with several years experience in the study of Ionospheric phe-
nomena. Should be familiar with present knowledge of upper atmosphere physics 
and possess an understanding of current programs using rockets and satellites for 
studies in F-region and beyond. Qualified individuals with supervisory abilities will 
have an exceptional opportunity to assume project leadership duties on HF projects 
already under way involving F- layer propagation studies backed by a substantial 
experimental program. 

SENIOR DEVELOPMENT ENGINEERS 
Advanced degree in E.E. or Physics preferred. Must be familiar with present 
state-of-the-art in the design of advanced HF receivers and transmitters and possess 
working knowledge of modern HF networks employing ferrites and metallic tape 
cores. Strong theoretical background in modern linear circuit theory desired. Will 
carry out laboratory development and implementation of new HF communication 
systems. 

SENIOR ELECTRONIC ENGINEERS 
Advanced degree in E.E. preferred. Must be familiar with conventional pulse 
circuit designs and applications. Technical background should include substantial 
experience in data process and data recovery systems using both analog and digital 
techniques. Knowledge of principles and application of modern information theory 
including correlation techniques helpful. Will be responsible for the design of 
sub-systems. 

JUNIOR ELECTRONIC ENGINEERS 
To assist Senior Engineers and Scientists in the development of HF communica-
tions and data process equipment. Should have formal electronics schooling and 2 
years' experience in circuit design, checkout or analysis of HF communications, 
Radar Pulse, Analog/Digital or Data Recovery equipment. Construction of promo-
types of new and interesting equipment and design of individual components of 
communications and data processing systems will comprise the major efforts of 
selected applicants. 

FIELD STATION ENGINEERS 
B.S.E.E. or equivalent, consisting of combined civilian or military technical school, 
with work experience. Presently employed as a field engineer or project engineer 
with valid 1st or 2nd Class FCC license and a good command of some of the 
following: Radar, preferably high power; HF long-distance communications sys-
tems; Tropokpheric or Ionospheric scatter systems. Must be willing to accept 
assignments in areas where dependents are not permitted for periods of up to one 
year. Differential paid for overseas assignments. 

The Electro-Physics Laboratories are located in the suburban Washington, D.C. 
area, where post-graduate study is available in several nearby universities. Housing 
is plentiful in attractive, well-established neighborhoods. Our relocation allowance 
is liberal. 

All inquiries will be held in strictest confidence and answered promptly. 

Please send resume to: 
ROBERT REID. PROFESSIONAL EMPLOYMENT SUPERVISOR 

ACF ELECTRONICS DIVISION 

adf 
Industries, Incorporated 

Riverdale, Maryland WArfield 7-4444 

analytical, 
systems, 
components 
engineers 

CHECK THESE OPENINGS 

IN FLIGHT CONTROLS WITH 

HONEYWELL AERONAUTICAL 

Honeywell introduced the first 
successful electronic autopilot in 
1941—the C-1 of World War II. 
Since, we have produced more flight 
control systems than any other com-
pany and have developed concepts 
in flight controls that are now 
standard in this field. Today, most 
top aircraft and missiles are equip-
ped with Honeywell flight controls. 
Honeywell's Flight Control Systems 
Group has expanded steadily and 
now has openings for the following: 

ANALYTICAL ENGINEERS— must be 
capable of simulating (mathe-
matically on paper or computers) 
characteristics and problems in 
missiles and aircraft control, 
stability, and control systems. 
Should have good math back-
grounds with analog computer 
experience. 

SYSTEMS ENGINEERS—should be 
capable of interpreting analyti-
cal results into navigation, guid-
ance, or flight control systems. 
Should be electrical engineers 
experienced in systems— ideally, 
with experience in flight control 
in the aviation industry. 

COMPONENTS ENGINEERS— should 
be electronics men with empha-
sis on transistor circuitry. Will 
be responsible for designing com-
ponents which go into the sys-
tum.:\lust have circuitry design 
experience. 

To discuss these or other openings, 
write Mr. Bruce D. Wood, Dept. 
61013, Aeronautical Division, 1433 
Stinson Bled., Minneapolis 13, Minn. 

Honeywell 
Lif   qukt 

To explore professional opportunities 
in other Honeywell operations coast 
to coast, send your application in con-
fidence to H. K. Eckstrom, Minne-
apolis 8, Minnesota. 
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opportunities in design engineering 

Ideas — and experienced de-
sign engineers who can turn 
them into performing products 
— are the moving force behind 
Collins Radio Company. Right 
now, design engineers are need-
ed for a wide range of electronic 
projects at Collins' three loca-
tions; Dallas, Texas, Burbank, 
California, and Cedar Rapids, 
Iowa. Projects include design 
and development problems on 
airborne communication, flight 
control, navigation and identi-
fication systems, missile and 
satellite tracking and communi-
cation, high speed digital data 
transmission, antenna design, 
amateur radio and broadcast. 
They afford full scope to your 
creative ingenuity. They give 
you unusual opportunities for 
advancement and professional 
recognition. 

Collins past achievements 
promise an outstanding future — 
Collins design engineers have 
been responsible for the inte-
grated electronics systems for 
America's newest Air Force and 
Navy fighters and bombers. 
These systems provide UHF 
communication, TACAN navi-
gation, radar identification, 
UHF direction finding, naviga-
tion indicators. 

NS 
From its inception, Collins 

has placed strong emphasis on 
research and development. The 
R&D division accounts for about 
3,500 employees, of which 40% 
are engineers, physicists, mathe-
maticians, and scientists. About 
$22 million is spent annually on 
R&D activities. 

Collins is a growth leader in 
the electronics field. Engineer-
ing minded management has 
balanced government and com-
mercial business to the point 
where stable employment is 
assured. Military-commercial 
backlog exceeds $200 million. 

The steady growth of Collins 
is noted by comparing 1937 sales 
of $500 thousand and 1945 sales 
of $43.3 million with 1959 sales 
in excess of $117 million. 

If you are a qualified design 
engineer, you are invited to sub-
mit your resume in complete 
confidence to the location of 
your choice: L. R. Nuss, Collins 
Radio Company, 855 35th St., 
N.E., Cedar Rapids, Iowa; B. E. 
Jeffries, Collins Radio Com-
pany, 1930 Hi-Line Dr., Dallas 
7, Texas or R. J. Olsen, Collins 
Radio Company, 2700 W. Olive 
Ave., Burbank, California. 

fflCOLLINS= 

COLLINS RADIO COMPANY • CEDAR RAPIDS, 10 ,A A • DALLAS. TEXAS • BURBANK. CALIFORNIA 
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A 
GROWING 
COMPANY 

MAKES ROOM 
FOR MORE 

IDEAS IN THE 
MICROWAVE 

FIELD 

Watkins-Johnson Company has substantially expanded its 
facilities in Stanford Industrial Park, Palo Alto, California. 
Through the policies of its technically-oriented management 
this company is providing ideal circumstances for creative 
activity. 

And it plans to continue to expand to make room for more 
ideas. 

WATKINS-JOHNSON COMPANY • :1333 HILLVIEW AVENUE • PALO ALTO, CALIFORNIA 

Membership 

(Continued fr,in page Ina.-11 

Admission to Member 

Akerley, J. F.. Beltsville, Md. 
Aria, P. U.. Milano. Italy 

Anderson, I). E., Minneapolis. Minn. 

Applegate, G. W.. West Belmar. N. J. 

Aptaker, I. M., Philadelphia, Pa. 
Ayas, M. H., Cairo, Maarli. Egypt 

Bacon, R. R., Nutting Lake, Mass. 
Baker, C. I.., St. Louis, Mo. 

Belan. E. F.. Holleman AFII, N. Nlex, 
Berry, J. R.. Baltimore. Mil. 

Blickman, J. H., Orlando. Fla. 
Bloom, R. E., Montebello, Calif. 

Boehm, H. G.., Poughkeepsie, N. Y. 
Bokros, P., Norristown. Pa. 

Bolognesi, G., Monza. Milano. Italy 
Boss, C. A., Puteaux. Seine, France 
Brinkman, K. I.., I.os Angeles. Calif. 

Brown, L. J., Ill, Drexel JIM, l'a. 
Bruce, P. E., I.os Angeles. Calif. 

Itycoski, C. T., Terryville. Conn. 

Camatini. G., Milano, Italy 

Carlberg, N. E.. Seattle. Wash. 

Casoria, A., Milano. Italy 
Cattaneo, G., Milano, Italy 

Chao, J. T., Pasadena, Calif. 
Chertoff, A. B.. Flushing, N. Y. 

Chervenic, J.. Endicott, N. V. 
Choi, B., Kwain.jii. Chollanamile, Korea 
Chu, R. H.. Sy racuse. N. V. 
Ciner, E.. Longcli a ! ups, FCGR, Argentina 

Clark, A. J., Jr., Albuquerque, N. Mex. 
Coburn, W. Charlottesville. Va. 
Collins. T. T.. Rural Hall, N. C. 

‘atinned on ',ape 1(,6A) 

COMMUNICATIONS 
ENGINEERS 

Are you considering a change? 
Consider, then, the ultimate in Stateside loca-
tions—San Carlos, Cal ifornia—the Center of 
West Coast Electronic Research and Develop-
ment! 

LENKURT 
IJ ELECTRIC CO., Inc. 

has an immediate need for an 
experienced 

MICROWAVE 
RADIO ENGINEER 

Experience in Microwave communications sys-
tems required. Broadband radio relay design 
work in telephone communications offers an 
outstanding challenge! 

APPLICATION 
ENGINEERS 

Several positions currently open for men with 
BSEE and 5-10 years experience in telephone 
systems. 
Inquiries for these and other Communications 
Engineering positions will be given immediate 
attention ( and will be processed in strictest 
confidence). 

Direct inquiries to 
E. Jack Shannahan, Employment Mgr. 
LENKURT ELECTRIC COMPANY, Inc. 
1105 County Road 
San Carlos, California 
Or, if more convenient, phone collect: 

LYtel l-8461. 
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* The acceptance by business and 

industry of the PhiIca 2000 All-

Transistor Data Processing System 

has created a number of significant 

advancement opportunities in our 

organization both at our new head-

quarters in suburban Philadelphia 

and at various key locations in 

other parts of the nation. You are 

invited to call, write or visit us to 

discuss your future in our growth 

organization. 

We have immediate assignments awaiting: 

ENGINEERING PERSONNEL 
Circuit Designers—Opportunities for experienced 
engineers at Senior, Project and Specialist levels 

to work in advanced electron c circuitry for digital 
computer core and drum memory elements. 

Product Engineers — Qualified by experience in 
electronic computer test and debugging for final 
product evaluation and acceptance of large-scale, 
high speed all-transistor digital computer system. 

Programmers — Mathematicians and Phys,cists 
experienced in the elements of sophisticated au-
tomatic programming systems to develop effi-
cient, logical programs for control computers. 

SALES 8L MARKETING MEN 
Sales Representatives — Experienced in actual 
sales, installation and servicing of engineering 
and business data processing systems in major 
industrial concerns. 

Systems Analysts—Degree required, with 5 years' 
experience in the analysis of Engineering, Sci-
entific, business data processing and military 
problems. 

Programmers — Experienced computer program-
mers in any of tie following fields: Sophisticated 
Automatic programming systems • Engineering & 
Scientific Proble:ms • Business, Industrial & Fi-
nancial Applications • Military Tactical & Logisti-
cal Applications. 

Customer Service Engineers 

Experienced computer engineers for local and out- of- State assignments in major metropolitan areas to 
install, start up and maintain large-scale, high speed digital computer systems. Advanced training on all-
transistor equipment furnished prior to assignment. Also openings for instructors and technical writers 
with experience in the computer field. 

IF YOU QUALIFY, CALL OR WRITE TODAY 

Mr. Fred Ptucha, Director of Personnel, OLdfield 9-7700 

PH I Lc° COMPUTER 
9-a,noadierQuareee-eol«Ar; DIVISION 
WILLOW GROVE, PENNSYLVANIA 
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ENGINEERS • SCIENTISTS 

BRIDGING THE GAP 
... from components, equipments, and subsystems 

to fully integrated control systems 

This is one of the functions of The MITRE Corporation. Within a 

total system concept, MITRE is engaged in long-term engineering 

work which encompasses system design, experimental electronics 

development, operational evaluation, and integration of complex 

computer-control systems. Some of these systems are currently 

operational, some are in prototype, while others are in the study and 

planning stage. 

Well trained engineers and scientists with an interest in large-scale 

electronics system engineering will find rewarding growth opportuni-

ties for creative contributions in the following areas: 

• Radar System Development 

• Communications 

• Human Factors 

• Operations Analysis 

• Weapons System Analysis 

• Air Traffic Control Systems 

• Computer Technology 

• Advanced System Design 

• Electronic Countermeasures 

• Military System Programming 

7nauiries may be directed in confidence to 

VICE PRESIDENT — TECHNICAL OPERATIONS 

THE 

MITRE 
CORPORATION 

POST OFFICE Box 31, 4-MG— LEXINGTON, MASSACHUSETTS 

113TRE is an independent system engineering organization formed 

under the sponsorship of the Wassacbusetts lnstitute of Technology. 

lts convenient location in suburban Boston affords excellent 

opportunities for advanced study under .20TRE's liberal educational 

assistance program. 

Openings are also available at 111712E's facilities in 5Ifontgontery, Alabama 

and Fort 'Walton Beach Florida. 

 )«. 
tV'txt‘‘‘‘xxxwt‘‘‘‘‘‘‘‘‘‘‘‘‘•••‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘xwm.m..N.‘‘‘‘‘‘‘‘.• 
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Cooper. B., Rome, N. V. 

Costanza, J. L., Cleveland, Ohio 
Crawford. J. Dallas, l'ex. 

00  Cruz. R., Aurora, HL 

Cuozzo, D„ Lynn. Mass. 

te' Davis. j. A., Philadelphia, l'a. 
Day, A. C., West Acton, Mass. 

ot% delta Porta, P., Milano. Italy 

04 I Wrby. It. J.. Fullerton, 
100.. Devlin, M., Philadelphia. l'a. 

0.# Dewhirst, D. R., Inglewood, Calif. 

010 DeVoung. C. Riverside. Calif. 
itO Dienes, Orkind Plrk. 111. 

Dionne. P. J., Richland. Wash. 

.01# Ihnytrijok, W.. Barato. N. V. 

Donald, E. N., Somerton. Pa. 
Donovan. W. H., Jr., Towson. Md. 
Dougherty, E:. V., Irvington. N. J. 

Driesse, W. H., Honesdale. Pa. 

0. Duda, F. A.. St. Louis, Mo. 

I /non. Î. R., Toronto, Ont.. Callada 
fel Edelman. W. E., Jr.. Playa Del Ray, Calif. 
trit Elfand. S.. Philadelphia. I';,. 

010 .ittele A. NV, Okkt 

-:..i.offery, C. A., Los Angeles. Calif. 
..wing. G. D., Santa Clara, Calif. 

0/0 Fo tog. R. W., State College. l'a. 

.ablironi. J. P., New York, N. V. 

..irokhr000, A., Lynchlmrg. Va. 
os< D. EL. Burbank. Calif. 

'i•igenbaum, NI. li.. Jackson Ileights. N. Y. 
ote 

..eiss. C. I_ Niles. 111. 

oett .. inlierg, W. S., Great Neck. L. L. N. Y. 
ofol J. A., Jr.. Van Nuys. Calif. 

Ereeman, R. J.. Los Angeles. Calif. 

Frykman. R. W.. St. Paul, Minn. 
#00  Fultim. R.. Manteca. Calif. 
ote tilkit E. I, Multim N. f. 

tiensler. P. Baltimore, Mil. 
to. Gerogross. J. E.. Washington, D C. 

t;holtrial.I.. Kharloom. Sudan, Afriea 
4;i1,14,. R. P., Havertown, l'a. 
t ; dotan, E.. Farmingham Center. Mass. 
Giorgi. C. M.. Fort Iltutelinca, Ariz. 

;01,1. R. C., Reseda. Calif. 
I-I. D., Monrovia. Calif. 

;orhani. .1. N., Balboa, Canal Zone 
Grabowski, J. P., Dickson City, Pa. 
t'infligen W. E., Hanover. Mil. 
Green. I. D., Tupelo, Miss. 

Greenberg, Levittown, Pa. 
#1,0  t:reenetneyer. J. R., Inglewood. Calif. 

tiyurko. J. E.. Tinley Park. Ill. 
Halverson. P. C.. Anaheim, Calif. 
liarewood. C. P., Philadelphia, l'a. 

Hatch. G. M., Los Angeles. Calif. 
0. llave', V. A., jr., Wilmette, 

otte I lavens, R. C., Phoenix, Ario. 
%.I lerman, J. C.. Santa Clara. Calif. 

lIefni. I., Melrose, Mass. 
Iferin, J. G.. Playa Del Rey, Calif. 

#10. Ilertzog, W. F.. Jr., San Francisco. Calif. 

Hilton, A. M., New York, N. Y. 
iff 

Ilinds, J. F., Arlington, Mass. 
•••eh Norton Grove. 

o, si Mass. 

A. R.. Culver City. 
liorejsi, R. M., I.os Angeles. Calif. 

Howe, H. V., Newark, Del. 
Howie, G. S., Pleasant Valley, N. V. 

: lachowski, R. E., Palo Alto, Calif. 
lahnke, C. E., Lake Zurich, III. 

00. james. R. L., Bloomfield. N. J. 
Jensen, A. K Kenvil, N. J. 

ottl Iones, G. E., Agincourt, Ont., Canada 
Jones, J. C., Apalachin, N. Y. 

011° Jordan, A. G., Pittsburgh, Pa. 

00 •Kavanagh, J. J, New York, N. Y. 
Kelley. F., Plainview, L. I., N. Y. 

Rn 

••1 

ee( R Montreal, ,Q c  Que., anada 

(Continued on ¡'age 1704) 
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SCIENTISTS . 

ENGLISH ELECTRIC 
AVIATION LIMITED 

(Guided Weapons Division) 

LUTON BEDS. 

LEADERS IN NEW PROJECTS 

AND ADVANCED STUDIES 

Applications are invited from scientists for po-
sitions in which they will lead groups conduct-

ing feasibility studies in Advanced Weapons 
Systems and Satellite Projects. 

Candidates should preferably have had experi-
ence of Research or Development work in re-

lated fields, but previous work on Guided Wea-
pons, Aeronautics or Armaments is in no way 
essential. Degree or equivalent qualifications in 
either Physics, Mathematics, Electrical or 

Aeronautical Engineering is necessary. 

For these posts (equivalent approximately to 
Principal Scientific Officer) the Company will 

give assistance with housing and removal ex-
penses. 

Please write to Dr. D. A. Layne, do Dept. 
C.P.S. Marconi House, 336/7, Strand, London, 
W.C.2, England, quoting reference 1395D. 

linnanneinu, an 
OUTSTANDING OPPORTUNITY 
for Re...melt in I.: rigine..ring 

ELECTRONICS AND PHYSICS 

Southern Research Institute has 
openings for senior electronic en-

gineers or engineering physicists in 

the field of instrument development. 
Current activities on an expanding 
series of projects can be summa-
rized by the title Photoelectronics. 
Successful progress on the work 
calls for advancing frontiers in elec-
tronic circuits, physical and geo-
metrical optics, and kinematic de-
sign of instrument components. 
An applicant should preferably 

have an M.S. or Ph.D. degree in 
electrical engineering or engineer-
ing physics, or equivalent experi-
ence, and should have a keen desire 
to become a leader in this field. 

If you are looking for an oppor-
tunity to work in this interesting 
and challenging field, please write, 
giving a summary of your education 
and experience to 

SOUTHERN RESEARCH INSTITUTE 
Birmingham 5, Alabama 

I  
0•1 0106 

19000 

0 1 011ooet°°4 eMNW s e n w r *SS Me 
i 

Research Scientists 

& Engineers 

to help solve 
an important 
communications 
problem 

The problem ... to define the parameters and establish 

feasibility of a long-range, ECM-proof, single or multiple path 

communications system capable of negligible degradation 

and an ultra-high degree of reliability while operating in a 

constantly changing environment. 

The solution, at present, is difficult... all known 

techniques, individually or multi-plexed, would provide 

only marginal performance. 

Research Scientists and Engineers with advanced degrees 

who feel they can contribute new insight, new concepts, and 

the application of new techniques to the establishment of 

this vitally important system are invited to forward their 
confidential inquiry to: 

Dr. R. L. San Soucie 

Amherst Laboratory / SYLVANIA ELECTRONIC SYSTEMS 
A Division of 

SYLVAN JA 
ed..6.7 ,,, GENERAL TELEPHONE gELECTRON/CS 

1 I 44 Wehrle Drive — Williamsville 21, New York 
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working 
The sphere represents perfection in many ways to the designer 
of inertial instruments. It can be decoupled completely from 
torques due to external magnetic, electric, and gravitational 
fields. It has perfect symmetry, can be formed to extreme accu-
racy by simple machine processes. It is the primary element 
of Honeywell's electrically suspended gyro. 

Fundamental ideas are the basis for continued advances 
in inertial sensors and systems. Honeywell engineers have 
a primary concern for developing new systems through 
applications of just such ideas. A consistent pattern of 
Honeywell investment in research and development facil-

ities and programs encourages ideas and their application, 
and is an important factor in Honeywell's continuing growth 
and reputation. 

Typical of the results are electrically suspended naviga-
tion gyros, adaptive flight control systems, and guidance 
and control for space vehicles. Sergeant, Thor, Atlas, Titan, 
Polaris, F-104, B-58, WS 117L, Scout, Mercury . . . Honey-
well equipment is on all of these and many more. 

Current expansion has created openings for senior and 
junior engineers and scientists in these and similar programs. 
Your inquiry will get prompt and confidential attention. 

168A WHEN WRITING TO ADVERTISERS PLEASE MENTION.—PROCEEDINGS OF THE IRE May, 1960 



living 
Most Honeywell engineers and their families live in or 
around Minneapolis—a city of 22 lakes and 153 parks. 
This is good, healthful living—and it's fun. A twenty minute 
drive along elm-shaded streets and you're home . .. with 
more time to enjoy the family and the outdoors throughout 
the four seasons. 

There is time for hunting, fishing, golfing, swimming— 
and fr. winter, skating, skiing, ice fishing and sleighriding. 
Then there is Laker basketball, Big Ten football. Or you 
may prefer theatre, opera, symphony or museums. 

Schools in staff and facilities are among the nation's 

best. There are six colleges in the Twin Cities, including 
the University of Minnesota only 2 miles away from Aero. 

This is part of the living that Honeywell engineers and 
their families enjoy. 
For information on career opportunities, write Bruce D. Wood, 
Dept. 610A, Aeronautical Division, 1433 Stinson Blvd., 
Minneapolis 13, Minn. 

Honeywell 
?itecÉu: qtetif iH 

To explore professional opportunities in other Honeywell operations coast to roast, send your application in confidente to H. D. Eirkstrom, floneywal, Minneapolis 8, Al innesoht 
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••••• ANE  

FACTS , 
and FIGURES 

3 

about 4 
SANDERS 

6 

That Add Up to , 
TOP 8 

ENGINEERING  
OPPORTUNITIES 

Dramatic growth in 8 years from t>.; 
an II to I300-man organization. 

Diversity-20 R&D contracts at time 
of writing. 

Stability—substantial production 
activities as well as advanced 
R&D. 

Backlog at beginning of 60— e 
$20,000,000. 

Gross sales of $ 10,600,000 in 1959— ;'• 
an increase of 18% over 1958. 

A sales goal of $ 15,000,000 in 1960 
(with very reasonable expectations 
of meeting it). 

A record of original engineering 
achievements such as PANAR 
radar: FLEXPRINT it flexible printed 
circuits; TRI-PLATEIi microwave 
products. 

Location: Nashua, a progressive 
city of 50,000, is in the beautiful 
New Hampshire hill country less 
than an hour from downtown Bos-
ton. No state income or sales 
taxes. 

Lonlinned Expansion Creates Openings for 

Imaginative Engineers in the Following -I reas: 

SYSTEMS ENGINEERS 
Through Project Engineer level. Need not be specialists, but must have 

creative abilities and backgrounds of VHF transmitters and receivers, com-

munications systems in general, data processing techniques, propagation and 

must be capable of tr.or,lating this knowledge into complex integrated 

systems. 

RECEIVER DESIGN ENGINEERS 
VHF electronically scanned airborne receivers, filters, problems in spurious 

response reduction and multiplexing. 

CIRCUIT DESIGN ENGINEERS 
With particular emphasis on transistor application to analog and digital tech-

niques; data handling equipment; audio; sideo; RF circuitry and switching. 

TRANSMITTER & MAGNETIC 
DESIGN ENGINEERS 

To learn more about opportunity for YOU at Sanders, 

send n resunte to Lloyd Ware, Stag Engineer. Dept. ,M8. 

SFINDERS FISSOCIFITES, ¡NE. 

oregistered U.S. trademark 
NASHUA. NEW HAMPSHIRE 

••• 

gi! 

Membership 

(1 ,1111111led Ili'"? 'Wye 100..1 

Kohlstadt. H. M., Seta Iles. Que.. Canada 
Kraemer. B. J.. Seattle. %Vasil. 
Kuperstnit h. E.. New York. N. V. 

Kyle, E. W.. Xenia, Ohio 

Lambert, II. R., Catonsville. NM. 

Lang. W. W., Poughkeepsie. N. V. 
Lanz, R. W., Denver. Colo. 
Lawson, A. N., Southgate. London. England 

Leskauskas, F. C.. Jr., Scranton. Pa. 
Levin, H. M.. Anaheim. Calif. 

Levy, D., Teaneck. N. J. 
Levy, M. A.. Haddonfield. N. J. 

Liehowitz, It. H., Carai Neck, I.. I., N. Y. 

Lister, R. T., Berea, Ohio 
Ljun g we, A. L., Cedar Rapids. Iowa 

Lowe, E. H., Graham. N. C. 
Lyons, T. M., Huntington Station. N. Y. 

MacAulay, G. ft, Ste. Foy. Quebec. Que., Canada 

Nlaililen.j. J., Skokie, Ill. 

Martens, A. E.. Willowilale, Ont., Canada 

Martin. M. H.. Sun Valley. Calif. 
Masterson, E. it.. Poughkeepsie, N. Y. 

Matthews, G. It.. Titusville, Fla, 
May, R. I... Edmonds. Wash. 

McShane, J. L.. Pittsburgh, Pa. 
Mendelsohn, M.,. Englewood. N. J. 

Merchant, j.„ Brighton, Mass. 

Mitchell. W. R., Cocoa Beach, Fla. 
Ntollerstuen, R. It., White Sands Missile Range. 

N. Mes. 

Morse. J. H. I., Holloman AE11., N. Ilex. 
Mosely. J. de S., New York, N. Y. 

Mueller, M. M., Baltimore, Md. 

Mueller, R. R., Baltimore, Md. 
Murphy, G. V., Buffalo, N. Y. 
Mvslicki, R. 1..., Staten Island, N. Y. 

Nahi. N. E.. I.os Angeles. Calif. 

Nearman. NI., Framingham, Mass. 

Neddenriep, D. O., Philadelphia. l'a. 
Neff, E. It.. Lawndale, Calif. 

Nelson. 1). W.. Ashland. N. J. 
Nino, R. V., Garden City, L. L, N. Y. 

Norrman, E. B., Williams Bay, Wis. 
Norton. M. I.., Birmingham, 
Oakleaf. S. C.. Simsbury, Collis. 
O'Brien, D. it.. Levittown, N. J. 
O'Connor, C. G.. Dallas, Tex. 

O'Connor. J. C., Wellesley. Mass. 
O'Donnell. J. R.. Jackson Heights, L. 1., N. Y. 
Oharek, F. J., Orlando, Fla. 

Palingren. C. F., Salt Lake City, Utah 

Pancratz, J. II., Seattle, Wash. 

Peterson. W. R.. M lain View. Calif. 
l'feiffer, W. G., Hawthorne, Calif. 

I'laut. T. Z., Poughkeepsie. N. V. 

Potter, D. R.. Baltimore, Md. 
l'rofera, C. E., Jr., Philadelphia, Pa. 
Pylatro. R. W., Sunnyvale. Calif. 
Rama. I.. C., Bothell, Wash. 

Ransom, V. L., Hollis. I.. I., N. Y. 

Reveal, C. A., Utica, N. V. 
Roberts, G., Abingdon, Berks., England 

Rogal. E.. New York. N. Y. 

Rogers. A. J.., New Carlisle, Ohio 
Rose, T. E.. North Syracuse. N. V. 

Rosenblatt, E., Buffalo, N. V. 

Roth, It. J., Hicksville, I.. 1., N. V. 
Rothrock, J. C.. White Sands Missile Range, 

N. Mex. 

Rubin. L. S., Saxonville. Mass. 

Sark, G. S., Newport Beach, Calif. 
Saum, G. It.. Jr., Denver. Colo. 
Sawada, T., Chiyodakts, Tokyo, lapan 

Sawutz. G.. Saugerties, N. Y. 

Scheele, W. H., Moses Lake. Wash. 

Schierff. E. O., Philadelphia. Pa. 
Schinagel. M.. Drexel Hill, Pa. 

Schmidt. R. J.. Severna Park, Md. 

Schwering, F. K.. long Beach. N. j. 
Sciamhi. A. F.. Jr.. Drexel Ilill. I'a. 

(Continued POI Pale I?!.'1 
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aMenalÀ"BIT WIRE" 
AMAZING NEW DEVICE FOR MEMORY AND LOGIC 

"BIT WIRE" represents a recent NCR 
breakthrough in magnetic data storage 
and logic devices. Pictured above, in a 
linear memory employment, "Bit Wire" 
is a conductive wire electrodeposited with 
magnetic material. It offers the advan-
tages of reliability, flexibility, and greater 
switching speeds... economic and compact 
component fabrication. In addition, this 
amazing wire is useful over a wide range 
of temperatures. Memory and logic are 
but a few of the applications to which it 
is ideally suited. Perhaps you can qualify 
for a rewarding career with this unique 
device ... or with other challenging NCR 
projects. 

CHEMISTRY: Plastics and polymers, micro-en-
capsulation (of liquids or reactive solids), 

photochromic materials (compounds 
which can be alternated between two 
dit him- color st at es), magnetic coatings. 

DATA PROCESSING. Computer theory and 
component development, programming 
studies, high-speed non-mechanical print-
ing and multi-copy methods, direct char-
acter recognition, systems design. 

SOLID STATE PHYSICS: Electro, chemical, and 
vacuum deposited magnetic films ferrites 
and ferro-magnetics, advanced magnetic 
tape studies, electroluminescence-photo-
conductor investigations. 

ADVANCED ENGINEERING DEVELOPMENT: High-
speed switching circuits, random access 
memory systems, circuit design (conven-
tional, printed, etched), advanced electron 

THE NATIONAL CASH REGISTER COMPANY, DAYTON 9, OH/0 

ONE OF THE WORLD'S MOST SUCCESSFUL CORPORATIONS 

76 YEARS OF HELPING BUSINESS SAVE MONEY 

beam type storage. The location of the 
new NCR Research and Development 
Center is progressive, energetic Dayton, 
Ohio. Facilities are extensive—a veritable 
"city within a city." 

COMPLETE INFORMATION is yours by sending 
your résumé to Mr. T. F. Wade, Technical 
Placement Section F2-2. The National 
Cash Register Company, Dayton 9, Ohio. 
All correspondence will be kept strictly 
confidential. 

DIVERSIFIED CHEMICAL PtODUCTS 

11 ADDING MACHINES • CASH REGISTERS 
ACCOUNTING MACHINES • NCR PAPER 
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GRO 
• 

With 

Kollsman 
Kollsman's leadership and 

continuing growth in the 

field of automatic navigation 

and flight instrumentation 

assures excellent opportunl. 

ties for qualified men. Send 

resumes to Mr. T. A. DeLuca. 

,,,.,,I, 

Se kOnsiflall 

.1's,etj ut.'"' 

Opportunities in: 

FLIGHT DATA INSTRUMENTS & SYSTEMS 
Senior Project Engineers, EE & ME 

For aircraft and missile instrumentation. 
5 to 10 years project experience in 

precision electromechanical devices. 

AUTOMATIC ASTRO TRACKING SYSTEMS 
Project Engineers, EE 

For automatic astro tracking systems. 
Up to 5 years related experience. 

STAFF ENGINEERS & SPECIALISTS 

a. Experience in the research and develop-

ment of transistors in servo, digital and 

instrumentation application. Minimum 3 
years experience desired in transistor 

circuit design for military applications. 

b. Experienced with IR to UV radiation 

properties and applications, noise theory 

, and detectors. 

' C. Optics — IR through visual optical 
design, lens design, materials. 

d. Digital computers — logic or packaging 

experience. 

S. Theoretical mechanics — inertial and 
trajectory studies. 

__ INSTRUMENT CORPORATION 
• ) 

10-0$ 45th AVENUE, ELMHURST, NEW YORK • SUBSIDIARY OF c*Ckildaild COIL PRODUCTS CO. INC. 

fn. _It 

Membership 

COnt ! lined j Von, ¡Wile 171,A ) 

"i SI, R. E., N. V 

Shard:. C. W.. Corning. N. V. 
Sheen. E. M.. If 1Vaslt. 

Silver, P. NV.. Baltimore. Nlil. 
Siiniteek. II. Ir.. Minneapolis. Nlinn. 

Simon, II.. Nord; .Ntulover, Mass. 
Sirks, J. E.. .Nnisielveen, Netherlands 

Skidmore. D.. 1,-I toril, Mass. 

Smith, F. IS. ('aisle. N. ,J. 
Smith, J. C., Westchester, N. V. 

Snedeeor. P. A., Jr.. Ponglikeepiiiie, N. V. 
Snell. I.. W., Lake Katrine, N. V. 

Snyder. K. O. 11...5ncliorage..5laska 

Snyder, It. V.. Nlioncapolis, Minn. 

So, W('., Rochester, N. V. 
Sohn, II. B., Jr.. Midland Park, N. J. 

Sokol. F., Nutley, N. J. 

Somerville, I). W.. Belleville, Ont.. Canada 
Sorgenfrei, G. II., Tacoma, 
Sowyrda, J.. Jr., Peabody, Sias.. 

Spiro. G. IL. Levittown, l'a. 
Squire. G. K., Inglewood. ('alif. 
Stewart. II. W., .‘ 1'0 23, New York. N. Y. 

Stuart, It, M.. Itie,eniont, l'a. 

Suede:. It. F., I lil,, Snort f, rd. Herts.. England 
Suzuki. M., YOIll./aWII. l'atnagata Pref., Japan 
Swanson. S. C., .Netton. Ma... 
Sweany, I., P., Indianapolis. bd. 
Tali:nit, W. T., Annandale. Va. 
Taylor II. li., ‘V:ISIIII1g)1111. I). C. 

Teasley. C. L. Jr., Long Ilead, 
Thomas. J. W,, lIadtIontield, N. J. 

Tol, J. NI.. Montreal, Que.. Canada 
Tradttp. It. Fl.. Mountain View..Nlaska 
Tripp. It, NI., Saratoga, Calif. 

(C,olinued on pane 171..1) 

SCIENTISTS/ ENGINEERS 

W hich area of progress 

in Electronics 

Interests you most? 
With the outlook for the electronics industry in 1960 brighter 

than ever. a significant fact for career-conscious eng'neers is the 
breadth of opportunities at Electronics Park. Here General Electric 
research, development, design and manufacturing groups are actively 
engaged in almost every area of electronics—whether in the industrial. 
military, or entertainment fields. 

A cross fertilization of products and talents characteristic of 

Electronics Park will help you advance along with the major advances 
in the electronics art. 

Some of the many areas of research, development, and pro-
duction at Electronics Park are listed to the right. Check your particular 
interest and mail the coupon to us today. Requirements for our current 
openings include a Bachelor's or Advanced Degree in Electronics. 
Physics, Mathematics, or Mechanical Engineering, and/or experience 
in electronics. All communications will be held in strict confidence. 

GENERAL ELECTRIC 

To: GENERAL ELECTRIC COMPANY\ 
Electronics Park Div. 53- ME 
Syracuse, New York 

Att.: Technical Personnel Dept, 

/ am interested in 
C11 Advanced Development 
D Design 

D Field Service 
El Technical Writing 

• Research 

in the field of 
• Military Radio & Radar 

El Multiplex Microwave 

El Semiconductors 

D Electronic Components 
D Computers 
D Missile Guidance 
CI Television Receivers 
El Industrial Television 

D Antennae 

13 Defense Systems 

D Underwater Warfare 
• Broadcast Equipment 

D Technical Products 

NAME 

ADDRESS 

DEGREE_ 
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Expanding the Frontiers of 

Space Technology in 

ELECTROMAGNETICS 

Lockheed Missiles and Space Division maintains 

extensive research capabilities for the development 

of antennas and electromagnetic devices for space 

vehicle applications. 

Laboratory studies in antennas and electromagnetic 

propagation include the application of solid state 

materials to microwave transmission line component and 

parametric circuits; the design of antennas to survive 

the rigors of space flight; and the effects of scattering 

from missile and space vehicle structures. 

Research is also being conducted in the application of 

MASERS; on problems of radio transmission between 

space vehicles and Earth; effects of reentry ionization 

on radio transmission and reception; and development 

of antennas for data link systems between satellites 

and ground stations. 

Engineers and Scientists 

Lockheed Missiles and Space Division has complete 

capability in more than 40 areas of science and 

technology — from concept to operation. Its programs 

reach far into the future and deal with unknown and 

challenging environments. If you are experienced in 
electromagnetics or in related work, we invite you to 

share in the future of a company with an outstanding 

record of achievement and make an important individual 

contribution to your country's scientific progress. 

Write: Research and Development Staff, Dept. E-33, 

962 W. 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; the Air Force AGENA Satellite in the DISCOVERER, 

MIDAS and SAMOS Programs; Air Force X-7; and Army KINGFISHER 

SUNNYVALE. PALO ALTO. VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIF. • CAPE CANAVERAL, FLA. • ALAMOGORDO. N. M. • HAWAII 



Talos missile, prime armament of the missile- age cruisers, blasts off from the U.S.S. Galveston. 

Bendix Talos— 
on target for your future! 

1 llos was on target from the start. The 
Navy credits ir with consistently high 
accuracy and effectiveness. As a result, 
Talos was installed directly aboard first 
line cruisers, rather than auxiliary ships. 
The established success of Talos by 

Bendix Missiles, its prime contractor, 
not only assures permanence to the 
present program but has opened the door 
to other advanced missile projects that 
oiler new and challenging job oppor-
tunities in design, development, testing, 
and manufacturing. 

Bendix Missiles, in addition to its 
direct responsibility for Talos and other 
advanced missile projects, is a key 

division of Bendix Aviation Corporation. 
The corporation-wide activities of Bendix 
cover practically every phase of advanced 
technology with particular emphasis on 
systems design and development. Partici-
pation in this highly diversified corpora-
tion effort is your further assurance of a 
more secure future. 

Enjoy living in the Midwest and find 
unmatched job opportunities with Bendix 
Missiles. Grow professionally as well as 
financially. Take the first step today. 
Mail the coupon for your copy of the 
interesting booklet "Opportunities Abound 
at Bendix Missiles." 

Bendix PDRI CV DI SUE OC SN Missiles Irene/ 
AVIATION CORPO,ATION 

PRIME CONTRACTOR FOR THE TALOS MISSILE 

Bencix Products Division—Missiles 

403E So. Beiger St., Mishawaka, Ind. 

Gentlemen: I would like more information concerning opportunities in guided missiles. 
Please send me the booklet "Opportunities Abound at Bendix Missiles." 

NAME  

ADDRESS 

CITY_ SI ATE 

Ll Membership 
(Continued Page 112,1) 

Troller. T. F.. Chicago. Ill. 

Truex. E. II., Orlando. Fla. 
Truhle, W. M.. Cleveland, Ohio 

Tuel, E. E., Lee's Summit. Sb. 

Ullman. R. S.. Yonkers. N. V. 

Newark, N. I. 
Vixwanailian. C. R.. I.o..Migeles. 

Voith. R. J., Nfilwanker. 

\\". r Z : n: E: , England 

1Valiler. It North Dartmouth. 

Veld). A. I... Bethesda. Md. 

Weber. ( i. E., Indiana. l'a. 
%Veber, P. O.. Santa Ana, Calif. 

Welhers. J. A. I_ Si. Boniface. %Ian.. Canada 
Weissberg. E.. I.ns Angeles. Calif. 

%Vendell, D. F., ('hicago, Ill. 

1Vhale. I). 1.. Moorestown. N. I. 
Wheeler. %V. S.. Scottsdale, 

Wilcox. P. M.. ( Ikkilionia Okla. 

%Vahan's, C. S.. Rocka,ay, N. j. 
%Villiains. If. I._ llawrliorne. Cali f. 

Wilson, II. II., Van Nuys. Calif. 
Wil,on. R. ( i., Havertown. Pa. 

%Vilsiin, R. I.akes. N. J. 
%Vinkler. SI. R., Long Branch, N. J. 
Wood. F. W.. Jr., Vienna. Va. 
%Void. T. A.. Moorestown, N. J. 

Wooding, ll. ('., White Sands Slissile ILange, 
N. Hex. 

Woodison. II. I... Jr.. 1Vashingion, I). C. 

Yamamoto. K.. Angeles, Calif. 

Voting. I.os Angeles. Calif. 
Vu. K- N., Cambridge. Mass. 

Zentgraf. II. J.. Poughkeepsie. N. V. 

(Ci ,iitin V,/ rage 1:,, I , 

1 A Successful Career 
Can Begin Here 

Let Abbott's be your Personal Agent in 
presenting your qualifications to the na-
tion's foremost employers of engineers and 
scientists. You'll find this specialized serv-
ice extremely effective in placing you 
where your ability, background and effort 
will yield the greatest rewards. 

If you arc placed through us, our clients 
will pay all expenses and our service 
charges. 

SALARY RANGES-410,000425,000 

CHIEF ENGINEERS—Navigation systems. 
military communications 

MARKETING MANAGERS—Military & com-
mercial 

DIRECTOR OF RELIABILITY—EE systems 
STAFF ENGINEERS—Radar, radio and elec-

tronic systems 

ENGINEERING MANAGERS—Radar, data 
processing 

SECTION HEADS—Radar, computers, qual-
ity control 

SENIOR ENGINEERS—Gyros, instruments. 
systems, radar 

DEVELOPMENT ENGINEERS—Navigation, 
systems, radar, components, tubes, semi-
conductors 

Recognized for over 37 years, among lead-
ing companies, for confidential placement 
of engineering, scientific and administrative 
people. 

MR. LOUIS E. KAY 

EMPLOYMENT SPECIALISTS 
150 Tremont Street Boston II, Massachusetts 

1141111 II Ain ock 6-8100 
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CAREER OPPORTUNITIFS 
AT 
ATLANTIC 
MISSILE RANGE 

AND 
FORT HUACHUCA 
Service to scientific exploration 
has been performed by the 
Guided Missiles Range Divi-
sion of Pan American World 
Airways since 1953. 

Pan American has prime responsibility for the engineering, oper-
ation and maintenance of the Air 
Force Missile Test Center's 5,000 
mile Atlantic Missile Range be-
ginning at Cape Canaveral. 

Now, having been awarded a 
prime contract by the Army Sig-
nal Corps, Pan Am has the new 
responsibility for engineering and 
operating an Electronic Environ-
mental Test Facility near Fort 
Huachuca, Arizona. Fort Hua-
chuca will be the brain center of 
the Test Facility, where informa-

tion gathered in the field will be analyzed in the Army's auto-
matic data processing facilities, 
among the most modern and 
complete in the world. 

Additionally, Pan Am will en-
gineer, install, operate and 
maintain facilities for a test 
range for Army drone aircraft, 
with drone flights to be moni-
tored by radars, telemetry, and 
optical equipments. 

FekaLLV ALLW 

Openings for: 
ENGINEERS 

Telemetry 
Optics 
Communications 

Command Control 
Microwave 
UHF 
VHF 

Civil 
Electrical 

PRYSICISTS 

MATHEMATICIANS 

TECHNICIANS 
Radar Operators 

SCR 584 
MPQ 12 
FPS 16 

Telemetry 
Communications 
Optics 

To investigate career opp3rtunities with Pan Am at the 
Atlantic Missile Range, contact J. B. Appledorn, Dept. C-16, 
Guided Missiles Range Division, Patrick AFB, Florida; 
or at Fort Huachuca, contact C. A. Hodgins, Dept. C-16, 1535 
East Broadway, Tucson, Arizona. 

GUIDED MISSILES RANGE DIVISION 

PATRICK AIR FORCE BASE, FLORIDA 
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SYSTEMS ENGINEERS 

A 

To perform 

mechanical 

ENGINEERING! 

in R&D Department 

at Electric Boat 

Division of 

General Dynamics 

conceptual engineering and systems analysis on complex electro-
and hydraulic systems, co-ordinate the technical efforts of detail 

engineering, and perform customer technical liaison. 

ELECTRICAL ENGINEERS 
To perform system analysis for determination of servo requirements, particularly 

for large horsepower applications; and to design special-purpose electronic cir-
cuits for use in control, computation measurement, and communications areas. 

SYSTEMS EVALUATION ENGINEERS 
To perform conceptual engineering and production engineering of electronic 

equipment with particular regard to circuit development. 

Radio Telescope Control Systems 

Training Device Simulators 

Submarine Integrated Control Systems 

Send your resume and salary requirements in complete confidence to 
James P. O'Brien, Technical Employment Supervisor 

ELECTRIC BOAT 
.-GENERAL DYNAMICS 

Croton, Connecticut 

AIL 
Membership 

(Continued front rape 174.4) 

Admission to Associate 
Abram, E . Jr., Orlando. Fla. 

Bass. C. J., San Diego, Calif. 
Beck. I.. C.. 

Besse>. R. C.. Melbourne. Fla. 

Birbilis. N.. Hollywood, Calif. 

Boritz. S. I... Biloxi, Miss. 

Bourret, R. R., Mountain View. Calif. 
Boyd, R. W.. Arlington. Va. 

Branigan, J. T.. Chicago. III. 
Brennan, P. M., Lincoln Park, N. J. 

Brumley. C. C., Fort Hilachitca, Ariz. 
Buckminster. I. IL. Woodsowk, N. V. 

Bush. A.. Angeles, Calif. 

Ilyerley, E. R.. II 014 ivou.l. Calif. 

Cain. C. M.. Las Vegas. Nev. 
Carroll. G. I... North Andover. Mas, 

Carter. C. O.. Indianapolis, Ind. 
Center, I. A.. Mountain \less, Calif. 

Cenzatti. F,. Mariano Comense (( omo). Italy 
Chaturvcdi. G. N.. Thana. Bombay, India 

Cocker. W. T.. Elizabeth. N. J. 
Colln, R. J.. Chicago, III. 

Ci lette. M. NI.. Antwerp. Belgium 

Cooley. G. A.. Jr.. Chicago, 

Corneretto. A.. New York. N. V. 

Crowell. R J., Panama City, Fla. 

Culbert, W. F., Witutepeg. Man., Canada 
Daburlos. K. E.. Reading. l'a. 

Itavis. S. B.. Houston. Tex. 
De Artinano, F. C.. Chino, Calif. 
De Mambro. J. A., Chestnut IIi II Mass. 

Demetrick, j.. Jr.. Lima. Peru  S  . 
Doty, A. C., Jr., Franklin. Mich. 

Dowler. C. E.. Modesto. Calif. 

Duncan. I.. J.. Chicago. Ill. 
Edwards, G. I.. Chicago. III. 

Fausett. F.. Jr.. Cincinnati, Ohio 
Fink. W. K., Klamath Falls. Ore. 
Frazier. M. IL. Jr.. M.emphis. Tenn. 
Friedman. T. D.. Arlington. Vs. 
Fukushima, K.. Setagaya-ku. Tokyo, Japan 
Gish, D. F.. Midwest City. Okla. 

Goldblatt. E., New York. N. V. 
Gonthier, A. G.. Latizon. Levis. Que., Canada 

florin,. T. H.. San Diego. Calif. 
Gordon.A., Johnson City. N. V. 
Cordon. F. J.. Jr.. Hyde Park. N. Y. 
Green. K. R.. Rome, N. V. 

Griffin. G. A., Yonkers. N. V. 

Hammer. R. P.. Plainville. Ma :s. 

Hammers, G. A.. Visalia. Calif. 

Hansen. J. E.. Brigham City. Utah 
Harrington. T. D.. Nashua. N. II. 
Harris. R. W.. Kensington. Sydney. Australia 

!ferret. W. W.. Parlin. N. J. 

Ilikosaka. S.. Setagaya-ku. Tokyo. Japan 

Hirshberg. L. IL. Wakefield, Mass. 
Holder, V. E.. lloontom N. J. 
Howard. D. W., Costa Mesa. Calif. 

Ilri ,clienko. G.. Ottawa. 
1111 mans. L. E.. San Francisco. Calif. 

S., Setagaya.ku, Tokyo, Japan 
Mineola. L. I.. N. V. 

Ishii. A.. Smagitya•ku. Tokyo. Japan 

Jacobson. F. O., East Cleveland, Ohio 

Johnson. R. L.. St. Alban, I.. I.. N. Y. 
Kane. J. J., Cambridge. Mass. 

Kaufman, H.. Lynchburg. Va. 
Kirnon, E. M.. Brooklyn, N. V. 

Kommel. II. B.. Honolulu. Hawaii 

Kowalik. F.. jr.. Detroit. Mich. 
Kurakake. V., Setagayad.u. Tokyo. Japan 

La Fever, R. C.. Wheaton, Md. 
I.e Blanc. I.. F.. Corpus Christi. Tex. 

Lichty, R. G.. Cocoa Beach. Fla. 
Lurie, A. B., Syracuse, N. V. 
MccLean. 1'. M.. Montreal, Que., Canada 
azzuehin, G., Sudbury. Ont., Canada 

(Cm/tinned page 17NA) 
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Finn 

-----Tfieneraele lloierPledges 

AC QUESTMANSHIP 
111111111111111111111111111111111111111111fti„ 

AC Seeks and Solves the Significant— Because of GM's large contribution in the international race 

for technological superiority, AC accepts a challenge. AC Research is on a scientific quest for solutions 

to significant problems for accomplishments even more advanced than AChiever inertial guidance 

for Titan. / We call this creative challenge ... AC QUESTMANSHIP. It's an exciting quest for new ideas, 

components and systems ... to advance AC's many projects in guidance, navigation, control and detec-

tion. / Right now Dr. Joseph F. Shea, AC's Director of Advanced Systems Research and Development, 

is drawing a group of competent men around him to build "the greatest R & D organization in the 

industry." And Dr. Shea adds strong support to the fact that AC offers "an excellent working atmos-

phere for a scientist or engineer who wishes to produce and progress." / You may qualify for our 

specially selected staff... if you have a B.S., M.S. or Ph.D. in the electronics, electrical or mechanical 

fields, plus related experience. If you are a " seeker and solver," write Pie Director of Scientific and 
Professional Employment, Mr. Robert Allen, Oak Creek Plant, 7929 So. Howell Ave , Milwaukee, Wisc. 

GULDANCE/ NAVIGATION/ CONTROL/ DETECTION/AC Spark Plug THE ELECTRONICS DIVISION OF GENERAL MOTORS 
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U. S. Navy P3V ELECTRA antisubmarine aircraft produced by Lockheed— 
equipped with TI- built AN/APS-80 surface search Aar, AN/APA-125A 
indicator, AN/ASQ-8 magnetic aromaly detectcr and TD-239A intervalometer. 

Fkikr»AIR ac IVII&Gf4J ETICS I 1%1 

ANTI SILO Et MARI NE SYSTIE 

TEXAS INSTRUMENTS 
DIVISION 

INCORPORATED 
6000 LEMMON AVENUE • DALLAS S. TEXAS / 

A 

CIRCUIT 

DESIGN 

if this is your career in. 

te,est, we have projects 

involving digital corn• 

puters of extremely small 

si:e. Let us tell you more 

about this —confiden• 

tially. Write to Mr. S.• L. 
H rsch, Head, Research 

and Engineering Staff. 

rii LITTON INDUSTRIES Elect-onic Equipments Division 
  Beverly Hills, California 

''•••• 

:=7-7- 1 Membership 

'Gm/mooed Iron/ rage ITOA) 

McConnell. S. G.. Lexington, Mass. 

MeEwen. D. I... Henderson. Nev. 
Mitchell. %V. R.. Las Vegas, Nev. 

ierzwinski, Nbintreal, Que., Canada 
Miller. F. E.. Bay Village. Ohio 

l'.. Alexandria, Va. 
Nbilgaard. N. J.. Waltham. Nla,s. 

NI ly. E. I., Bellefonte, Pa 

Murton. C. It.. Toronto, Ont., Canada 

Myers. J. A., Pasadena, Md. 
Nachlas. S.. Houston, Tex. 

Nakamura, T.. Setagaya-ku, Tokyo, Japan 

osborne. M. H., Philadelphia. Pa. 
D., Alen, Oahu. ilawaii 

l'atterson. C. IL, Anchorage. Alaska 

Patterson. G. E., Lancaster, Calif. 

Paulin:. R. I.., Canoga l'ai-L. Calif. 
Petit, M. J.. Forest Hills. I.. I., N. V. 
Prisco, I.. C.. Huntington Station, I.. 1., N. Y 

Proskauer. S. P.. Phoenix. Ariz. 
Quick, E. C.. Hornell. N . V. 

Racine, J. R., Berne, Switzerland 
Radnay, I.. S.. Great Neck, L. I., N. Y. 

Robinson. J. M., Randallstown, Md. 

Robinson, K. IL, Jr., Ridgewood, N. J. 

Rohrich. J. F.. Philadelphia. l'a. 

Rose, J. R., Long Beach, N. J. 
Rosenhatun. A.. Whittier, Calif. 

Roullard, G. P., San Diego, Cali f. 
Salzberg. R. B., Los Angeles. Calif. 

Sarazin. A., Alger, Algeria 
Sasaki. S. L. Jamaica. I.. I., N. V. 

Schacker, J.. Long Beach. N. J. 
Schermerhorn. R. E.. Syracuse. N. V. 

Seliga. J., Itedb,rd. Ohio 

Simpson, I. I... Baltimore, MIL 

SI1Ohlerl. J. J., Detroit. Micl,. 
Spiegel. J... Lexington, Mass. 

Stannard, R. E., Lo: Angeles. Calif. 

Steele. C. G., Vancouver, B. C.. Canada 
Sturdy. R. H.. Newton, Mass. 

Sulgt. W. B., Utica. N. V. 
Sulitt. J. S.. Oakfield, N. V. 

Sumino, R. S.. Haddonfield, N. J. 

Tansky, R. 11., Los Angeles, Calif. 
Thomson, E. A., London, Out.. Canada 
Trapozzano, V. R.. St. Petersburg, Ha. 
Tribe. A. C., Jr., Newbury Park. Calif. 

Turner, R. A.. San Antonio. Tex. 

Van Kirk, D. J., Dearborn, Mich. 
Van Leer, S. S., Baltimore. Md. 
Volgin, V. V., New York, N. V. 

Waks, I.. T., New Vork, N. V. 

Walker. R. A., Melbourne, Fla. 

Webber. D. W., Hayward, Calif. 
Wheeler. J. B., Jr.. Griffiss AFIL N. V. 

1Vheeler, K. L., Vancouver, il. C., Canada 
Whelchel, W. M., Los Gatos, Calif. 
Wise, C. C.. Chatsworth, Calif. 
Wolfe. R. N.. Omaha. Nehr. 

Zappitelli, C. A., I.os Angeles. Calif. 
Zarate, E., Tulsa, Okla. 

Zanchner. 1.. WAppitwur- Fall-. N. V. 

Professional 

Group Meetings à 

\ ERONAUTICAL AND 
N VIGATION A I. ELECTRONICS 

Florida \Vest Coast—February 8 

"The Primary Objectives of the IRE." 
R. L. McFarlaii, IRE. 

(( .0iitinuM tot rage 1,12.-I 
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WITH ONLY MINUTES TO ACT 

If America should be attacked . . . from 
bases around the world Strategic Air Com-
mand bombers, tankers and surface-to-
surface missiles will rise to action. Minutes 
only will be available. 

To integrate and control this assault re-
quires accessibility and handling of a 
staggering volume of data. In the missile 
era, present methods of gathering and 
processing data will be inadequate. SAC is 
automating the system. 

As systems manager, International Elec-
tric Corporation is developing and will 
turn over to SAC a world-wide electronic 

combat control system, an integrated com-
plex of electronic subsystems. The system, 
employing digital techniques and equip-
ment, will transmit, process and display 
information on a global basis . . . with 
only seconds involved. 

Engineers whose interests lie in systems 
engineering, data processing and commun-
ications will find in this long-term project 
exceptional opportunity to exercise crea-
tive competence and individual initiative. 
For details of engineering assignments 
write B. J. Crawford, Director of Techni-
cal Staffing. 

INTERNATIONAL ELECTRIC CORPORATION 
An Asdociate of International Telephone and Telegraph Corporation 

Route 17 & Garden State Parkway, Paramus, New Jersey 
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TI telemetry developments for CENTAUR, MINUTEMAN, 
TITAN, PERSHING, BOMARC and Project MERCURY. 

7-1 11E 1—ENIEl-Falr 

INI MISSILE sysrErvis 

AAAAA /11,11.1S 
DIVISION 

TEXAS IN ST RU M ENTS 
INCORPORATED 

6000 LEMPAON AVENUE • DALLAS 9. TEXAS 

EXCELLENT EMPLOYMENT CONDITIONS 

await Scientists and Engineers in 
RADAR • SONAR • RF COMPONENTS 

SOLID STATE ELECTRONrCS 

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 

•Liberal leave and re-
tirement system, and 
greeter 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. 

mike 
U.S. Naval Research Laboratory 

WASHINGTON 25. D. C. 

digital 

computer 

designers 

The Crosley Division of Arco 
Corporation has openings for elec-
tronic engineers with from two to 
ten years' experience for unusually 
responsible positions involving digi-
tal eomputer and data processing 
equipment design. 

At Crosley, all projects offer engi-
neers of talent and capability un-
limited challenge and definite 
authority. An alert, aggressive man-
agement team provides maximum 
support and backing to each of the 
outstanding professional teams work-
ing on the frontiers of data process-
ing for industrial systems. 

Now is your opportunity to grow 
your own career in this new and 
exciting field. Experienced personnel 
can choose: 

• transistorized circuit design 
• digital systems design 
• logic design 

For complete information, write or 
call: 

Mr. P. B. Olney 
Manager of Scientific and 
Administrative Personnel 

Department P-50 
Crosley Division 
Arco Corporation 
1329 Arlington Street 
Cincinnati 25, Ohio 
Phone: Kirby 1-6600. 

Avco 
Crosley 
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A CHALLENGE TO EXCITE ANY ELECTRONICS ENGINEER 
WORTH HIS SALT... THE KIND RYAN WILDS RIGHT NOW 

It's no secret that the Navy considers there is not 
yet an adequate defense against nuclear-powered 
submarines. As the search for more effective ASW 
detection methods goes on, the Navy relies heavily 
on Ryan navigation "brains" to help pinpoint "hos-
tile" subs. 

Nearly every flying weapon in the Navy's ASW ar-
senal has a Ryanav C-W doppler "brain." World 
leader in C-W doppler navigation systems, Ryan is 
the largest electronics firm in San Diego — and the 
fastest growing! If you are an electronics engineer 
ambitious to help advance the art, and your own 
career, we want you now at Ryan Electronics. 

Ryan Electronics employs over 2000 people and has 
over one-third of the company's $149-million back-
log of business. Under the leadership of some of 
America's most prominent scientists and engineers, 
Ryan is probing beyond the known ... seeking solu-
tions to vital problems of space navigation. 

Expanding facilities of Ryan Electronics at San 
Diego and Torrance in Southern California are 
among the most modern in the West. You enjoy 
living that's envied everywhere, plus facilities for 
advanced study. Send your resume or write for 
brochure today: Ryan Electronics, Dept. 3, 5650 
Kearny Mesa Road, San Diego 11, Calif. 

<> DIVISION OF RYAN AERONAUTICAL COMPANY RYAN 
SAN DIEGO& TORRANCE • CALIFORNIA I-1 ELECTRONICS 



Ground clutter is eliminated by TI moving target 
indicator shown with video map at 20-mile range. 

nr 1 IN HEAVY 

'RADAR Slt'S-rIENIS 

APPARATUS . 

DI VISION 

TEXAS INSTRUMENTS 
INCORPORATED 

6000 LEMMON AVENUE • DALLAS 9. TEXAS 

11111.11•11111B111.11111111811111.11111•1111,11111•111•11111111111111W 1Bilinffl11)1111.1•11111•111K.M 11111•1131111BLIMILEM 

New High-Level Opportunities 

1 • 

I 

MILITARY • COMMERCIAL • 

Cowin Associates, specialists in the search for high-level en-
gineers, scientists and managers for the electronics industry, 
offers a uniquely attractive range of growth openings for ex-
perienced professionals. 

Our client companies, a select group chosen for their repu-
tations as enlightened prestige organizations, are located in 
every part of the country and represent every area of elec-
tronics activity—including challenging commercial projects. 
Salaries in general run from $8,000 to $20,000. 

You'll find that Cowin Associates' background in both 
professional electronic R & D and recruitment will expedite 
your move to a more responsible and more rewarding posi-
tion. Relocation assistance, when necessary, is provided by 
our client companies—who also pay our search fees. 

We invite you to forward your resume to Mr. D. M. Cowin. 

Çk ASSOCIATES COW IN 
600 OLD COUNTRY ROAD GARDEN CITY, N. Y. 

5111•111111111111B11111M11111•11111•111118111111M11111•1111•11111111113111111111111111111M111•11111111111111•111111A1 

  Professional g 

Group Meetings 

P111 1 11 II, j t l;'‘. I 

Philadelphia—January 19 

"Sonic Detection Systems and Tech-
niques," J. R. Howard, Herbert L. West, 
U. S. Naval Air Dev. Center. 

Philadelphia - Felerttary 17 

"Communications in High Intensity 
Noise," W. F. 1\ leel:er, RC. \ . 

ANTENNAS AN D IPimPAGATIDN 

Boston—February 17 

"The Simulation of Plasma by Artificial 
Dielectrics," W. Rotman, Air Force Cam-
bridge Res. Center. 

Orange Belt Subsection—January 19 
ipkenna Res,mance,." V. Ilie,„41,_ 

berger, t niv. of C'alilornia. 

AUTOMATIC CONTROL 

Boston--- 1 )ecember 8 

"Two-Mode Servo Controlled Weigh-
ing System,: I). Martini, and P. Smith, 
Feedlxick Cott trids I) 

"A Unique Target- Position Cornputer, " 
W. rands, and 1). Stallard, Feedback 

Controls Inc. 

Florida West Coast—February 8 

""l'he Primary Objectives of the IRE," 
R. L. McFarlad, IRE. 

Long Island—February 23 

"A Semi Graphical Technique for De-
signing Third Order Systems," E. Gor-
czycki, Sperry Gyroscope Co. • 

Milwaukee—February 9 

"Russian Engineering Education with 
Emphasis on Automatic Control," T. J. 
Higgins, [' MY. of Wisconsin. 

BROADCASTING 

Houston—January 19 

"Tape Automation Utilizing the Blue 
Box'," J. E. Martin, Radio Station KNUZ. 

Pittsburgh- -January 14 

"Principles and Practice of Video 
Tape Recording," (demonstration of AM-
l'EX recorder) H. E. Eones, WTAE-TV. 

CIRcUIT TBEDRV 

Houston—January 19 

"Circuit Theory—Simple Applications 
of Fourier Series and the Convolution 
Integral," W. P. Schneider, Schlumberger 
Well Surveying Corp. 

Los Angeles—February 16 

"Are Non-Linear Differential Equa-
(ions I lure to Stay, or Has Success Spoiled 
Mathematical Physics?" R. E. Bellman, 
'Ile R.\ NI) Corp. 

(Continued rage 
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.......... 

DEVILOPKVI 
ROWS 
FOR PRECISION 

ELECTRONIC INSTRUMENTS 
OPPORTUNITY, Rapid advancement 

in an expanding engineering depart -
ment. Project engineer positions 

open• 

QUALIFICATIONS. Must be capable 
of engaging in original development 
work. 

EDUCATION. B.S. in electrical en-
gineering. An advanced degree is 
desirable but not essential. 

EXPERIENCE. At least 3 years of 
applicable experience. 

LOCATION. In the beautiful and 
highly desirable lake district of 
northern New Jersey. 

This is an unusual opportunity for the en-
gineer who grasps the immediate growth 

potential of an organization which, for 25 

years, has distinguished itself in pioneer-
ing developments in the field of im-

pedance measurements, FM-AM signal gen-
erators, air nagivation test equipment, and 
similar devices. 

Become a member of our development 
team now, when our organization is on the 
threshold of an unprecedented expansion 
program. 

We invite your immediate inquiry. Write or 
call Mr. .1. P. Van Duyne, Engineering Mgr. 

BOONTON RADIO CORP. 
BOONTON, N.J. DEerfield 4-3200 

Outstanding opportunity for scientists 

and engineers in 

SOLID STATE DEVICES 
If you are a Physicist, Chemist, Metallurgist 

or Electrical Engineer, and have experience or 

interest in solid state development, or in re-
lated fields, you are invited to investigate the 

several excellent positions now open at IBM. 

We are greatly expanding our develonment 
work in the theory, design and technology of 

solid state devices for use in new advanced 

computer systems. 

This is an outstanding opportunity for experi-

enced scientists and engineers who wish to 
undertake new and interesting work in this 
field. 

Recent graduates are also invited to apply. 

Please write, outlining briefly your qualifica-
tions and experience, to: 

Mr. B. N. Slade, Dept. 64502 

Product Development Laboratory 
IBM Corporation, Box 390 

Poughkeepsie, N. Y. 

IBM. 
INTERNATIONAL BUSINESS MACHINES CORPORATION 

cX9e,41/»0/i 

idve 

ENGINEERS 

AT ALL LEVELS 

TO WORK ON 

RESEARCH & DEVELOPMENT 

AT THE 

M. I. T. 

INSTRUMENTATION LABORATORY 

The Laboratory, with its staff of 900 employees, is 
primarily engaged in the conception and perfection of 
completely automatic control systems necessary for 
the flight and guidance of missiles and space vehicles. 

Many "firsts" in these fields have been developed at 
the Laboratory. 

R and D opportunities exist in 

• Theoretical Analysis 

• System Design 

• High Performance Servomechanisms 

• Power Supplies & Magnetic Amplifiers 

• Digital & Analog Computers 

• Electro-mechanical Components 

• Transistor Circuitry & Pulse Circuitry 

• Research, Design & Evaluation of Gyroscopic Instruments 

• Computer Programming & Simulator Studies 

• Logical Design 

• and in many other areas 

CALL OR WRITE: 

Ivan R. Samuels 
Director of Personnel 

INSTRUMENTATION LABORATORY 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

68 Albany Street, Bldg. 5A 

Cambridge 39, Massachusetts 
UNiversity 4-6900, Ext. 3544 

• Graduate courses may be taken for credit while earning full pay • U.S. Citizenship required 
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CENTAUR (A United States Space Vehicle) will 
report back through TI- built FM/FM telemetry. 

-ri TE LE IVIIETIFIV 
111%1 MISSILE sys-rems 

TEXAS INSTRUMENTS APPARATUS' 
DIVISION INCORPORATED 

6000 LENNON AVENUE • DALLAS 9. TEXAS 

RESEARCH AND DEVELOPMENT DEPARTMENT 
OF CONTINENTAL OIL COMPANY, 

PONCA CITY, OKLAHOMA 

has immediate upeaing—EE or Physics. Advanced Degree or 
equivalent with experience in design and fabrication of electronic 
instruments. Salary commensurate with experience. Send detailed 
résumé to 

INDUSTRIAL RELATIONS DEPARTMENT 
CONTINENTAL OIL COMPANY 
PONCA CITY, OKLAHOMA 

MILITARY DEVELOPMENT HEAD 
Long iang, plan- .1.1 
iip•ning I a ii VIII :5-55) with 
-ii IlI(l('nt i)xpuriein-i• .01,1 
skill to head a deti.n men; con-
cerned with e;Iginei•ring and scien-
line military development. 

Educational background must in-
chute advanced degree work in one 
or more of the basic, or engineering 
sciences. All applicants should have 
at least 5 years of work-experienee 
in advanced military projects. plus 
proven line supet‘ isory experience. 

Titi› hall( tiging ion 1, quite, 
not only administrative s1.111 , lait 
8150 the ability to lead -.• ientific 
specialists in wide areas ta 1,•\ 

The salary 15 open. YOU r inquiry 
will be kept in -.1 it confidence and 
will be acknowledged promptly. 

Reply to: T. F. Wade, Technical 
Placement N-Y 

The National Cas ii Register Company 
Main and K Street 
Dayton 9, Ohio 

THE NATIONAL CASH REGISTER COMPANY, DAYTON 9, OHIO 

 Professional 4 

Group Meetings 

,„(/ f nl r„, /s2A) 

comNu•NicATIoN sysTEms 

Florida West Coast—February 8 

"The Primary Objectives of the IRE," 
R. L. McFarlan, I R E. 

Los Angeles—February 22 

"Information Theory— Panel Discus-
sion, S. G. Lutz, E. Rechtin, G. L. Turin, 
Hughes, Jet Propulsion Lab. 

Okla! Aoina City —January 26 

"New FCC Regulations as Affecting 
Radio Communications," D. F. Holaday, 
Federal Connuunications Ctamn. 

Rome-Utica - -October 5-7 

"Communicat ions —Tomorrow," II. W. 
Grant, C. S. Air Force. 

"Intellectronics," S. Ramo, Ramo-
Wooldridge Corp. 

Rome- Utica -- February 18 

"Raythom Airltorne Nlicrtiwave Plat-
form," 11. Letaw, Raytheon :Manufactur-
ing Co. 

,,n ray, 

SEMICONDUCTOR 

PHYSICIST 
Semiconductor physicist to develop 

germanium or silicon diodes and 

transistors in laboratory stage. 

Opportunity to proceed from fun-

damentals under general supervi-

sion only and to establish our own 

laboratory technique and proc-

esses. Excellent facilities and 

company benefits with nationally 

known diversified electronic com-

ponent manufacturer located in 

Chicago suburb. 

Advanced physics degree preferred 

and relevant experience essential. 

Salary to be commensurate with 

qualifications. Replies in confi-

dence. 

Box 2022 

Institute of Radio Engineers, Inc. 

1 East 79th St. 

New York 21, N.Y. 
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.mirifwits1119 

Asur&-eiv& 

This ODportunity for 

NI I DFR 

IE NI G I N' E. E. FL S 

Making the RIGHT deci-
sion at the right TIME is 
the trademark of the 
serious engineer. His ed-
ucation and experience 
provide the background 
for making decisions that 
are right and timely. 

Thoughtful men, with dy-
namic ideas, are finding 
their future at Boeing-
Wichita, where the chal-
lenge of New Product 
Designs is stimulating 
their actions ... and an 
expanding program offers 
greater variety and in-
centives for success. 

Investigate the top-level 
opportunities in Elec-
tronics I Structures / 
Aerodynamics / Propul-
sion / Physical Sciences / 
Mechanical Equipment / 
Human Factors / Com-
puter Sciences. 

weevereK4 
Write Mr. Melvin Voiach 

Dept. IqE, Bceing Airplane 

Company, Wichita 1, Kansas 
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Engineers and Physicists 

Your talent and time are worth more to you 
and to your family—in Minneapolis 

Talent and time at-e man's most precious 
tools—but, unfortunately, they are also his 
impediments. 

If you suspect that you could put your 
talent and time to more productive and re-
warding work, investigate opportunities at 
General Mills, in Minneapolis. We respect 
creative freer loin, encourage innovation, 
recognize and appreciate professional com-
petence. In short, we provide the environ-
ment that brings out the finest talents in en-
gineers and scientists. And then we give 
these creative people rein to ply their tal-
ents against intriguing problems in fields 
that interest them most. 

Time? Time in the laboratory. Time with 
your family. Ninety percent of our 'ri le 

Mail Coupon for more facts, in confidence 

Mr. C. P. I.:unhurt 

Manager Professional Personnel 
Mechanical Division tieneral Mills 

2003 East Hennepin Avenue, Dept. PS 
Minneapolis 13. :Minnesota 

Name . 

Address   

City lone . State   

College   Degree .. Year   

live within 25 ni Mutes from work. A short 
drive takes them to some of the best limit-
ing, fishing and camping sites anywhere. 
Some of them live right next to a park, 
lake or golf course. 

At General Mills, in Minneapolis. mr rit have 
time to know your family, your - t•Ii. and 
your contribution to the future. 

Make the most of your talent and time in one 

of these fields—at General Mills 

• Digital System Configuration 

• Electronic Circuit Design 

• Micro-wave Development 

• Digital Computer Logic 

• Electronic Packaging 

• Advanced Pulse and Video Circuit Development 

• Advanced Inertial Navigational System 
Development 

• Optical and Infra-Red Equipment Engineering 

MECHANICAL Geirerai 

DIVISION MliiS 

SUPERVISOR 
DATA RECORDING, INSTRUMENTATION, 

CONTROL SYSTEMS 

Unusual opportunity exists with a well-known research organization for 
an electronics engineer with outstanding technical and administrative 
ability to supervise the activities of an expanding group of engineers 
engaged in research programs in the following areas: 

Servomechanisms and Regulators 
Analog Computation 
Missile Guidance Systems 
Industrial Process Control 
Reactor Control Systems 
Sensing Elements 
Magnetic Recording 

Our environment is midway between academic and industrial research 
and offers an excellent opportunity to develop research programs of 
greatest interest to you and your associates. Liberal benefits including 
four week vacation. Our location in a major midwestern city offers 
unlimited cultural and recreational opportunities. 

Please send complete resume including salary requirement. All replies 
held in confidence. 

BOX 2013 

INSTITUTE OF RADIO ENGINEERS 

1 EAST 79TH ST, NEW YORK 21, N.Y. 

Professional ,  •  

Group Meetings 

(Continued from mg, Is IA) 

\I PONENT PARTS 

New York—October 20 

"The \ letallized Electrode Approach 
to Capacitor Miniaturization," A. Lon-
chick, U. S. Army Signal Res. and Dev. 
Lab. 

"Metallized Capacitors—Desigiling for 
Reliability," W. E. Rieman, The Glickman 
Co. 

"Use of Metallized Capacitors in \ Hil-
lary Airborne Equipment," J. A. Mac-
Donald, General Precision Labs. 

"Nletallized Capacitors— How Reli-
able," A. A. Tiezzi, Sprague Elec. Co. 

Philadelphia--February 9 

"Etfects of Nuclear Radiation on Elec-
tronic Component l'arts and Devices," 
J. E. Drennan, Battelle Memorial Inst. 

ELECTRON DEVICES 

Boston—October 26 

"The Practical l'tilization of Power 
Transmission by Electromagnetic Beams," 
W. C. Brown and N. Theodore, Raytheon 
Co. 

Los Angeles—January 28 

"loti Propulsion for Space Flight," 
J. M. Teem, ('alif. Inst. of Technology and 
Electro-Optical Systems, Inc. 

New York—October 1 

"A Half Watt CW' Helix-Type Travel-
ing Wave Amplifier For 5-6 mm Wave-
length," H. L. McDowell, SF!) Labs. 

New York- —November 5 

"Recent Developments in Twist or 
lemories," A. H. Bobeck. 

Syracuse—January 19 

"Recent Developments in Quant inn 
Electronics," B. Lax," Lincoln laits. 

ELECTRONIC COM PI ' TERS 

Binghamton—January II 

"Status of Electronic Microminiatur-
ization," N. J. I /octor, I Hammitt Ordnance 
Fuse Lab. 

Detroit—January 18 

"The Atlas Ground Guidance System 
(ANGSQ-33)," R. Tackett, Burroughs 
Corp. 

"The Sage Computer (AN/FST-2)," 
R. Shipman, Burroughs Corp. 

Los Angeles--January 21 

"The Tunneling Effect," R. A. Gud-
mundsen, Hughes .\ ircraft Co. 

"Circuit \ pplications of 'runnel Di-
odes," G. \ I t•ssenger, I lughes Aircraft Co. 

.1 tulle 158:1) 
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Demanding Assignments for 

Senior Staff Members at 

SYLVANIA 

Reconnaissance Systems Laboratory on the 

SAN FRANCISCO PENINSULA 

SENIOR SYSTEMS ENGINEERS 
System management responsibility for new programs at Sylvania's Reconnaissance Systems 

Laboratory offers the broad spectrum of challenging problems involved in large reconnais-

sance systems. A minimum of 10 years experience is required in progressive assignments 

leading to and including systems analysis, determination of functional systems requirements 

and synthesis and integration of subsystems with over-all program requiring knowledge of the 

capabilities and limitations of techniques and components. Should have background in 

analysis and synthesis of HF and VHF communication systems employing a variety of modu-

lation techniques and:or digital data handling and automatic control systems. 

SENIOR DESIGN ENGINEERS 
The design groups in RSL have openings for experienced engineers with six or more years of 

design and development background in one or more of these areas: communications receivers, 

digital tuning, RF distribution, DF equipment, magnetic tape recorders, teletype equipment, 

dynamic displays, demodulators, data transmission, data converters and computers. Oppor-

tunities for both technical specialists and supervisors. 

THE REWARDS 
Work in a compact and growing laboratory which offers the creative engineer the opportunity 

to grow with an expanding organization. Take advantage of the individua! recognition and 

advancement opportunities of a small organization (approximately 200 emoloyees) with the 

security, benefits and diversified opportunities of a large corporation. Enjoy the ideal northern 

California climate in relaxed suburban communities with good schools and recreational facili-

ties for your family. Live within 40 minutes of cosmopolitan San Francisco. Know the advan-

tages of being close to leading universities ( Stanford is five miles north of the laboratory). 

Complete information may be obtained by writing, in confidence, 

to Mr. R. R. Keeffe at: 

Sylvania Reconnaissance Systems Laboratory 

P. 0. Box 188, Mountain View, California 

LYANI.\ ELECTRONIC SYSTEMS 
icnernment S>,teti:.; Managumrilt 

rim- GENERAL TELEPHONE & ELECTRONICS 

4EhliagItA) 
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9 want_ a. 1.01zatcha.-ina_-,catt-it.?" 

gí . t "Iiting_a_-ma..-jig_ ThaL  

How often have you struggled to remember the 

name of a component or electronic item. . 

Just could not think quickly what it is called? 

YOU CAN FIND IT 

IN THE IRE DIRECTORY! 

.612.caRAQ_ 

(1) The IRE Directory classifies products by purpose 

and use. 

(2) Its listings are fundamental—the way an engi-

neer thinks. 

(3) "Terminology" is cross indexed in the pink pages 

—condensed, simple, not mixed in with firm 

names. 

(4) Ads face listings thus helping to identify prod-

ucts by actual pictures. 

(5) Product code numbers reduce complex and dupli-

cate listings, saving you "searching" time and 

effort. 

Study it .. . save it . . . work it. 

Rel'E 

THE INSTITUTE OF RADIO ENGINEERS 

1 East 79th Street, New York 21, N.Y. 

.44  Professional .4 
Group Meetings 

(Continuued fr,,m rage 186.4) 

Los Angeles—February 19 

"Multiple Program Computer," P. 
Rosenthal, Remington Rand. 

"Multiple Program Computer," R. C. 
Douhitt, Remington Rand. 

New York—September 24 

"IBM Serial Paper Document Reader," 
C. Allen, IBM. 

New York—November 18 

"Microwave Computing Tech n iques, " 
P. Isaacs, Sperry Gyroscope Co. 

Pittsburgh—October 15 

Panel Discussion on Algol. 

Pittsburgh—November 9 

"Computer Chess Playing Programs," 
H. A. Simon, Carnegie inst. of Tech-
nology. 

Pittsburgh—December 3 

"An Introduction to Robotics," L. G. 
Jones, Westinghouse Air Arm Div. 

San Francisco—January 26 

"The G.E. ERMA System—Evolution 
and Function," J. Leventhal, G.E. Coin-
pater Dept. 

(Continued page MA) 

ELECTRONIC 
DESIGN 

ENGINEERS 
The location of your mb is important to 
your family. Professional growth is im-

portant to you. To satisfy both of these 
very important needs why not consitler 
a career with Sperry Product, Goupany. 

We are located on beautiful 

Lake Candlewood in Danbury, 

Connecticuut, only 65 miles 

from New York City. 

If you have a minimum of 2 years ex-
perience in pulse circuitry and general 
electronics, we feel you will qualify in the 
field of instrumentation for till rassasie 
testing. Transistor experience also desir-

able. 

Please forward resumes, in 
confidence, to: Mr. R. J. LoStocco 

4e-
SPERRY PRODUCTS CO. 

Division of Howe Sound Co. 

Shelter Rock Rd., Danbury, Conn. 
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ENGINEERS • SCIENTISTS 

Join General Electric's Electronics Laboratory 

In Exploiting a Major State- of-the-Art Advance Promising 

Long-Term Impact on Many Technologies 

THERMOPLASTIC RECORDING 

Utilizing invention and 
New Programs . 

innovation, the Elec-
tronics Laboratory at Syracuse, New York is 
now engaged in a growing number of pro-
grams proving the feasibility of this new pro-
cess for military and commercial applications 
which include direct image photography, pro-
jection displays, wideband analogue record-
ing, sonar and radio signal correlation and 
processing. 

Anti-Submarine 

Warfare Program 

Another program 
of current interest 
includes efforts de-

voted to submarine detection and classifica-

B REAKTHROUGHS are frequently talked about, infrequently 

accomplished. An article appearing in the December issue of 

The Journal of Applied Physics, written by Dr. W. E. Glenn of 

General Electric's Research Laboratory, has stimulated the 

imagination of the scientific/technological community. Titled 

Thermoplastic Recording, it describes a revolutionary new 

method of recording electrical signals. This process makes it 

possible for information to be written at extremely high density 

by means of an electron beam on a film consisting of a low melt-

ing thermoplastic material. Data can be projected as a black 

and white or full color image, or it can be converted to an 

electrical signal. The tape can be readily erased and reused. 

Summarizing, Thermoplastic Recording provides the equivalent 

of a high resolution, reusable "photographic" film developed by 

non-chemical means in the fraction of a second. 

tion by means other than sonar, secure 
underwater communications and submarine-
to-aircraft communication. 

Professional 

Opportunities 

Highly creative and ex-
perienced engineers and 
physicists are required to 

accomplish the objectives of these ambitious 
programs. Major areas of professional inter-
est should include one or more of the fol-
lowing areas listed to the right. 

A reprint of Dr. Glenn's article describing 
in detail the Thermoplastic Recording Proc-
ess is available upon request. 

• GEOMETRICAL, PHYSICAL AND 
ELECTRON OPTICS 

• CIRCUIT DESIGN 
• MECHANICAL DESIGN 
• VACUUM TECHNOLOGY 
• FEEDBACK THEORY • RADAR 
• OCEANOGRAPHY • TELEVISION 
• SOUND PROPAGATION 
• SURFACE PHYSICS • SONAR 
• IR PHENOMENA 

Additional openings in these areas: 

• MATERIALS • CIRCUITS 
• DEVICES • SYSTEMS 
• EQUIPMENT 

For further information on current openings 

write in strict confidence to Mr. Robert Mason, Dept. 53-ME 

ELECTRONICS LABORATORY 

GENERAL ELECTRIC 
ELECTRONICS PARK, SYRACUSE, N. Y. 
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INERTIAL 
SYSTEMS 

DEVELOPMENT 
 there are opportunities at 
Honeywell Aero for the engineer 
or scientist who is interested in 
participating in this growing 
field of technology. While spe-
cific inertial systems experience 
is desirable, you may also be 
qualified by your background 
and/or related experience for 
activities in the inertial systems 
development at this time. Spe-
cific openings include: 

SYSTEMS ANALYST 

Mathematician or engineer with 
strong background in vectqr analy-
sis, operational calculus, matrix al-
gebra and related techniques. To 
carry out analysis of inertial sys-
tems configurations including error 
evaluation. 

DIGITAL SYSTEMS AND 
LOGIC DESIGNER 

Familiar with digital logic tech-
niques at current state of the art; 
capable of organizing computing 
systems to perform various tasks in-
cluding logical design and critical 
parameter specification. 

ELECTRONIC ENGINEER 

Electrical engineering degree plus 
experience in miniaturized semi-
conductor electronics development. 
ro design servo, pickoff, and other 
electronics for use with gyros and 
accelerometers. 

ENGINEERING PHYSICIST 

Physicist with practical and theo-
retical understanding of mechanics, 
magnetism and electricity to analyze 
and develop inertial sensors of novel 
and original design. 

To discuss these or other openings, 
write Mr. R. O. Maze, Chief 
Engineer, Marine Systems Group, 
Dept. 610C, Aeronautical Division, 
le3 Stinson Blvd., Minneapolis 13, 
Minn. 

Honeywell 
inievue-pedue. qmkt 

To explore professional opportunities in 
other Honeywell operations coast to coast, 
send your application in confidence to 
H. K. Eckstrom, Honeywell, Minneapolis 
8, Minnesota. 

AR\E  Professional 

Group Meetings 

(Continued from rage MA) 

"The G. E. ER MA System—Hardware 
and Performance," C. '['ticker, G. E. Com-
puter Lab. 

Washington, D. C.—February 10 

"Some Recent Developments in Char-
acter Recognition Machines," J. Rabinow, 
Rabino' Engineering Co., Inc. 

ENGI NEER1 NG NI A N AGENI ENT 

New York— December 17 

"The Gentle Art of Encouraging 
Creativity," T. Allison, Weston Elec. 
Inst. Corp. 

San Franciso—February 9 

"Engineers' Management : Short 
Course for Wives," J. V. N. Granger, 
Granger Associates. 

Twin Cities—October 22 

Panel-Project Evaluation from R&D 
Through Shipping, F. Mullaney, Cotttrol 
Data Corp.; 13. Kappel, Rosemount 
Engrg. 

Twin Cities—January 28 

"Revolution in the Filing Cabinet," 
D. Lake, Remington Rand Univac. 

ENGINEERING W RITING AND 
SPEECH 

Boston—l)ecember 2 

"Engineering Writing and Speech 
Techniques for Computer Customer Train-
ing," J. J. Davin, Sylvania Electric l'rod. 
Inc. 

Boston--February 23 

"Use of Nlotion Picture Techniques 
in Preparing Engineering Reports," M. II. 
Read, Bay State Film Prod. Inc 

I NFOR . TI( N EOR 

Boston— October 15 

"The Coding Problem in Genetics," 
C. Levinthal, NIIT. 

I NSTR ENTATION 

Long Island—February 16 

"Human Factors in It De-
sign," A. Goldman, Republic Aviation 
Corp. 

Los Angeles— February 3 

Tour of Shell Chemical Plant. 

EDICAL ELECTRONICS 

Los Angeles—January 21 

"Effect of Ion izing Radiation on t he 
Living Cell," L. R. Bennet, UCLA Nlyd. 
Center. 

"Technique of Nleasuring Ionizing 
Radiation in Living Tissue," L. Gardner, 
Lit ton I nd. 

Los Angeles—February 18 

"Current Instrumentation Problems in 
Anesthesiology," V. Brechner and R. 
Batter, U.C.L.A. Medical Center. 

New York—November 5 

"An Implantable Self-contained Pace-
maker for the Correction of Chronic Atrio-
ventricular Block," W. Greatbach, Taber 
Instrument Co. and W. NI. Chardack, 
Buffalo School of Medicine and Chief, 
Surgical Service, VA Hosp. 

cI ICROWA VE THEORY AND 

TE('HNIQU Es 

Baltimore—February 10 

"Millimeter Waveguides," I). D. King, 
Electronic Communications Inc. 

Boston—February 25 

"Microwave Applications and Circuit 
Principles of Tunnel Diodes," M. E. Hines, 
Bell Telephone Labs. 

Long Island—January 21 

"Geometrical Methods of Solving An-
tenna Problems," E. G. Fubini, Airborne 
Inst. Labs. 

No. New Jersey—January 27 

"Atomic Clock," M. Arditi, ITT Labs. 

Washington—January 12 

"Parametric :\ mplitiers," R. S. Engel-
brecht, W. W. Mumford, Bell Telephone 
Labs. 

:‘ II LITARY ELECTRONICS 

Long Island--January 12 

"Strategy of Deterrence," H. Davis, 
Dept. of Defense. 

Los Angeles—September 23 

"Air Force Ballistic Missile Traitttag 
Program," A. R. Stilt, USAF Air Force 
Ballistic Missile Div. 

Los Angeles- November 24 

Paper and Panel Discussion: The Eco-
nomic Challenge to the Military Systems 
Engineer, F. S. Pardee, Panel Moderator: 
F. G. Suffield, Panel Members: 'I'. \V. 
Johnsmi, W. E. Sweeney, Commander 
USN; R. S. Isensen, Lt. Col, USA; S. 
Greene, Lt. Col. ISA. 

North Carolina—February II 

"Inertial Navigation," D. R. Shelor, 
N. Carolina Labs. of B. T. L. 

"Fundamentals of Gyroscopics," J. F. 
Hartnett, Western Elec. Co. 

NUCLEAR SCIENCE 

Oak Ridge—January 21 

"Ferrites and Pulse Transformers," 
P. E. Dicker, Aladdin Electronics Co. 

(Cm/tinned ta, type 19t).4 ) 
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Down where the lakes are only min-
utes away and the sea shore's just 
an hour's drive, Martin engineers 
came up with what is called a "pilot's 
missile"—the air-to-surface Bullpup. 

It requires no more special handling 
than a round of ammunition. It gives 

the biggest bang per dollar in U. S. 
missilery. 

Bullpup, operational with the 

Navy (GAM-83B in R&D with 
AF), was designed and developed at 
Martin in sunny Florida. Bullpups 

are now rolling off production lines 

MORE BANG 
PER DOLLAR FROM 
THE LAND OF THE 
SHELTERING PALMS 

for both the Navy and Air Force. 

Other Martin-Orlando prime con-

tracts include: Lacrosse, Missile 
Master, and Pershing. 

We think Martin-Orlando is doing 

outstanding work because it has 
outstanding engineers and scientists 

. . . and because it has facilities 

second to none . . . and because the 
man who can swim or sail with his 
son in the evening brings renewed 

energy and purpose to his job. If you 
feel the same way about it, you'll 
feel at home in Orlando. 

Write: C. H. Lang, Director of 
Employment, The Martin Company, 
Orlando 6, Florida, for a fully de-
scriptive booklet, "Portrait of a 

Missile Maker." 

CURRENT OPENINGS for engineers 
in these areas: ground and airborne 
electronics • advance design • systems 
• aerodynamics • quality and test • reli-
ability • electronic manufacturing . . . 

WORK IN THE CLIMATE OF ACHIEVEMENT 

MAIM AR TIIN 

PROCEEDINGS OF THE IRE May, 1960 191A 



NEWS kk.: New Products 
(Continued from Page 42,1) 

MICROWAVE 
TUBE R&D 

The Electron Tube Division of Litton Industries 
has an international reputation for its capa-
bility in translating advanced concepts into 
microwave devices of high reliability. In part 
this is due to management by experienced engi-
neers and, as a design engineer here, you will 
have well qualified support people on your team. 
You will be working for a large company but... 
You will be working in a small group on the 

product of your choice —TWT's, Superpowered 
Klystrons, crossed field amplifiers, or other 
sophisticated microwave devices. 

Choose research or design and development, 
whichever field interests you most. 
The location is in the San Francisco Bay 

Area. Your children will belong to one of the 
nation's great elementary school systems. You, 
yourself, will be close to all the cultural activi-
ties of San Francisco, the Berkeley campus of 
the University of California, Stanford Univer-
sity, San Jose State College, and the University 
of Santa Clara. 

Openings exist for Senior, Project and Junior 
Engineers. Junior Engineers need have no ex-
perience beyond their baccalaureate in E.E. or 
Physics. 
We assist with relocation expenses. Interviews 

may be arranged by writing, or telephoning 
collect to: 

Mr. Thomas A. Fike 
960 Industrial Road 
San Carlos, California 

LYtell 1-8411 

riR LITTON INDUSTRIES 
Electron Ilibe Division 

  San Carlos, California 

Precision Phase Detector 
This instrument was designed by Ad-Yu Electronics Lab., 

Inc., 249 Terhune Ave., Passiac, N. J., for precision phase meas-
urement. Based on a comparison principle which enables accurate 
nwasurement of phase angle at high frequency, it consists of a 
coaxial continuously variable delay line and a sensitive phase de-
tector. The continuously variable delay line is used to shift the 
phase of the unknown signal until zero output is reached on the 
phase detector. The instrument is convenient for measuring fre-
quency characteristics of radar amplifiers, RF cables, transmission 
networks and performance of location finding systems. In addition 
to measuring phase angle between two sine waves, this instrument 
can be used to measure phase angle of a pulse modulated sine 
wave or a continuous sine wave, or whether two pulse modulated 
sine waves are coincident. 

The specifications are as follows: The accuracy is + 0.05° or 
±1% of the dial reading up to 1000 inc. The resolution is less than 
0.01 micromicrosecond; the smallest phase angle which can be 
read on the dial is less than 10-" X360 X frequency in cps. The 
time delay of the continuously variable delay line is adjustable 
from 0 to 1.4 millimicrosecond. Two step variable delay lines have 
total delay of 37.5 millimicroseconds in EI channel amid 7.5 mi IIi-
microseconds in E2 channel (in steps of 1 millimicrosecond). The 
frequency range is 200 to 1000 mc; the upper limit can be ex-
tended with relaxing accuracy, the lower limit is restricted only 
by the phase range as stated. The minimum input signal depends 
on the sensitivity of the receiver; approximately 20 microvolts for 
receiver having 5-microvolt sensitivity, and approximately 3 volts 
minimum is recommended for using panel meter as indicator. The 
characteristic impedance is 50 ohms nominal for input and output; 
type N connectors are used throughout. 

Repetitive Operation Feature 
For Analog Computers 

A new product which adds another dimension to the art of 
analog computation has been announced by Electronic Associates, 
Inc., Long Branch, N. J. High Speed Repetitive Operation is now 
available as an accessory for all PACE 231R Analog Computers. 
This addition provides the operator with an accurate, versatile 
means of solving a variety of engineering problems that would be 
difficult through "real time" techniques alone. To obtain an opti-
mum design in a problem with several variables, a great many 
problem runs are required. These are normally drawn on auto-
matic recorders where speeds are limited by the mechanical char-
acteristics of the recorders. With repetitive operation, the solution 
appears as a continuous plot on the 17 inch display screen. The 
effect of a change in the problem variables can be observed im-
mediately on the display screen, without the necessity of resetting 
the equipment and drawing additional plots. When the optimum 
design is reached, the computer may be switched back to real 
time operation so permanent plots can be made of the final and 
more detailed solution. High Speed Repetitive Operation is par-

(Continued on page 191A) 
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New temperature controlled MICROSTACW meets 

-55°C to + 85°C 

A O ,. SiON OF 

I Pl DIANA 

E l;  

GENERAL 

MILITARY REQUIREMENT 

tI I J t lilt liii lilt, t ill titi1111 

The General Ceramics MICROSTACK, one of the most 
important advances in memory core packaging, now 
operates in a temperature range of from —55°C to 
+85°C. Core characteristics remain constant. By main-
taining temperature stability inside the MICROSTACK 
unit, General Ceramics engineers have developed a 
memory core package that is smaller, more rugged, 
requires no external cooling or heating, and meets MIL 
shock and vibration specifications. 

For additional information, please write on company 
letterhead. Address inquiries to Section P. 

APPLIED LOGIC DEPARTMENT 

GENERAL CERAMICS 
KEASBEY, NEW JERSEY, U.S.A. 

TECHNICAL CERAMICS, FERRITE AND MEMORY PRODUCTS 
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AMPERITE 
PREFERRED 
by design engineers— because they're 

MOST COMPACT • MOST ECONOMICAL 

SIMPLEST • HERMETICALLY SEALED 

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

Thermostatic 
DELAY RELAYS 
2 to 180 Seconds 

Actuated by a heater, they operate on 
A.C., D.C., or Pulsating Current. 

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

SPST only—normally open or closed. 

Compensated for ambient temperature 
changes from —55 ° to - 7C1 ° C. Heat-
ers consume approximately 2 W. and 
may be operated continuously. The units 
are rugged, explosion-proof, long-
lived, and—inexpensive! 

TYPES: Standard Radio Octal, and 9-
Pin Miniature . . List Price, 84.00. 

Standard Delays 

PROBLEM? Send for Bulletin No. TR-81 

BALLAST 
REGULATORS 

Amperite Regulators are designed to keep the 
current in a circuit automatically regulated 

at a definite value ( for example, 0.5 amp.) 
... For currents of 60 ma. to 5 amps. Operate 

on A.C., D.C., or Pulsating Current. 

3 

20 

 --Ife,"ewe 
10 

VOLTAGE OF 24V 

BATTERY 6 CHARGER 

VARIES FPPROX 

50% 

WITH AMPERITE 

VOLTAGE VARIES 

ONLY 

 ,) 
I Ill 

AMPERITE. 
RECULATORI 

Hermetically sealed, they are not affected by changes in altitude, 

ambient temperature (-55 ° to 90 ° C.), or humidity ... Rugged, 

light, compact, most inexpensive   List Price, $ 3.00. 

Write for 4-page Technical Bulletin No. AB-51 

AMPERITE CO.Inc., .561 Broadway, New York 12, N. Y. 

Telephone: CAnal 6-1446 

in Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 

NEWS 
New Products 

(G•ntinned fr,wr page 192,4) 

RSE\ 

ti( ularly well suited to problems involving the simulation of servo 
mechanisms, optimization of chemical, petro-chemical and physi-
cal systems, and the solution oi boundary-value and eigen-value 
pmblems. 

- 

A computer equipped with High Speed Repetitive Operation 
can be operated either repetitively or as a real time simulator ist 
the throw of a switch without degradation of its real time ac-
ruracy. Pre-patch panel arrangements remain the same in either 
repetitive or real time operaticm and do not require the use of 
snore amplifiers than on real time studies. 

Computing times of from 10 to 80 milliseconds are available 
and may be controlled front either the Repetitive Operation Con-
trol Unit or the Display Unit. Both stepped and continuously 
variable control of computer time are provided to permit the 
operator to obtain maximum length of mslution and avoid over-
loads. 

The display unit consists of four chassis units in a single bay 
EAI rack and allows simultaneous viewing of eight problem vari-
ables plotted against tinte or seven variables plotted against an 
eighth on the 17 inch screen. In the Display Unit, 21 voltage 
calibration lines are references to computer voltage within 0.1%. 
Time lines are generated by a crystal oscillator accurate to 0.05%. 

Typical Applications 

System Optimization 

Vsually, in the design of a systcm, certain compromises are 
necessary in the selection of parameter values which give the best 

er-all performance. The choice of these compromiie values is 
iifien based on many repeated runs through the problem. When 
there are several parameters which ran be varied, a large number 
of runs are required. High Speed Repetitive Operation provides 
the designer with this larger number of runs in a yen, short time. 
The variation of the system performance with each parameter is 
easily observed. By programming on the computer the selected 
criterion for optimization, the designer is able to observe the de-
viation of the performance for a particular choice of parameter 
values from optimum. With this capability, the designer is able 
toexamine the performance over wide ranges of the parameter. This 
then facilitates his selection of the true "opt inunn" and avctids 
the danger of his being misled toward false "optimums." 

Boundary Value Problems 

Consider the problem of solving a higher order differential 
equation where final conditions rather than initial conditions are 
known. The solution then requires the selection of one or more 
initial conditions which will yield the proper final values. This 
requires iterative solution which can be readily accomplished with 
High Speed Repetitive Operation. The final values are constantly 
on the display screen and the operator simply varies the initial 
condition potentiometers to obtain a match at the other boundary. 
This technique is, of course, applicable to a problem for which 
the conditions are ktown anywhere in the sokition region. 
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package-type MT power amplifiers 
with NEC's new long life cathode 

Production of traveling wave tubes at NEC began seven years 
ago and introduction of the package-type three years later. As 
chief supplier to Japan's complex network of microwave com-
munications, NEC has become the world's largest maker of TW 
tubes. With the high development costs amortized and large 
manufacturing capacity, NEC is now able to supply these tubes 
at well below usual prices. 

NEC's new doped nickel cathode core material, a 10-year develop-
ment, increases both emission and tube life. It has been 
thoroughly field-proven in disc-sealed planar triodes for 2000-mc 
equipment of a large U.S. systems manufacturer (name on 
request). With its cooler operating temperature, evaporation 
rate of oxide is less than any other known core materials. 
This extends tube life up to 50%. 

Designers will appreciate the compactness these tubes will give 
to their systems and operators the reliability and economy. 
Tubes connect to standard IEC waveguide flanges and can be 
shipped from stock. 
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4W76 

The 4W76 operates in the 4000-mc band and has nominal saturated 
power output of 10 watts. High amplification over a wide range 
of power levels results in small-signal gain of approx. 30 db. The 
band width at half-power points is 1400 mc, but the tube can be 
used in the frequency range of 2800 to 5000 mc. 

Typical Operating Characteristics at 4000 mc 

First Anode Voltage 2,640 V 
Helix Voltage 3,220 V 
Helix Current 0.7 mA 
Collector Current 33 mA 
Focusing Electrode Voltage -40 V 

Saturated Power Output 12.5 watts 
Small-Signal Gain 32 db 
Noise Figure approx. 25 db 
VSWR less than 2 to I 

(from 3500 to 4300 mc) 

NEC TRAVELING-WAVE AMPLIFIERS 

PERMANENT MAGNET FOCUSED AMPLIFIERS 
4W75 4000-mc band L5 watts 8W75 7000-mc band 1.5 watts 
4W76 " " 5-10 watts 8W76 " " 5-10 watts 
6W50 6000-mc band 5-10 watts 11W17 11000-mc band LO watt 

ELECTROMAGNET FOCUSED AMPLIFIERS 
4W85 4000-mc band 0.1 watt 4W72A 4000-mc band 1.5 watts 
4W86 " " 1.0 watt 7W52 6000-mc band 5-10 watts 

Advantages of package-type 

NO focusing or impedance matching at installation 
NO dummy space for removal 
NO power source or current stabilizer for electromagnet 

Nippon Electric Company Ltd Tokyo, Japan 

COMPONENTS / SYSTEMS 
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Give your Products 

MORE RELIABILITY and 
BETTER PERFORMANCE with 

FREED 
QUALITY 
In stock for immediate delivery 

e % 
TOROIDAL INDUCTORS 

• MIL Grade 5 — Molded 
id • MIL Grade 4 — Metal Case 

• Uncased Units 

• Highest CI 
• Highest self resonant freq. 

, u iee' 0 Low temperature coefficient 

• No hum pickup-astatic construction 

• Can be supplied with center taps 

oze, 
le 

FREQUENCY RANGE: 500CP TO 15KC 

Type Max 0 Inductance Ranee 

TI-11 290 1MH to 50Hy 

TI-12 255 1MH to 30Hy 

TI- 1A 250 1MH to 30Hy 

TI-1 210 5MH to 20Hy 

TI-4 195 5MH to 5Hy 

TI -5 130 5MH to 2Hy 

TI- 16 72 1MH to 2Hy 

FREQUENCY RANGE: PORC TO 50KC 

TI-13 303 1MH to 500MH 
TI-2 285 1MH to 500MH 
TI-6 279 1MH to 400MH 

TI-7 200 .500MH to 200MH 
TI-17 110 .100MH to 100MH 

FREQUENCY RANGE: 30KC TO 200KC 

TI- 18 115 .1MH to 100MH 
TI-8 140 .1MH to 100MH 
TI -10 185 1MH to 200MH 
TI -9 175 1MH to 500MH 
TI -19 100 .1MH to 5MH 
TI -3 260 .1MH to 10MH 
TI-3A 310 10MH to 100MH 

HIGH FREQUENCY 
TOROIDAL INDUCTORS 

FREQUENCY RANGE: 20KC TO 1 OMC 

TI-21 205 .010MH to .150MH 

TI -22 250 .010MH to .700MH 

TI-23 210 .010MH to .500MH 

TI-20 305 .050MH to 5MH 

1111 
, 

,...._ Ruggedized, 

MIL STANDARD 
AUDIO TRANSFORMERS 

Cat. No. Wiped. level—ehms Appt. MIL Pd. MIL Type 

MGA I Pd. 10,000 C.T. 
Sec. 90.000 
Split I C.T. 

Intents's* 90000 TFIRXISA/001 

MGA 2 Pti. 600 Split 
Sec. 4, I. 16 

Matching 90001 TF41116.11002 

MGA 3 Pri. 600 Split 
Sec. 135.000 C.T. 

Input 90002 TF4RXIOA.1001 

MGA 4 Pd. 600 Split 
Sec. 600 Split 

Matching 90003 TF411/16A1001 

MGA S Pd. 7,600 Top 
9 4,100 
Sec. 600 Split 

Output 90004 TF411113A»01 

MGA 6 Pri. 7,600 Tap 
5 4,500 
Sec. 4, 11, 16 

Output 90005 WIRX113A.1002 

MGA 7 Pd. 15,000 C.T. 
Sec. 600 Split 

Output 90006 T1411113A.1003 

MGA I Pd. 24,000 C.T. 
Sec. 600 Split 

Output 90007 TF4RX13.13004 

MGA 9 Pri. 60,000 C.T. 
Sec. 600 Split 

Output 90001 TS411113A»05 

Nib e 
WRITE FOR FURTHER INFORMATION ON THESE 

UNITS OR SPECIAL DESIGNS. 

Send for NEW 48 page transformer catalog. Also ask to 
complete laboratory test instrument catalog. 

44  Professional I 
Group IVIeetin'j---; 

',hutted 1t,mt rage I , 

Pittsburgh--November 17 

"Growth of Digital Computing Appli-
cations," J. J. Taylor, Westinghouse Elec-
tric Corp. 

RELIABILITY AND QUALIT1 

CONTROL 

Columbus—December 11 

"How Reliability Affects You," K. 
Cochran, Battelle Memorial Inst. 

Columbus—December 15 

"A Heretical View of Reliability," H. 
13raner, Battelle Memorial Inst. 

"Thermoelectricity," S. Angell°, West-
inghouse. 

Los Angeles—January 18 

"The Air Force Approach to Relia-
bility in Ballistic Missile Weapon Sys-
tems," V. J. Brack', Air Force Ballistic 
Missile Div. 

"Nlalfunction Reports and Their Re-
quirements for Reliability," D. S. Burgess, 
Douglas Aircraft. 

"Development of a Quality Control 
Program in Industry," S. Collier, Johns-
Manville Corp. 

from DALOHIVI 
better things 

in 
smaller packages 

New York—November 18 

Organizational Meeting. 

SPACE ELECTRONICS AND 

TELEMETRY 

Detroit—January 20 

"The Maser," C. Kikuchi, Univ. of 
Michigan. 

Los Angeles—January 19 

"Space Canaries for Physiological 
Nlonitoring," B. L. Ettelson, Space Labs. 

San Francisco—October 1 

"A Satellite Orbit Simulator," R. F. 
Mitchell, Western Dey. Labs. 

San Francisco—October 20 

"The DCS Heterodyne Telemetry 
System," W. I). Collins, Data-Control 
Systems, Ilic. 

"A Wide - Band Analogue Nlagnetic 
Tape Recorder," K. Thompson, Ampex 
Corp. 

San Francisco—November 10 

"The Argus Experiment," N. C. 
Christolilos, Lawrence Rmliation Lab. 

Sail Francisco— December 15 

"A Space Communication System," 
J. C. Keyes, Philco Corp. 

San Francisco—January 19 

"The Explorer VI Experiment," C. 
Sonnet, Space Technology Labs., 111e. 

(Continued oat rage 198.4 ) 

DALE PRODUCTS, INC. 
1302 28th Ave. 

Columbus, Nebraska 

tu es and semi-conductors. 

• Precision Resistors—wire wound, 
metal film and deposited carbon 

• Trimmer Potentiometers 

• Resistor Networks 

• Hysteresis Motors 

• Collet-Fitting Knobs 

write for Full Line Brochure 

Over 5000 types always in stock at E. T. S., 
world's largest tube and transistor specialist. Special purpose, 
Transmitting, Receiving. All important brands. Name the type, 
naine the brand, name the quantity— we have it. Famous nation-
wide service— fast delivers. anywhere. Get your free subscription 
to the E.T.S. Bulletins for authoritative, up-to-date new-item and 
!few-availability news— write on your company letterhead today. 

ELECTRONIC TUBE SALES INC. 
74 Cortlandt St. New York 7, N. Y. BArclay 7.4140 TWX.NY1-4042 

FREED TRANSFORMER CO., INC. 
1720 Weirfield St., Brooklyn ( Ridgewood) 27, N. Y 



Measure transistor 
characteristics 

Alpha (hfb) 
Beta (hfe) 

Input Resistance (hit) 

with the new BRC Type 275-A Transistor Test Set 

price: S935.00 F.O.B. Boonton, N. J. 

Exclusive BRC features— 

• Unique null-type measuring circuit completely 
unaffected by signal level fluctuations 

• Reads Alpha to three significant figures 

• Accurately measures at extremely low emitter currents 

— plus 

• Permanent Calibration 

• Direct Readout of Alpha, Beta, and Input Resistance 
on large easy-to-read dial 

• Built-in adjustable, metered collector and emitter 
power supplies 

• Handles up to 5 amperes emitter current 

• Measu(es both NPN and PNP transistors 

• Special test circuit guards against transistor burnout 

Precision Electronic Instruments since 1934 

a BOONTON RADIO 
'Re CORPORATION 
BOONTON • NEW JERSEY • U.S.A. 

The BRC Type 275-A is an exceedingly 
flexible and efficient instrument for the 
precise measurement of basic transistor 
parameters over an extended range of 
operating conditions. It can also be used 
to measure the characteristics of diodes 
and other semi-conductor devices. Direct 
readout of the following parameters — 

• Alpha (hfb) • Beta (hie) 
• Input Resistance (hib) 

is presented on a large, easy-to-read dial 
without correction or interpolation. Two 
built-in, fully regulated, low ripple power 
supplies furnish completely variable emit-
ter current and collector voltage. 

SPECIFICATIONS 

Alpha Measurement (h(b): 

RANGE: (a) 0.100 to 0.999 (b) 0.9001 to 0.9999 

ACCURACY: (a) -4- (0.1 +  0'09 ) %* (b) ± 0.2%* 
*when fe, 500 Kc. hfb 

Beta Measurement (h re ): 
RANGE: 7 to 200 

ACCURACY: ± (0.6 —30 ) %" 
when fa 500 Kc. life 

Input Resistance Measurement (hib): 

RANGE: (a) 0.30 to 30 ohms (b) 3.0 to 300 ohms 

(c) 30.0 to 3000 ohms 

ACCURACY: (a) -4- 3%• (b) ± 3%* above 30 ohms 

(c) ± 3%* 
for linear impedances 

Collector Voltage Supply: 

RANGES: Internal: 0 to 100 V.D.C. 
External: 0 to 100 V.D.C. 

METERING: Range: 0 to 2, 5, 10, 20, 50, 100 volts 

Accuracy: -± 1.5% full scale 

Emitter Current Supply: 

RANGE: Internal. 0 to 100 ma D.C. 

External: 0 to 5 amp. D.C.' 
•h Only; lb 100 ma D.C. 
I E and lc metered externally 

METERING: Ranges: 0 to 0.1, 0.2, 0.5, 1, 2, 5, 
10, 20, 50, 100 ma. 

Accuracy: 1.5% full scale 
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JKTO -23 

Crystal- Controlled 
Transistorized 

Oscillator 

AVAILABLE NOW 
A precision 100 KC plug-in signal source, cur-
rently in volume production. Incorporates a new, 
ultra-stable, 100 KC glass-sealed crystal design, 
and all-silicon solid state devices. Temperature 
controller incorporates precise long-lifed, glass-
sealed Edison-type thermostat. Meets applicable 
mil. specs., including shock and vibration over a 
5 to 2000 cycle range. 

SPECIFICATIONS 
STABILITY CLASS: 5 Is 10-'/Day. 
FREQUENCY: 100 KC (Othe, frequencies available). 
OUTPUT: One volt into 5000 ohms. 
POWER: 28 volt DC (Other voltages available). Built-in 

Zener voltage regulator. 
VIBRATION: 5 G's — 5 to 2000 cycles — less than one part 

per million. 
ALTITUDE-HUMIDITY: Available sealed or unsealed. 
TEMPERATURE RANGE: From — 55*C to +85°C. 
DIMENSIONS: 1-Tis x 1%2' x 4% H. Weight: 6% Ounces. 

For information, write stating requirements 

THE JAMES KNIGHTS 
COMPANY 

Sandwich, Illinois 

ALUMINUM 

jack panels 
BY 

Unique construction with strength and 
lightness of aluminum. (Weight approx. 
2.5% less than Phenolic Panels). 
Double row design. Mounts 24 Jocks 
per row — 48 per strip. Offset ground 
terminal — easy to connect common 
terminals. Easy-to-change identification. 

Write for Catalog J-102 

V011\‘‘N"A.1.%lberl. 
5545 N. Elston Ave., Chicago 30, III. 

C3nadian Reg) : Atlas Radio Corp., Ltd., 50 WIngold Ave., 
Toronto, Ontario 

JAMES KNIGHTS CO. 
SANOWICH,ILL. U.S.A. 

JKTO. 23 

100KC 
80 °C 

REQUIREMENTS 
FOR 

strength 
AND 

lI ghtness 

"TWIN-JAX" 

Type MT-388 (.1.1-088) 

Frame double width with 
2 mounting ears on 
centers; bushings ( sleeves) 
on 'ri" centers. Special 
features. Catalog J-102. 

AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS • 

p4,E Professional 

Group Meetings ---

• ,',l 1, 01 raw' 194.-I 

12 1'.111C1-C, -February 16 

"I)esign Considerations for it PA \ I-
FNI Telemetry System, - T. D. Lusk, 
Lockheed Nlis.siles and Space Div. 

VEHICULAR COMMUNICATIONS 

New York — December 9 

"Electronic Control of Automobiles, -
L. E. Flory, RCA Labs. 

\Vashington—Jantiary 27 

"Nlobile Radio Nlaintenance Semi-
nar," I. 1<. Redd, Mobile Communica-
tions; \V. Switzer, Radio Communication 
Service; E. \Villianis, District of Columbia 
Govt. 

IRE People 

ir  hrqi• 

William W. Lawrence, Jr. ( M *571 has 
been promoted to advisory engineer in the 
Memory iind Magnetics Engineering I )e-
partment of the IBM Poughkeepsie Prod-
uct Development Laboratory. Ile is en-
gaged in high speed memory development 
using advanced semiconductor devices. 

Ile joined I BM as a customer engineer 
at Boston in 1950. I le came to Poughkeep-
sie in 1952 for work on magnetic (-ores in 
the Component Research Department and 
in 1953, engaged in work on the first mag-
netic core buffers on input-output equip-
ment for the IBM 702 Computer. He be-
came an associate engineer, assigned to the 
design of a matrix switch drive system for 
the IBM 704 and 705, in 1955, and was 
promoted to project engineer ill March, 
1956, in charge of a group working on high-
speed core memory systems. 

Mr. Lawrence received the B.A. degree 
from Amherst College, Amherst, Mass., 
and in 1948, the B.S.E.E. degree from 
lassachusetts Institute of Technolligy, 

Cambridge, in 1950. 

John R. Lyon (M'57) has been pro-
ill ltd to the position of development en-
gineer in Systems Components Engineer-
ing at the IBM Poughkeepsie Product De-
velopment Laboratory. He has responsi-
bility for adaption of a standard disk Ide 
to all Data Systems Division computers, 
as well as the development of a disk syn-
chronizer and high speed exchange for two 
advanced data systems. 

He joined IBM in 1941 as a customer 
engineer. He became a technical engineer 
engaged in design and test of the IBM 704 
in 1954 and has subsequently held posi-
tions as associate engineer, project engi-

Comtinued /. ' i/ ,. 21(2.4) 
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NOW, plug only the parameters you need , order Jy model number! 

NEW! Low cost 
all-electronic 

totally-transistorized 
DIGITAL 

MULTIMETERS 
Now in a single 51/4" or 8%"x 19" panel 

Digital Multimeters for measuring any 

combination of AC/DC volts, AC/DC 

ratios, and resistance, with new pre-amps 

for higher sensitivities, optional electrical 

output and print command capabilities! 

FLIP-TOP BOX 
CONSTRUCTION 
FOR EASY 
MAINTENANCE. 

• 50 readings per second, average 
• lnline " SUPER-NIXIE" readouts 
• 0.01% accuracy 
• 1000 megohm input impedance 
• Automatic, manual and remote ranging 
• Automatic polarity 
• Twin Zener diode internal reference 
• Front panel sensitivity control 
• Etched circuits, plug-in card construction 
• Will operate directly in multi-point scanning 

and print-out data logging systems without 
any additional circuitry or auxiliary equipment. 

004E1 III 
OC rods DC Rat.os,Reststae.c 

MODEL 842 
DC EatIos at V.' to 

MODEL 843 
DC Volts CC Rene -+C alts,'Reelstance 

DC Vo It ltsd'aAtona 4 re.Arnploier 

MCDEL 145 
V.14 Flat, Re, stance ' OC Pre.olottee 

MODEL ND 
OC Volts.'RottoteC Yalu-DC Preempiiller 

MODEL WA 
DC Volts ' Rato/OC Vito, Resistaoce/Pte.AmPlitier 

MODEL 848 
DC Volts,Rat.. aide Etextrical Outputs 

MODEL fase 
D;Votas;DZ Ratte—ete.tstance 

With ( leanest Goatees 

vow. es, 
DC 4. 

MODEL 853 
DC V.0110 DC Slatto 'IC Vett -/ Res.stance 

Vale Ele .0 cal ttateals 

MODEL 852 
DC Volts/Ratto ' DC eteArnelltlet 

W.th Electrstal Outouts 

MODEL 853 
DC Volts/Rat.•/Rtststance/CC Ree-Atnplrfiell 

Vi (041,40 Output 

MODEL 854 
Dr Volts/RAI Velle ' DC Or ,. .AeePld'er 

0,50 Ile Oral 0410410 

MODEL 855 
DC Volts/MI.4C Volts/Resistance 
ett-ArnpltIte- tette Etertocal Outputs 

Many variations of these basic models including AC rationieters, mliii-
ohmmeters, microvoltmeters and specialized measuring instruments 
tailored to individual systems requirements are available in the same 
physical configurations. Ask your El sales office or representative for 
complete specifications today! 

Electro Instrumedtts Inca 3540 AERO COURT 

SAN DIEGO 11, CALIF. 
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PW-200 PACKAGED 
PUMPING SYSTEM 

A VACUUM WORKHORSE 
for Laboratories with Many 
and Varied Problems • • • 

74:4 
CZ 

The popularity of KINNEY Pack-
aged Pumping Systems stems from 
the fact that they are so downright 
useful. They'll evacuate chambers, 
tanks, bell jars, furnaces, tubes or 
equipment — anywhere — and 
quickly. With main valve closed, 
the KINNEY PW-200 will attain ulti-
mate pressures to 5 x10 6 mm Hg 
with no coolant in the trap, (5 x 10 -7 
mm Hg with coolant). 

The Rotatable "T" Manifold is a 
Feature of KINNEY Packaged Pump-
ing Systems. The stem of the "T" 
can be rotated a full 90 - —from hori-
zontal to vertical—so that the system 
is readily converted to form a com-
plete Evaporator by the addition of 
a suitable baseplate. Get the facts 
on the PW-200 and other KINNEY 
Packaged Pumping Systems. 

KINNEY VACUUM DIVISION 

THE NEW YORK AIR BRAKE COMPANY(C\ 

3631E Washington Street • Boston 30 • Mass. \-2) 

Please send me Bulletin No. 4000.1 describing 
KINNEY Packaged Pumping Systems. 

Name  

Company 

Address  

City  Zone State  

Wide Band 

Amplifier 

Model 530 

GENERAL DESCRIPTION 

The Model 530 Wide Band Amplifier has 
been designed to fill a need for an ampli-
fier used principally for voltage amplifica-
tion of CW or pulsed signals. 

This model has many applications in the 
laboratory and also for television distri-
bution systems. It may be used to 
increase the output from signal sources 
within its frequency range, and its band-
width of 300 mc's makes it ideal for 
amplifying millimicrosecond pulses. 

PRICE $330. 

SPECIFICATIONS 

Bandpass 10 KC to 300 MC 
Voltage Gain 18 db 
Input Impedance 135 ohms 
Output Impedance 150 ohms 
Max. Output Power 
(into Matched Load) . 08W 

Max Output Voltage 
(into Matched Load) 3.5 Vrms 

Max. Peak Pluse 
Output 

Rise Time 
Dimensions 

Gain Control 
Tube Complement 

INSTRUMENTS FOR INDUSTRY. Inc. 

101 New South Road, Hicksville, L. I., N.Y. 

e... of 0rroo rophr.o.on !he held. of ..... o• rr. 00001to no,. wish Mr 

John Ho 01 an informal iwerrie. or -end rumple.. reoone eo• Dor. re0onn.l. III. 101 Nro. >oral. Nord. Mirk.tiMe. %et. Vork. 

SMALL 4 --)AfIRE 

Unusual and diffice engineering 

problems mast be solved, at times, 

by single r multiple elecfro-
o 

P\&\ng sc%\\ sei\tes • • • P'• sel\de 

variety of metals is available, 

both as the core \mire and as the 

plate. lnquiries invited. 

SINCE 1901 

Write for list of Products. 

SIGMUND COHN MFG CO., INC. 
121 SOUTH COLUMBUS AVENUE, MOUNT VERNON, N.Y. 

7 V pos, or neg. 
Less than 2x10. sec 
19" front panel- 16" 
wide, 9' deep 31/2  high. 
Power supply included. 
Provided on front panel 
Two cascaded stages of 
eight 6AK5 

• 
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BUILD A 
PRINTED 
CIRCUIT 
IN YOUR LAB 
IN 15 MINUTES 
... you simply mask, etch, ana 

rinse new Corning FOTOCERAM 

grid boa,•ds for perfect circuits 
1 New Corn ng grid boards are already holed and coppered to gi‘,e you maximum 

design fle:•:ibility 

,9 Lay out the circuit run you want on one r4 Immerse in a copper etchant to remove A Rinse. That's all there is to making a 
or both sides with tape or chemical resist. "".* excess copper. • board ready for use. 

Take a new Corning FOTOCERAM copper-plated grid board. Ap-
ply a tape or chemical resist of your circuit pattern. Etch away 
the excess copper. Rinse the board, and strip the resist. You're 
ready to add components. 

No adhesives are used. The board has 0.052 inch holes spaced 
0.1 inch apart on centers. The holes, too, are already plated. 
The base is FOTOCERAM, a glass-ceramic, a proved production 

material that's used widely in printed circuits which demand 
high strength, temperature resistance to 250°C., zero moisture 
absorption, nonflammability, and rigid dimensional stability. 

Excellent through-hole plating. Hole plating is done with the 
same material used for circuit-run conductors. This provides ex-
ceptional thermal and electrical conductivity and negates the 
need for eyelets. 
We have soldered, removed, and resoldered components to 

these boards as many as fifty times without circuit-run failure. 

No bending, bowing, delaminating. The FOTOCERAM base is 
a solid piece. There are no laminations which might bend, twist, 
or warp under high temperatures. 

Three sizes. There are currently three boards, all ve thick: 3" 
x 5", 6" x 8", 9" x 12". They can be trimmed to any shape with 
a simple glass cutter. 

Small production runs. Some of our customers are using these 
boards for small production runs as well as R&D work. 

Data sheets. Write to Corning Glass Works, 542 High Street, 
Bradford, Pa., for data sheets on the grid boards and FOTOCERAM 
printed circuit boards. For orders of 250 or less, contact your 
distributor serviced by Erie Distributor Division. 

'Trademark 

CORNING ELECTRONIC COMPONENTS 
CORNING GLASS WORKS, BRADFORD, PA. 
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AT LAST-The IDEAL 

BARRIER TERMINAL STRIP 
MATERIAL BETWEEN BOTTOMS 

BARRIERS AT BASE CLOSED 

CAN BE IMPRINTED KNOCKOUTS FOR I 

HERE Y TERMINALS 

JONES 500 SERIES 
LONGER— STURDIER 

Wider and higher barriers for increased creepage distances. Closed 
bottoms for complete insulation. Material between barriers at the base 
adds to the strength and maintains the same creepage distance between 
contact to contact and contact to ground. Can be imprinted here. No 
insulating or marker strip required. Three series-540, 541 and 542 
having the same terminal spacing as our 140, 141 and 142 series. 
Complete listing in the new Jones No. 22 catalog. Write for your 

copy today. 

HOWARD B. JONES DIVISION 
CINCH MANUFACTURING COMPANY 

CHICAGO 24, ILLINOIS 
DIVISION OF UNITED-CARR FASTENER CORP. 

FREE 

1 
STODDART 
AIRCRAFT RADIO CO., INC. 

6644 Santa Monica Boulevard 

Hollywood 38. Calif. H011ywood 4-9292 

NEW UHF 
ATTENUATOR 
CATALOG 

The full line of Stoddart precision co-

axial attenuators and terminations, 2,6 

and 10- position turret-type step attenu-
ators are presented in 16 pages with 

complete descriptions, applications, 

illustrations, specifications and curves. 
Attenuators in the frequency range of 

dc thru 3 kmc are described in any com-
bination of types " N" or "C", male or 

female connectors; terminations from 

dc thru 7 kmc,types " N" or "C" con-

nectors and from dc thru 1 kmc with 
types "TNC" or " BNC" connectors. Tur-

rets are available in any combination of 
attenuation fom 0.1 db thru 60 db. 

For your free copy, write 

on company letterhead to: 

"Sales Engineering" dept. 

IRE People 

(Continaed Iron! rage 198.4) 

neer and staff engineer, engaged ill design 
and development of the IBM 704 and 
another advanced system. 

He received the B.S.E.E. degree from 
the University of California in 1941, is a 
veteran of the I. S. Navy, and presently a 
Lt. Commander in the U. S. Naval Re-
serve. Mr. Lyon is a member of Eta Kappa 
Nu. 

•re 

The appointment of Dr. Robert Maim 
(SM '56) as a senior engineering specialist 
at the Amherst Engineering Laboratory of 
Sylvania Electric- Products Ilic. has been 
announced by Dr. Robert I.. San Scnicie, 
manager of the advanced communication 
systems department. Sylvania is a sub-
sidiary of General Telephime & Eluctron-
ics Corporation. 

The Amherst Engineering Laboratory 
is a facility of the Buffalo Operations of 
Sylvania Electronic Systems, a division of 
the company. Affiliated with Sylvania 
Electronic Systems since 1957, Or.' Malin 
is responsible for communications physics 
at the Amherst laboratory. 

He received the B.S. degree ill electri-
cal engineering from the University of 
Minnesota, Nlinneapolis, and the Ph.D. 
degree in physics from Massachusetts In-
stitute of Technology, Cambridge. Prior 
to joining Sylvania, he served as an assn -i-

- (- tay.' 

Proven, Dependable, Rear-Projection Type 

D0111111:101] 
A Model and Size for 
Your Every Requirement 

Series 10000 
Series 120000 

OUTSTANDING FEATURES 
• All digits displayed on 

front viewing screen 

• All digits uniform in size 
and intensity 

• High-contrast viewing screen 

• Digit style of your choice 

• Colored digits of your choice 

• Individual units may be 
group assembled for panel 
mounting 

WRITE TODAY FOR 
COMPLETE SPECIFICATIONS 

Representatives in principal cities 

DIGITAL 
DISPLAYS 

Series 80000 

PRICES 

Series 1000e 
19A," wide 
25/8" high 
55,13" long 

$18.00 each 

Series 80000 
31/4" wide 
51/4" high 

1115/,,," long 
$33.00 each 

Series 120000 

1" wide 
1Vie high 
37/e" long 
$35.00 each 

Quantity Prices 
On Request 

INDUSTRIAL ELECTRONIC ENGINEERS, Inc. 

Elg 5528 Vineland Avenue, 

North Hollywood, Calif. 
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TIROS 
relies on 

LAMBDA reliability 
Standard 

Lambda 

Regulated 

Power Supplies have again been 
selected for a job where reliability and quality 
are of vital importance. They power the ground 
equipment in the primary and back-up stations that 
control and track America's newest missile—TIROS. 

In TIROS as in SAGE, Digital Computer 
Intervention and Display System and other leading 
electronic projects, Lambda Power Supplies are 
specified because Lambda equipment has consistently 
proven its reliability. 

This same Lambda quality is the reason Lambda 
Power Supplies are consistently selected first by 
engineers in independent surveys. To find out more 
about Lambda Supplies, which are guaranteed for 
a full five years, send today for the Lambda Catalog. 
It gives data on Lambda's complete line of tube 
models ranging up to 525 VDC and transistor models 
up to 10 Amps. 

The Tiros System 

Sponsored: National Aeronautics and Space Administration 

Technical Direction: U. S. Army Signal Research and 

Development Laboratory 

Developed and Built: Astro- Electronic Products Division, 
Radio Corporation of America 

LAI04 

1LAMBDA ELECTRONICS CORP. 

11-11 131 STREET • DEPT. 3 • COLLEGE POINT 56, N. Y. • INDEPENDENCE 1-8500 

PROCEEDINGS OF THE IRE May, 1960 203A 



NEED MORE 
uhottiii 

Only Voltmeter with the 
Factual Fifth Figure 

e.. 

WHEN FOUR- DIGIT ACCURACY 

JUST ISN'T ENOUGH, specify the 

five-digit NLS V35 — world's most 

accurate digital voltmeter. Only the 

V35 gives you the "tactual fifth 

figure" ... full five-digit resolution of 

0.001%. Here is the instrument for 

your measuring jobs demanding max-

imum accuracy — automatic missile 

checkout, readout and printout in 

data logging and computer systems, 

critical production inspection. Only 

the V35 offers you the benefits of "no-

needless-nines" logic — greater reli-

ability, increased speed, longer parts 

life. Contact NLS today for the full 

story. 

V35 Specifications: Measures DC voltage from 
+0.0001 to + 999.99; DC voltage ratio from 
+00.001% to +99.999% .. DC voltage ac-
curacy is +0.01% of reading or + 1 digit 
. . . overall accuracy for voltage tat:o is 
+0.005% of reading or -I-1 digit .. «factual 
fifth figure" — 0.001% resolution . . . trans-
istorized "no-needless-nines" logic . . . plug-in 
modular construction ... simple externaf con-
nections for AC, DC converter, pre-amplifier 
and data logging accessories . . . one-package 
design — 51/4 " high — for standard rack mount 
... automatic selection and indicas on of range 
and polarity . . . interchangeable plug-in step-
ping switch-resistor assemblies sealed in oil... 
$3,750.00, complete. Available in four-digit 
model for 53.150.00, complete. 

Originator of the Digital Voltmeter 

non- linear systems, tInc, 
DEL MAR (SAN DIEGO), CALIFORNIA 

204A 

GPT-40K 

• 4 to non. 

• 40,000 watts 

• ALDC 

• Filtered air 
cooling 

• Semi-pressurized 
cabinet 

• Safety interlocks 
throughout 

PEP 
Zeg POZO:2 

AN/FRT-40 

• 1513* 

• SSSBB: • D 
• CW 

• AM 

• FS 

• FAX 

',Suppressed carrier 

40,000 WATT S 
SEND FOR 
BULLETIN 
206C 

The TMC transmitter, Model GPT-40K, is a completely self contained 
unit including all power supplies and ventilating equipment. All com-
ponents are housed in four modular assemblies occupying only 40 
square feet of floor space. 

The transmitter includes equipment for immediate monitoring and 
testing of all vital operating points. 

To provide for complete flexibility in operation, 1 Kw or 10 Kw out-
puts are readily available for reduced power or emergency operation. 

The unit is available with or without synthesizer control. 

MAMARONECK, NEW YORK 

CABLE RETRACTOR INSTALLED 

One support rail is shown cut away 
to more clearly illustrate complete 
absence of cable sag at every stage. 
TOP— installation with slide closed 
MIDDLE— chassis partly withdrawn 
BOTTOM— slide extended, chassis tilted 

ONE SOURCE...  

lfor VENTILATED RELAY RACK CABINETS, 
CONTROL CONSOLES. BLOWERS. CHASSIS. 
'CHASSIS•TRAK'•, RELATED COMPONENTS  

PREVENTS 
ENTANGLING 
COMPONENTS 

CABLE RETRACTOR  

Withdrawal of a chassis for service 
and its return to position no longer 
presents the old bugaboo of cable 
entanglement with and damage to 
tubes and components in the chassis 
immediately below it. 

This new cable retractor's double action 
maintains a constant tension and correct 
suspension of cable at all times— permits 
adequate cable length for full extension 
and tilting of chassis without hazard of 
snagging. 

May be used with all types of chassis or 
drawer slides, is adjustable to fit varying 
chassis lengths, is simple to install, and has 
proven thoroughly reliable in operation. 

Mounts on rear support rails on standard 
114" hole increments. Cadmium plated 
cold rolled steel. 

Write for complete data 

ORegon 8-7827 

WESTERN DEVICES, INC. 
600 W. FLORENCE AVE, INGLEWOOD, CALIF. 

W'liEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE May, 1960 



APRIL PROCEEDINGS 

FOCUSES ON 

VITAL NERVE 

CENTER OF MAN'S 

EXPLORATION OF 

THE UNIVERSE! 

Man's escape from the confines of his planet offers him revolution-
ary opportunities for performing whole new ranges of scientific experiments, 
notably in such fields as astronomy, physics and geophysics. Electronics, 
because it provides the vital nerve system for such experiments, will be at 
the very center of these new exploits in space. Moreover, earth satellites, 
possibly in a 24-hour equatorial orbit, promise to open a new era in global 
communications in which almost limitless bandwidths may become avail-
able at relatively low cost. 

Comprehensive Report On The Present And Future Role of Electronics In Space Exploits 

PARTIAL CONTENTS OF THIS 
APRIL SPACE ELECTRONICS ISSUE: 

"The NASA Space Science Program" 
"A Comparison of Chemical and Electric Propulsion Systems for In-
terplanetary Travel," by C. Salzer, R. T. Craig and C. W. Fetheroff 
"Photon Propelled Space Vehicles," by D. C. Hock, F. N. McMillan, 
and A. R. Tanguay, Radiaticn, Inc. 
"Interplanetary Navigation," by G. M. Clemence, USN Observatory 
"Navigation Using Signals from High Altitude Satellites," by A. B. 
Moody, USN Hydrographic Office 
"Inertial Guidance Limitations Imposed by Fluctuation in Gyro-
scopes," by G. C. Newton, Jr., MIT 
"Propagation and Communications Problems in Space," by J. H. 
Vogelman, Dynamic Electronics-New York, Inc. 
"Communication Satellites," by D. L. Jacoby, U. S. Army Signal Re-
search & Development Lab. 
"Interference and Channel Allocation Problems Associated with Orbit-
ing Satellite Communication Relays," by F. E. Bond, C. R. Cahn and 
H. F. Meyer, Ramo-Wooldridge 
"Solar Batteries," by A. I. Daniel, USASRDL 
"Extra-Terrestrial Radio Tracking and Communication," by M. H. 
Brockman, H. R. Buchanan, R. L. Choate and L. R. Mailing, NASA-
California Institute of Tech. 
"Tracking and Display of Earth Satellites," by F. F. Slack and A. A. 
Sandberg, AF Cambridge Research Center 
"Interplanetary Telemetering," by R. H. Dimond, Radiation, Inc. 
"The Telemetry and Communication Problem of Re- Entrant Space 
Vehicles," by E. F. Dirsa, Admiral Corp. 
"Radiation and Instrumentation Electronics for the Pioneer III and 
IV Space Probes," by C. Josias, California Institute of Technology 
"Applications of Doppler Measurements to Problems 
in Relativity, Space Probe Tracking and Geodesy," by 
R. R. Newton, The Johns Hopkins University 
"High Speed Electrometers for Rocket and Satellite 
Experiments," by J. Praglin and W. A. Nichols, Keithley 
Instruments, Inc. 

In this important special issue are articles on 
propulsion, navigation and guidance, communica-
tion, tracking and surveillance, telemetry and in-
strumentation and measurements. There are over 
50 of these studies, each one contributing to the 
radio-engineers' interest in space — for perform-
ing new scientific experiments, global commu-
nications and space travel. 

This Space Electronics issue ls another 
in the many services offered members of the IRE. 
Non-members of the Institute of Radio Engineers, 
however, are invited to reserve a copy of this vital 
report by returning the coupon below, today. 

THE INSTITUTE OF RADIO ENGINEERS 
1 East 79th Street, 

New York 21, N. Y. 

Enclosed is $3.00 

Enclosed is company purchase order for 
the April, 1960, . ssue on Space Electronics. 

All IRE members will receive this April is-
sue as usual. ixtra copies to members, 
$1.25 each (only one to a member). 

Name  

Company  

City & State  
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LING'S LIQUID-COOLED SHAKERS DISSIPATE 

HEAT FAST WITH WATER Improved system efficiency goes with the 
improved design of Ling's new series of 

liquid-cooled shakers. For instance, Model 249 shown above not only offers an impressive 28,000 pound force 
rating, but a number of other advantages. The new closed-loop cooling system, employing clean raw or dis-
tilled water, dissipates heat so efficiently that less is dumped on the testing site. The series also features a 
new web-design armature of lightweight aluminum. Force is transmitted to the table with maximum rigid-
ity. Finally, special construction details make these liquid-cooled shakers adaptable for environmental cham-
ber testing without special accessories. Tests can be conducted from — 100°F to 300°F at any altitude. Field 
and armature coils are designed to help eliminate corona at altitudes; special thermal barriers can be supplied 
which control heat flow from the shaker to the chamber. This built-in adaptability and high efficiency grow 
from Ling research; For details on the liquid -cooled 

shaker series, write to I E-2. at either address below. LING 
ELECTRONICS 

A DIVISION OF LING•ALTEC ELECTRONICS. INC. • 1515 SOUTH MANCHESTER. ANAHEIM, CALIFORNIA • 120 CROSS STREET, WINCHESTER. MASSACHUSETTS 
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LING ELECTRONICS 

T he shaker at the left is just one 
of many design improvements to 
grow out of Ling's continued re-
search and development program. 
Its high 28,000 pound force rating— 
one of the highest force ratings 
available—is another result of Ling's 
constant search for better equip-
ment and better methods of vibra-

tion testing. 

In addition to the special advan-
tages offered by the efficient liquid-
cooling system, this new series offers 
other important features which it 
has in common with the air-cooled 
shaker series. 

Ling's dual magnetic field structure 

provides a low stray field and im-
proved force-current linearity. Ling 
shakers are engineered to operate 
continuously at maximum force on 
low input, feature simplified com-
pensation over wide bandwidths. 

Check the ratings on the entire 
liquid-cooled series. The perform-
ance of the series is just one more 
proof that whatever your needs in 
high power electronics — vibration 
testing, acoustics or sonar—you can 
rely on Ling for the most advanced 
design and practical engineering. 

LING'S LIQUID-COOLED 
SHAKERS cover this useful 
range of force ratings: 
Model 245-2,000 lb. force rating 
Model A246-7,500 lb. force rating 
Model 275-10,000 lb. force rating 
Model 249-28,000 lb. force rating 

LING 
ELECTRONICS 

HIGH-POWER ELECTRONICS FOR 

VIBRATION TESTING• ACOUSTICS • SONAR 

tgit, IRE People 

(C,mtinsed In in page 2'12.4) 

ate physicist at the Argonne National 
Laboratory and as a member of the tech-
nical staff of the Bell Telephone Labora-
tories. 

Dr. Mahn is the author of numerous 
technical papers. He is a member of the 
American Physical Society, The Associa-
tion for the Advancement of Science and 
several other professional groups on 
antennas and propagation, information 
theory, communkation systems and en-
gineering management. 

Ilectro-Nlechanical Research, Inc., 
Sm-dsota, Fla., has established a new Sales 
IIi l Het Office in I luntsville. Ala. 

The new office 
ill be managed 

I,y Peter T. Mil-
ler NI ' 55) who will 
represent the mili-
tary telemetering 
components of both 
EMR and Ascoit 

division of E NI I: 
in the Ilunt,,villu 
area. Ile has had 
previous experience 
in electronics engi-
neering with elec-
tronics companies, and in the TV and radio 
broadcasting industries. Before joining 
Electro-Mechanical Research, Inc., he was 
associated with the Chrysler Missile Divi-
sion as Managing Engineer of Instrumen-
tation stationed at Redstone Arsenal in 
Huntsville. He is Program Chairman of 
the Huntsville Section of the IRE. 

As of April 1st the office address will 
he Suite 21, Holiday Office Center, So. 
Nlenutrial Pkwy., 111111 sville, Alabama. 

I'. T. \III LER 

Milton E. Mohr (N1'45-SNI .53) has 
been appointed vice president, operations, 
and Bernard Berman ( N1'55) was nanted 
director, special projects for Ranot-Woold-
ridge, a division of Thompson Ramo 
Wooldridge Inc. 

In his newly created post, effective im-
mediately, Mr. Nlohr will have responsi-
bility for over-all direction of operations of 
the Ramo-Wooldridge Division located at 
the Ramo-Wooldridge Laboratories, Ca-
noga Park, California. He was formerly 
vice president of engineering of the Ramo-

,oldridge Division. 
Mr. Berman, as director of special 

projects, will be responsible for initial (le-
velopment of new areas of application for 
Rasno-Wc)oldridge systems, techniques and 
equipment. 

Mr. Mohr joined Ramo-Wooldridge in 
1954, with 22 years' experience in research 
and development of communication cir-
cuits and systems, and technical adminis-
tration. 

l'rior to joining R-W, he was a depart-
ment head in the radar laboratory of 
Hughes Aircraft Company where, for four 

(Continued MI page 20g.4) 

the 

standard 
for the 
"state 

of the 
art" 

for over 

14 years 

More than 

120 standard 

active models 

transistorized 
• 

vacuum tube 

magnetic 

For complete 

specifications 

send for 

Catalog B-601. 

impcc CO 

131-42 SANFORD AVENUE 
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IN 1-7000 

TWX # NY 4-5196 
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Now... 
TOP 

HATS 

for 
everyone! 

Protect electron tubes, 
relays, capacitors, other 
plug-in components for 
equipment reliability. 

These superior retainers now come in a variety of sizes 
and styles to fit nearly every plug-in component. 

Positive — Top Hate retainers hold components securely in any 
position . . . can't shake loose even when upside down. 

Corrosion Resistant — Both hats and posts are of stainless steel 
for maximum reliability. Materials and finishes comply with all 
Military Specifications. 

Resilient — Special spring action gives positive retention yet pre-
serves desired flexibility and prevents strain on component. 

Easy on, easy off — Simple finger pressure fastens or releases clamp 
—no tools to slip or waste time—no tiny parts to lose. 

Top Hats clamp any components. If you have special requirements, write Dept. E for quotations. 

Also distributed by 

USECO 

Westrex Corporation 
A DIVISION OF LITTON INDUSTRIES Lti 

540 West 58th St., New York 19, N. Y. 

1523 .1. Street NW., Washington 5, D. C. 

— U. S. Engineering Co., 13536 Saticoy St., 'P. 0, Box 2368, Van Nuys, Calif. 
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years, he contributed to the development 
of advanced interceptor lire control sys-
tems. From 1938 to 1950, he was a mem-
ber of the technical staff of the Bell Tele-
phone Laboratories. 

He has the B.S. degree in Electrical 
Engineering front the University of Ne-
braska, as well as an honorary doctorate of 
engineering front that school. He is the au-
thor of several technical papers and the 
holder of twenty-two patents. 

Mr. Mohr is a member of the Ameri-
Ca n Institute of Electrical Engineers, the 
New York Academy of Sciences, and the 
American Rocket Society. He is also a 
member of Sigma Tau, Sigma Xi, Eta 
Kappa Nu and Pi Mu Epsilon. 

Mr. Berman joined R-W in 1954 with 
tell years' experience in design, develop-
ment and flight test of airborne electronic 
systems. Prior to joining R-W, he directed 
flight test of E-series fire control systems, 
and development of techniques to achieve 
quantitative flight test data for a local air-
craft company. 

He has the B.S. and M.S. degrees in 
physics from the University of Minnesota, 
and is a member of l'hi Beta Kappa and 
the American Physical Society. 

,fontinned on page 21(1.4) 

For the highest 

RELIABILITY 

IN PRECISION 

COMPONENTS 

FAIRCHILD 
GYROS 

PRESSURE 
TRANSDUCERS 

ACCELEROMETERS 

POTENTIOMETERS 

II-R(41111D 
CONTROLS CORPORATION 
COMPONENTS OIV1SION 

225 Park Avenue ; 6111 E WashIngton Wed 
IllekseIlle . L I.. N Y.; Los Angeles CA 

A Subsnloary of ranrchIld Camera and Instrument Comore. 

May, 1 960 



For basic research, pilot plant studies and 
production of semiconductors 

LINDBERG GASEOUS AND SOLID DIFFUSION FURNACES 

These Lindberg four-tube furnaces at Microwave Associates, Inc., provide maximum cont nuous operating tem-
perature to 1371°C. (2500°F.). Chamber accommodates four 2" O.D. and has a uniformity of plus or minus 5.0°C. 

Microwave Associates, Inc., Burlington, Mass.; 
a leader in the development of specialized semi-
conductor products, must give careful consider-
ation to the choice of technical equipment to 
assure maintaining their position in this highly 
competitive field. Consequently, the Microwave 
installation shown above was selected from 
Lind berg's complete line of gaseous and solid 
diffusion furnaces for quality transistor and semi-

conductor devices. This line provides a wide va-
riety of standard sizes and capacities to enable 
manufacturers in the semiconductor field to have 
higher powered equipment adequately insulated 
and designed for its specific use. Models avail-
able in single and multiple zone types and a 
variety of tube sizes up to 4" I.D. These Lindberg 
furnaces are versatile, perfectly adaptable for 
basic research, pilot plant study and production. 

LINDBERG SOLID DIFFUSION FUF-
NACE: Preheat chamber 21' long with 
two zones of control—maximum ten--
perature 900°C. ( 1652°F.). H.gn hect 
chamber 16- long with two zones cf 
control, maximum operating temper-
ature 1300°C. (2372°F.). 

Fori 
r r 

For full information call your local 
Lindberg Field Representative (see your 
ciassified phcne book) or write for Bul-
letin No. 1051. 

LINDBERG ENGINEERING COMPANY 

2482 West Hubbard Street, Chicago 12, Illinois 
Los Angeles Plant: 11937 S. Regentview Ave., et Downey. 
Calif orruct • In Cot coda: Birlefco-Liedberg, Ltd., Toronto 

iIHOSERG 
heat for Industry 
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AFFT MODEL-804 

SPEC!FICATIONS 

INPUT FREQUENCY RANGE 
Signals from 150 cps to 5000 
cps 

OUTPUT FREQUENCY RANGE: 
10 cps to ISO cps flat to 
within 3 db for each channel 
unit 

UNDESIRED FREQUENCY 
REJECTION: 
Greater than 50 db. 

SIGNAL INPUT LEVEL: 
Wideband noise at a maxi-
mum level of zero dbv — — 
50 dbv dynamic range 

A NEW APPROACH TO . . 

SOUND SPECTRUM 
ANALYSIS 

Through this . . . 

ACTIVE FILTER FREQUENCY 

TRANSLATOR 
Rixon's Active Filter Frequency Translator ( AFFT) provides a 
solution to sound spectrum analysis requiring rapid and very de-

tailed audio spectrum examination. The photo shows 35 inde-
pendent channel units each capable of extracting any 150 cps wide 

portion from a broad spectrum (0 to 5 KC) and translating that 

portion to a new location for further processing by secondary 
analyzer equipment. The process is a first-time application of a 
"quadrature function" technique which filters while it translates 
and insures high rejection of undesired frequencies. 

AFFT's applications in new areas of sound spectrum analysis 
are of as much interest to Rixon as they are to you. Write for 

Rixon Engineering Bulletin 7,67 to learn more about AFFT, and 

then, let's talk about your application. 

RI ON 
ELECTRONICS, INC, 

2414 Reedie Dr. • Silver Spring, Md. • LO 5-4578 

IMPORTANT SWISS 
INDUSTRIAL CONCERN 
with available capital, latest equipment, 

technical and scientific staff, 

qualified personnel, 

is interested in the manufacture of 

ELECTRONIC COMPONENTS 

Either for own account, as associates, 

as sub-contractors or as licencees. 

Offers to Case Stand 358, Geneva, Switzerland. 

IRE People 

glt 

(Continued from pagf 208.9) 

Appointment of Kenneth C. Moritz 
(M'53-SM'58) to the newly-created post 
of Vice President-Marketing of General 
Instrument Corpo-
ration's Semicon-
ductor Division, has 
been announced by 
Maurice Friedman, 
Vice President and 
General Manager 
of the Division. 
Previously National 
Sales Manager for 
the Raytheon Com-
pany's Semiconduc-
tor Division, Mr. 
Moritz will be in 
charge of all semiconductor sales, market-
ing and advertising activities for General 
Instrument, directly under Mr. Friedman. 
He will make his office at the Company's 
Newark, N. J., headquarters plant. 

Prior to his employment with Ray-
theon, he had been with Philco Corpora-
tion for 12 years in various government 
and industrial executive sales capacities, 
including Philco's European operations. 
He previously was an officer in the Signal 
Corps. 
A graduate of New York University, 

Mr. Moritz did graduate work at George 
Washington University; he is a member of 
the American Management Association 
and the National Sales Executive Club. 

K. C. Moarrz 

Homer R. Denius, President of Radia-
tion Incorporated, has announced the ap-
pointment of Roy W. Murray, Jr. (1‘1'51) 
as Eastern Director 
of Marketing. 

Prior to joining 
Radiation, he was 
Western Regional 
Manager for Tele-
Dynamics, Inc., and 
TDI'S resident en-
gineer for customer 
indoctrination and 
engineering liaison. 

Mr. Murray is 
a graduate of Dart- R. W. MURRAY 
mouth College with 
the B.A. degree in Electrical Engineering. 
He was past Program Chairman, Secre-
tary and Chairman of the Los Angeles 
Chapter, IRE Professional Group on Space 
Electronics and Telemetry. Other mem-
berships include the American Rocket 
Society and ISA. 

Robert C. Paulsen (M'59) has been ad-
vanced to the position of advisory engi-
neer at the IBM Poughkeepsie Product 
Development Laboratory. In his position, 
he is engaged in functional unit develop-
ment in the Systems Engineering Depart-
ment of Advanced Computational Sys-
tems. 

He attended Newark College of Engi-
neering, Newark, N. J., and joined IBM 

/Continued ,m page 212A) 
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NEW INSTRUMENTS 
Jeseair%' 

RF VOLTMETER CALIBRATOR 

RFV:: 

Model RFVC — Radio Frequency Self 
Checking RMS voltmeter for the cer-
tification of VTVM's from DC to 10 
Mc. Accuracy .3% of full scale ± 
.2% frequency influence. Ranges 
.01/.1/1 3 V. Checks its own accur-
acy against a .05% stable internal 
standard source. 

DC POTENTIOMETERS 
A new line of 6 figure instruments 
guaranteed 10X more accurate than 
any potentiometer commercially 
available today, having a subdivision 
of 1 part in 106 of the 1 volt setting 
and calibrated to be usable to an 
accuracy of ± .0002% or better. 
Absolute accuracy guaranteed to -± 
.001% nominal or better. Resolution 
excellent for comparison of saturated 
standard cells. Temperature con-
trolled. High sensitivity Galvanom-
eter, 4 terminal NBS Type resistors, 
ratio boxes and other primary stan-
dards available. 

FORM FACTOR INSTRUMENT 
Model E — supplies a direct reading 
correction factor for instruments 
affected by non-sinusoidal wave form 
deviation. Indicates ratio of true RMS 
values to average, positive peak, and 
negative peak values. Determines the 
true RMS values of average and peak 
reading instruments that are used on 
a distorted wave. Accuracy: .2% 
between 25-500 cps. 

GENERAL PURPOSE PORTABLES 

Model ts1 

Model N - economically priced, stable 
and rugged .5% accurate DC current 
and voltage instrument. Long 6.1" 
scale. Employs a shielded "U" shaped 
magnet and not the common center 
core type characteristic of instru-
ments in its price range. Model NP 
is for panel mounting. Model NSI is 
an AC version. All have molded bake-
lite cases and are available switch 
controlled. 

Primary and secondary standards 
for the accurate measurement or 
Gertilication of kce current, volt-
age, power, power factor, frequency 
and magnetic quantities. All elec-

trical indiCatiag mirrored 
instruments have hand-drawn  

scales and most are Diamond Pivoted, of course! 
Not illustrated above, but available, are a complete line of 
portable and panel types including: Wattmeters • 

• Elec-

trostatic Voltmeters • Peak Voltmeters • Thermocouple 
Instruments • Difterentials • RatiaMeten • Corrosion 
Instruments • Panel Instruments • 'test Sets • Flux-

and accessories such as Shunts and Multipliers. 
All SRIC instruments have their cer tification directly trace meters - 
able to the National Bureau of Standards and are uncondi-

tionally guar giteed. 

NEW ROCHELLE, N. Y. 

ELECTRICAL INSTRUMENTS 

OF PRECIS/ON SINCE 1927 Simd.14.4.2ay 

CALIBRATION CONSOLES 
Model LTC — AC- DC, DC. Accuracy 
.05% of actual reading. Ranges .5 V. 
to 1111 V.; 1 Ma (2 Ma on AC) to 
11.11 amps. Resolution .01%. Fre-
quency range DC to 25 KC. Direct % 
Error Readout. Model LT- PS — AC 
power supply to full capabilities of 
console. Harmonic distortion less 
than . 1%. Other consoles available. 

EXPANDED SCALE INSTRUMENTS 
Model INCRE — Differential incre-
meter. A NEW .05% f.s. accurate ex-
panded scale DC standard for rack 
panel mounting or portable use. Com-
bines the high comparison accuracy 
of the differential instrument with a 
.005% stable source. Scale has an 
effective length of 63" or 70", and 
a resolution of 1000 divisions. Each 
10% of any range is expanded over 
the instrument's actual 6.3" or 7" 
scale length. Direct reading. No bal-
ancing or nulling. Single or multi-
range combinations from 200 ua. to 
30 amps. and 200 mv. to 1 kv. 

Model INCRE 

DC VOLTAGE STANDARDS 

Model STY — Nominal output 1.0000 
V. and 1.0185 V. Accuracy = .01%. 
Actual output certified within 
-.1- .001% and guaranteed stable 
within .005%. 115 V. 60 cps in-
put. Unaffected by extremes of tem-
perature, short circuiting, and vibra-
tion. Replaces the standard cell. OEM 
types available. 

AUTOMATIC OVERLOAD PRO TION 
Model 2 AP AC- DC Polyranger. 
Thermocouple type. Automatically 
protected for overloads of at least 
5000%. Accuracy: .75%. Ranges 
from 2 ma. to 1 amp. and 2 V. to 
500 V. Sensitivity: 500 ohms/V. Dia-
mond Pivoted. Other Polyrangers with 
as many as 88 ranges available. 

Model 
2AP 

AC-DC LABORATORY STANDARD 
AND POWER SUPPLY 

Model THACH AND THACH-PS 

Model THACH AC DC Self Checking Volt-Amp Milliammeter. Accu-
racy • .2% f.s. to 4 kc. Ranges 10 20 50 100'200/500 ma.; 
1/2/5 Amps; 1, 2 510/20/50/100 200 500 1000 V. f.s. Checks 
its own accuracy against an internal standard cell. Model THACH-PS 
— special regulated THACH Power Supply (optional) automatically 
shuts off power to the THACH when switching ranges, reducing 
possibility of accidental overloads. Output is DC or 60 cps. (50-2500 
cps. can be plugged in). Combination serves as a calibrator, measur-
ing instrument, and general purpose power supply. 

Model 
LTC 

SENSITIVE RESEARCH 
INSTRUMENT CORPOR 
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PROFESSIONAL CONSULTING SERVICES 
IRE People 

Advertising rates 

Professional Consulting Service Cards. 

1 insertion 

12 insertions 

50% discount to IRE members on 

consecutive insertions. 

$ 25.00 

$180.00 

3 or more 

In IRE DIRECTORY $25.00 flat rate. 

I inch only, no cuts or display type. 

New rate effective January 1961 

1 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 

Advertising restricted to professional engineer. 

:rig and consulting services by individuals only. 

No product may be offered for sale, and firm 

names may not be mentioned in cards. 

Transistor Circuits 
ALBERT J. BARACKET 

MS IN EE & Staff 
Development, and design of transistorized and 
standard regulated power supplies; broadcast 
and closed circuit TV camera and synchronizing 
circuitry both military and commercial. 
36 Commerce Road Cedar Grove, N.J. 

CEnter 9-6100 

W. J. BROWN 
& Staff 

Fel.AIEE., M.IEE., Sen.Mem.IRE. 
INTERNATIONAL CONSULTANTS 

35 Years Executive Electrical Engineering 
Experience in U.K. and U.S.A. 

71 Gurley Rd., Stamford, Conn., U.S.A. 
Cables—Browninter Stamford, Conn. 

MARKET DEVELOPMENT* 
A. D. Ehrenfried and associates 

Technical product planning—product and 
market evaluation—market development 
programs—all by graduate engineers. 

IRE/PGEM paper 

Concord, Massachusetts EMerson 9-5500 

M. D. ERCOLINO 
Antenna Laboratories and Engineering 

Staff 
Consultation and Development 

Antennas, Systems, Baluns, Rotators, 
Rotatable Antenna Masts 

Asbury Park, N.J. PRospect 5-7252 

HORST FUNFSTOCK 
Electronics Consulting Engineer 

Engineering Avistance • Test Equipment de-
sign • Technical translations ( Span. & Ger-
man) • Foreign Market Research (South 
America & Europe) • 

7521 Paso Robles Ave., Van Nuys, Calif. 
Dickens 2-4945 

CLYDE E. HALLMARK 
and associates 

Specializing in Instrumentation—Automatic Con-
trol—Television—General Electronics—Semicon-
ductor & Magnetics Application—Systems Re-
search— Project Evaluation. 

ENGINEERING SERVICE—CONTRACT R&D 
New Haven Indiana 

TECHNICAL PUBLICATIONS ENGINEERING 
by Professionals 

(Member: IRE., S.T.W.E.) 
Reasonable per page and job rates for tech-
nical, grammatical and rhetorical editing; 
preparation of rough manuscripts and artwork 
for publication; ghostwriting. 

EVAN JURO and associates 
Box 503 King of Prussia, Pa. 

LEONARD R. KAHN 
Consultant in Communications and Electronics 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Stereophonic Systems 

Television Systems 

81 South Bergen Place, Freeport. L.I., N.Y. 
FReeport 9-8800 

LEN MAYBERRY 
ELECTRONICS CONSULTING ENGINEER 

Laboratories and staff 
• Test Equipment Design • Proposal Writing 
• Product Design • Engineering Assistance 

III South Oak Street ORegon 8-4847 
Inglewood, California 

EUGENE MITTELMANN, E.E., Ph.D. 
Consulting Engineer, Physicist 

ELECTRONICS FOR INDUSTRY 

Analysis, Research and Development 

549 West Washington Boulevard 

CHICAGO 6, ILLINOIS 

CEntral 6-2983 

Telecommunications Consulting Engineers 
"Worldwide Experience" 

V. J. Heron 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. 

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 

HAROLD A. WHEELER 
Laboratories and Engineering Staff 

Consultation — Research — Development 
Microwaves — UHF — VHF — VLF 

Antennas and Components 

HUnter 2-7876 Great Neck, N. Y. 
Antenna Laboratory: Smithtown, N. Y. 

infix veil fr,on raw 21,14) 

in 1940 at World Headquarters as a tech-
nician. Ile was a customer engineer and 
later, field supervisor at various locations 
until 1944, when he want on military leave 
of absence. Rejoining IBM in 1946, he be-
('ame an associate engineer in the \\'I IQ 
Patrio I )evelopment Department, serving 
there until 1953 m-hen he transferrecl to 
Watson Laboratory. Ile came to Pough-
keepsie intached tri the Research Center 
in 1955 and assumed his present assign-
ment on an advanced data system in 1958. 

United Aircraft Corporation's Norden 
division has announced the promotion of 
Frank S. Preston i'M'48 SNI'551 to chief 
engineer, Edward R. Harris L\ 1'52) to as-
sistant chief engineer, and Leo Botwin 
(S:\ 1'54) to chief-engineering operations. 

Mr. Preston has been associate techni-
cal director of the division's Norden Labo-
ratories department in White Plains since 
1056. lie joined Norden in 1945 as an en-
gineer and successively became project and 
systems manager and assistant director of 
engineering. 
A native of Iowa City, Iowa, he re-

ceived the B.S. degree in electrical engi-
neering at the University of Washington 
in 1940 and later the M.S. degree at 
Massachusetts Institute of Technology. 

Ile holds membership in the Associa-
tion of Computing :Machinery. Ile wits lui 

organizer of the Westchester branch of the 
IRE and served as its chairman in 1956. 
Ile also is a member of the Anti-Submarine 
Warfare Committee, National Security 
Industrial Agency. 

Mr. I larris has been assistant technical 
director of Norden Laboratories. Ile 
joined the Laboratories project staff in 
19.53 and later became head of the tele-
vision department where he directed the 
development of stabilized and unstabilized 
airborne television viewfinders. 

Ile was born in Toms River, N. J., and 
received the B.S. degree in electrical engi-
neering at Massachusetts Institute of 
Technology in 1940. Ile has made sub-
stantial contributions to hydraulic power 
flight control systems, including the de-
velopment of the first longitudinal rate 
damping system. 

Mr. Botwin has been assistant mana-
ger of engineering operations of the Labo-
ratories since September, 1958 Ile joined 
the organization in 1956 and his assign-
ments included that of project manager 
for the company's nose cone attitude con-
trol system program. 

Ile received the B.S. degree (cum 
laude) in electrical engineering from City 
College of New York in 1943. Ile enlisted 
in the Army and was assigned to the Na-
tional Advisory Committee for Aeronau-
tics. Following the war lie became a re-
search fellow at Ohio State 1.7niversity and 
received the M.S. degree. 

Ile is the autllor of a number of tech-
nical articles and is a member of the Amer-
ican Institute of Electrical Engineers. 
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The New Standard Of 
STABILITY At 5 mc... 

ONE PART PER 

BILLION 
(with temperolvre ( ontr.() 

Bliley BG61A-5 units have 

long been the unanimous 

choice for stability at 5 mc. 

Now, this outstanding 

crystal has been 

for applications that demand 

high stability under shock 

and vibration. The 

ruggedized unit, Bliley type BG61AH-5, will withstand vibration 

from 10 to 200 cps at 10G and acceleration of 50G 

with frequency change less than 

1 x 108. Request 

Bulletin 519. BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING 

ERIE, PENNSYLVANIA 

1AD - Y 1 
fORMF.i. 

Type 20581-2: 
15 mc to 1000 mc. 
Accuracy 0.05' or 1%. 

Type 202: 
20 cps to 150 kc. 
Accuracy 0.005'; 1° full 
scale sensitivity; direct 
reading in degrees. 

Type 405 Series: Direct 
reading in degrees; 
0.25 accuracy; no am-
plitude adjustment, no 
frequency adjustment. 

Type 405: 
8 cps to 100 kc. 

Type 405L: 
1 cps to 20 kc. 

Type 405H: 
8 cps to 500 kc. 

TRONICS LAB., Inc 
•-2S9 TERHUNE AVENUE 

ASSA1C. NEW JERSEY 
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A DIGEST OF N W DEVELOPMENTS 
IN ELECTRONICS AND AUTOMATION 

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

PIONEERS IN INSTRUMENTATION CABLE ENGINEERING 

SAGE MOVE? If possible, the Government will give serious attention to the 
prospect of converting the SAGE System to air traffic control. Motive for 
such a move is the statement by the USSR that it will build no more bombers. 
If this be the case, a new use for SAGE will have to be found, or our huge 
investment will have to be scrapped. 

BIG BOUNCE. The Navy recently demonstrated a new communications system 
using the moon as a relay for radio signals. With the moon serving as a passive 
reflector, photographs have been transmitted from Pearl Harbor to Wash-
ington, D. C. Signals are received about 21/2 seconds after transmission. This 
new system can only be used between points which have the moon above the 
horizon at the same time. 

VOLT GETS A JOLT. Amplifiers using voltage may be in for competition from a 
non-electric device referred to as a fluid amplifier. Essentially such a device 
is a block of hard material with passages for the flow of a fluid. Elements 
include a power jet input which corresponds to a tube cathode, output jets 
which correspond to plates, and control jets which correspond to control 
grids. Amplification of 10 to 100 has been accomplished with pure fluid 
amplifiers. Priced lower than tubes or transistors, these amplifiers have 
no moving parts and are virtually invulnerable to the effects of extreme heat 
or cold, humidity, and shock. 

BIG VOICE FROM LITTLE PACKAGE. It looks like the United States' Pioneer V 
will be sending signals from 50 million miles away come August. The 26-inch 
payload is outstanding from an electronic standpoint in that it includes an 
ultra-long-distance communications system built around two miniature trans-
mitters—one 5-watt, the other 150-watt capacity. The power supply consists 
of 4,400 solar cells and rechargeable nickel cadmium batteries. Parametric 
amplifiers are being used for the first time in the front part of two of the 
ground receivers. 

CABLEMAN'S CORNER. The subject of cable testing is an important one. This 
is the phase of production that determines whether or not the cable you are 
purchasing is in accordance with your standards and requirements. In the 
field of electronics and automation, cables are required to suit various strin-
gent electrical, mechanical, andlor chemical environments. Many years of 
study and testing have gone into the design of test equipment to be used for 
these critical tests. It is not enough to know that a cable has been tested in a 
manner that is "essentially" the same as the required standard. Slight varia-
tions in equipment design or methods of tests can mean the difference be-
tween conformance and non-conformance. Make sure the test data you 
receive gives a true picture of the performance of your cable. When you need 
cable, call on a cable specialist. Phone Rome 3000, or write: Rome Cable 
Division of Alcoa, Dept. 12-50, Rome, New York. 

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

of more than 

80 countries 
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equipment 

MARCONI 
COMPLETE COMMUNICATION SYSTEMS 

SURVEYED • PLANNED • INSTALLED • MAINTAINED 

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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NEW 

MEASUREMENTS' 

VACUUM 
TUBE 

VOLTMETER 

MEASUREMENTS 

Standard Signal 
Generator 

for rnobile communications... 

The Model 560-FM 

Standard Signal 

Cenerator 

is specifically 

designed to meet 

the exacting 

requirements 

of the Mobile 

Communications 

industry. 

WRITE FOR BULLETIN 

'Aodel 560-FM 

Prne $640 00 

Provides RANDOM AC-
CESS to all functions and 
ranges through the use of 
push-button switches. 

• For voltage and current mea-

surements in laboratories, service 
shops and on production lines. 

• For accurate rf and ac voltage 

measurements from 0.1 to 300 

volts on electronic equipment from 

the low audio range through the 
VHF range. 

• For dc voltage measurements 

from 0.01 to 1000 volts without 
disturbing circuit performance. 

• For direct current measurements 
as low as 0.001 microampere. 

'Ohms range 0.2 ohms to 500 meg-
ohms in 7 decades with 10; 100; 
1.000; 10,000; 100,000 ohms, 1 meg-
ohm and 10 megohms mid-scale 
rating. 

Price: $ 210.00 F.O.B. Boonton 

WRITE FOR BULLETIN 

•f ale0,6 sed•ottffloce, • 

WEA31.1.f. 

• Frequency ranges 25-54, 140-175, 400-470, 
890-960 Mc. 

11, Fine tuning control shifts carrier • 8 Ks. 

• Peak deviation to • 16 Kc. read directly 
on meter. 

• Residual FM less than 100 cycles at 460 Mc. 

• Output 0.1 to 100,000 microvolts accurate 
-± 10 00 ocross 50 ohm termination. 

• Excellent stability. 

• Modulation by 1000 cycle internal 
or by external source. 

MEASUREMENTS 
A McGraw- Edison Division 

BOONTON, NEW JERSEY 
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Consistently Dependable Capacitors 

MILITARY "CPM" SERIES 
in accordance with Spec. MII,C-161.67A 

300. 400. 600 volts DC Working 

e autistazt)  

Uniisulated Body Type CPM08 

\   
''teretigre, 

Insulated Body Type CPM09 

CAPACITANCE RANGE: .001 mfd. to 1.0 mfd. 

TEMPERATURE RANGE: —36°C to + 125°C without derating 

MILITARY & INDUSTRIAL -TWK" SERIES 
in accordance with MI1,016246 ( USAF) 

200. 300.100. 600 volts DC Working 

 0) nema) PIOJO   

Uninsulated Body Type TWKN (equivalent to MIL-CPV08) 

Narin \-1‘  

Insulated Body Type TWKP (equivalent to MIL-CPF09) 

CAPACITANCE RANGE: .001 mfd. to 1.0 mfd. 
TEMPERATURE RANGE: —55'C to -1-125°C without deratIng 

Cornell-Dubilier 
high reliability 
capacitors... 
certified for 
complex 
electronic 
equipment 

Cornell-Dubilier's High-Reliability Capacitors are 
designed to stand up to the most severe environmental 
and performance requirements for all military and in-
dustrial electronic equipment. And C-D puts it in writ-
ing! Certification records (covering the stringent quali-
fication and acceptance test programs each capacitor 
undergoes) are furnished with each inspection lot. 
Fabricated in scrupulously clean, temperature-and-
humidity-controlled surroundings, these miniature 

metal-cased tubulars with glass-to-metal end seals also 

meet or surpass MIL- C- 14157A and MIL-C-26244 
(USAF) specifications. 
So when you design electronic equipment in which 

failure can't be tolerated, specify Cornell-Dubilier High-
Reliability Capacitors. For complete details and engi-
neering assistance, write for Bulletins 188A-1 and 188A-2 
to Coinell-Dubilier Electric Corporation, South Plain-
field, New Jersey. Manufacturers of consistently depend-
able capacitors, filters and networks for electronics, ther-
monucleonics, broadcasting and utility use for 50 years. 

CORNELL— DUSILIER ELECTRIC CORPORATION 

AFFILIATED WITH FEDERAL PACIFIC ELECTRIC COMPANY 



SEMI-AUTOMATIC BRIDGES for PRODUCTION TESTING 
* Fast ... Self Balancing ... Measurements are made as rapidly as components can be 

connected. 
* Rugged mechanically and electrically for continuous production-line use . . . Built to 

laboratory-equipment standards. 
* Easy to operate . . . Once set up, no further adjustments are necessary; measuring procedure 

reduces to simply connecting unknown to Bridge and reading meters. 
* Widely used as basic measuring elements in automatic sorting equipment. 

For C-C Resistance Measurements 

Type 1652-A Resistance Limit Bridge . . . $ 520 

Large, easily.read meter indicates directly component resistance as a 
percentage of value of internal standards. No computations, minimum 
possibility of mistake, saves valuable testing time. 

Range: I to 1,111,111 ohms with internal resistance standard, ohm 
to 2 megohms using external standards. 

Meter Range: Meter reads from — 20% to +20%. 
*5% and * 10% scales clearly indicated with color coding. 

Accuracy: As a limit bridge, 0.5%, or better. For matching resistances, 
0.2%. 

Three High- Sensitivity Models providing full-scale ranges of 

*2%, 5%, and -. 10% can be supplied on special order. 

Write For Complete Information 

For R, L, C, and Impedance Measurements 

Type 1605-A Impedance Comparator .... $800 

Indicates directly on two panel meters the differences in magnitude 
and phase angle between an unknown and an external standard. 
Measures impedance differences as small as 0.01% and phase angle 
differences of * 0.0001 radian. 

Ranges: Impedance and resistance, 2 to 20 Mil. Capacitance, 40 ppf 
to 800 pf. Inductance, 20 ph to 10,000h. 

Meter Ranges: Impedance Magnitude Difference; * 0.3%, * 1%, 

*3%, * 10% full scale. Phase-Angle Difference (in radians): 
*0.003, *0.01, * 0.03, *0.1 full scale. 

Accuracy: 3% of full scale; i.e., for the *0.3% range, accuracy is 

*0.009% of the impedance magnitude being measured. 

Internal Oscillator Frequencies: 100c, 1 kc, 10 kc, 100 kc. 

GENERAL RADIO COMPANY 
WEST CONCORD, MASSACHUSETTS 

NEW YORK, WOrth 4-2722 
NEW JERSEY, Ridgefield, WHitney 3-3140 

CHICAGO 
Oak Pork 

Village 8-9400 

PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO LOS ANGELES 
Abington Silver Spring tos Altos tos Angeles 

HAncock 4-7419 JUniper 5-1088 WHitecliff 8-8233 H011ywood 9-6201 

IN CANADA 
Toronto 

CHerry 6-2171 


